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Chapter 2 Solutions

Problem 2.2-1

Iy KN
L =3m qp = 30— k= 700—
n m
11 iy, Ay A =
M =0 A=—|—-gn=]=15kN 5y = — =21429.mm = — =7.143x 10
B Ay= 3 0%3) AT L
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Problem 2.2-2

E = 200GPa d; = 25mm q=2 L. =07m P = 10kN a=25m b=0.7m
m
w2 v 2
A = I-dr =0.761-1
Force in rod EM, =0 F, = l-i q-a-% +Pla+ b)} =1925kN
a 2

Change in length of rod By T 0.1471-mm

Displacement at B using similar tiangles bg = ﬂf’md= 0.1912-mm
da
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Problem 2.2-3

{a) SUM MOMENTS ABOUT A

b k
. 2b 2
My =0 Wb+ S—WQb) = kéb " B
Eiv Eh | L
b | b -! b
2B 2
o + —W(2¢
5 Wh 5 Vi2b)
—b —=b s
2 o5 6w
5= e AR (b)
kb 5k
2b
Wk
2b 4Wh 2" AW
5 _ g . — =  ERER
{(bh) ZMp=0 kb i Wb 3 so |8 b 57
lh
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Problem 2.2-4

A =304 mm® (from (b} FACTOR OF SAFETY

Table 2-1) Pyyr = 406 kN (from Table 2-1)
W=38kN Poax = TOKN
E =140 GPa n_ﬁﬁ-?'_mkw—jg
L=14m Prax  TOKN ‘
{a) STRETCH OF CABLE
WL (38kN)14m)
EA (140 GPa)(304 mm?)
= |25 mm <+
160
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Problem 2.2-5

E, = 206GPa E,=76GPa

E _ 206 103 _
"E-; = 2711 76 T 2711
PL FL A, E; dy E,
b) 8, = B AL B el B
WM& % T LTEA Y 4L B My
{C} S.AJ-'EDEM-I-MLWLD. FIND RATIO OF LEMNGTH OF ALUM. TO STEEL WIRE IF ELONG. OF ALLUM. IS ISTH-IESMIDFSTEEI.“W
L
8. Eaf E

&

'L-ﬂ ol
b N =15 |22 =522 = 0553
5 (PL‘) (FL,) 15 Ewi 0.55
EA E,A

{d) SAME DIAM., SAME LENGTH, SAME LOAD—RUT WIRE | ELONGATES 1.7 TIMES THE STEFL WIRE > WHAT IS WIRE | MATERIAL?

oo
&) _ E|A -E!.A < 1 E, s I
& (:;1;) (,ff‘_) =17 E = 7= 121 GPa <cast iron or copper alloy (see App. 1)
EsA A
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Problem 2.2-6

d, = 300 mm LENGTH OF CABLE l |
dy = 150 mm L=1L,+ 3-’42"‘5(?@4} +.5 o)
Li=46m = 4600 mm + 21,000 mm + 236 mm + 236 mm
fop= 10 = 26.072mm
EA = 10,700 kN
Ly
[ W=22kN ELONGATION OF CABLE
TL (11 kN)26.,072 mm)
d=—= = 26.8
. EA (10,700 kN) o
|
-
d ﬁ:} LOWERING OF THE CAGE
T h = distance the cage moves downward

TENSILE FORCE IN CABLE

h=—&=134mm <

b | —

T=E= 11 kN
2
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Problem 2.2-7

do = 380mm di = 365mm E = 200GPa P=22kN
2 2 = o 2 2) T 3 3
LDC = J(i}.ﬁm) + (1.2m) =1.5m .-“LDC. = :-ﬁ_do - di | =8777 % 10" -mm
Find force in DC - use FBD of ACE
3 A . 2 _ i
EZ\-I__\L =0 EFDC-L_?m = P-(2.7Tm) so Foo = EP‘ I | =82 5-kKN CONIPression
Change in length of stnut
Fpolpe _A
Ape =———=705x10 - shortening
E"""*DC'
Vertical displacement at C (see Example 2-7)and at B
FAR. A
D DC 9 —
S r— b = —— =0117Tmm b = —-8- =2.644x 10 l-mm downward
suif ACTH) -

L | Lad
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Problem 2.2-8

)
LBD = 350mm LCE = 450mm A = 720mm = 200GPa = 20kN

Statics - find axial forces in BD and CE - remove pins at B and E, use FBD of beam ABC - assume beam is nigi

Mg =0 CE =
3530mm

3F. =0 BD = P+ CE = 54.286-kN BD is in compression; force BD acts upward on ABC

Use force-displacement relation to find change in lengths of CE and BD and vertical displacements at B and C

d

[P-(600mm)] = 34.286.kN CE is in tension; force CE acts downward on ABC

BD.Lpp CEL
dpp = T =0.13194.mm shortening b = =0.10714-mm elongation
Use geometry to find downward displacement at A A" B" C'
T
; I a &
3gp| + O¢E ' | J/ CE
o = atan L ‘ =0.03914-deg A B C
350mm Ssp 2%
A A = 930mum-tanio) — aCE =0542mm  downward A A
T Ap+3cE |8l + 8k &
or similar tnangles = 600 mm 350 mm
(See figure} 600 + 330 350 [ P "
_ (950" ) J, + & Oy + O
A= |EBD‘ + ‘5CE.}'; = }| - 8cg = 0.542-mm A ce _ "D Cce
: ' downward 600 + 350 350
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Problem 2.2-9

P = pressure when valve opens
L = natural length of spring (L = /)
k = stiffness of spring

FORCE IN COMPRESSED SPRING
F = k(L — k) (From Eq. 2-1a)

PRESSURE FORCE ON SFRING

_m.z
P=reu(7)

EQUATE FORCES AND SOLVE FOR 1

TP maxd”
) F=P k(L—-h) = TPmax”
fi = height of valve (compressed length of the spring) 4

2
d = diameter of discharge hole T . TPmax &

[ = pressure in tank 4k
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Problem 2.2-10

NUMERICAL DATA k=950N/m bh=165mm P=1IN #=25 0,,=2°

W, = 3N W, = 275N
(a) If the load P = 11 N, at what distance x should the load be 7 P —
placed so that the pointer will read # = 2.5” on the scale A | B C 'E_——
(see Fig. a)? ; _ i
Sum moments about A, then solve for x:

2

x= % = 1026 mm |x = 102.6 mm

(a)
(b) Repeat (a) if a rotational spring &, = kb* is added at A (see 5 , P \E
Fig. b). | B C =
k, = k b? = 25864 N-mm ¢_E”
k =
Sum moments about A, then solve for x: 'F_h
k@b + k.0 x
x=—————=205mm —=1244
P b b |— b2 —
7 (b)
(c) Mow if x = Th/8, what is Py (N) if # cannot exceed 2°7 x = 3 b= 144375 mm
k@, b* + k.0
Sum moments about A, then solve for P1 P, = —— = T = 125IN  [Poa, = 12.51N

=b
8

(d) Now. if the weight of the pointer ABC is known to be W, = 3 N and the weight of the spring is W, = .75 N,
what initial angular position (i.e.. # in degrees) of the pointer will resull in a zero reading on the angular scale

once the pointer is released from rest? Assume P = k.= (.

Deflection at spring due to Wy Deflection at B due to self weight of spring:
3
WF( Ib) )

By = T 2.36% mm B = H = 1447 mm

, dp .
EE‘ == Eﬂp T ﬁm. = 1816 mm Hin[t = ? = 1.325

g ,
OR #;,; = arctan &5 = 1.325° (@, = 1.325°
166
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(e) If the pointer is rotated to a vertical position (figure part ¢), find the required load 5-"
applied at mid-height of the pointer that will result in a pointer reading of # = 2.5
on the scale. Consider the weight of the pointer, Wy, in your analysis.

k=950 N/m b= 165mm W,=3N

k.= kb? = 25864N'm @ = 25°
Sum moments about A to get P: 2
P= ;’b [k,+k(%b3>—WF(%)]=20.388N K3
)
b

()
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Problem 2.2-11

b=250mm ¢ =175mm k=3875— p = 1l.6mm n=12

Use FBD of ABC (pin forces B, = F and Bsr =W at B; see fig.); sum moments about B s.t. Wh =
Fc, F = force in spring

W
TMg - 0 W=F— L b 3

b Al B F

—
w
F
C
Force in spring is F=k(np)=168N 50 W = F-% =11.76-N
168
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Problem 2.2-12

N
b = 30cm ¢ = 20cm k=3650— p=15mm W = 65N
m
Force in parallel springs is F = 2.k(n-p)
il ;
| b
) _ Al B F
Sum moments about B (see FBD) to find F in terms —
of weight W
W
b
Wb = Fc 5o F=W-— c
C
Substitute expression for F and solve for n F
w2 e
n=—>=38904
2kp
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© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.2-13

{a} Derive a formula for the displacement &4 at point 4 when the load P is applied at joint 3 and moment PL is applied
al joint 1, as shown.

Cut horizontally through both springs to create upper and lower FBD's. Sum moments about joint 1 for upper FBD and
also sum moments about joint 6 for lower FBD to get two equations of equilibrium; assume both springs are in lension.

3 2
&3 and &5 = 154 Force in left spring: 5:(54 = ?63)

Note that d, =

| b

3
Force in right spring: Zk( 1 By — 6})

Summing moments about joint | {(upper FBD) and about joint 6 (lower FBD) then dividing through by k gives

53 13 —22 13\! 7P\ 17

9 6 |{5 - 9 6 ok k| 283 %P
—3% 17 (34)= " (54)= 2% 17 E 1= 3p] 26 M=%
5 B g & 0 ) 3

* deltas are positive downward

(b) Repeat parl (a) if a rotational spring k. = kL is now added at joint 6. What is the ratio of the deflection 84 in part (a)
to that in (b)?

Upper FBD—sum moments about joint 1:

2 2L 3 2Lk 13Lk
k(§4 = 153) "8 4 2.‘:(16_; = E;)L =—2PL OR ( 5 )53 + 5s = —2PL

Lower FBD—sum moments about joint 6:

= 2 4L 3
k 04—?3_1 T+2|‘L 154—53 .[.—.i'r9[,=0‘

N 3 3 26Lk 43Lk
[k(ﬁ;——ﬁ;)—-‘-Ek(—m—ﬁg)L}’—{};Llj — |=0 or (—)53+ 5y =0
3 3 4 4 9 12

EL

Divide matrix equilibrium equations through by £ to get the following displacement equations:

=27 13 -22 13\ 43P 43
R = il - e — = 2.867
9 6 (33) = (33) 1% e =) | B 15
26 43 [\s,) " | * 5,) |26 s S B T T O P (3
9 ] 9 12 0 45k 45 ' * ask
~ deltas are positive downward
26
G ; ; : 3 15 . 15
Ratio of the deflection 84 in part (a) to that in (b): 104 = 3 Ratio = T = 375
45
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Problem 2.2-14

_'D
MNUMERICAL DATA C P
A =3900 mm®  E=200GPa
P=475kN L = 3000 mm

Gpmax = 1.5 mm

{a) FIND HORIZONTAL DISPLACEMENT OF I0INT B
Statics  To FIND SUPPORT REACTIONS AND THEN MEMBER FORCES:

SMy=0 B, = l(z.ﬂ'%)

A

vy .
|
I

Ly 2 L
B,=F (a)
ZFu=0 A, =P
XFy=10 A, =P—-B, A, =0
MerHop oF Jonts: ACy = Ay ACy =0 Forcein AC =10
AB = Ay
Force in AB is P (tension) so elongation of AB is the horizontal displacement of joint B.
&g = % oy = % &y = 1.82692 mm
(b} FiND Py IF DISPLACEMENT OF JOINT B = 8ppay = 1.5 mm Ppyy = %ngu Poax = 390 kN

(c) REPEAT PARTS (a) AND (b) IF THE PLANE TRUSS 1S REPLACED BY
A SPACE TRUSS (SEE FIGURE PART b).

Finn MissiNG DIMENSIONS @ anp e P=475kN L=3m

(b}
= J1t=2 & 2—2I”132 i—IZI'?"[I"." —L—EIEHE
a—\, = 5y ) —212132m 7 — 0 a=—z =212132m
5 I

ﬂ L
ce=VIZ+a=367423m c= 'L2+(ﬁ)

9 3
= 3.67423 m c=1L \K? = 3.67413 m

(1) SumM MOMENTS ABOUT A LINE THRU A WHICH 15 PARALLEL TO THE Y-AXIs

B = —P% = —671L751 kN
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(2) SUM MOMENTS ABOUT THE I7-AXIS

(2)

B, = = 335876 kN S0 A, =P — B, = 139.124kN
{3) SUM MOMENTS ABOUT THE X-AXIS
L
AL — P ~
C.= # = —196.751 kN
2

(4) Sum FORCES IN THE ¥- AND I-DIRECTIONS Ay=—P=—-475kN A.=-C. — B. = 868.503kN
(3) UsE METHOD OF JOINTS TO FIND MEMBER FORCES

Sum forces in x-direction at joint A: %F}Lg + 4, =0 Faig= :—:AI =823 kN

L
2

Sum forces in v-direction at joint A: LF"‘C +A, =0 Facr= Vf{—A_‘.} = —19%6.8 kN

VI
L

2
Sum forces in y-direction at joint B: EFBC +B8,=0 Fpc= —2B, = —672kN

(6) FIND DISPLACEMENT ALONG X-AXIS AT JOINT B
Find change in length of member AB then find its projection along x axis:

Fage L dap
dap = H = 3.875mm S = arclan E = 54.736° &g, = = 6713 mm |ég, = 6.71 mm

cos(B)

(7) Fivp P FOR SPACE TRUSS IF B, MUST BE LIMITER TO 1.5 mm

Displacements are lingarly related to the loads for this linear elastic small displacement problem. so reduce load
variable P from 475 kN to

1%

———— 475 = 106.145 kN P = 106.1 kN
6.71254 e

Repeat space lruss analysis using veclor operations a=2.121m L=3m P=475kN

PosITiON AND UNIT VECTORS!

0
a . 0.577 3 ) 0
o i I i . ne=| 2 | ec=""5=| 0707
—L g\ —0816 _; el \ —0707
T
Finp MOMENT AT A;
My =rag X Rp + rac X R¢
0 2.P 3.ﬂmRB_,. + L5mRC. —712.5kN-m
My=ragx | RB, | + raex| =P | =| —2.1213mRB; 14250 kN-m
RB. RC, 21213 mRB_,..—MZS.D kM-m
172
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FiND MOMENTS ABOUT LINES OR AXES!

Myesz = —1.732mRB, + 1.7321 m RB, + 0.86603 m RC, + 752.15 kN'm
—244.12
== 2 = — %
RE, = s 338262 C.= —196.751kN
Myesc=—1.5mRB, + —1.5mRB. So RB,= —RB.
0y
462.5
Mg 1] = —21213m RB, + —14250kN'm So RB,=———0 = —261.625 B, = —67L75kN

0/
0\
Myl 1

0/
SF,=0 A, =P — B, = 139.124kN

Reactions obtained using vector operations agree with those based on scalar operations.

21213 m RB, + —14250kN'-m So RB, = —RB.=261.625 B, = —335.876 kN
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© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.2-15

d=2mm L=38m E=75GPa
f,=3mm ;= 60MPa

d?
A=”4— A=3.142 X 107°m?

EA =235 % 10°N

Maximum load based on elongation:

EA
Praxy = TS,, Popaxi = 186.0 N < controls
Maximum load based on stress:

Powa = 0uA P = 188406 N
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Problem 2.2-16

NUMERICAL DATA Reference line \I

'

W=25N k =0300 N/mm L, =250mm
ky = 0400 Nfmm L, = 200 mm
L=350mm hA=8mm P=18N

(a) LocATION OF LOAD P TO BRING BAR TO HORIZONTAL
POSITION

Use statics to get forces in both springs:

&
> My=0 F3=I(WE+P1)

=
e

Fy=—+ P> L L
g L 2 2

> Fy=0 FF=W+ P-F

W
Fi=— + P(I —i)
2 L

Use constraint equation to define horizontal
position, then solve for location x:

F F

1 2

Substitute expressions for F; and 5> above into constraint equilibrium and solve for x:

2Ly Lkiky — kWL — 2 PL + 2Ly Lkjky + 2hLkky + kWL
= —2P(k; + ko)
x=1347Tmm <«

(b) NEXT REMOVE P AND FIND NEW VALUE OF SPRING Pagr (cp—Connivven  [from page below)

CONSTANT k) S0 THAT BAR 1S HORIZONTAL S
unpes werGHT W AT
L
W W " e
Now, Fi=— F=-— since P=10 “(2 b)
- - 2.‘-1‘}1-!} f-':-—‘i =5
Same constraint equation as above but now P = (: 2
SFy=0
W W
5 2 Fi=W-F
o o— = (L - -
Ly 5 (Ls + h) = 0 !
Solve for ky: 1{.-'(7 - .h)
— Wiy Fl=W-—r—
k- = L—-&
[2k5lLy — (L7 + WO]] — W =
kp = 0.204 Nimm  + F = m

Part (c) continued in
right column below

175

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

(c) Use k; = 0.300 N/mm puT RELOCATE Constraint equation—substitute above expressions
SPRING ky (x = B) SO THAT BAR ENDS UP for F, and F; and solve for b:
1IN HORGAONTAL POSITION UNDER WEIGHT W

F 3
Li+= = (s + h)——=m=0
TR R

-

L2 -b
Use the following data;
» TFl FJ ky = 0.300N/mm  k, = 0.4 Nfmm L, = 250 mm
B L;=200mm L=350mm
L2 i L
L = ‘
L-b

FBD

p — Aakikol. + Wiky — 2Uokikol — hkikol. — WhiL
- (2Likiky) — 2Lakiky — 2hkiky — 2WE,

b=T1mm <+

Part (c) continued on page above
lc) R Part (d) continued from left

column
(d) REFLACE sPRING k) WITH SPRINGS IN SERTES: MNew constrainl equation; solve for ks
ky = 0.3 Nimm, Ly/2, axp ki, Lyf2. Ao &3 F F F
S0 THAT BAR HANGS IN HORIZONTAL POSITION Ly + I:_J g (Ly + h) - ‘:_3 -0
1 3] 2
W W
Stancs Fyl=— F=— Wiz Wiz w2
e 2 Li+—+——(L+H)——=0
ky ks ' k2
Wk ks
ki = = = (63K —
3= ToLkiks — Wiy + 2Lokiky + 2hkgks + Wy g = ARG o
NOTE—equivalent spring constant for series springs;
k kyks k, = 0.204 N/'mm «— checks—same as (b) above
ok + ks
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Problem 2.2-17

The figure shows a section cut through the pipe, cap,
and rod.

MNUMERICAL DATA

E, =83GPa E,=96GPa
W=0kN 4,=150mm d, =12mm
o, =35MPa &,=05mm

kN
Unit weights (see Table I-1):  y, = 77—

kN
Yo = 82—
m

L.=125m L =11m

t, =25 mm

(a) Mm. rEQ'D WaLL THICKNESS OF CI PIPE, fomin

First check allowable stress, then allowable
shortening.

o
“‘::sp = ?s(zders)
Weap = 34018 N

ma
Wod = W IﬂlrLr

Woq = 10201 N

W, =W+ Wagp + Wiea W, =0.044 X 10° N
W 2

Apin = — Ay = 258.406 mm
Fa

m
Apipe = 1d% = (d. = 21.)"]

Apipe = Wllde — 1)

W
rc'{'dc - tc) =
o,
W -5 72
Leto = o =8225% 10" m
a‘ﬂ

t2—dt, +a=0

d.—Vd' - da
t. = 2 t, = 0.55 mm
A min. based
on o,

Now check allowable shortening requirement.

Wi, WiL.

ES3,

PPe " Apmin
Amin = 272416 mm” < larger than value based

on @, above

WL,

mwidd. — t,) =
Ade — 1c) E.s,

WiL.
wE 8,

B=8671 %10 " m
d. — Vdi — 48
2
t. = 0.580 mm «— min. based on 8, controls

> —dt. +B=0 B =

. =

(b) ELONGATION OF ROD DUE TO SELF-WEIGHT AND
ALSO WEIGHT W

W
(w + ;d)l.,

w
E b(zdrz)

(c) Min. cLEARANCE h

bmin =85 + 8, hpp=1412mm <«

5, = 5,=0912mm <«

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.2-18

—15m—f—15m—fp—21m— SHORTENING OF BAR BE
Al B#) . D FpgLpe (296 kN)(3.0 m)
; B = - 5
| EApr (200 GPa)(11.100 mm*)
= (0,400 mm

SHORTENING OF Bar CF

2 — Ferlop _ (464 KN)24 m)
06m F~ "EAcg (200 GPa)(9.280 mm?)
Ebef 1 = 0.600 mm

DISPLACEMENT DIAGRAM

Agp = 11,100 mm®
Acp = 9,280 mm”

E=200GPa
LBE =3.0m
L(_-F =24m

Pl=4-00kN:P2=3l5ﬂkN SBE—SA=ﬁCF_aEEDr5A=ZEBE_5CF

FREE-BODY DIAGRAM OF BAR ABCD d4 = 2(0.400 mm) — 0.600 m
F—1.5m——1.5m — 2.1 m— = 0200 mm
A o (Downward)

B c

2.1
Bp — &cr = ﬁ(ﬁcr — épp)

12 7
P\ =400 kN Fag Fer P2 = 360 kN or  ®p="gdcr — b
12 7
SMy = 0 = ?ED.GDD mm) — E (0.400 mm)
(400 kKN)(1.5 m) + Fer(1.5 m) — (360 KN)(3.6 m) = 0 e M
{Downward)
For = 464 kN
EMC =0
(400 KN)(3.0 m) — Fge(1.5 m) — (360 KN)(2.1 m) = 0
FBE = 296 kN
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Problem 2.2-19

(a) DnSPLACEMENT &

| P\(3 3 P 3
Use FBD of beam BCD Mg =0 Rg= E[(EE) (IL) (EL) ¥ Z(L + IL)} = P =Zcompression force
in column CF
P 3 P 3P
ZFy=0 Rg= (2 —)(— L) +— — Rr=— <compression force in column BA
L 4 4 4
3Pfi
Downward displacements at B and &7 &3 = Rpf] = P 8 =Refr= Pf
L+ 3!_
e " 4 |_TPh_9PA _IPh _9Ph P sep
Geometry: 8p = dp + (6 — bp) P 7 =t ve g (282 9fi)
o i _ B IPf h 4
(b} DISPLACEMENT TO HORIZONTAL POSITION, 50 8- = 8  and 2 Pfh or F =3
2
L LA
EA _4 ﬂ_i(ﬂ) L_af a7 | _aa? a_i(ﬂf —
L 3 2 3\A&/ L 3| 7 o 3 Ly 3\ds d 8
EA, 4 =
E_E(E)E_E i _ 5
Ly INE 16 L 16
(c) Ir Ly = 2 L2, vinn THE dy/dz RATIO S0 THAT BEAM BCD DISPLACES DOWNWARD TO A HORIZONTAL POSITION
B 5 andl Sy fom pedt (b (ﬂ)z—i(ﬂ) 0 |A_ . [30)— 1295
Ll_ an ¢ = og lrom part (D). i i L, 50 d:—x,;i(}—,“d
(d) Ir d, =(9/8) d; aND L L, = 1.5, AT WHAT HORIZONTAL DISTANCE X FROM B sHOULD LoAD P/4 a1 D BE PLACED?
i & B o ﬂ_ﬂ(ﬂ) ﬂ_ﬂ(ﬁ)3_1(§)1_£
T owmw TR BT E\M B ARy T8 0w
Recompute column forces Ry and R~ but now with load P/4 positioned at distance x from B.
9LP Px
I[.PY(3 \(3,\ P 16 = 4
Use FED of beam BCD: Mp=10 Re=—{|2—J|=L )L | +—A ]=7
SRR 2 g L[( L)(4 )(3 ) 2] L
9LP + Px
FA(3 r ir 6 4
Fy=1 Rp=|\2—||-L)|+——Rp=————
ZFy . ( L)(4 ) 4 = R L

Horizontal displaced position under load g and load P4 so 80 = ép or Rpof: = Rpf).
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L(9f — 19/1)

aLp N Px 9LP Px
16 4 - P16 sl _9Lf — 1911,
I 2 4 L I - 4fy + 4f
fi
L(9fs — 19f) g =
I=—-————ur = :
"‘”Jrl +f2:| 4(‘f_| + !)
f
: W3 7 365L
Now substitute fi/f> ratio from above: x=1L 5 =" P
4 =+ |) -

180

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

4(fi + f2)
BT 1.547
236

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.2-20
Apply the laws of statics (o the structure in its displaced position; also use FBD's of the lefl and rightl bars alone
{referred (o as LHFB and RHFB below).
Overarr FBD: SFp=10 Hi—k1&=0 50 Hy = k18
EFy=10 Ry +Ro=P

Lz ll- L3 .
SMy=0 kfa—0—P= +Rlo=0 Re=—P— —kla—0)
2 Ll 2
& {h L
LHFB: Mp=0  Hph+ k() = Ral 5 ) + kol —6) =0
2 6 (h
=—\ Kk +k=1{—=]+ Kk —
Ry Lﬂ[x.an Lz(g) k(e ﬂ)}
5 (h Ly PRSIy ]
RHFBE: EMB—O —.‘.E(E) = kLS.ir-I-R.:-?—O RG—L—2|:L2 (2) T k|b.ﬁJ

Equate the two expressions for Re then substitute expressions for Lo, k. &y, frand 8
1] L 8 (h 1
[P—2 — kol — 9)} [L—(—’) + ki5h| OR
Lay Lyl 2N\2 1

1 Ly 2 [ 2b(cos(@) — cos(e)) bsin(@)
L1 {PT—R [a—ﬂ]] [L_g [.t 3 3

+ ky[2b(cos(A) — cns[a})]{bsin(&))” =0

{a) SUBSTITUTE NUMERICAL VALUES, THEN SOLVE NUMERICALLY FOR ANGLE fl AND DISTANCE INCREASE 8
H=200mm k=32kN/m a=45 P=50N k=0 k=20
L; =2bcos{f) Ly=2bcos(e) =1Ly — L, &=2b(cos(P) — cos(a)) h= bsin(f)

1 L, | [ 2b(cos(f) — cos{w)) bsin(f)
L_:[P?_*’(“_m}_[?z{k 2 2

+ ki [2b(cos(8) — cos(a}ﬂ{bsin(ﬂ}}” =

Solving above equation numerically gives |H = 35.1° | |5 =446 mm|

C()MFU_FE REACTIONS
1 La 1
[ (—) - nah] 5N Re- —[P—' - k(a - 8)[=25N
Lel 2 ]

{16h+k )+L{u—&)1—25N My=k(a—8)=0

:U ,5"|m |§'|m

Ry + R-=50N <check [Ry=25N] [Rp=25N]

(b) SUBSTITUTE NUMERICAL VALUES, THEN SOLVE NUMERICALLY FOR ANGLE i AND DISTANCE INCREASE 8

k
ko= 5 b

b = 200 mm k= 32KkN/m a=45 P=350N ky =

Ly = 2bcos(8) Ly = 2bcos(a) =1L — Ly &=2b(cos(f) — cos(a)) I = bsin(#)
2b(cos(f) — cos{a)) bsin(f

L{Pg—k —H}]—[z'rk (e(6) (@) © + Ky [28(cos(@) —CGS{H])](bsin{ﬂ}}H=

Ly Ia| 2 2

Solving above equation numerically gives |6‘ = 43.3“| |§ = §.19 mm|

COMPUTE REACTIONS

R‘—iﬁré£ + k8h|=185N R—I }"ﬁ k #)| = 185N
<=L 1F2\32 18h T z—r(ﬂ—}—-

&fh ]
R,-.——L ]l: ki8h + k- (21') +kr{a—3}J=3L5N My =k — 8) = 1.BB2N-m
2

Ry + Re=50N < check

Ry=315N| [Rc=185N] [M,=1882N:m
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Problem 2.2-21
Apply the laws of statics to the structure in its displaced position; also use FBDz of the left and right bars alone
(referred to as LHFB and RHFB below).
OveralL FBD ZFy =10 Hy —kid=10 S0 Hy=Fk/8
>Fy =0 Ry + Rc=P

L 1
SMy=0 k(o —8) —P—= +Rely =0 RC=—[P3—k,(a—9)]
2 Ll 2
LHFB: SMp =0 Hdh+k%(g)—m%+k,(a—ﬂ)={]
2 5(h
Ry = L—z[klah + kE(E) + k(o — ﬂ:l']
5(h L 2 [, 5(h
RHFB: Mg=0 —k|=)—kdh+R—2=0 Re=—|kz(>]| +kbh
ZMp 2(2) 1 s c LJZ(Z) 1 ]

Equate the two expressions above for R, then substitute expressions for L,, &k, k, h, and &
1 2| 8fh
— [F‘E — ke — 9)] = — [.’c— -+ klah] OR
2 Ly

L 2\2
é[p% k- 9)] _ [Liz [kmmw}; cos(a)) bs“;m + k1 [2b (cos(8) — ms{a}}]{bsin{ﬂ)}” —0

(a) SUBSTITUTE NUMERICAL VALUES, THEM SOLVE NUMERICALLY FOR ANGLE f AND DISTANCE INCREASE &
kN o
b = 300 mm k=78 — o =55 P=100N k=0 k=10
m
Ly = 2bcos(f) Ly =2bcos(e) &=Ly —Ly &=2b(cos(f) — cos(a)) h = bsin(@)

Ly

1 [qu  (a — 9}} 3 [2 [k%fcﬂ’sfﬁl — cos(a)) bsin()

Ll 2 2 2

Solving above equation numerically gives |5‘ = 52.T°| |3 = 1054 mm|

+ ki [2b(cos(f) — cos(a))]{bsin{t})}]] =0

COMPUTE REACTIONS

2 & h 1 Ly
Ro=—|k2(2) + kyoh|=4999N Ro=—|P=2 —k(a—8)|=50N
c Lz[ 2(2) ! ] c Lz[ y ~kela ‘”]

2 8 (h
Ry =E{k13h +k5(5) + k(- 9)] = 0N My =kfe—6)=0

Ry +Rc=100N < check [Rq=350N| Rc=30N|
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(k) REPEAT PART (A) BUT SPRING k) AT C AND SPRING Kk, AT A

o

kN k ”
b=300mm k=78— =55 P=100N k=— k=—-b
m 2 2

Ly = 2bcos(@) L) =2bcos(x) &=L — Ly &=2b(cos(f) — cos(a)) h = bsin(d)
1[ Ly 2 [ 2b(cos(f) — cos(a)) bsin(@)
E[P?_k’("_m] - [L_z[k 2 2

Solving above equation numerically gives |H = 54.4°| |8 = 4,89 mm|

+ ki [2b(cos(@) — cos{a))] (bsin(ﬂ))“ =0

COMPUTE REACTIONS
21,8 h 1 La
Re=—|k=—| - )+ Kdh|=3995 N Rr=—|P—— L - = 3997 N
¢ 12[2(2) : ] ¢ Lg[ y ke
2 &fh
RA:L_ klah +k5 E +k,—(0.'_ B) = 6002 N MA=kr[a - 9} = 3,504 N-m
2

Ry + Rc = 99.99N < check |Ry=60N| [Rc=40N| [My =3.5N-m|
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Problem 2.3-1

MNUMERICAL DATA

P=14kN L1 = 500 mm Ly = 1250 mm dq = 12 mm dg = 24 mm E =120 GPa

(a) ToOTAL ELONGATION

4Py Pla
= 0.25789 mm 1 = = (.32236 mm

VT mEdydg ETa

d = 28] + 8; = 0.838]1 mm d = (.838 mm

(b) FIND NEW DIAMETERS AT B AND C IF TOTAL ELONGATION CANNOT ExXCEED 0.635 mm

4PLy PLsy .
2 + = (0.635 mm Solving for dg:  |dp = 29.4 mm
'J'IEdAdE T 2

Eah
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Problem 2.3-2

185

(a) DowNWARD DISPLACEMENT & (P = 180 kN)
PL, (180 kN)(2.0 m)

T EA, (120 GPa)(4800 mm?)

= 1.625 mm

B s (P)L; (90 kKNS m)

e

*  EA, (200 GPa)(4500 mm?)
= (L0530 mm
& =4.+ 8, = 0625 mm + 0.050 mm

= 0675 mm <

() Maxmvum LoaD Prgy (8mae = 1.0 mm)
—=— P,..=Pl—
o & e &

1.0 mm

) = 267 kN
0.675 mm

P = usom;(
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Problem 2.3-3

NUMERICAL DATA

A =250mm* P;=T560N
Py =5340N Py =5780N
E =72GPa

a = 1525 mm b= 610mm

{a) ToTAL ELONGATION

¢ = 910 mm

1
5=2r [(P) + Py — P3)a + (P, — P3)b + (—P3)c| = 0.2961 mm [8 = 0.296 mm | elongation <

(b) IncrEASE P3 S0 THAT BAR DOES NOT CHANGE LENGTH

218,380 N

1
E[(.r-'1 + Py — P3)a+ (P, — P3)b + (—P3)c| = 0 solving, P; = ———— = 7530N <

29
| So new value of P; is 7530 N, an increase of 1750 N

{c) Now CHANGE CROSS-SECTIONAL AREA OF AB S0 THAT BAR DOES NOT CHANGE LENGTH P; = 5780 N

1 a b c
E[{Pl + Py — Pg)a + (Pg - P@,)E + I:—Pg}E:| =10

A
Solving for Ayg:  |Aag = 491 mm? T"‘B = 1.064
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Problem 2.3-4
E = 200GPa
A{ = 6000mni Ay = 5000mm’ Ay = 4000mm’ Ly =500mm Ly =L, Ly=Lj
Py =5N  Pe=250N  Pp=35N

Internal forces in each segment (fension +) - cut bar and use lower FBD

Use force-displacement relation to find segment elongations then sum elongations to find downward displacements

L,
Naply 4 Npe— i
ﬁB =—=2202x 10 -mm downward -5C = EB +——— =3792x% 10 "-mm
EAy EA,
L,
Yen s _ Noels .
=8 + — =4667x 10 -mm = by + — =6854% 10 "-mm
dp=lpt —r i=dp E A

Axial displacement diagram - x origin at A, positive downward

8x) = |og— if x<L;
L SO0 min
_ N i Ly
6B+{5C—5BP - if Ll EX£L1+T b
I;l_ T 250 mm
[ LE-W B
_ . X_'.\Ll +T) _ L, 250 mm
6c+{5D—flch—ﬂ lfL1+TEXEL1+L2 -
| = |
\ X—‘Ll +L'_3:|_ A0 mm
op + (8 — 8p)- Li_ otherwise
) 3
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Downward axial displacement (meters)
0 T

from support at top

------- Ly+L~

position
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Problem 2.3-5

.
E = 200GPa A = 53300mm- Ll = 500mm L+ = 500mm Li = 1000mm

Pg = 225N P = 450N Ppy = 900N

Internal forces in each segment {tension +) - cut bar and use lower FBD

Nyg = —Pp + Pc—Pp=—0675N Npc = Pc —Pp=—450.N Ncp = —Pp =—900-N

Use force-displacement relation to find segment elongations then sum elongations to find
downward displacements

™N =T N L+
Al _ BC L2 -
bg = ——— =-3.184x 10 4-1.1.1111 b =bg+————="3307Tx 10 4-111111
E-A EA
upward upward
Nepls =
bp = 8¢ +E—' =-138% 10 -mm
i upward
189
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Problem 2.3-6

kN

~ =77.0—=—  from Table -1
ms
E = 200GPa
2 2 2
Ay = 6000mm Ay = 5000mm Ay = 4000nun L; = 300mm
Pg = 50N P = 250N Pg = 350N

Internal forces in each segment (tension +) - cut bar and use lower FBD - weight per unit length = yA,

Pyg = Pg+Pc+Pg=550N Pge = P+ Pp=0600N

Now add weight per unit length - x ongin at A, positive downward

/

_ - ; : |
Nogl(®) = Pup + Ay (L) — %) + YAy Ly + 1-A3- L4 NBC-{XJ =Pge+ "f-.—t:-i Li+
Nep(®) = Pep + 1-Az-(Ly + Ly —x) + v-A3-L3

Note that total bar weight is not small compared to applied loads W =(4;1,

Pep = PE=350N

- AE-L_w_ +

L,

~

Npg(x) = Ppg + ¥-A3-(Ly + Ly + L3 —x)

Use force-displacement relation to find segment elongations then sum elongations to find displacements

Ly
"Ll N ) GLI 2 N )
N,p(x . = SRR — 4
Ag dx=4217 < 107 *.mm By sy dx = 6463 107
E-Ay EA,
‘0 s
nL1+L1 ..:L-l+]'_,'n-+]'_,_:1r B
~ Nep® i T 7 Npg® o
Ap = Ac + dx=7843 % 107 -mm Ag = Ap+ dx=1051% 10
E-A, E-A,
L “Li+L,
Compare to “Ly—
Prob. 2.34 -
A A A A
B 184 —C 174 — D s —E
2292.(10" %) mm 3.792.(10™4).om 46671 16™ Ymm 6854107 *).om

Axial displacement diagram including weight of bar - x origin at A, positive downward

190
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-1
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=1534
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X
Nagix)
Alx) = —dx if x<1,
E-A,
Y0
1x \]
Np(x L
BCW i 2
E-A, 2
111
AR
ﬁc— dxif]_l—. _£x£L1+I_1
E-A, 2 =
) Lo
K
Npg(®)
&D—' 7dxif12L1+L'\
E-Aq -
Lytly

Downward axial displacement (meters)

; 3 T = T

o 22024107 6854107 )

- 1 1

= 1

: | |

S e Ol i e L1

£ | |

(7,3 | |

- % 1 |

s | |
i jfEsee Jsmaeasen . gy
8 | | |
pms 1 1

:J: I I

- 1 1

— 1 1

I I I !
0 Se10” 7 110”8 Compare ADD's without (8) & with (A) weight of
A bar (plotted honzontally)

displacement (meters)
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Problem 2.3-7

e
E = 200GPa A = 3300mm"
Ll = 500mm L__w_ = 500mm LE- = 1000mm

.. = __ kN
PB = 225N PC' = 450N PD = 900N ~N =TT ;

Internal forces in each seament (tension +) - cut bar and use lower FBD
¥ ongin at A, positive downward

Pap = —Pg+Pc —Pp=—675N Ppc = Po — Pp=—450-N Pep = —Pp=—900-N

NAB{KJ = P:LB + 'TA(L] _K} i "‘II.JL|L_'\ 4= LBF NBC{‘:} = PB'C + "]';'!L|]_.l 1= L_'_) —x] 1= 'TALB
MNote that total bar weight is not small compared to applied loads w = ALy +Ly+L3)=8162N

Use force-displacement relation to find segment elongations then sum elongations to find
downward displacements

Ly Li+Lls
NAB{R} = 2 }TBC-{:{} _=
‘SB = dx=1848x 10 ~-mm ﬁc- = 'SB + dx=4684x 10 ~-mm
E-A E-
0 downward “L4 dowmward
p]-_1+]-_.'\+]-_'% B -
s @ © 7 Nep(®) .4
op = 8¢ + ?dx=—5.09: x 10 -mm
“Li+L, upward
192

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.3-8

L L
gt ”_4+ 2 _ ILP a_?Pf_
‘ CE| m 3, 6 Ebt 6 Ebt
4
(b) NumericaL pata  E = 210 GPa L =75 mm OUmid = 160 MPa
P P 3
50 Oppd = i_br and E = E"rmid
4
R B L3 —
L B E( ; :,-rm) 0.5 mm
Pl L—Ly L . F | 4
Obs=g| =g 3| % Fem (2 )(2) (e - b 1)
4

3 1 L,
OF Bpay = (I lfmid) ( 7 )(L + ?) Solving for L, with 8, = 0.475mm

4EByy — 3oy 1
Loy = ——== T —244mm [Ly, = 24 mm|] —= = 0325
 mid L
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Problem 2.3-9

L oL
P 4 2 C e . _TLP
{a) &= Zz| B +— simplifying gives & = 6 Ebt

(b) E =207 GPa L = 760 mm Tmig = 165 MPa B = 0.5 mm

P P 3
5o Fnid = E—M and E = E ‘mid
4
TLP 7L
& = @ or d = E (Eﬂ'mid) = (L53007 mm d = 0.53 mm
P{L— Ly Ly P 1 4
Smax = + Smax = | — ]| = )| L — +-L
{C} max E bt 3 or max bt E Lz.lot 3 slot
— bt
4
3 1 Lo . .
or Gmax = E{rmid E L+ T Solving for Ly with 8py = 0.5 mm
4E& — 3Ly L
Ly = o Omax = — 22000 mm  [Ly = 220 mm | ?‘“ = 0.301

Fmid
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Problem 2.3-10

P =400 kN (b} AppDimioNaL LoaD Py aT point O
C
e E i o (Eﬁ['}mﬂ = 4.0 mm
ot &y = additional shortening of the two columns
L = length of each due to the load F
column
o 8y = (Bac)max — Bac = 40 mm — 3.7206 mm
= 02794
E = 206 GPa G
A, g = 11,000 mm* Also, 8y = Rl +£=@(L+L)
EApp  EApc  E \Axyp  Apc
Ape = 3,900 mm?
Solve for Py:
(a) SHORTENING 840 OF THE TWO COLUMNS B @( B s )
Bac = EN'-L" _ Nagl | Nach L \App + Apc
EA;  EAzg  EApe q )
UBSTITUTE NUMERICAL VALUES:
(1120 kKN}¥3.75 m)

E =206 < 10° N'm* 8, =0.2794 x 103 m
L=375m Asg=11,000x 10 °m’
Age = 3,900 X 1078 m?
Py=44200N =442kN

(206 GPa)(11.000 mm?)

(400 kN)(3.75 m)
{206 GPa)(3.900 mm?)

= L8535 mm + 1.8671 mm = 3.7206 mm
dac = 3.72 mm ==
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Problem 2.3-11

MNUMERICAL DaTA E = 205 GPa

P=2kKkN L=24m d=20mm d;=12mm
1
@5 -Flz "7
%= T | Zyr T Ty~ 30920 [ =3Tm
4 4
(b) Vol, = (gdf + ;dzz)L —1025% 10° mm d = a

= 16492 mm A= %dﬁ = 213.6283 mm

m
—(2L
4( )
P(2L)
8p =——— = 24113 mm 8, = 2.41 mm
EA
kN
c) g=1833— L=24m
m
I? PL ) 5
5, l L —20253mm 2= 10 € —1.284
2w Tt g T %a %
4 4

196
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Problem 2.3-12

NUMERICAL DATA
d; = 100 mm
L=1200mm E=40GPa

> = 60 mm
P=110kN

8y = 8.0 mm

{a) FiND dpax IF SHORTENING 1S LIMITED TO &,

v " w a5
Al =—d? Ay="id"
= 3=
L 3 5
/ / n
£ Y e
m 2 A7
I{d'l__dmmiz} ! -

Set & to &,, and solve for dpay:

\/Eaﬂm:ﬁ.:rf — 2PLdy — 2PLd)"
1
Eb ey *dy” — PLdy? — 2PLdy?

Amax

g = 239 mm

(b} Now. 1F d ., 1S INSTEAD SET AT do/2, AT WHAT DISTANCE

b From ExD € SHOULD LOAD P BE APPLIED TO LIMIT THE
BAR SHORTENING TO 8, = 8.0 mm?

-3l (3]

™ ‘1 W™ n

Al =—d? Ay =—d’
1 4I 2 43
L
(-2)
smct] L L N2
El 44, = 44 A;

No axial force in sezment at end of length b; setld =8,
and solve for b

197

Es 1
= [i_ Aj[_u | (i+ i)}
i =5 P -1.-"10 41‘1.; 1

=4 1l6mm <

(c) FinvalpLy ¥ LoADS P ARE APPLIED AT THE ENDS AND
s = (272, WHAT 15 THE PERMISSIBLE LENGTH X
OF THE HOLE IF SHORTENING IS TO BE LIMITED TO
by = 8.0 mm?

b=——+
E| Ay Ay A3

Set 8 = &, and solve for 12

Es, L] 1
1“‘”’“( P _Eﬁz)J_EABL
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Problem 2.3-13

AFD LiveEar
I il
(fv) L'f PL
Ny = fy 5= WS - B
(20— L EAY T 2AE 2EA
N(y v L P
{b) oiy) = TJ i) =T a(l) = % =—
o)y =10 So linear variation, zero at bottom, P/A at lop (i.e.. at ground surface)
Pfy
NL) = ===
A e £
! 2.3 ! |
A
08 - - 08+
0.6 - 0.6
oly) Ll o
—_— 4L | AL 04l
Compressive stress 02k
02 ] in pile
0 '
0 : 5
0 05 1 0 U

(c) Ny) = fix)y

o
fiv) is constant
and AFD is linear

Niy) = f 'fn(l = %) d 5

(5)

fiv) is linear and
AFD quadratic

Ja'lr{ﬂ] =1

] ol =10 er(L) "F;U

foviv —2)
g a_ﬂ(z) ._f[l(q _)
=3 ~ EA\3 T RENE T
198
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Problem 2.3-14

NUMERICAL DATA
P=5kN E.=120GPa
Ly=18mm L=1L,
Ly = 40 mm
d3=222mm = 1.65mm
dis=189mm = 125mm
7y =30MPa oy = 200MPa

FS.=2 FS.= 1.7
TY¥

Ta= Fs, 7; = 15 MPa
Ty

T, = Fs, a; = 117.6 MPa

(a) ELONGATION OF SEGMENT 2-3-4
W

B

w a

Az = 7ldos — (d g3 — 215)7]

Ay =—lds — (d,5 — 2157

A= 175835 mm” Az = 106.524 mm°

5 P(LE'F L4+ L3)
ST A Az

-

524 = 0024 mm

199

(b) Maxmvum Loan P, THAT CAN BE APPLIED TO THE
JOINT
First check normal stress:

A =1 dus — (dys — 255)7]

Ay =69311 mm® < smallest cross-sectional area
controls normal stress

Prave = 0541 Pope = 8.15 kN smaller than
P gy based on shear below so normal stress controls

Next check shear stress in solder joint:
Agy = mdysls Ay = 1.069 % 10° mm®
Proe=7ohn  Pous = 16.03 kN

() FinD THE vALUE OF L: AT WHICH TUBE AND SOLDER
CAPACITIES ARE EQUAL

Set P, based on shear strength equal to P, based
on tensile strength and solve for L:

EFGA 1

7= .Lj_ = 9.16 mm £—
Tal7d o5)
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Problem 2.3-15

P
(a) Stancs EFH—D Rj=—P-—
-3
L e

(b) Diraw FBIY s cUTTING THROUGH SEGMENT | AND
AGAIN THROUGH SEGMENT 2

3
My

2

(c) FiND X REQUIRED TO OBTAIN AXIAL DISPLACEMENT AT
ANT 3 oF 8y = PLIEA

Add axial deformations of segments | and 2, then
set (o &4: solve for x:

< tension < tension

P

Mix | Mll-®  PL
. .
i EA EA

4

ip

2* . 2”“"”: PL
3 EA EA
B

4
3 L b o
2 8 - a

(d) WHAT 1S THE DISPLACEMENT AT JOINT 2, 827

(2

le
83 e
E=A E=A
4 4
2 PL
%= 3k

200

(e) IFx = 2043 AND Pf2 AT JOINT 3 15 REPLACED BY BP,
FND B so THAT 8; = PLIEA

2L

3
substitute in axial deformation expression above
and solve for B

Ni=(1+BWP N:=BP x=

2L 2L
Pl L —-—
I{I+EJPIT+E( 3)_“
t - Tt -
E3A EA EA
4
1 8+ 118 PL
9 EA EA
8+ 118) =09
|
'E_W —
B = 0.091
() Draw AFD, ADD—see plots for x =%

Mo plots provided here
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Problem 2.3-16

- W = Weight of bar ib) ELonGamion oF Bar (h = )
A
m—l—m (a) DowWNWARD DISPLACEMENT & 5. — WL
T Consider an element at dis- B SEa
c L by from the:lower ciul, (C) RATIO OF ELONGATIONS
s R g
h Elongation of upper half of bar (h = ;):
B 2
l £ 5 _ 3WL
i g AV, Wy T 8EA
M) = EN - EA  EAL Elongation of lower half of bar:
L £ Wydy W o5 7 B WL 3WL WL
& = .Jlli dé = _J': FAL = SFAL (L* — k%) Blower = Bp 5u1:l|:w.'r = 2EA SEA  8EA
. Bupper  3/8
b= L2 -y < = =— =
€~ 2EAL" 2 B "1
(d) NUMERICAL DATA
y, = 77 kN/m’ v = 10 kN/m® L= 1500m A = 0.0157 m? E = 210 GPa
In sea water:
. WL ] =
W=y, — AL = I577.85kN 8= 2EA 359 mm il 2.393 x 1074
In air:
WL —4
W= (y)AL = 1813.35kN 8 =- = 412 mm —=275x10
2EA
201
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Problem 2.3-17

t = thickness (constant)

Ly+ L
=alz) n= ()

A(x) = bt = blr(i)

Ly
(a) ELONGATION OF THE BAR
PLydx
ds = Pdx _ Lo
EA(x)  Ebjix
Ly+L Lo+L
P
5 — f g5 Flo [Tdx
L Ebt fi, «x
PLy Lo+l Pzﬂl Lo+ L
—_— —In

T by, Ebgo Lo

(Eq. 1)

(Eq. 2)

202

P,
Ly + L
From Eq. (1): — %1 (Eq. 3)

Solve Eq. (3) for Ly: Lo = L(L) (Eq. 4)
by — b

Substitute Eqgs. (3) and (4) into Eq. (2):
PL

&= m]n% (Eqg. 5)
(b} SUBSTITUTE NUMERICAL VALUES:

L=15m t=215mm

P=125kN by = 100 mm

by = 150 mm E = 200 GPa

From Eq. (5): 6 = 0304 mm  «—
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Problem 2.3-18

P = 200kN L=71m t = 20mm b1 = 100mm 1.1_-_r = 115mm E = 96GPa
].11 =+ b’j
Bar width at B at L/2 bg = ——— =107.5-mm
b
Axial forces in bar segments (use RHFB) Nag = 2P-P=200-kN Ngc = 2-P= 400-kN
T
Nap (b5
Axial displacement at B bg = — o — | =0.937-mm
Et{b;—bg) | by
v L
S Toay (bg)
Axial displacement at C b = bg+ ——————In — | =2.946.mm

£ . 1
Et(bg-by) | by

203
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Problem 2.3-19

P=225kN L =15m

Nyp = 2P—-P=225kN

Axial displacement at B

Axial displacement at C

t = 10mm b~ = 70mm

bl = 75mum

Npe = 2 P=450.kN

=
us]

I

i o

1

I

ek

o

|

E

204

E = 110GPa
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Problem 2.3-20

E = 72GPa P, = 200kN L=2m t = 20mm hl = 100mm b, = 115mm

b |
Apge = bl-t =2 x 103-11.1111'
P:'

|

i IJ £y P'p'
[ P2 =
n — | =1.294-mm 'SC' = + = 2.683-mm

If only load P is applied at C . S
) " Et(by—by) |by) C E-Agc

MNow apply both P, _(to the left) and P, at C and solve for P, s.t. axial displacement at C =0

Given

o |

L
P faly ymy Tu

=0 Find(P | = 414.651 kN

Et(by —by) m‘ by Eapc

Axial displacement at B with both loads applied as shown

Let Py = 414 651kN Check
y L L
P2-Pi}= (b, (P2-P)= rp,y P2
E’B = ——-Inf| — [ =-1.339-mm = = I— — =—0m
Etl:bj—hlb \]."1 ) E-T-I:b'j—blb .\b]_ ) E-AB,C
leftward
205
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Problem 2.3-21

dp —dy )
B~ "A
d, = 100mm dg = 200mm P = 200kN 8y = 0.5mm dix) =d, + (T }-x
T 3
Alx) = :-d(x}' E = 72GPa
L
B . ' . , 4.P-L
de =84 expand integral to obtain following expression — 4
E-Alx) : mw-E-d,-d :
| A"B
Y0
m-E-d,-d
Solving for L | ¢-6i= 2.827-m
4.P .
206
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Problem 2.3-22
L=13%m f = 36mm E = 72GPa A= é =4 5. mm oy = 1800 Pa

Ay =T f‘1 = 4071.504 mm: Use formulas in Appendix £, Case 15 for area of slotted segment

i a - - a i ab % .r‘;_-u
0= ams]l — | = 1445 b=myr —a =35718 mm Ay = e o —|= 3425196 mm” = (.841
\ 1/ | ) A
Stress in middle half is known so0 use to find force P P =gy Ay =616.535 KN
L L
P-: P-‘:
Compute bar elongation now that P is known b=l— s —— =4 143mm
EA; EA,
207
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Problem 2.3-23

1
TERMINOLOGY

N, = axial force acting on element dy
Ay = cross-sectional area at element dy

Ap = cross-sectional area at base of cone

wd’

=y V' = volume of cone
1

= gl Vy = volume of cone below element dy
| 2

= EA}. ¥y W, = weight of cone below element dy
v A, vW

=—{W)=— N, =W,
P g

208

ELEMENT OF BAR

Ny _Ldp

[
N}'

W = weight of cone

ELONGATION OF ELEMENT oy

_Ndy  wydy  aw ok
" EA, EAfL miELC
ELONGATION OF CONICAL BAR
L
4w 2WL
b6 = f{ﬁ - / vdy =—
wd” EL Jy ad* E
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Problem 2.3-24

A, = cross-sectional area al distance y

2
= (B)} = 2 + 057

SHORTENING OF ELEMENT dy
Pdy Py
EA, [ b?
4 E(E)[H + 0.5v)°
SHORTENING OF ENTIRE POST

i
PH? dy
5= ftﬁ = = . =
Eb* Jy (H + 0.5y)°

- dx [
Square cross sections: From AppendixC: (a + bx)? N bla + bx)
b= widthat A PHT 1 H
1.5b = width at B B= EbIL (05)H + 0.5v) L
b, = width at distance ¥ _ PHY | i ]
——. EpL (05)1.5H)  05H
' i ./
b 1
= 4 +05y) 3ED

209
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Problem 2.3-25

¥ dy  Bhx
!._ L L | L,
A 2 2 Bl de !
A_T_ FREE-BODY DIAGRAM OF HALF OF CABLE
| D th
I D
- R KL e WEE R R R i _ aL(L =
INERNNRERNEN’ -t ) 4
gl?
¥ v, o
11 5 8h
B
. He 2 Fuorizonta = 0
i 2
i gl
Hy=H=— Eq. 1
// 1 8h 1)
l 2F\'El‘til:al=0
18
£ v -4 (Eq. 2)
Equation of parabolic curve:
2, 4hx?
o
FREE-BODY DIAGRAM OF SEGMENT DB OF CABLE Tds
¥ {,vj EA
mu -
i dy = Wdx)* + (dv)* = dx +(—)
.:’_ﬂ__“g ) (dx) + (a¥)" o
4 g i Shy
Ty D#00 4 L -d.tl+(—-—)
f — ¥
AT e :
il L2 i
o : : = v [1 + (Eq. 6)
: g 4
| I."
| 4;11.;[
r (a) ELonoamon § oF capLe ACB
E E-r _-’_,r E-Idﬁ le
g
) ql', Substitute for T from Eq. (5) and for o from
LFM -} TH-HF-F (Eq. 3) Eq. (6):
it £ 2.2
EFm =10 Vn-:i;-q(E-:)-n — L %(1+642f)m
R-th—q(%— )-%—%w: For both halves of cable:
1 3
=g (Eq. 4) “-/u‘ql' g E)a’.x
Tensns FoRCE T 1IN CABLE
VTR + 1= | + (g b= L(' + ,,5,,:) Eq.7)
tgx BREA it
Tk (b)) Gorpen Gare BRIDGE CABLE
. Iy 5"';—- (Eq. 5)
Eh L L= 1300 m ho= 140 m
ELonGATION df OF AN ELEMENT OF LENGTH oY q=185kN/m  E=200GPa

/ I
d.;{ff &

rd
e
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Problem 2.3-26

{8) ELONGATION & FOR CASE OF CONSTANT DIAMETER HOLE
d(l) = d._1(1 + E—) A(L) = %d’ll_’.]ﬂ < solid portion of length L — x

AlL) = %(dﬂ;‘r} - df'} = hollow portion of length x

P i PI i 4 /‘f* 4 ]
B —d & =— it + =
E [ A(L) ‘;) El o TTE'EE}EH; J iz w{dQ) — dy’) Eﬁ;—

<
IRErEE i e PN

7 L [ 1
. - = E | e L\ o
K (e ) )
I-x| 4 J
o L Ini3) —In(L—x) + In(3L—x
5="la ,+(4 T} roca. s | ) 1{ J)]
El (—2+ x)mwdy” widg” byt wily”
1 5
) In(3) _l”(7L) i3 '“(?L)
i F F e
ifx=0L2 §=—|—-— —2F—" 4+ 921 .
E\ 3 mdj wrdy wdy

Substitute numerical data:

é = 2.18 mm —
(b) ELONGATION & FOR CASE OF VARIABLE DIAMETER HOLE BUT CONSTANT WALL THICKNESS | = da/f20 OVER SEGMENT X
d(f) = d,i(l + E—) AlL) = %ﬂg}: < solid portion of length L — x

; dy\?]
AlL) = % [tﬂﬂ:l‘ == (tﬂ{,} - 21—3) < hollow portion of length x

EP(,/AREJ ) A =g j“. a’am- -/; Aﬂ_‘ & — (dqg} ) ]d%

211
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oL S P E R

I I3 20
P I? L In(3) + In(13) + 2In(dy) + In{ L)
&§=—|4 =~ + 4—— + 201 =
El (—2L + xywdy~  wdy” wrdy”
2In( dy) + In (39L — 20x)
— 201 -
iy~
ifx=12

Pid4d L In{3) + In{13) + 2In{ d4) + In{ L) 2In( dy) + In(29L)
=— — — 4+ 20L = — 20L =
EN3 7dy” o' Trdy”
Substitute numerical data:

6 = 6.74 mm —

212
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Problem 2.3-27

x
g 11kN Py = 4 5EN M =28kNm E = 200GPa Ay = 160mm-

Find pin force at B - use FBD of bar BDE

¥Mp = 0 B, =

= I P~ t625mm) — M| = 209
e [P>-(625mm) — M| =20

No pin force at B so bar ABC is subjected force P, at C only

= 0.653-mm downward

H P1 [ 500mm 75mm '
'ﬂf- = +
E

LM A

213

3
An = 100mm™
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Problem 2.3-28

Find pin force at B - use FBD of bar ABC Y™, =0 B, = i.u PL) B,
g: 1 L 3
£Y
Verical displacements at B and F
N P-9.p 8P 5 “BD L & — i d d
h — PGP e — = — — OWIIWAL
BD °B >.EA B EA
L
NBF
" . 3 . 11 PL
Ngg =P b = bg + bo—>— — dovwnward
EA 3 EA

acts upward on ABC
so downward on
DBF

., —=9 P

Axial force (Niy)) and displacement (8(y)) diagrams - ongin of y at D, positive upward (rotated CW to honz, position below)

8Ly — —4

£LY 35
| 5 —; —-3889

times PL/EA

N(v) = |Ngp i v<L 8v) = || Napv | i ysL (0) = 0
() BD 3 (5} |: BDY | 2EA | 3 8(0) —
Npgp otherwise — (L ‘.—l - al. 4L
ég + Ngp(v—-L) { _S-EA /| otherwise | 3 ;|
T
ol = 2
Niy) | |
- 10 : : | |
il 05 1
0 0.5 1

214
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Problem 2.3-29
upward at B on ABC so downward on DBF

Find pin force at B - use FBD of bar ABC El—"_ =0 Bv = 3P
Axial forces in column segments (tension is positive)
Npg =P Npg = P=By——3-F s0 AFD is constant and compressive aver 2ach column
. segment
Vertical displacements at B and D (positive upward)
Ngg L NDB'E
2 3LP 2 5L-P i e
— oo =dg -+ — s0 ADD is linear and downward over
EA 4+EA  each column segment

215
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Problem 2.3-30

Use FBD of beam ABC - find pin force at B ¥F.=10 B, =2P upward on ABC so downward on DBF

Axial forces in column segments (tension is positive)

Npg = 0 Ngp = B, — 2P so AFD s 0 over DB and constant and compressive over
: column segment BF
Vertical displacements at B and D (positive upward)

e L
BF , L.P L.P -
by = — - by = bg — - 50 ADD is linear over BF and constant
2-EA 2-EA 2.EA over column segment DB, both
downward
216
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Problem 2.3-31

a» ;1}’1 W, Centrifugal force produced by weight W>

bl ,
f-h—u" *.EJ m g = (%)[MEJ
x dx I I
£ ||a ’ _
L 1

1t AxiaL Force Fix)

Lwe?  Wile?
Fix) = d+
-x &L g

w = angular speed

; Wi

A = cross-sectional area = ( B 4
_ - 2gL g

E = modulus of elasticity

g = acceleration of gravity ELoNGATION OF BAR BC

L
Fix) = axial force in bar at distance x from point C Ry F{” ik
D

Consider an element of length dx at distance x from L 2

e Wzlu.rzir
point C. H‘L' — x%dx + [ ——
To find the force F(x) acting on this element, we must f )
find the inertia force of the part of the bar from distance = WiLw [/ fx dx} WZL“’ dv
x to distance L, plus the inertia force of the weight Wo. 2gLEA gEA Jy
Since the inertia force varies with distance from point C, _ WJLZUJ' + “E'L'UJ'
we now must consider an element of length df at dis- 3gEA £EA
tance £ where £ varies from x to L. y2ua

=——— 4 (W + 3W) —
di W 2

Mass of element d = I(?l) 3gEA

Acceleration of element = {wl

Centrifugal force produced by element

W1w1

= (mass)( acceleration) = d
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Problem 2.4-1

EquaTiON OF EQULIBRIUM

Substitute into Eq. (3):

PL
§=8=8,= ———— (6)
EA; + Epdp
Steel shell STRESSES
P, EP Py, E,P
Brass core oF=— = — =

- o= — 7
A, EA, + EA, A, EA, + EpA,
NUMERICAL VALUES
Steel: A, = (E)[mlmm:.z — (7Tmm)*] = 25.13mm*
E, = 200 GPa, EA, = 5.027 X 10°N
Brass: A, = (%}(6.0 mm)? = 28.27 mm?

E, = 100GPa, EA;, = 2.827 X 105N

EF =0, P,+ P, —P=0 i1y
EqQuaTiON OF COMPATIBILITY EA, + EA, = T.854 X 105N, L = 85 mm
8s = 8p 2) (a) DECREASE IN LENGTH
FORCE DISFLACEMENT RELATIONS 5 PL o1 P 094N
= —— = 0.Ilmm, P = 9.
PL Pyl EA, + EgAy
°T LA °T i, @
' b {(b) ALLOWABLE LOAD
SuesTrTUTE INTO Eq. (2): Ep + EA,
o= 180MPa, P, =g, ———— =TOTkN
PL _ Pl w :
EAs By EyAy + EA,
o =250MPa, P, =0p,————— = 11.00KN
SOLUTICN OF EQUATIONS E,
Steel . P =TO07TkN <
Solve simultaneously Eqs. (1) and (4): BEL BOVELDS. Fallow
E EALP
AL Py — bb )

P, = ,
fOEA, + Epdp EA; + Epdp

218

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.4-2

PL

e R
E. A, + EpAg

or

&
= ':Ea"d‘a + Eb‘qb}(z)

Substitute numerical values:

E, A, + EyA; = (72 GPa)(765.8 mm®)
+{100 GPa)(490.9 mm?)
55.135 MN + 49.090 MN

= 104.23 MN
P ={104.23 MN](M)
350 mm
= M2kKN <

A = aluminum
(b)) ALLOWABLE LOAD

B = bra
T oa=80MPa o, =120 MPa
L =350
s Use Egs. (2-17a and b) of Example 2-6.
dy = 40 mm i
For aluminum:
dp, =25 mm PE L
a i
o,=——— P =(E,A +E;,A;,J(—)
A, = %(dﬁ = di} a E A, + EgAg “ o E,
80 MPa
— 765.8 mm? P, = (10423 MN)( = GP‘a) = 1158 kN
E,=72GPa E,—=100GPa A, = %dﬁ For brass:
= 490.9 mm” PE, B, = (E,A, + EyA )(u‘b)
O = e AL = B AR
(a) DECREASE IN LENGTH E A, + Ep4y “r Ey
100 GPa

Use Eg. (2-18) of Example 2-6.
Aluminum governs. Ppay = 116 KN <—
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Problem 2.4-3

E = 200GPa A = 5100mm”

Use superposition - select f-‘«y as the redundant

-+ & .l
Released structure with actual load P at C bap = HORR; (2] =002mm  upward
E E-A
; : ; (1m + 2m )
Released structure with redundant AY applied at A bay = A‘f T |
XOH 20 ooy 10 D
E-A I
e . —da1
Compatibility equation daqg+8y,=0 solve for redundant AY A, = —— =—6.667kN
= : 4 lm+"m
E-A
Statics By = —{Ay + 10kN) = —3.333.kN
. . _B-V'{__-'\m:' o 3
Axial displacement at C = = 6536 % 10 ~-mm upward ___ or
~A(1m) _
A 6.536x 10 -mm
E-A

use either extension of segment BC or compression of AC to find upward displ. 5.
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Problem 2.4-4

P = 10kN E = 200GPa gy = 400MPa FSy =2 o, = = 200-IMPa
o Fs_“_
Static_equilibrium - cut through cables, use lower FBD (see fig.)
) ) % ) A 3
a=15m b=15m o= ata E =45-deg
a ) R
oc = ar;m( ! =26.565-deg
\2-b )

EMA =0

Ty-sin(og) + 2-Ty-sinfac) = P(2)

Compatibility - from figure, see that Ar =2Ag

Cable elongations

8 = Ag-sm|ag) 8y = Ac-smfac)
£ smlon-) e "
50 5, = 2| _m{ad "51 2. S]_JMC) J —1.26491
- | sufop)) | sinfog)

Farce-displacement relations for cables

T 2 2
Ly =ya +b =212Im L, =ya~ +(2-b)" = 3.354m

Ly L,
8, = Ty-f. fi = — 3= Tk Flmy
1 11 1 ; 2 252 2 .
E-Ay E-A,
[ sinf o {sinfo-) ) () f L
where T,-f;, = l-l - l_ c}]-Tl-fl or Ty = 2| — o i[—l Ty and A, = A, so = = _=
© | sifog), o A\@eg) (5 B Ty
Substitute T, expression into equilibnum equation and sclve for T, then solve far T,
i 2-f5-sinl og | 2-sinf og |
Ty = - = ~|P or T, = ffLB' P=14058.kN
Bl el B 5 . g 1 ¥
(sinfac) | (L
L - 2 { Ty = 11.247kN
= | smfag) /| L,
Use allowable stress g to find minimum required cross sectional area of each cable
T]_ 2 Tl ¥ 3
Al = cr_ =70.291-mm" A__"; = -:r_ =56.233-mm 50 ‘Jﬁ'eqd = 70 3mm-
a a
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Problem 2.4-5

2
g

% ¥
Gy = 340MPa o,y = 410MPa A, = 7700mm” A, = 3800mm™ L
E, = 200GPa E, = 73GPa

Axial stiffnesses of ¢ylinder and tube - treat as springs in parallel

Esfhy KN Eada
c= = 2o goex 100 Ky =——
; m . E

2

L]

s 12
= 5548 x 107 —
m

L—I\;.
b =k +ky = 3635 x 10° =
m
Each "spring” cames a force in proportion to its stiffness
1} kPL
P(P) = —-Pfloat,5 — 0.84736.F Po(F) = — P float,5 — 0.15264-F
: kr . b

Maximum force in each component is govemed by its yield stress

B(P)
o (P = —— float;
» A

0.00011005 P
PR Chicivimircdhrictind

o

mm

[

=

solve P 4

= 3.0895e6-MPa-mm = 3089.5-kN

Oy(P) — 340MPa |

Pa(F) 0.000040168 P
g, R Ge C

D'}.A_I:P'_I = float, -

Ay D

solve | P -

i 1.0207e7 MPa-mm = 10207-kEN
at. 2

o, A(P) — 410MPa

So the allowable load P is limited by yield stress in steel oylinder
Py = 3090EN
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Problem 2.4-6

FREE-BODY DIAGRAM OF END PLATE STRESSES!
P EaP
By — A AR
Py
P Py EgP
f‘ R e P il (7)
B EaAq + EpAp
EQUATION OF EQUILIBRIUM
(a) LoAD IN MIDDLE BAR
SFiiz=0 Pi+Pg—P=0 (1)
B EpAy I
EQUATION OF COMPATIBILITY P EjAy + EgpAp  Esdy i
b4 = dp (2) EpAp
: A A.—*l 1+1 4
FORCE-DISFLACEMENT RELATIONS Given Eg =2 A T T T
A, = total area of both outer bars B I 1 3
P L Pyl hop ST =T . nu =
A= 8= 3) (—4)(—’*) +1 =+1
E A EgAy Eg/\Ap 3

e S () RATIO OF STRESSES

PL  PL
— 4
EjAy  Epdp @ ?:%F =% =
4 A

SOLUTION OF THE EQUATIONS

Solve simultaneously Egs. (1) and (4): A B o sum AT

All bars have the same strain
E A P EgApP

e e 5 £ 2
A E Ay + EpAp EqAy + EpAp (3) Ratio = 1
Substitute into Eq. (3):
PL
a=ﬁ.—'1.=3.ﬂ=— (6}
EsAy + EpAp
223
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Problem 2.4-7

(a) REacTions aT A anD B puE 1o Loap P ar L2

d\*] 3
m™ ] L -
Apgr=—d"— | = App = —md”
AC 4|: (2) | AC 6
Acg = —d°
e 4
Select Rp as the redundant: use superposition and a compatibility equation at B:
L
P P(T - I) p 38
: X oL X ¥
ifx=1.2 dpla = + Opla = +
EA s EArp El 3 42 LU
g d L
16 4
2x + 3L
EEI‘I.I’ == B
Emd-
L L
P— P
i Lo 5 2 = 2 5 8 PL
= Lis Bih = OB =" ;2 BlE =3
EA 5¢ < 3 End
E\ —md”
v Y
The [ollowing expression for & g, is good [or all x:
Rpl «x L—x . Ry x L—x
_—f — 4+ e
O E(A:.f' f‘-cer) o= idg-l-jd:
T 4
Rg( 6 x L= x)
bp=—A——=+4
- EN3 md? i
Solve for Rp and R4 assuming that x = [/2:
2 2x+ 3L
_(EF : a? ) I 2x+ 3L
P - — Zx + 3
CDmp&llhl!I[}': 5;.“5 + SEZ =0 Rgﬂ = (16 % 4}_, — ;;) RB.-J — Tpm
3 add wd

A check—ifx =0, Rp = —Pf2

—% 2435 3 L
—p——— R, =—FP
2 x4 3L e 2 T x4 3L

Statics: Rag=—P — Rgy Ry, = —P—

Mcheck—if x =0, Ry, = —P/2
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Solve for Ry and R, assuming that x = L/2:
8 PL
2 —2PL
—

Spip b8 =0  Rpgs= I Ry =
i ra (16 x _4}'_—1) S TR

3 ad® wd?

Compatibility:

A check—ifx =L, Rg = —P/2
Stati R P—R R p ( —2PL ) R 4 x4+ L o
tatics: =P N T -
e = e x+3L o x+ 3L
(b) FD & AT POINT OF LOAD APPLICATION] AXIAL FORCE FOR SEGMENT 0 To L/2 = — R, AND & = ELONGATION OF THIS SEGMENT

Assume that x = L/2:

-
—RM A 2 8. =
s (P " E 3 T
E \A, A Rpierer Z 4
AC CB k T Trd- 1
g 2x+ 3L
¢ (x + 3L Ewd
P
Forx = L/2, 6, =k =i &=
Emd
ASSUME THAT X = L/2:
L x+ L )L
= = P R
(=Ra); ( x+3L)2 8 SarLY L
BB *" 73 Y T 3%arsi)emE O
AC E('— mﬂ) 3 \x+3L/End
16
8 L :
forx = L2 fp==P——= < same as &, above (OK)
7 Ewd-
{c) For wHaT vaLUE OF x is R = (6/5) R,?
Guess that v <2 L/2 here and use Rp, expression above to find x:
=] 3k 63 L —1 _10x — 3L 3L
— 1———(—}‘ )=” —pP— =1 I=—
2 x+ 3L 542 x + 3L 10 x + 3L 10
Now try Rg, = (6/5)R ;. assuming that x = L2
—2PL 6 + L 2 _—2L+3 2
——(—PI )=u Sp—— -0 x=IL <
x+3L 5 x + 3L 5 x4+ 3L 3

So, there are two solutions for x.
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(d) Fivp REACTIONS IF THE BAR IS NOW ROTATED TO A VERTICAL POSITION, LOAD P 15 REMOVED, AND THE BAR 1S HANGING
UNDER ITS OWN WEIGHT { ASSUME MASS DENSITY = 2. ASSUME THAT X = L/2,

3 - T a
Ayr = —md” Arp = —d
AC |6T CB 4

Select Ry as the redundant: use superposition and a compatibility equation at B

from (a) above. compatibility: &g + 82 =0

Rl =x L—x Rﬂ(m L)
&g = S T Forx =172, ép=—| ——
B E\Agc ACB) = N L

L
T Nac L Neg
Em = [ ffg + dg
Jo EAyc JL EAcy

L L
Where axial forces in bar due to sell weight are Wy~ = pgAM— Wep = peAcp—

(assume £ is measured upward from A): 2
L 3 ] m
Nac = [PE-“"LB + pgA 1;:(‘ E)} Aac = (o md Acp = jﬂ'z
New = —lp gAep(l — £)]
_ ! 87 (L il e SR
Noc =—3pemd’ L — 1 pend (2 L E) Nca LPE?Td‘l L EJ}
— pgwdl. — —pewd =L — - d* (L—
i3 pgw Iﬁpgw (2 4‘2) L Lpgw ( g;]
o = df, + di,
o 3 2 L W 12
E(—-.m*~) 3 E(zd-)
3]
11 o= {2 -7 12 7
5 — + —pg— Bp = —  — =058
gl = (24 PEE EPRE) Bl IEPRE 12

Compatibility: &g + 8gz=10

_(—_? E)
12 P |

Ry =—pgmd’L <
(E I ) B EP‘EW
3 Ewd

Statics: Ry = (Wac + Weg) — Rp

3 L T AL | ]
R, —ad® =+ pgl S P )= | — = pemd’L
H‘“g(lﬁ“ )E ‘“3(4 )2] i ]

3
Ry =3—quﬂ'd L ~—

Rp =
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Problem 2.4-8

L=2m t = 20mm by = 100mm b, = 115mm  E = 96GPa
Select reaction R as the redundant; use superposition 5 |f 3 \.l
2 Rapr]| [
axial displacement at C due to actual load P at B By i . R, 1.165 mm
€1~ Etfb, <by)
(ea—hy) LbBj)
IEETEE T
axial displacement at C due to redundant R, Bq = Re i 2 8 f —EWI'
: £ | Et-(by — b, ]ﬂ‘kb )
3-L 2L
= = by )
5 2
- -111!—i=9706xm A
Et(by-by) |by) kN
0 . —Sc1
Compatibility equation by + 8 =0 solve for R, Re == . — = -120-kN
2 5. |

Statics YF =20 Ry = P+ Rg|=—80-kN

Negative reactions so both act to left

Compute extension of AB or compression of BC to find displ. &5 ({to the right)

-]_11% — IJ = 0466 mm or R
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Problem 2.4-9

P = 90kN L=1m t = 6mm bl = 50mm ]J_"__\ = G0mm E = 72GPa

IJ] + ]J_}
= =55-mm

-
JJ"LBC = b-l 1= 300'111111 bﬂ'\‘f

2

Select reaction R, as the redundant; use superposition

axial displacement at C due to actual load P at middle of AB

My e
ocq = - Ln.l — | = 0.906-mm
Et(by —Dye) |

L “ave |
E g E
ial displ t at C due to redundant R 5 2 (2], 2
axial displacemen ue to redundan By [ L Y 1| | Vi) T
© « RCLE'I'U‘: — by k{bi J E"BCJ
L _ L
- n (b, ) 5 i
flexibility constant for bar +1ﬂ| A =0.044. —
Ef{bg _bl} '\bl ] :EA.BC kN
Compatibility equation dcq+8p =0 solve for R
_ﬁ
C1
e =—20.483-kN
% L I
B (b2) 2

—.m'_ +

|
.,

Statics XF=0 Ry =—P+R¢)=—09.517TkN
Negative reactions so both act to left

Compute deformations of AB (two terms, more difficult) or deformation of BC (easier) to find
displ. By (to the right)

i I_. LY ]_,
—= \ -R 4, —P}— . \
l._ 4 J hl { A } 4 bm‘e ==
Ry -In + Lr_.‘ =4741 x 10 "-mm
E'T'{h_'-' = ba&‘e,} | Pave 4| E'T'{hm'e _hl} L b
L \
R¢ 2 0.474
or R = 0.474-mm
\ E4pc )
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Problem 2.4-10

L |
P=12kN  d=30mm b=100mm pmmjm:ﬁ
£ = 500 mm d» = 45 mm ¢ = 300 mm A Aot
Rod: E; = 3.1 GPa = [LE1§15 mm
Sleeve: E. = 2.5 GPa (From Eq. 2-16 of Example 2-8)
] wd? 5=24c+8p=191mm
.
Rod: A} = F e 706.86 mm (b) SLEEVE AT FULL LENGTH
ey =) — ) = 2 F=i (£)={},8IHI5 (fmmm)
Sleeve: A Ir,d_ di) = 883.57 mm co\ ! mm) 300 mm
E\A, + EaA; = 4.400 MN = 136mm —
(c) SLEEVE REMOVED

(a) ELONGATION OF ROD PL

P &= H‘ = 2.74 mm —

Part AC: 6y = = (.5476 mm 7
EAy

229

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.4-11

EquaTion oF EQUILIBRIUM

- 12mm 3Fq=0 2P+ Py—P,=0 (1)
12mm.__ P
EQUATION OF COMPATIBILITY
20 Bu = 80 )
| - | FORCE-DISPLACEMENT RELATIONS
¥ Pyl E,L
fy=—— bp=——
P M Ay o EA,
AREAS OF CABLES (from Table 2-1} SUBSTITUTE INTO COMPATIBILITY EQUATION:
Middle cable: Ay, = 173 mm®
P & L F
Outer cables: Ap = 77 mm- v o '
| e— ——
(for each cable) _
v s mADEN
FIRST LOADING
P
Py =60 kN(Each cable carries?l or 20 kN) Pyl _ Fol. Py _ Fo )
Edy FEAp Ay 4o
SECOND LOADING
P; = 40 kN (additional load)
SOLVE SIMULTANEOUSLY Eos. (1) avp (3): (b) STRESSES IN CABLES (¢ = P/A)
Ans )
Py=P —— | =21kN . 41 kN
M ?(A,., + 24g Middle cable: oy = —= 5 = 238 MPa -
A
P P( o ) 0.418 kN
Ll o e 7o 2941 kN
Ay + p Outer cables: o = B 383 MPa -—
T7 mim

FoORCES 1M CABLES

Middle cable: Force = 20 kN + 21 kN = 41 kN
Outer cables: Force = 20kN + 9418 kIN = 29.4 kN

(H:l PERCENT OF TOTAL LOAD CARRIED BY MIDDIE CABLE

41 KN
Pe t = ——(100%) = 41.2% —
rean 100 KN ]
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Problem 2.4-12

A "‘2‘\ o Pp=255kN  Pc=17.0kN
g = \ : " ; L,=200mm  L,=250mm
A B \: D} A =840mm*  A; = 1260 mm’
| M = meter
L La ! Ly
| SOLUTION OF EQUATIONS

Substitute Egs. (3), (4), and (5) into Eq. (2):

RBaf 2380051 ) + 2A( 198,413
Pe _ ko T\ TR

A 7 c D R
—ﬁ(lgmmi) + —“(zss,msi) =0
E m E m

EQuaTION OF EQUILIBRIUM

S, =0 3 — Simplify and substitute Pp = 25.5 kN:

1 |
Ps+Rp—Pc—Ry=0or EA(436.508E) + RD( 238.095E)

By —Ry=Py— P—B5KN (Eq. 1)
O e - Fa = 5.059.53 kN/m (Eq. 6)

EQU.-\TIE}N OF COMPATIBILITY

64 = elongation of entire bar (a) Reacrions Ry anp Rp

Solve simultaneously Eqgs. (1) and (6).

dap = Bap + O6pc + 8cp =10 (Eq. 2)
FORCE-DISPLACEMENT RELATIONS From (1): Rp = Ry — 8.5 kN
o % _ Ry s L) e Substitute into (6) and solve for Ry:
EAy E m 1
Ry (6?4.603}) = T083.34 kN/m
o (Ry — Pp)ly
A, R, = 105kN —

R I P | Rp=Ry —B5kN=20kKN <
A B
= E( 198'“3?) = f( 198.413 E) (Eq. 4) (b) COMPRESSIVE AXIAL FORCE Fgr
Fope=Pg— Ry =P — Rp=150kN =
L

|
Scp = i 5(233,095E) (Eq. 5)
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Problem 2.4-13
MNUMERICAL DATA
n=6 dy=125mm o,=96MPa A= %dﬁ = 122.718 mm®

(a) ForMuLAS FOR REACTIONS F

Segment ABC flexibility: f} = =—

Segment CDE flexibility: f = T
—EA
2
Loads at pointz B and D:
Pg=-2P Pp =3P
i1} Select Ry as the redundant; find axial displacement §; = displ. at E due to loads Pg and Pp:

L L L
(Pe+Pp)y  Poy  Ppy

5 = N N _5LP
! EA EA 1 2EA
—EA
2
(2} Next apply redundant Rg and find axial displ. §; = displ. at E due to redundant Rg:
3LRg

8, =Rg(fi + o) = SEA

(3) Use compatibility equation to find redundant Rg, then use statics to find Ry:

81 + 82 = Osolving for Re Rp= = P

2P — 2P —5P
3

Ri=—Rp—Pg—Pp Ry=

(b) DETERMINE THE AXIAL DISFLACEMENTS 8p, 6, AND 8p a1 POINTS B, C, AND [, RESPECTIVELY.

N RPN O P O

EA  ema cToY A ) 6 EA

leftward to the right 2 to the right

232

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

(c) Draw AN ANIAL-DISPLACEMENT DIAGRAM (ADD) m WHICH THE ABSCISSA 1S THE DISTANCE X FROM SUPPORT A TO ANY
POINT ON THE BAR AND THE ORDINATE IS THE HORIZONTAL DISPLACEMENT & AT THAT FOINT.

Axial Force Diagram [APD} AFD for use below in Part (d)
2 AFD is composed of 4 constant segments, so
— ADD is linear with zero displacements at
. 1 supports A and E.
E
2 Nw 0
2 I R Y
E -1
- Rp
-2
0 0.25 0.5 0.75 1
x
Distance x (times L)
Axial Displacement Diagram (ADD) Plot displacements &g, 8, and 8p from part (b)
1 above, then connect points using straight lines
______________ R R - showing linear variation of axial displacement
g / \ 6 between points.
=3 5LP .
g 0.5 Buma =8p  Bmax = g o theright
Z six)
< - Boundary conditions at supports:
= /
= 0 Si=8p=0
= Mt P )
o 6
-
0.5
0 0.25 0.5 0.75 1

x
Distance (times L)

(d) Maxmum PERMISSIBLE VALUE OF LOAD VARIABLE P BASED ON ALLOWABLE NORMAL STRESS IN FLANGE BOLTS
From AFD, ForCE AT L/2:

P and Frgx = nogAp = 70.686 kN

FTI.'I.EII

Frm = 53.01kN [P = 53KN

PTI.'UIJZ

=lw W
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Problem 2.4-14

(a) STRESSES AND REACTIONS: SELECT R| AS REDUNDANT AND DO SUPERFOSITION ANALYSIS (HERE q= (; DEFLECTION
POSITIVE UPWARD)

aw

d =50mm d=60mm d;=5Tmm dy=64mm A, = i (dx? — di?) = 863.938 mm?

E = 110 MPa _
A= (ds* — d5%) = 665.232 mm’®
SEGMENT FLEXIBILITIES Ly=2m I;=3m
f, B 002105 moN = L2 ootimmn L — o513
'UEA T PUEA, o

TensiLE stress (o) is known in upper segment so Ry = o ¥ A o = 10.5 MPa Ry = 1A = 9.07TkN
81, = —Pfa S =Ri(fi +12) Compatibility: 8y, + 8 =10
hth

G
&

Solve forP: P= R]( ) = 13.73kN

R
Finally, use statics to find R;: Ry = P — R = 4.66 kN oy = | TMPa < compressive since R, is

A3 positive (upward)
P =1373kN| [R, =9.07TkN| [R,=466kN]| [o;=TMPa|

{b) DISPLACEMENT AT CAF PLATE
d. = Rifi = 190909 mm < downward OR &.= (R;)fr = 190.909 mm = downward (neg. x-direction)
8eap = 8, = 0.191m
AFD and ADD: R, = 9.071 Ry = 4,657 Ly=2 A = 863938 A = 665.232 E=110

Ly

Il
[

NOTE: x is measured up from lower support.

Axial Force Diagram {AFD) Axial Displacement Diagram (ADD)

5% 1075

Nix) Sx) %10t '

T o ' ' ' —-I_Sxm—‘ \\ /

x X

(c) UNIFORM LOAD @ ON SEGMENT 2 SUCH THAT R; = (0
P=13728kN Ry =mA) =9071kN Ly=3m

P—R
Equilibrium: R| + Ry =P — gl; < set Ry = 0, solve forreq’d g g= Tl = L.552 kN/m

g = 1.552 kN/m
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Problem 2.4-15

SoLuTioN OF EQUATIONS

A ii: T Substitute Eq. (3) into Eq. (2):
All 1 T RL R B
EEEEE EA;, EA, ]
Ck Solve simultaneously Eqs. (1) and (4):
£ y Rom CEAP AP
e EAq + 2EA, EA, + 2EA,
i (a) AXIAL STRESSES
e l Ra AEP
sl B Steek e =y~ - ©)
Lo (tension)
Pipe 1 is steel. Aluminum: o, = & = & —
Pipe 2 is aluminum. A;  EA, +2EA;
EQUATION OF EQUILIBRIUM {compression) (Eq. 7)
3 Fen = 0, Ry + Rg=2P (Eq. 1) {b) NUMERICAL RESULTS
EqQuATION OF COMPATIBILITY P=50kN A, = 6000 mm? Ay = 600 mm?>
Bap=Bac+Bg=10 (Eq. 2) E, =70GPa E, =200 GPa
(A positive value of § means elongation.) EA, +2E A, =660 X 10° kN
FORCE-DISPLACEMENT RELATIONS From Eq. (6): oy = 60.6 MPa (tension) <
e - RuL . Rg(2L) . From Eq. (7): o, = 10.6 MPa (compression)  <—

EA, B¢ EA,
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Problem 2.4-16

MNumerical data:

W=B800N L = 150 mm
a = 50 mm ds = 2 mm
dy =4 mm E;=210GPa

Ey=T0GPa

o¢, = 220MPa o, — 80 MPa

A _Edl A _Edz
A 1 A b 4 5
Ay = 13 mm’ Ag =3 mm’

(@) Pullow AT CENTER OF BAR
One-degree statically indeterminate - use reaction (R,) at top of aluminum bar as the redundant

compatibility: 8, — 8. =10 Statics: R +Ry=P+ W

P+W{ L
o =" ( ) < downward displacement due to elongation of each steel wire under P + Wil
EgAs aluminum wire is cut al lop

L L
8y = R_,l(._} EdA + EA ) <7 upward displ. due Lo shortening of steel wires and elongation of aluminum
e ACA wire under redundant B,

Enforce compatibility and then solve for R4:

P +w( L )
2 E, EjA R
B8 W RS, g cppgy TR o T
L 4 L E.J'I.AA 4 ZE_w_;AS A.-i

2EeAg EqAy

Now use statics to find R

P -
P+W—Ry EqAq+2E5As EsAg
Rg=—T—"7"— Ry = Re=(P+W)y—mMmMm
2 2 E Ay + 2EgAg
Rs
d _- —
dan g, r45
Compule stresses and apply allowable stress values:
i paw—EA o pawy— B
Tt = | Bl + 1By e M N e 2EsAs

Solve for allowable load P:

EaAy + 2EsAg ExAx + 2EgAg
Poao=ocyl———— || —W P, =og| ————— | — W {lower value of P controls)
Ey Es
P,,=1T713N Pg, = 15304 N+ P is controlled by steel wires
236
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(b) Pajow IFLOAD P AT x = af2

Again, cut aluminum wire al top, then compute elongations of left and right steel wires:

ous (T3 )aw) on- (2R

4 2

EgAg
L bl 5—P+w( ) here &, = displ tatx =
= 2 1 = 7 ESA:.- WNHEre 0| = dispiacement at x = a
Use &7 from part {a):
i L
8 =R £
d "(?.Esas EAAA)

EaA
50 equating 8, and 8,. solve for Ry: Ry=(FP + W) Ea Ay -i ?jE’gAg

A same as in part {(a)

P W Ry : ; o ;
Ry = 1 i gt = stress in left steel wire exceeds that in right steel wire
Pt W) EqAy
3iFP W E Edy + 2EgA;

R PEJAy + 6PEgA+HAWEA;
SL =

B PE,,A,,+6PESA5+4L+E5A5( I )
4E Ay + BEghs F = AE A;+ REAs As
Solve for P, based on allowable stresses in steel and aluminum:

p, = TAAASEAAL + 8EsAs) — (AWEsAs)
I E Ay + 6EgAg

-—

aa= 1713 N < same as in part(a)
Pg, = 820N steel controls

(€) Pujgw IF WIRES ARE SWITCHED AS SHOWN AND X = a/2
Select B4 as the redundant; statics on the two released structures:

i1) Cut aluminum wire—apply P and W, compute forces in left and right steel wires, then compute displacements
at each steel wire:
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r L
By geometry, & al aluminum wire location at far right is 8 = (E + EW)(H)
5A§

i2) Nexl apply redundant R4 al right wire, compute wire force and displacement at aluminum wire:

5L L
Ry = —Ry Rep = 2R, by = Rﬂ( * )

EgAs  Exfy
i3) Compatibility equate 8,, &; and solve for R4, then Py for aluminum wire:
F ) es)
J 2 EqAy — EjA P +4E AW Ry
A L, L ATTI0RA, + 2E5A; UM A,
Egdg E Ay
E P + 4E,W
Uﬁa

~ 10E,A, + 2EgAg

g 10E Ay + 2EgAg) —4E W
Py = Au 141 = 5A5) A Py, = 1713N
A

{4y Statics or superposition—find forces in steel wires, then Puyoe for steel wires:

P P EAAAP-F-iEAA;lW
Ry =—+R Ry =—+ ;
HEE= g T L2 T 10E Ay + 2EgAs
6E AP + PEcAg+ AE AW _
Rg = =2 larocer than Rgg. s0 use in allowable stress

10E Ay + 2EgAg calculations

Ro=T L w_2r i e DA T AR
SR - <A o SEpAp + Esis
e, — SEAAWP + PEAs + 2EAAAW + IWEgAS
Sk = 10E4A, + 2EgAg
Ry 10E A, + 2E5Ag 4E AW
oy = Psy = o5As| — -
Ay 6E Ay + ExAg 6E Ay + EsAs
: I
p — 00sAEMY 200 ASEg— AEAMW  p _gpan
Sa

6E A, + EgAg # steel controls
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Problem 2.4-17

FREE-BODY DIAGRAM (a) AXIAL FORCES
(Plate at right-hand end) Solve simultaneously Eqs. (1) and (3):
PE, PE,

—

o5 Bo=
B Ey+E, = E+E

(b EccenTRICITY OF LOAD P
Substitute #; and P; into Eg. (2) and solve for e:

_ HE-E))
EQuaTiONS OF EQUILIBRIUM —2( Ey t Ey)
IF=0 PL+P:=P {(Eqg. 1)
(c) RATIO OF STRESSES
SM =0 P+ P L . b =0 2 i B o B _E
- € 1 2 Pl-) - (Eq“" gl =" oy3=— — = —=— —

ox A A s Pg Ez
EQuATION OF COMPATIBILITY
8, =4,
BL AL B B _
—_— = —_ = — 3
EA EA T E, E (a7
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Problem 2.4-18

NUMERICAL DATA

L=25m b =071 L=17T5m E=210GPa A = 3500 mm’ P =185kN By = 60°

o, = 150 MPa
FiND MISSING DIMENSIONS AND ANGLES IN PLANE TRUSS FIGURE

x. = bcos (#;) =08875m  y.= bsin(fy) = 1.5372m

b L bsin(fy)
: = — so g = asin (—”) — 37.94306°
sini fg) sin(fq)
B = 180° — (B4 + ) = 82.05694°
L =
c= sin(fc) = 2.85906m o ¢ = VB + L7 — 2bLcos(f¢) = 2.85906 m

sin(fl4)

{EJ SELECT BI AL THE REDUMDANT, PERFORM SUPERPOSITION ANALYSIS TO FIMD Bx THEN USE STATICS TO FIND REMAINIMG

REACTIONS. FINALLY USE METHOD OF JOINTS TO FIND MEMBER FORCES (SEE ExampLE 1-1)

B8py = displacement in x-direction in released structure acted upon by loads P and 2P at joint C:

Bpa = 1.2789911 mm = this displacement equals force in AR divided by flexibility of AB
B8px = displacement in x-direction in released structure acted upon by redundant B,: dpy2 = B, é
—EA
COMPATIBILITY EQUATION: dpy) + Opyz =0 50 By =——8py = —328.8kN
c

Stamics: EFy =10 Ay = —By — 2P = —41.2kN
1
IMy=0 By =—[2P(bsin(By) + P(bcos(@)] = 256361 KN

3F,=0 A,=P— B,=—T1.361 kN

Reacmions:

A, = —412kN] [A, = —714kN]| |[B, = —329kN| |[B, = 256kN

(b} FinD MAXIMUM PERMISSIBLE VALUE OF LOAD VARIABLE P IF ALLOWABLE NORMAL STRESS 15 150 MPa

(1) Use reactions and Method of Joints to find member forces in each member for above loading.
Results: Fyg =10 Fpe= —416.929 kN Fur=8240 kN
(2) Compute member siresses:

41693 kN 824 kN
oap=0 opc= ———— = —119.123MPa  oc =~

= 23.543 MPa

(3) Maximum stress occurs in member BC. For linear analysis, the stress is proportional to the load so

a
Poox = =~ |P=233kN 50 when downward load P = 233 kN is applied at C and

BC horizontal load 2P = 466 kN is applied to the right at C,
the stress in BC is 150 MPa
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Problem 2.4-19

Bar 1 Avummum

v—|
|
! E, =70GPa
r- { d; = 10 mm
i._j : Ly=1m
| | 0'1=165N[P2]
e ! Bar 2 Macnestum
|
| | i E; =42 GPa
J
i 3| i =7 =7
i - L,
o = 00 MPa
LW=32kN
W =30 kN

FREE-BODY DIAGRAM OF RIGID BAR
EQUATION OF EQUILIBRIUM

tF,

b, EFn=0
. 2F,+F,—W=0 (Eq.l)

FuLLy STRESSED RODS

Fy=o4, Fy =024,

d7 d}
may Az:']’l‘g
4

Diameter d, is known; solve for d;:

dy = ﬂﬂ _2odi (Eq. 2)
Iy o

SUBSTITUTE NUMERICAL VALUES:

dy =928 mm

EQuaTION OF OOMPATIBILITY

8, =8, (Eq. 3)

FoRCE-DISPLACEMENT RELATIONS

8 = Ab_ Wl(ﬂ) (Eqg. 4)
EAy E,
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-t ()
Ex4; E;

Substitute Egs. (4) and (5) into Eq. (3)

L Ly
o E_1 = O3 E_g

Length L) is known; solve for Lj:

o1 En
Ly =Ll —= —
- u(22)

ok
SUBSTITUTE NUMERICAL VALUES:
I=110m

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual
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Problem 2.4-20

(-

|
Al B

i

MNUMERICAL DATA

a = 250 mm

b = 500 mm
¢ = 200 mm
k; = 10 kN/m
k; = 25 kN/m
= w
B =3 = E rad

FREE-BODY DIAGRAM AND DISPLACEMENT DIAGRAM

b |

- ]

a

.
N

}RB P

|
|
—

242

EQUATIDN OF EQUILIBRIUM

Mg =0+ — Fy(a) — P(c) + Fp(b) =10 (Eq. 1)

EqQuaTioN OF COMPATIBILITY
% = i—“ (Eq. 2)
FORCE-DISPLACEMENT RELATIONS
Fa Fp
)
SOLUTION OF EQUATIONS
Substitute (3) and (4) into Eq. (2):
Frn Fn
aky by
SoLve siMuLTANEOUSLY Egs. (1) anD (5):
ack P B boka P
aky + by 0 at + b
ANGLE OF ROTATION
_Fp___ b B
ky  a*k; + bk, b

MAXIMUM LOAD

B (Egs. 3. 4)

(Eq. 5)

Fa=

cP
a’ty + bk,

dp

f
P =—(a’k; + b’k;)
[

—

f
Py = —=(a’ky + bk
C

SUBSTITUTE NUMERICAL VALUES:
/60 rad
200 mm
+ (500 mm)3(25 kN/m)]
= 1800 N

B [(250 mm)*(10 kN/m)

—
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Problem 2.4-21

EqQuaTioN OF EQUILIBRIUM

IM, =0 A To(c) + Tpid) = PL (Eq. 1)
EQMW OF COMPATIBILITY
dc_ 8p
c d Ea-2)
FORCE-DISPLACEMENT RELATIONS
Toh Th(2h)
dc=—2r = (Egs. 3,4)
SOLUTION OF EQUATIONS
" L 7l Substitute Eqgs. (3) and (4) into Eq. (2):
Tch  Tp(2h) I 2
h=04m e _ == 2 _ =D ]
cEA dEA T ¢ d Ea.5)
2h=08m TENSILE FORCES IN THE WIRES
c=05m Solve simultaneously Egs. (1) and (5):
d=12m po__2cPL_ . __ dPL
L = 1600 mm C 2242 P 22y a?
E = 200 GPa TENSILE STRESSES IN THE WIRES
A = 16 mm? o= _ __APL
A
P=970N AQe” + a9
Ty dPL
FREE-BODY DIAGRAM op=—=——
A AQ2e* + d9)
_ o SUBSTITUTE NUMERICAL VALUES
= ! AQ2¢? + d®) = (60 mm)?[2(500 mm)® + (1200 mm)?]
| = 31.04 X 10° mm®
i | 2(500 mm)(970 N)(1600 mm)
A Ci D R oo = = 500 MPa <+
~ T | 31.04 % 10° mm*
x ! (1200 mm)970 N 1600 mm)
Ry *p op = 2 = 60.0MPa <=
31.04 x 10°mm
DISPLACEMENT DIAGRAM DISPLACEMENT AT END OF BAR
A & D A L\ 2hTp(L 2hPL2
-:'-._ .II"F T SB=ED— =—l =
~— | d}  EA EA(2c* +d ¥
ﬂL . SUBSTITUTE NUMERICAL VALUES
) o 5 2(400 mm)(970 N){1600 mm)”
b : g =
| (200 GPa)(31.04 % 10° mm¥)
e =0320mm
243
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Problem 2.4-22

Remove pin at B; draw separate FBD's of beam and column. Find selected forces using statics D},-
From FBD of column DBE L
L. D"
EMp = D= =0 D, =0
¥F, = D B, =0 B, =D, A B, B,
— ([
My |
- Bv v
From FBD of beam ABC 7 P
Hx=‘:‘x_8x=0 AK=O
3 o D, a
IMp =My —2P—=0 M, =2P—
3 3
D, Ry
Elr}.= BT‘.—JP-G B}. = 2P
s - B.
Remave reaction R to create the release structure; find
vertical displacement at F due to actual load 2P at C
L B"
o 1 P.L
MY E WTm
Apply redundant R to released structure; find vertical displacement at F D}-
R - R = —.I.—’
i Wil i &) 3L
B, =0 &%y = - - g cggenlie — T e D
Y F2° 9rA  EA F2 = "Fl4pa 28a) F2° F4pa *
Compatibility equation - salve for Rg B
P-L
% EA 4
8y + 8y =0 Rp=———+ Rg=7F
[ a8 | 3 B,
\4EA)
Finally sclve far reaction Dy using FED of DBF
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Problem 2.4-23

FREE-BODY DIAGRAM OF RIGID END PLATE
|——Pl—|
T ) T

Py

—

FoRCE-DISPLACEMENT RELATIONS

8, =

PL . _ PL
b=
EA, Epdy

SOLUTION OF EQUATIONS

Substitute into Eqs. (2):

8, =

P.L
ECAII'

— e —
P E A
‘ B =P_"" (Eqs. 3, 4)
EQUATION OF EQUILIERIUM e
SFuen=0 P+ Py+P.=P (Eq. 1) p — pEehe
C EE&.AE
EQUAT[DNS OF COMPATIBILITY
5, =8y 8, =8y (Eqs. 2)
SowvE sMuLTaNeoUsLy Egs. (1), (3), anp (4): A, = Edf _ E{lﬂ mm)? = 78.54 mm?
4 4
P=P £ s
VB, A, + EyA, + E A, Ap = Edb_ ~)— T (15 mm)® — (10 mm)?]
E -
P, =P L — 98.17 mm?
EA, + E, A, + E.A, -
A AC=IEd —d;,}— [(20 mm)* — (15 mm)?]
P, =P o (Eq. 5)

E A+ EpAp+ E A,
COMPRESSIVE STRESSES

Let 3EA = E,A; + Epdp + E-A.

sk _PE. B _ PE

T A, IEA b7 a4, SEA
P.  PE,

e = A, T TEA

mn

Substitute numerical values:
E, =210 GPa, Ep=100GPa, E.= 120 GPa
d.=20mm, dp=15mm, d,=10mm

245

oy, =

o, =

T, =

= 13744 mm?
P=12kN, TEA=4280x 10°N

— _ 580 MP
SEA 4
PEs _ og0mp
5> M
PE: _ 3 6mp
57> M

—

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.4-24

Remove R fo creale released struclure; use superposition to find redundant Re = y-dir reaction at F
Released structure under actual load; use FBD of ABC to find pin force B

My =0 B, = -Il:- (3.P-L) B, — 9P  acts upward on ABC so acts downward on DBF
4 -B, L 9LP
Find vert. displ. of F in released structure under actual loads bgy = 1= dewnward
2 E.JI. 2.
f L ]
: : . |5 5LRg
Apply redundant Ry and find vertical displ. at F in released structure 5py = Rp | s S e J Bpy — =
o Ea 2 / = 6-EA
Compatibility equ RN . S . upward
R 3 AT A
& EA

Mow use statics to find all remaining reactions FBD of DBF EMB -0 0 D=0
Entire structure E,=0 A, =0

18P 3
YF, = 0 D = Rp+3P-4 D -

246
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Problem 2.5-1

The rails are prevented from expanding because of AT = 52°C — 10°C = 42°C
their great length and lack of expansion joints.

— .. o = Ea(AT)
Therefore, the rail is in the same condition as a bar i
with fixed ends (see Example 2-9). = (200 GPa)(12 X 10" °/°C)42°C)

= 008 MPa +— pressi
The compressive stress in the rails may be calculated (omm )

as follows:
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Problem 2.5-2

[MITIAL CONDITIONS or, a (AT)L, + L, = AL + a(AT)L, + L,
Ly =60m Ty =10°C Solve for AT
L, = 60.005 m T, = 10°C 10 S S

A & frl
@ =2BX107°9C  ay=12 % 1075C B ik
FINAL CONDITIONS Substitute numerical values:
Aluminum pipe is longer than the steel pipe by the ool — oty = 659.9 X 107 m/°C
amount AL = 15 mm.

15 mm + 5 mm
AT =

AT = increase in tlemperature
By = a AT )L, 8 = adAT)L,

© 659.9 X 1076 mF°C = 30.31°C
T =T, + AT = 10°C + 30.31°C
- 403°C <~

8,
ole La L.?L)_E

i Aluminum pipe

|

1

|

‘ b Stcc] pipe
| |

I T ' L?‘"E“

AL &, L
From the figure above:

O, +Lo=AL+ 8, + L,
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Problem 2.5-3

5 = ateel A = aluminum
W=13560N
d = 3.2 mm

i
A, = o 8.042 mm?

E, = 205 GPa
E A, = 1,648,706 N

o, = 12 X 1078°C

o, = 24 % 107%/°C
L = Initial length of wires

249

&) = increase in length of a steel wire due to temper-
ature increase AT

= a, (ATL

8, = increase in length of a steel wire due to load
Wwi2

_ WL
2EA,

&, = increase in length of aluminum wire due to tem-
perature increase AT

— a,(AT)L

For no load in the aluminum wire:

31+32=33

WL
a (ATIL + EA T J(AT)IL

F

or
AT = S —
2EAjla, — o)
Substitute numerical values:
= 3560 N
(2)(1,648,706 N)(12 x ll)_GIC'C)

= Q*C —

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.
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Problem 2.5-4

NUMERICAL PROPERTIES

d. = 15 mm dp, = 12 mm d,, = 20 mm t.= 10 mm fwann = 18 mm
7 = 45 MPa a=12(10"%) E = 200 GPa

{a) TEMPERATURE DROP RESULTING IN BOIT SHEAR STRESS & = aAT o=FEaAT

P
W a 2 P
Rod force = P = (Ea ATJId,: and bolt in double shear with shear stress 7 = A_ T=
mw
¥ E_d 2
4 h
2 [:E M}wdj] Eaar(d,)l
Th = 0 e TH = =
w bz -'i ’ 2 d;._,
7, = 45 MPa
27 dp '\ 2 T
T'=—— AT = 24°C P=(EaxAT)y—d- P = 10kN
E(1000) e \ ¢ 4
P1o0on
Trod = |ood = 57.6 MPa
—}df‘:
4

{b) BEARING STRESSES

P
2
BoLt AND CLEVIS o = o = 42,4 MPa
dpl-
P
WASHER AT WALL Tl = e w My |l.'p"b.“. = 74.1 MPa |
I[dw_ — dr}]'

{c) If the connection 1o the wall at B is changed (o an end plate with two bolts (see Fig. b). whal is the required diam-
eter dj, of each bolt if temperature drop AT = 38°C and the allowable bolt stress is 90 MPa?
Find force in rod due to temperature drop.

AT = 38°C P = (Ea Aﬂ%df

T . =
P =200 GPa— (15mm)*[12(10°°)|38) = 16116N P = 16.12kN

Each bolt carries one hall of the force P:

1612 kN

=
— = 10.68 mm) dy, = 10.68 mm

g{% MPa)
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Problem 2.5-5

() ONE DEGREE STATICALLY INDETERMINATE—USE
SUPERPOSITION SELECT REACTION R AS THE
REDUNDANT, FOLLOW PROCEDURE
Bar with nonuniform temperature change.

ATg

At distance x:

3
x-
ir-su(3)

REMOVE THE SUPPORT AT THE END B OF THE BAR:

A B

L 1

Consider an element dx at a distance x from end A.

dd = Elongation of element dx

3
8 = a(AT)dx = amrg)(i—s)m

= glongation of bar

a—f famm( )dx——am’rgm

COMPRESSIVE FORCE P REQUIRED TO SHORTEN THE BAR BY
THE AMOUNT &

EAG 1
P= s 4E.4.a(!1. 1)
COMPRESSIVE STRESS IN THE BAR
P Ea(ATg)
T, =—=—m-—
A 4

(b) ONE DEGREE STATICALLY INDETERMINATE—USE
SUPERPOSITION.
Select reaction Ry as the redundant then compute
bar elongations due to AT and due to Ry

L
8 = aAng— due to temperature from above

1 L
P = RB(I ¥ H)

Compatibility: solve for Rz 8p; + 852 =0
L
) ()
R
k  EA
B A
(2 +1)
kL
So compressive stress in bar is
Ry Eo(ATy)
kL

NOTE: o, in part (b) is the same as in part (a) if spring
constant k goes to infinity.
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Problem 2.5-6

2 2 kN -4
A= _‘-(191311‘1111 ) =3826mm k=1730— AT =45a = 1_'-‘-(11] J L=3m E=205GPa
m

Assume that beam and spnng are stress free at the start, then apply temperature increase AT
Select R as the redundant to remove to create the released structure

Apply AT to beam in released structure bcq = oAT-L =1.62-mm
1
Apply redundant R ey = Re 2T + i | oFee - L8 0.575 =
= EA k) EA k kN
Compatibility equation and solution for redundant by +8cy =0 R =  AEEAT ATL) =—2816KkN
' ® (L B
e
. E-4 k/
Axial nommal compressive stress in beam o = — =—0.736MPa
A
_ . . ReL Rc
Displacement at B using superposition o = + AT L =1.609-mm T —1.609-mm
52 _

elongation of beam is equal to shortening of sprng

252
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Problem 2.5-7

o 7
E = 200GPa o =12-10 6 AT = 10 A=334cm L =3m

Select reaction Ry as the redundant; remove Ry to create released structure. Use superposition -
apply AT to released structure, then apply redundant. Solve compatibility equation to find Ry then

use statics to get R,

. I
g = e AT-L =00141m By = Ry —
bgq e =Wg

Compatibility by +8gy =0 solve for Ry

Rp = ?.{n_ﬂT.L} =-80.16-kN negative so Ry acts to left

Statics Ry+Rpg =0 S0 Ry = Rpg= 80.16-kN

Beam is in uniform axial compression due to temperature change, compressive normal stress is
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Problem 2.5-8

MNUMERICAL DATA 3 Ll
8c=alAT( L)) — Rg——

d; = 50 mm d> =75 mm EAy
Ly=225mm L;=300mm dc=—0314mm < (—)sign means joint C moves
E=60GPa a=100x 107%°C =

50 MN/m (b) CoMPRESSIVE FORCE N, MAXIMUM COMPRESSIVE
STRESS AND DISPLACEMENT OF PART C FOR ELASTIC
SUPPORT CASE

AT = 30°C k

(a) CoMPRESSIVE FORCE N, MAXIMUM COMPRESSIVE STRESS
AND DISPLACEMENT OF pT. C

Use Ry as redundant as in part (a):
Ay =od’ Ay =Td) = ;

53] = aﬁﬂ[., + .[QJ

One-degree statically indeterminate—use Ry as L L I
g =Ryl —/—+——+—
redundant B, B( EA, EA, k)
op1 = aAT(L) + La) Now add effect of elastic support; equate g, and dg
4 i ( L L ) then solve for Ry
2 =N\ o T T
EA;  EAy aAT(L; + L;)
Compatibility: 8p| = 8, solve for Ky i Ly Ly i 1 N=Ns
aAT( Ly + L)) N—=R EAy EA; k
BT e ¢ = npg
Mgy 18 N=312KkN <«
EAy EA,
N
N=518kN < Tomax = 7~ Temax = 1591 MPa <
Maximum compressive stress in AC since Al
it has the smaller area (A, << A5} Superposition:
ad 26.4 MP 8¢ = aAT( L)) RE( a S ')
Comax = —— O, = 26. | = E= e e
max -""—I Cmax C 1 EA] L

Displacement & of point C = superposition of

displacements in two released structures at C: Qe—~ U hma == 2

moves left
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Problem 2.5-9
( — 0 o i
AT =10 o = 23110 E = 72GPa L=1m bl = 50mm b} = G0mm t = 6mm

Select reaction R, as the redundant; remove redundant to create released structure; apply
temperature increase and then apply redundant to get displacements at joint C in released

structure.

3 = |
5 by ) 9
b1 = o AT L =023-mm brq =Rl ———In| — | + ——
L L
5 [ bn Y
;m‘ e o 0_(:,44_%
:E-'I-[b_} —bl} kbl ) :E-{hl-f} KN
Write compatibility equation then solve for R
-AT-L
T ) =—5198-kN

dcp+8c2 =0 R =

1o | e

L
"..b") ™ T
e B gl Bl I .

\
%,

Statics Rpy+Re =0 Ry = R =5198KkN

Displacement at B using superposition

=5318x 10 3-mm

joint B moves to nght

OR e + AT —=-532x 10 ~-mm

shortening of BC
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Problem 2.5-10

[ -6
AT =30 o= 19-110 ] L=2m t = 20mm by = 100mm by = 115mm  E = 96GPa

Select reaction R~ as the redundant; remove redundant to create released structure; apply temperature increase and

then apply redundant to get displacements at joint C in released structure.

[ 30 2L 1
| s -‘]_-,.)“l (b \ ¥
Sci = @ATL=114mm 8¢y = 'biwm‘ £ i B 1| o T e
- i E-I-I:b'l—blh | bl | E-T-I:b":—bli ) L'll kN
L = '\ y) = 3
Write compatibility equation then solve for R,
—{oAT-L) e
bop+ 8 = 0 R = 7T "'—| =-117457 kN
L h)‘ 2 ||
Et(by—by) | by )]
Statics RA + RC =0 RA = _RC' =117.457- kN
[ 3L
. : " | 5 (by L
Displacement at B using superposition dg = Ry = dnf — ||+ AT = 0-mm
‘LEr{bw—bI] | by ) 5
|_ no elongation of AB
B
| (by) oL
OR Re — o — ||+ AT-— = 0-mm

| -t “J‘r - L bl ) 5

no shortening of BC

:
Extra - find displ. at x = 2L/5 by =b,y —?-[b: —-by)  byp5—= 105mm

, 2L
-- T f b_} 2.L
A _lﬂ‘ ~ _0.011-mm
2LS T Et(by=byrs) | bys) :
I‘ 41 L _‘
- (by" 5 (a5 )
| Et(by—by) by | Etfbys—by) | by ‘ 2
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Problem 2.5-11

- = i - -

ELOMGATION OF THE TWO OUTER PARTS OF THE BAR

&) = a (ATHL, — L)
= 2.040 mm

ELONGATION OF THE MIDDLE PART OF THE BAR

The steel rod and bronze sleeve lengthen the same
amount, so they are in the same condition as the bolt
and sleeve of Example 2-10-Thus, we can calculate the
elongation from Eq. (2-21):

_ (eEA, + apEANATIL,
EA; + Epp

5]

257

SUBSTITUTE NUMERICAL VALUES
a, =12 X 1075°C  a, =20 % 107%°C
E;=210GPa E,=110GPa

A, = ;dﬁ — 176.7 mm?
Ay = ; (dy? — di?) = 169.6 mm?

AT = 350°C  L; = 400 mm
g, = 2.055 mm

ToTAL ELONGATION
E=ﬁl+ﬁz=5.ﬂm —
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Problem 2.5-12
aT=15  ap=200"° L=18m  r=36mm  E=72GPs a= 2 =45mm
A= TE-:I.': = 4071 _Sm-m: Lise formulas in Appendix E Case 15 for area of slotted segment

( a
o=

e

a r " 2
o:-aco«{—]-!.-!—ﬁ besfr —a" =35718mm A, = 2.0
I/ r

b 5
J = 3425 196 mm" — = 0.5841
\ T

Select reaction Rc as the redundant; remove redundant to create released structure; apply temperature increase and
then apply redundant to get displacements al joint C in released structure.

L L) Lo L
- 2 T4 2 -3 mm
g = e AT L o= 0.621-num - R | —— o —— —_———— w72 10 T —
1 T 8c2 = Re EA; EA | EA; EA, kN
Write compatibility equation then solve for R, AepAbL)
By + 8y = 0 Re = —————— =-82417kN
) (,L L]
| - 4 3 |
EA; EA, |
Statics Ry+Re =0 Ry = Re= 92417-kN

Thermal compressive stress in solid bar segments o) = E =—22 698 MPa
Aq

and in slotted middle segment oy = 3 ==26982-MPa
- A

A
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Problem 2.5-13

- I: - o kK
T - W ) 2mmx50mm
L i A i - 25mmx 50 mm
o —— | O 12mm X 50mm
W o - -r Ch
Fin < Copper A |
Diameter of pin: dp = 111 mm Area of aluminum bar: A, = 1250 mm?
w = o
Area of pin: Ap = Idpz = 05 mm? AT = 40°C
Copper: E. = 124 GPa a, = 20 X 107%°C
Area of two copper bars: A, = 1200 mm?
Aluminum: E, = 69 GPa p _p _6X 1078/°C)(40°C)(124 GPa)(1200 mm?)

ag =26 X 107°°C
Use the results of Example 2-10.
Find the forces P, and P in the aluminpum bar and
copper bar, respectively, from Eq. (2-19).
Replace the subscript “5™ in that equation by “g” (for
aluminum) and replace the subscript “B" by “c”
(for copper}:
(o, — ar.'}{ﬁnEa A E Ay
E Ag + E AL

B=P =

Note that P, is the compressive force in the aluminum
bar and P, is the combined tensile force in the two
copper bars.

SUBSTITUTE NUMERICAL VALUES:
[ﬂ' B a:'}{ﬁT}Ec A,
E. A,
E; A,

P, =P =

1+

N E(HDO)
69 \1250

FREE-BODY DIAGRAM OF FIN AT THE LEFT END

= 12.861 kN

—

|9

V = shear force in pin
= P2
=64305N

T = average shear stress on cross section of pin
_ V. B4305N

T E 95 mm?

T=67TTMPa <
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Problem 2.5-14

8

1

7
Sieel Bolt \

Brass Sleeve

| == |

Subscript § means “sleeve”,
Subscript & means “bolt”,
Use the results of Example 2-10.
s = compressive force in sleeve
Equanion (2-20a):
(g — agAT)Es EgAp
EgAs + EgAp
Sowve For AT:
os(EgAs + EpAp)
(ag — ap)Es EgAp

ag = {Compression)

AT =

or

260

EgA
i 5 f+ss)

Eglas — ag)\ EpAp

SUBSTITUTE NUMERICAL VALUES:

os =25 MPa
d» = 36 mm dy = 26 mm dg = 25 mm
E; = 100 GPa Ep= 200 GPa

as=21 % 1075%°C  ap=10X% 107%°C

Ag = %{di — df) = %{ﬁﬂﬂmmgj

: .. EsA
Ap = Z(dgP = Z(625 mm}) | + =% = 1.496
1 1 5 Ap
25 MPa (1.496)
AT = .
(100 GPa)(11 X 10-%FC)
AT =34C

{Increase in temperature)
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Problem 2.5-15

FREE-BODY DIAGRAM OF FRAME

Wy »

EqQuaTION OF EQUILIBRIUM

IMe =05

P(2b) — T4(2b) — Tglb) =0 or 2Ty + Tz =2P(Eq. 1)
IDISPLACEMENT DIAGRAM

EQUATION OF COMPATIBILITY
dy = 28p

{a) Loap P onLy
Force-displacement relations:

(Eq. 2)

(Eq. 3)

(L = length of wires at A and B.)
Substitute Eq. (3) into Eq. (2):
L 2TL

EA EA
or T,a_ = 2T3
Solve simultaneously Egs. (1) and (4):

4p 2P
Ty=— Tp=—
AT s BT 5

(Eq. 4)

(Egs. 5)

For P = 2.2 kN, we obtain
Ty=1760N Typ=880N <«

{(b) LoaD P AND TEMPERATURE INCREASE (AT = 100°C)

Force-displacement and temperature-displacement
relations:

T,L
SA = E + ﬂ'(ﬁm

g =% + a(ATIL

Substitute Eq. (6) into Eq. (2):
TpL.

Tyl 2
E + ﬂ‘{ﬁm —H + 2&(&3"}1

or Ty — 2Tg = EAae(AT)

(Eq. 6)

(Eq. 7)
Solve simultaneously Eqgs. (1) and (7):

T = 51[&.0 + EAa(AT)] (Eq. 8)

2
T = 5P — EAa(AD)] (Eq. 9)

Substitute numerical values:

P=22kN=2200N EA=540kN = 540,000 N
AT = 100°C

a =23 % 1075°C

Ty=1760N + 248 N) = 2008 N <
Tp=2880N — 49T N =383N

(c) WIRE B BECOMES SLACK

Set T = 0in Eq. (9):

P = EAa(AT)
or
P 2200 N
AT = = -
EAa (540 kN)(23 x 10757°C)
=177°C
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Problem 2.5-16

FrEE-BODY DIAGRAM OF BAR ABCD

From Table 2-1:
Ap=T767mm’> E= 140GPa

Tp 5
AT = 6(PC Ar= 173 mm
a=12 % 107°%°C
A B D EqQuaTiON OF EQUILIBRIUM
e [] Ll s Ty s =
B { %5 b . IM,=0 Tyl2B) + TA4b) — Pi5h) =0
iy p or 2Tg + 4T~ = 5P (Eq. 1)
Ty =forceincable B T, = force in cable C
dp=12mm d-=20mm
DISPLACEMENT DIAGRAM SUBSTITUTE NUMERICAL VALUES INTO Eq. (5):
4 2 B 2 V——— Tg(346) — TA76.7) = —1,338,000 (Eq. 6)
in which Ty and T~ have units of newtons.
Sove sMuLTANEDUSLY Egs. (1) anp (6):
3y Tp=02494 P — 3480 (Eg. 1
3 Te=1.1253 P + 1,740 (Eg. 8)
€ in which P has units of newtons.
CompatiBILITY: SowLvE Eqs. (7) anD (8) FOR THE LoaD P:
8= 28p (Eq. 2) Py = 4.0006 Ty + 13,953 (Eg. 9)
Pr-= 08887 T-— 1,546 (Eq. 10}

FORCE-DISPLACEMENT AND TEMPERATURE-DISFLACEMENT
RELATIONS

b = Tk, + alAT)L Eq. 3
B ey a(AT) (Eq. 3)

8 = E + a(ATHL 4
C~ EAg a(AT) (Eq. 4)

SussTITuTE Egs. (3) ann (4) inTo Eqg. (2):

TeL _ 2L

A + alATL = Ay + 2a(ATL

or

2TpAe — TeAp = —Ex(ATAR A (Eg. 5)

ALLOWABLE LOADS
From Table 2-1:

(TB)ULT = |02,U|Il N {TL":IT_‘IJ— = 2310‘]:' N
Factor of safety = 5
rlTEJ;LIlOW = 20,‘1—0‘0 N {TC'}EI"D\.\' = 4’62.00 N
From Eq. (9): P = (4.0096)(20,400 N} + 13,953 N
=095,700N
From Eq. (10): Pe = (0.8887)(46,200 N) — 1546 N
= 39,500 N
Cable C governs.
Panow = 39.5 kN ==
262

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.5-17

NUMERICAL DATA
L=0635md=0050m &=2(10"%m
k=210(10° N/im E = 110(10°) Pa

a =17.5(107%) AT = 27°C

A= %dl A=109635 1073 m?®

{a) OMNE-DEGREE STATICALLY INDETERMINATE IF GAF CLOSES

A=aATL A =3.00037107*m <exceeds gap

Select R4 as redundant and do superposition
analysis:

L 1
Sa =A Bpp=Rf—+—
L ey

Cﬂl‘npaﬁbility: ﬁdl + ﬁu =8 3,{2 =§ — ﬁ,u

A
— = 1.50019
L]

263

& — A
R, Sl Ry= —1.20886 x 10*'N
—_— + —_—
EA k
Compressive stress in bar:

Ry
o=— =—662MPa
A
(b)) ForcE v sPRING  Fi = R
STATICS R4+ R-=10
RC = _RA
Re= —1.29886 X 10° N
Fi = 1299 kN(C)
(¢} FIND COMPRESSIVE STRESS IN BAR IF k GOES TO INFINITY.
FROM EXPRESSION FOR R, aBOVE, 1/k GOES TO ZERO, 50

5 — A

Ry=—% R, = —340261 x 10° N
EA
Ry

o=— o=—1733MPa +
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Problem 2.5-18

e

Initial prestress: o) = 42 MPa

Initial temperature: T; = 20°C

E =200 GPa

a =14 % 10°5°C

(a) STRESS o WHEN TEMPERATURE DROPS TO 0°C
T, =0°C AT=20"C

NOTE: Positive AT means a decrease in lemperature
and an increase in the stress in the wire.

Negative AT means an increase in temperature and a
decrease in the stress.

Stress o equals the initial stress o plus the additional
stress o due to the temperature drop.

264

oz = Ea(AT)
o = + o2 = o + Ea(AT)

= 42 MPa + (200 GPa)(14 % 107%°C)(20°C)
=42 MPa + 56 MPa = 98 MPa <

(b) TEMPERATURE WHEN STRESS EQUALS ZERO

o= +or=0 o+ Ex(AT)=10
" Ea

{Megative means increase in temp.)

42 MPa :
AT = = —15°C
(200 GPa)(14 x 107%°C

F=207C. +15%0C =33"C =

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.5-19

7 y 4
n=15 p=16mm A, =>50mm Ay = 2900mm- d= —-A,=20463-mm
: by

L = 500mm  E, = 200GPa E, = 73GPa

Select force in tube as the redundant. Cut through aluminum tube at nght end to expose intemal force Fy to

create released structure. Apply n tums of tumbuckles to released structure to find relative displacement
between ends of cut tube

8; = 2-n-p=48mm Note that n tums of a tumbuckie moves ends together by factor of two

Now apply pair of intemal forces F to ends of tube then again find relative displacement. Force F, shortens
both cables and elongates the tube.

. L L ) L, L _ — 3
& =F, + I + —4635% 10
= E‘i-.fL__._\L I-ES-:‘LS. J E;’-‘i' A}‘L EEEA.& kN
— ' —2Ia-p 3
Compatibility equation by +8, =0 salve for Fy Fy = =-1036x 10°-kN
= L L
* >
Exdy 2EqA
. . “FA
Statics - force in each cable = F 2E +Fy =0 F, = —— =517849-kN
¥
FyL
Shortening of aluminum tube by = - =—24461-mm
- E-A,
AA
265
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Problem 2.5-20

27 l L | . @ FORCE-DISPLACEMENT RELATIONS
' ? ‘ . ‘ | 2L
3 P ar
rr—— ew— 1 = 5 5 =
A P B 4-‘ ’7'
L = length of bar
: Rg
5 = size of gap ; SRR | Rpl.
8y =——
EA = axial rigidity _.] i__‘Sz  EA
Reactions must be equal; find s.
COMPATIBILITY EQUATION Reaclions must be equal.
B
8y—d2=s5 or “Ra=Rg P=2Ry Rg=+
2PL. Rl ; . .=
i S o i Substitute for Ry in Eq. (1):
3EA EA (Eq- 1)
PL PL - PL
EquIiLIBRIUM EQUATION IEA 2EA §oeor = 6EA
R4 = reaction at end A (to the lefi) NOTE: The gap closes when the load reaches the

value /4. When the load reaches the value P, equal

10 6EAsL, the reactions are equal (Ry = Rpg = P/2).
P=Rs+ Ry When the load is between P4 and P R, is greater than
Rp. If the load exceeds P. Ry is greater than Ry,

Ry = reaction at end B (to the left)
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Problem 2.5-21

NumEeriCcaL ProPERTIES (N, m)

E; = 210(10% E;, = 96(10%

Li=14 I,=09 s=125(107%)

dy = 0152 1 = 0.0125

dy = 0127 1 = 0.0065

ay = 12(107%) &, = 21(107%

Ay = %[d% —(dy — 2t))"] A, =5.478x 1077

m
A= 7 1d = (dy — 2)"]
A; = 2461 X 1077

{a) Find reactions at A and F for applied force P,.
First compute P required to close gap:

Ejq
L
Stat-indet. analysis with Rg as the redundant:

P = P =102TkKN

L, L )
EA,  EA;
Compatibility: 8z + 8g = 0

dp = —s 3m=RB(

5

Rg = Rp=249kN =
B ( Ll L_'Z, ) B
+ —_
Ei4y EaAz
Ra = —Rg
(b) Find reactions at A and B for applied force Pa:
E
BB b eseN  —
Ly
2
Stat-indet. analysis after removing P, is same as in
part (a).
(c) Max. shear stress in pipe 1 or 2 when either P, or
P> iz applied:
L
Ay
Tm:T Tmm=933h"lpﬂ -—

267

B
Az
T mazh = T Tmaxe = 133.3 MPa —
(d) Required AT and reactions at A and B
AT, q = 35°C

If pin is inserted but temperature remains at AT
above ambient temperature, reactions are zero.

(e) If temp. returns to original ambient temperature, find
reactions at A and B
Stat-indet analysis with Ry as the redundant:
Compatibility: 85 + 85, = 0
Analysis is the same as in parts {a) and (b) above
since gap s is the same, so reactions are the same as
above.
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Problem 2.5-22

With zap s closed due Lo AT, struclure is one-degree
statically-indeterminale; select internal force (Q) at
juncture of bar and spring as the redundant. Use super-
pasition of two released structures in the solution.

8o = relative displacement between end of bar at ©
and end of spring due to AT

8 = aAT(L) + Ly)
Beqp 18 greater than gap length s

8op = relative displacement between ends of bar and

spring due to pair of forces (2, one on end of
bar at € and the other on end of spring

Ly LY, @
EA; = EA ks

ri = € EA; ' EA; ks

FA

Bregn = Q(

Compatibility: &, + 6oz =45
8en =5 — alATIL, + Ly)
§ — EI.l'.‘.hT{f_.l 35 L’E}

@="1 Ly , 1
EA) EAr ks
EAAqky

Q:

LyAzks + LaAk; + EAA;
[5 — «AT{ Ly + Lj)]

(a) REacmions aT A anp D

Statics: Ry=-0 Rp=0Q
—5+ aAT( L) + L;)
Ry =
L by Ly + 3
EA, EA;  ky
Rﬂ= _RA. L

Bearz =3 — 8any

(b) DispLACEMENTS AT B AanDp C
Use superposition of displacements in the two
released structures:

Ly
dp = aAT{ L;) — Ry

EA,
ép = alAT( L) —
[—5+ aAT( Ly + L;}I( L )
Ly L +L EAy
EA;, ' EA; kg
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ﬁf=uﬁT(L| + LE}I ==

Ls

[—5+ «AT( Ly + L) { L,
L Ly 1
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Problem 2.5-23

. P=3115kN Egumisrium EqQuation
—r M _ o
8 Ib _ Pe3lISkN Mpia =0 HE <
— e | ——— — T(b) + Tx(2b) = P(3b)
N SN o " 2Ty + Te=3P (Eq. 1)
L=2082m | _ b |
'\ AEA 1 ! —t—i
. . r
A/ Pin
P=3.115kN i
A =19.3 mm®
E =210 GPa
Lg=2031m
Le=2.030m
DISPLACEMENT DIAGRAM Combine Eqgs. (3) and (5):
Sp=12.032m—Ly=1mm oL
a & ﬁ —Sc+8 (Eq. T)

Sc=2032m — Lec=2mm
: Eliminate & between Eqgs. (6) and (7):

o .Y
o i L L
s 8 Solve simultaneously Eqgs. (1) and (8):
¢ 6P EASp 2EAS
.= R i
— Ll o 3P _ 2EASy | 4EASC
5 5L sL.

Elongation of wires:
Bp=5g + 28 {Eq. 2)
EA
Be=58-+48 (Eq. 3) L 398.917 kN/m.

FORCE-DISFLACEMENT RELATIONS

SUBSTITUTE NUMERICAL VALUES:

Tp=3T38 + 308911 N — 1595668 =254 N  <—

L T-L

bp = A 5c = A (Egs. 4, 5) Te = 1869 — 797.834 + 3191.336 = 4263 N —
SOLUTION OF EQUATIONS (Both forces are positive, which means tension, as
Combine Eqgs. (2) and (4): required for wires.)
Il
— =58 + 28 6
TR (Eq. 6)
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Problem 2.5-24

P
1 Steel plate
/

| 7

5 = size of gap = 1.0 mm

L = length of posts = 2.0m

A = 40,000 mm®
Tallow = 20 MPa
E =30GPa

C = concrete post
DoES THE GAP CLOSE?

Stress in the two outer posts when the gap is just
closed:

= Ee = E(i) = (30GP )(—l'omm)
7B AL TP om

= 15 MPa

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

270

EQUILIBRIUM EQUATION
P 2P| + Pz — P

3y

{Eq. 1)
COMPATIBILITY EQUATION
6; = shortening of outer posts

&2 = shortening of inner post

& =8 +=x (Eq. 2)
FORCE-DISPLACEMENT RELATIONS
L L (Egs. 3,4
LT B gs. 3, 4)
SOLUTION OF EQUATIONS
Substitute (3) and (4) into Eq. (2):
AL_BL o a B L
A~ EA 5 or =" q.

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

EA

By inspection, we know that Py is larcer than Ps.

Therefore, P; will control and will be equal to oy, A.

EAs
Pilow = 3010w A — 5

2400 kN — 600 kN = 1800 kN
1l3MN <
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Problem 2.5-25
aw

kL
The figure shows a section through the pipe, cap and rod. Apg = ]ﬂrrz Apipe = E(daz - ffiz)
NUMERICAL PROPERTIES Apg = 1131 X 107*m*  Ayp = 1611 X 107" m?
Liy=16m E;,=210GPA E,=96GPa . Compatibility equation: 8y + Spep = 0
E.=83GPa f=25mm p=13mm n=I - np
L, + 21, L
dy=19mm d,=12mm d, = 150 mm +
EpAwd ch‘lpcipc
d;= 143 mm 0 =1.982 X 10°N
(a) FORCES AND STRESSES IN PIPE AND ROD Statics:  Frog = @ Fjipe = —0
One degree stat-indet. - cut rod at cap and use force Fiipe
in rod ((2) as the redundant. Stresses: @, = . o, =—1231 MPa <—
By = relative displ. between cut ends of red due to ipe
1/4 turn of nut o, = Frod o, = 17.53 MPa —
B = —np < ends of rod move apart, not Arod
together, so this is (—) {(b) BEARING AND SHEAR STRESSES IN STEEL CAP
Bz = relative displ. between cut ends of rod due to d,=0019m d,=0012m ¢t =0.025m
pair of forces ¢ P
5 Q(‘L+2rc+ Lﬂ: ) ﬂ'b=ﬁ ﬂ'b=1163MPﬂ. —
rel2 = —
EbArnd EcApripe ;(dw (f, )
Frod
= =1.328MPa <
T g
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Problem 2.5-26

A ]
/ ™,

L i

L = 200 mm

P = 1.0mm

E, = 200 GPa

A, = 36,0 mm? (for one bolt)
E,=75GPa
Ay = 960 mm’

n=1{See Eq. 2-22)
EQUILIBRIUM EQUATION

.

P, = tensile force in ong stegl bolt
Py = compressive force in plastic cylinder
Pp= 1P,

F,

(Eg. 1)

COMPATIRILITY BEQUATION

Fa} = P,p_l_._.__m_

[ ! np
[l |

silL P, |Ils

&, = clongation of steel boll

&, = shortening of plastic cylinder
&y + 8p = np
FORCE-DHSPLACEMENT RELATIONS

PL FL

&, = —— -
EA, 7 E.A,

SOLUTION OF EQUATIONS
Substitute (3) and (4) into Eq. (2):
pL  BL

EA, | EA,

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

npE A LA,
P " LUELA, + 2E,A,)

ot ket

(Eq. 2)

(Eq. 3,Eq. 4)

{(Eg. 5)

STRESS IN THE PLASTIC CYLINDER
P,  2npE,AE,

P T A, LEA, + 2E,A,)

e
P AP
SUBSTITUTE NUMERICAL VALUES:
N=E A E, = 540 % 10" N¥m®

D =Ep +2EA, =216 X 10°N

2np N) = 2[1}[1.Dmm}(£)

o, = —
L \D 200 mm 0

=250MPa <
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Problem 2.5-27

& & [ =300mm
p=15mm

E; =210 GPa

Ay = 50 mm? (for one bolt)
E,=35 GPa
Ap = 1000 mm?
n =] (see Eq. 2-22)
EQuUILIBRIUM EQUATION
P, = tensile force in one steel bolt
P, = compressive force in plastic cylinder
Pp=2P,

F. F,

(Eq. 1)

COMPATIBILITY EQUATION
&; = elongation of steel bolt
&, = shortening of plastic cylinder

8y + 8y =np (Eq. 2}

t »
P, ’ !

FoRCE-DISPLACEMENT RELATIONS

PL B L
8, = 8, = —
E, A, E,A,

(Eq. 3,Eq. 4)

SOLUTION OF EQUATIONS
Substitute Egs. (3) and (4) into Eq. (2):

RL EL

—— e — .5
EA, EA, T Fa-3}

Solve simultaneously Eqs. (1) and (5):
2np E A E A,
b= L&A, + 2E,A,)
STRESS IN THE PLASTIC CYLINDER
B 2npE A E,

A, LE,A, + 2E,A,)

SUBSTITUTE MUMERICAL VALUES:

N=EAE,
D = E Ap + 2E;A,
2np N
%= \D
=150MPa <
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Problem 2.5-28

The figure shows a section through the sleeve. cap. and
bolt.

NUMERICAL PROPERTIES

1
H=E p=1.0mm AT = 30°C

E = 120 GPa a, =17 % (107%°C
E, =200 GPa a, = 12 ¥ (1075)/°C
74 = 185 MPa 5 =26 mm dyp = 5 mm

Li=40mm H=4mm [;=50mm =3mm

m 7 w 7 3
Ay =—dy Ay=—dy"— (dy — 2t}
b =745 1=l (d 1)7]

Ap= 19635 mm”~ A, = 263.804 mm’

Ay = %i dy’ — (dy—20)%  A;=131.947 mm’

(a) ForCES IN SLEEVE AND BOLT
One-degree statically indeterminate—cul bolt and
use force in bolt (Pg) as redundant {see sketches):

dp1 = —np + o, ATL + Ly — 5)

dy=25mm d; —2t; = 17T mm d: = 17T mm
- |:L|+L]—.5+L]—.5+L2—5'_ ¥ :|
Opy = +
m = Fy E,A, EA, EA; ELfA+.49)

Compalibility: ag + g =10

—[—np + a AT( L} + Ly — 3]

Pp==

— Pp=254kN < P,=—Py

{L]+Ll—3 Ly—=5 La—§

4 ; g% J
EAp E.A E:Az E.(A] + Aj)

Sketches illustrating superposition procedure for statically-indeterminate analysis
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—

. el
[~ Cap

d=np

Actual
indeterminate
structure

AT

Ly

17 SI superposition analysis using
internal force in bolt as the
redundant

e oais)

-
sma
e

AT
Sleeve

—

Bolt
ﬂ_-""

Two released structores {see below) under:
{iloadisy; {2) redundant applied as a load

AT

AT

relativa
displacement

across cul bodt, &,
due to both Fand
AT (positive if pieces
maove toeether)

Cut

bolt —{ dp1

g

——

N,

Apply redundant
internal force P &
find relative
| displacement

|

R-:laljl'c’ff

displacement

due 1o Py, (positive
if picces move
together)

|

across cut bolt, Gy

across cut bolt.

| Py &

(h) REQUIRED LENGTH OF SOLDER JOINT=

P
T=— A, = midas
Ay
Iy "
Bregg = Sieqa = 25.7 mm
widy T,

{c) FINAL ELONGATION

&y = net of elongation of bolt (85} and shorlening of
sleeve (8,)

By = Pg(

L|+ L:—.'!l'

E.A, )

dp = 0.413 mm

_ Ly —5 [L1—35 ]
O = P’l EA EA E
Ay cAz A + A7)
&y = —0.064 mm
B_lr — Sf. + 5_... B_I"= 0.35 mim =
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Problem 2.5-29

ProPERTIES & DIMENSIONS (N, m) (b) F; = FORCE N TUEE = —()

o A also tensile force in tube
d, = 0.150 t= 0003 E=07x10

NOTE: if tube is rigid, Fx = —kb = —787.5
A, = %[df —(d, — 28] A,=1385%x107°
(c) FIiNAL LENGTH OF TUBE AND SFRING

MUST REDEFINE L AND L| FROM ABOVE Li=L+ 8, + 8 < i.e., add displacements in
cap for the two released

Ly =0308 =L =0305 k=2625(10% structures to initial tube
length L

Spring 3 mm §=L,—-L &=3x10""

longer than tube Li=L—Qf + afAT)L  L,=3052mm

@ = 12(1075) < a, = 140(107) KL; — L) = — 727446 % = — 2771 x 1073

AT=0 < note that Q result below is for 3

zero temp. gf= — 2771 X 10

STRESS IN POLYETHYLENE TUBE

0

(a) ForcE v SPRING F,, = REDUNDANT (J

1 L = = - —
Flexibilities: f= — fi=—— fi=3.145x10"7 %= 4 @ 5.251 X 10°Pa
k EA, .
-8 + AT(—a il + a L) (d) Ser @ =0 TO FIND AT REQUIRED TO REDUCE SPRING
= F+f FORCE TO ZERO
f
0= —72TN =< COMPRESSIVE FORCE in spring ATqu = —3
(Fe) (—aely + L)

ATeqa = 76.9 °C << since o, = o, a temp.
increase is req’d to expand
tube =o that spring force
goes o zero
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Problem 2.5-30

Steel wires

. /;// s

EQUILIBRIUM EQUATION

P, =P,
COMPATIBILITY EQUATION AND
FORCE-DISPLACEMENT RELATIONS

&1 = initial elongation of steel wires
ol s
T EA; E
&; = final elongation of steel wires
PL
EA
d3 = shortening of concrete
P.L
EA,

81— 8, =53

or

ogl., BE _Fi
E, EA, EA,

Solve simultaneously Egs. (1) and (3):

ooy
EA,
E.A.

P,=P =
1 +

(Eq. 1)

(Eq. 2. Eq. 3)

277

L. = length
oy = initial stress in wires
Q
= — = 620 MPa
A

5

A, = total area of steel wires

A. = area of concrete
=504,

E.=12E.

P, = final tensile force in steel wires

P. = final compressive force in concrete

STRESSES
. . .
AT L EA
EA,
F. i
7. =—= —
A A E
A, E,
SUBSTITUTE NUMERICAL VALUES:
E A 1
= 620 MP —=12 —=—
!'.ru a 3 Al_ 50
620 MP
o, = 7173 = 5(0) MPa (Tension)
1 + —
50
620 MPa 5
o= m = 10 MPa (Compression)

—
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Problem 2.5-31

The figure shows a section through the tube, cap and
spring.

PROPERTIES AND DIMENSIONS (N, m)

dy=0150mm  t=0003mm E, =0.7(10%

N
L=0305mm>L, =0302mm k= 262.5(10%) —
m

o = 12(107%) < @, = 140(10™%)

A= TLd8 ~ (do ~ 2007

A;=1385 % 107 spring is 3 mm shorter
than tube

PRETENSION AND TEMPERATURE

§=L—-L, &=3x10"7 AT=0

<2 note that O result below is for zero TEMP (until part
(d))

1
FiexiBmes  f= —

L _
= fi=g o fi=3145%10 7

i

(a) ForcE m sPRING (Fi) = REDUNDANT ()

_ 8+ AT(—aly + a.L) B
f+ i

k

0=T72TN

Fy=T2TN “— also the compressive force in the

tube
(b) ForcE mTUBE F, = — (0  <—
(c) FINAL LENGTH OF TUBE AND SPRING  Ly=L + 8.1 +

3:‘2

Li=L—0f,+ aAT)L L;=3048mm <

KLy — Ly = 727.446

g =27 %

1073
k

278

Of = 2.771 X 107 same as @ = F,

STRESS IN POLYETHYLENE TUBE

o= — o =525 x10°

i

{d) Ser ¢ = 0 1o FiIND AT REQUIRED TO REDUCE SFRING
FORCE TO ZEROD

—&
(_ﬂkLl + ﬂ"L}
AT e = —76.8°C

ﬁqud =

since o, = o, a temp. drop
is req’d to shrink tube so
that spring force goes

o Zero
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Problem 2.6-1

- 50 mm Maxamum LoaD—tension
‘i_( ‘/- L‘;_f Poo=0A Py =312kN
Mazxamum Loap—shear
50 mm Prowr = 21,4 Poun = 380kN
MNUMERICAL DATA Because Tyyow 15 more than one-half of eayew. the

1 3 normal stress governs.
A=25¥X10""m

oa = 125 MPa
7, = 76 MPa
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Problem 2.6-2

d - w 2
‘P ¢ l JP='_1;5 kN Bri:="21 E(d_dmjn_)
T 2
dmin - r
TT g
MNumEericaL pata P = 35kN ;= 118 MPa
7o = 48 MPa dpip = 6.81 mm =

Find Py then rod diameter.
since 7, is less than 1/2 of o, shear governs.
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Problem 2.6-3

A =65 mm X 100 mm = 6500 mm?
Maximum normal stress:

Jx:.»‘!.—

Maximum shear stress:

o, P

Ty = 26 MPa Tult = 8 MPa

Because 7, is less than one-half of o, the shear stress
EOVerns.

T = % or P = 2Am,
P = 2(6500mm?)(8 MPa) = 104 kN «—
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Problem 2.6-4

g Ig |d Q T m,=60MPa A=—d’
l T
I —
MNUMERICAL DATA N = =
¥
d=242mm T=08N 3
s AT . = —46°C (d
@=195(10"%°C E=110GPa max (drop)
(a) AT, (DROP IN TEMPERATURE) (by AT AT WHICH WIRE GOES SLACK
- Increase AT until o = O
o
=——(Eax A =—
o A (Ea AT) Tmax 2 AT = ETA
.
7, = % =L AT = 9.93°C (increase)
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Problem 2.6-5

B d
MNUMERICAL DaTa (N, m)
d=00016m T=200N a=212(10"°%

E=110(10%Pa AT = —30°C
T

A=—d
4

(a) Tpax (DUE TO DROP IN TEMFERATURE)

(b) AT, FOR ALLOW. SHEAR STRESS

T, = T0(10%) Pa
T
I - lra
ATix = '

AT = —17.38°C <

{c) AT AT WHICH WIRE GOES SLACK
Increase AT untilo = 0

T
Eod

AT = 42.7°C (increase) <—

AT =
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Problem 2.6-6

w

(a)d=12mm P=95kN A=4d3=l,l31><1!]'4m3

P
oy = = = 84 MPa

ir
Tz = 42 MPa| On plane stress element rotated 457

(b) |Tmax =

{c) RoraTeD sTRESS ELEMENT (457) HAS NORMAL TENSILE STRESS & /2 0N ALL FACES, — T, (CW) on 4 X-FACE, AND
4+ sz (CCW) 0N 4+ V-FACE

ot
Toylyl = Tmar Tyl = Oy = Ol

On rotated x-face: o, = 42MPa|  [r,,) = 492 MPa

On rotated y-face: oy = 42 MPa

(d) 8 = 22.5" < CCW ROTATION OF ELEMENT

oy - U'Icus.[ﬂj: = T71.7MPa < onrotated x face oy = n:r_,ms(ﬂ + ;) = [23MPa < onrotaled y face

=z
EQ.2-28b gy = —— sin(2@) = =29.7MPa < CW on rotated x-face

On rotated x-face: [o = TL.TMPa| [y = —29.7MPa|

On rotated y-face:
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Problem 2.6-7

(b) Maxmium SHEAR STRESS
The maximum shear stress is on a 45” plane and

S{Imm—-l

Al
—— .||||||||.||||||'|_|||||| equals oi2.
01
Elongation: § = 0.004 mm Tmax = 5= B4MPa
Strain: & = 8 _ 0.004mm _ 0.00008 {c) STRESS ELEMENT AT § = 45°
L 50 mm
Hooke's law: o, = Ee = (210 GPa)(0.00008) 8.4 MPa 84 MPa

= 16.8 MPa \
(a) MaxaMum NORMAL STRESS / \{v

&, is the maximum normal stress.

g=45°

8.4 MPa

Cpue = 168 MPa < 8.4 MFﬂ.\ /

8.4 MPa

3.4 MPa
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Problem 2.6-8
(a) @=175(10"°) AT=50 E=120GPa

o
o, = —EalAT = —105 MPa Toax =5 = —525MPa < alp = 45°

{compression) Element A: oy = 105 MPa (compression);
Element B: 7, = 525 MPa
(b) 7y = 48 MPa
-, .
Eq. 2-25h Ty ™ Tsm[.’!ﬂ]
1 {27 = : 2
50 8 - Sasin —_-f-': = 33.1° < CCW rotation of ¢clement

ay = Fcos(f) = —73.8MPa < on rotated x face

oy = cr_‘cus(ﬂ + %) = =31.2MPa < on rotated y face
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Problem 2.6-9

b ]
P = 45kN L=1m A = 53200mm~ B = 35deg
. —P
Mormal compressive stress o, = — =-8.654MPa
g A
Plane stress transformations
2 [ k1
Uﬁfﬁj = o,-cos( & G’H{B} =—5807.-MMPa r:e,l 8+ — | =-2847-MPa
Tﬂ{'ﬁ} =4 066-MPa TB[ 0+ 1—1— ] = —4 (66-MMPa

Tgl0) = —o,-sm(8)-cos(B)
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Problem 2.6-10

, o
Lot AL Db AT=5 acwlw Y sowes moss
Compressive thermal stress o1 = E-o-AT = 60-MPa
Support reactions Ry = opA=T2kN Rg = Ry
_ Rp
Plane stress transformations g, = — =—60-MPa
A
; 2
A 1§ T .
og = l:rx-cos.(e}_ = —30-MPa Ux-cos,‘l 8+ TJ =—30-MPa Tg = —crx-sm[ﬂ)-cos{@} = 30-MPa

Rotated stress element

0 3
\ e o
\4\?
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Problem 2.6-11

NUMERICAL DATA

L=3m b=071L P=220kN o0,=9%MPa 7,=52MPa A=374cm* <UPN220 bh=213m

{a) FIND REACTIONS, THEN MEMEBER FORCES (SEE SOLU. AFFROACH IN EG. 1-1)

9, = 60° @p= a.rcsin(% sin(ﬁl_d)) =37.043° 9 = 180° — (B4 + Bp) = 82.057°

in(f Pb cos(84) + 2Pb sin(@
_ (sm{ c}) _3431m B, - cos(fa) sin(fy)

= 304. —P_RB = —
Sin(0,) . 304.861kN Ay, =P — B, B4.861 kN

Ay = —2P = —440kN Fye = ——
sin(fa)

—B

¥
Fgr = = 495808 kN
BC Ssin(gp)

= 97.99kN Fup = —A, — Faccos(fy) = 391.005kN

, , . ) _ Fac _ Fap
Normal stresses in each member: o = A 262MPa oup = A - 104.547 MPa
F
opc = T"c = —132.569 MPa
From Eq. 2-31:
o o []
T A C = % = 13.1MPa| |*paep = T‘”’ =523MPa| |7 pmac = % = —66.3 MPa
(b) o, < 27, s0 normal stress will control; lowest value governs here.
P P
Memeer AC:  Bop = —(o,A) = 806.094 kN Py = —(27,A) = 873.268 kN
Fae Fyc
P P
MemBer AB:  FBpp = - (o, A) = 202.015 kN Pouzr = = (27,A) = 218849 kN
Fap Fap
P
MemBER BC: |Fpgne = | = | (02A) = 159.3kN Prower = | = (27,A) = 172,580 kN
Fpo Fpe
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Problem 2.6-12

NUMERICAL DATA
d =32 mm
P= 190N
a= 100 mm
b = 300 mm

(a) Starics—FIND COMPRESSIVE FORCE F AND STRESSES
IN PLASTIC BAR

P(a+ b)
F=— F=760N
a

dx:? o, =0945MPa or o,=095kPa

From (1), (2), and (3) below:

Tmax = O Tmax = —945 kPa

5

Tz = 472 kPa L — _AT2KkPa

t\-l|

(1y a=0° oy =—945kPa <<
(2) 6 =22.50°
On +x-face:

g = o, cos(f)
oq = —80TkPa <

Te = — o sin{@) cos(9)
Ty =334 kPa <

On +y-face: B=0+=

7
oy = arcos(f)’
oy = —138.39 kPa
Ty = —o,sin(f#) cos(#)
T8 = —334.1 kPa
(3) #=45°
On +x-face:
g = uxcos(ﬂ}z
o, = —472kPa  <—
T = —sin(f) cos(fd)
T0=472kPa <
On +y-face: #=0+ %

oy = ocos(f) @, = —472.49kPa

T8 = —nsin(@lcos(@) 1s = —47249kPa

(b} ApbD sPRING—FIND MAXIMUM NORMAL AND SHEAR
STRESSES IN PLASTIC BAR

1080 mim 200 mams IDi.'lrrlml}IJ

Yous o

> Mpin =0

Pi400) = [2k6(100) + E8(300)]

B

| =
= | =

4 P
Force in plastic bar: F= 1‘3,!.;].(;?)

F=%P F=304N

MNormal and shear stresses in plastic bar:

F
o, = W o, = 038
Omax = —3T8KkPa <
o
Toniax = 2—‘ Toux = —189kPa  <—

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.6-13

NUMERICAL DaTA (N, m)

b=0038 h=0075 A=bh A=285%10"m*

AT =T0-20 AT=S50°C

Opg = —8.7(10%)
a =95 (107%)rC
E=24(10" Pa

() SHEAR STRESS ON PLANE PQ
STAT-INDET. ANALYSIS GIVES FOR REACTION AT RIGHT

SUPPORT:

R = —EAaAT R=-3240kN
R

o= I o= —11.4 MPa

o
cos(8)? = a—”

Tpg
o, = —114MPa o,, = —8.7 MPa —— =087
UI

Tpg

Using oy = o,cos(f)%

#= arcms( ) g = 0.87°

X
Now with #, we can find shear stress on plane pg:
Tpg = —O,sin(f)cos(f) Tpg = 485 MPa

Tpg = o.cosif)’ 0py = —B.7 MPa

Streszes at § + /2 (y-face):

2
T, = a’,cm(& + g) o, = —2.7 MPa

(b) STRESS ELEMENT FOR PLANE PQ

N\4

a

P ’*i’aﬁ j
\iﬂ/““% 8=29.12°
o)

A ““/\

(c) MAX. LOAD AT QUARTER POINT Oy = 23(106) Pa

r, = 11.3(10%) 27,=226MPa < less than o,
so shear controls

Stat-indet. analysis for P at L/4 gives for reactions:

—P -3
Rpmp=—  Rp=—P
B2 4 L2 4

(tension for 0 to L/4 and compression for rest of bar)

From part {a) (for temperature increase AT):
Ry = —EAxAT Ry = —EAaAT
Stresses in bar (0 to Lid):

P (1

ﬂrx=_Ea"1T+E Trnu=2_

Set foax = T and solve for Py

—EaAT 3P
TG=T+a T, = 11.3 MPa
44
Boaxl = ?{211, + EaxAT)
Poax1 = 129200 N
- _ —EaAT + 3Pmu1
max 2 84
Tmax = 11.3 MPa < check
3 Poaxl
o, = —EaAT + ﬁ
o, = 22.6 MPa < less than o,
Stresses in bar (L4 to L):
P a
o, = —EoAT — — ==

44 TmexT
Set Tmax = T and solve for Poayo:
Praxy = —4A(—27, + Eﬂ.’ﬁn

Poae = 127.7T kN — shear in segment (L/4

to L) controls
—EaAT  Poue
Tmax = 3 - 8A

Tmax = —11.3 MPa

P
o, = —EaAT — L%“E o; = —22.6 MPa
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Problem 2.6-14

A
%

q
NUMERICAL DATA
m

8= 55(@) rad

b= 18 mm h = 40 mm

A=bh  A=T720mm’
Opga=60MPa 755, = 30 MPa

a=17%(10°%°C E=120GPa
AT = 20°C P=15kN

(a) Fivp AT pax BASED ON ALLOWABLE NORMAL AND
SHEAR STRESS VALUES ON PLANE pg

—o,
oy = —EaATma, Al = Eox
Ty = crxcos{f}}l Tpg = —Osin(#)cos(@)
Set each equal to corresponding allowable and
solve for oy
Upga

Ol = —5 o, = 182.38 MPa

cos(f)

T 63.85 MP
Cnp=——T-—""" on = —63. a
= —sin(@)cos(H) o

Lesser value controls, so allowable shear stress governs.

—

AT . =
e Ea

AT = 31.3°C

(h) STRESSES ON PLANE F@ FOR MAXIMUM TEMPERATURE

oy = —FEalT o = —63.85 MPa
Ty = ur,cos{&,iz Ope = —21.0MPa <
Tpg = —xSin(f)cos(f) Tpg = 3J0MPa =

292

() ApD LoAD P IN +X-DIRECTION TO TEMPERATURE
CHANGE AND FIND LOCATION OF LOAD

AT = 28°C

P = 15 kN from one-degree statically indeterminate
analysis, reactions R, and Ry due to load P:

Ri=—(1—-B)P Rap=pBFP

Now add normal stresses due to P to thermal
stresses due to AT (tension in segment 0 to BL,
compression in segment BL to L).

Stresses in bar (0 to BL):

LrJ’
Loy

Ra
o, = —EaxAT + i

Shear controls so set 7., = 7, and solve for B:

(1 — Ay

21, = —EaAT +-—

A
B =1- 7.+ EeAT]

B =-51
Impossible so evaluate segment (BL to L):

Stresses in bar (8L to L):

R o,
o, = —EaAT — 2 -

A TI'I'I AX

58t Tmax = T and solve for Poao

gr
27, = —EaxAT — T

B =_Tf1[—27a + EaAT]

=

B =062
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Problem 2.6-15

NUMERICAL DaTA

P=30kN a = 367 o, =90 MPa

7a = 48 MPa <in the brass bars
0y

g=——a §=254°
2

@iy = 40 MPa
Tjo = 20 MPa  <<on brazed joint

tensile force Ny  Method of Joints at C

Nare (tension)

" sin(60°)
Nac =346 kN —
min. required diameter of bar AC

(1) Check tension and shear in bars; 7, > o2 s0

normal stress controls

o = Nac
A X @
N,
Arcgd = =L Apgqa = 384.9 mm’
a
4
aln::iu = ;Aqu din = 22.14 mm

293

(2) Check tension and shear on brazed joint:

- Nic _ Nic _ 4 Naco
x A x Edl T o,
4

Tension on brazed joint:

oy = C‘FICDS{&)E set equal to oy, and solve for

oy, then degy

=— o, = 115.78 MPa
* o cos()? *
4 Nae
=,[— d, = 19.52
d 7 o, reqd mim

Shear on brazed joint:
Ta = —asin(f@)cos(d)

Nac ‘
—(sin(@) cos(d))

{4 Nic
tlreqd = - - . fdrega = 324 mm < governs

o, = ‘ o, = 42,06 MPa
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Problem 2.6-16

¥ Therefore: sin 28 = 2((.4592) = 0.9184

2 _.__N\ £ Solving: 28 = 66.69" or 113.31°
4
«

#=3334" or 56.66°
=90 —@ = 56.66" or 33.34°

10° = & = 40°

et e P = WP Since e must be between 107 and 407, we select

= 33.3° =
NOTE: If « is between 10° and 33.3°,

() STRESSES ON IOINT WHEN & = 207

i

/- | 7| < 2.25 MPa.
R

90" —
- “ If a is between 33.3° and 40°,
| o H“H—-_
' . | 74| = 2.25 MPa.

(C) WHAT I5 ot if 79 = 20rg?

= 90° — a = 70°

e - Numerical values only:
oy = oy c0s 0 = (4.9 MPa)(cos 70%)"

=, s5infcos oy | = o cosd
— 0.57 MPa 22 | 74| i | | x
T9 = —rpsin @ cos @ To| _ ,
= (—4.9 MPa)(sin 70")cos 70%) oo
= —158MPa < ey 5in 0 cos § = Zeorcos2d
(b) LARGEST ANGLE o IF Ty = 2.25 MPa sinfl=2cos@ or tanf =2
Tallow = — 0y 5in # cos & f = 6343° a=90"—4@
The shear stress on the joint has a negative sign. Its a=266" <
?;;‘I‘IEI:CEI value cannot exceed 700 = 2.25 MPa. NOTE: For & = 26.6° and 0 = 63.4°. we find
o oy = 0.98 MPa and 75 = —1.96 MPa.
—2.25 MPa = —(4.9 MPa)({sin #)cos #) or sin # cos
A = 0.4592

Thus,

TQ :
—| = 2 as required.
oy

1
From trigonometry: sinficosf = Esin 28
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Problem 2.6-17

NG
NA

(a) ANGLE @ AND SHEAR STRESS Ty
PLANE AT ANGLE &
ap = @y cosf
oy = 60 MPa

on _ 60 MPa

cosf cos’h

o, =

(1

PLANE AT ANGLE 8 + 00°
Ty + 000 = oifcos(f + 90°)]* = o[ —sin §)°
= o, sin’f
op + ope = 20 MPa
Tgro0®  20MPa
sin?9  sin’6
Equate (1) and (2):
60MPa  20MPa
cos’@ - sin’@

(2)

Ty

295

1

tan’f = = tanﬂ=% f=30" <
From Eq. (1) or (2):
o, = 80 MPa (tension)
e = —0oy5in @ cos §
= (—80 MPa)(sin 30)cos 30%)
=—346MPa <

Minus sign means that 7y acts clockwise on the plane
for which # = 30°.

20 MPa €0 MPa
y \ =
34.6 MPa
\ / 34.6 MPa
A W

(b) Maxmmm NORMAL AND SHEAR STRESSES

Oqax = 0, =80MPa <
a}
rm=?=4OMPa —
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Problem 2.6-18

—(—4754 + 650 _

2
L

4754
M=

65

a, = 73.1 MPa oy = 65 MPa

8 = acos ﬁ 8 = 19.5°

Find 6 and o, for stress state shown in figure.
5 Ly g
Ty = ocos(f)” cos () = ’I’_H ":u‘ﬁ

Vo, ‘ -
37
S0 sin (@) = \ B ? ‘/ E\,g;;‘;h/b({#= e

X

Te = —orSin(@) cos(@)

< Oy 0y
= g_] - _, Now find o, and 71, for # = 307

Tg = —orsin(f) cos(d) Ty = —31L.7 MPa «—

(23 )2 65 (65 2 Ty = EI'_‘,CDS(H}E Ty = 54.9 MPa €=

(5, (BY _, _\2
i o) U’ez=trxcos(ﬂ+3) opm = 183MPa <
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Problem 2.6-19

Al cos o
<8 From (3): | ———— | = —
. r . cos (f1 + 30°) @
o ' o T s
b cos(f + 30° (5]

Eq. (2-29a) : Solve by iteration or use a computer program:
oy = Oy cOS f =25°
PLANE pg: From (1) and (2): & oy = o7, = 64.4MPa
o1 = STMPa T = % —347MPa <
6 = 6,0, =0,cos%8, i
PLaners: oy = 23MPa, 8 =6, + 8 = 8, + 30°
o = o, cos2(f, + 30° (2)
From (1) and (2) % - @

rom Loy = =

Y cos’8,  cos’(@, + 307
297
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Problem 2.6-20

/,4;’ {a) DETERMINE ANGLE & FOR LARGEST LOAD
i
£ [ p\{ — =3 P Point A gives the largest value of o, and hence the
q largest load. To determine the angle # correspon-
ding to point A, we equate Eqgs. (1) and (2).
S-RESAT 50MPa _ 3.0MPa
A =225 mm? cos2f sin f cos @
On glued joint: oy, = 5.0 MPa 3.0
= = 2 «—
Tasins — 3.0 MPy tan # 50 8 = 3096
ALLOWABLE STRESS oy IN TENSION (b} DETERMINE THE MAXIMUM LOAD
i oy 5.0 MPa From Eq. (1) or Eq. (2):
Ty = rCo5-f o = T — T (1)
cos"  cos"f 50MPa _ 3.0MPa
o= — = — = 6.80 MPa
Ty = —o,sinf cos cosf sinfl cos 8
— - P
Since the direction of 74 is immaterial, we can write: Pmax = oA = (6.80 MPa)}(225 mm”)
7o | = oysin A cos @ =1.53kN <
or
b | 3.0 MPa
= (2)

o, = — =—
sin @ cosfl sin @ cosf

GraprH oF Egs. (1) ann (2)

Tx 15—
(M Pa)
10
5 -
0
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Problem 2.6-21

NUMERICAL DATA

1
a =95(107%)°C E=28CPa L=06m AT =48C k=3150kN/m f= T 3.175 % 107* kN/m

b=19mm h=38mm A=0bh Ly =046m o,=—69MPa 7,=—-39MPa oy = — 53 MPa

(a) Fivp @ avp Ty
— R T,
R, = redundant R, — :—m — —4454kN o, = f - —6169MPa JU—H = 0.927
— | + X
(EA ) !
Ty
# = arccos e 0385 cos(28) = 0.718 # =22.047°
X

vl
o 2
o.cos (0 = —53MPa OR —I(I + cos (26) = —S3MPa o, = a'xcos(ﬂ + %) — —0.869 MPa
# = 0.385 radians A = 22.047° o, = —6.169 MPa 28 = 0.77 radians

Ty = —oysin(f) cos(@) = 2.146 MPa OR 1y = _Tgxsin(ﬁﬂ) = 2.146 MPa

[rg = 2.15MPa] [ = 22°|

(b) Fivp oy AMD oy

a \2
O] = Ty CD’S(E}E Tyl = Oy cos(ﬂ + E)

lo,1 = —5.3 MPa| |o,; = —0.869 MPa |

(c) Grven L =06 m, FIND k.

oA
kmaxl = z 3 = 3961.895 kN/m < controls (based on oy )
—aATL — o, A| —
« Ta (EA)
21,4
OR  kpa = el 3 = 5290.016 kN/m = based on allowable shear stress
—aATL — 27,A| —
. ()

[k max = 3962 kKN/m|

(d) GIVEN ALLOWABLE NORMAL AND SHEAR STRESSES, FIND L

k = 3150 kN/m
R —aATL oA
o, = f oA = ;— Lol = aA () = 0.755m < controls based on oy
ey
— |+ —| aAT + —=
(EA) 4 (" E )
27:A10f

= 1.088m = based on Tayow

OR  Lggo = 27
—(miT+ a)

E
Lo = 0.755m
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(e) Fmp AT, GIVEN L, k, AND ALLOWABLE STRESSES

T, = —3.9MPa
L
(ﬂ +f)G'aA
AT el = T 53.686°C < based on oajow
L F)2ra
Ea TT)?7e .
AT ez = "ol = 60.688°C < based on Tyyow
[AT e = 53.7°C|

300

k=3150kN/m L=06m o,=—-69MPa
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Problem 2.6-22

b = 30mm o = 35deg
o, = 11.5MPa T = 4 5MPa
Ogy = 3 5MPa Ty = 1.25MPa

Rotate stress element CW by angle 8 to align with glue joint (see fig.)

8 = & — 90deg = —55-deg

Plane stress transformations @ = E A= bj = 3500.11]1_1_11
og = Ux-ccs(ej_ g = —Gx-smfﬂj-cos{ﬁj

Equate o  and 1, to allowable values and solve for P - min. P controls

O = T Priaxl = 0 A=2875KN
P "l"El i
Tonax = —[ K -smn(43deg) -cos(43deg) Pm?ec? = T-A = 5.625kN < shear in wood controls
’ LAY - 2
oA
P = —— = 265974N
cos(8)”
T
- T— £ = 6.651.kN

- —s1in( 6)-cosi(8)
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Problem 2.7-1

A
L
4]
P=727TkN
L =130cm
E=72GPa
A=18cm’

INTERMAL AXIAL FORCES

Nyg =3P Nge= —2P Nep =P

LenGTHS

L L L
3

La—— Lgp=— ‘Egp—
.!.Bﬁ BC2CD

{a) STRAIN ENERGY OF THE BAR (Eq. 2-40)

N?L;
2EA;

. ﬁ[m?)ﬁ(ﬁ) + (—”’f@) " (P)l(%)]

_ P23\ _ 23PL
2EA\ 6 12EA

U=%

(b} SUBSTITUTE NUMERICAL VALUES:

3P
12EA

o

=1402Nm <
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Problem 2.7-2

2d
d
P I | P
) T
L I L
2 2 !
(a) STRAIN ENERGY OF THE BAR (b} SUBSTITUTE NUMERICAL VALUES:

Add the strain energies of the two segments of the

bar (see Eq. 2-a0). P=27kN L = 600 mm

2 NEL. PE{UE] | 1 d = 40 mm E=105GPa
U= E ZEI' = - 2E [- 2 i we g2 ]
=12 EA; 2y  Hd) 5(27 kN2)(600 mm)
= 2
wﬂ(L L) ) sp2y. _ 47( 105 GPa)(40 mm)
wE\4d® d° AmEd® = 1036N-m=1.036] <«
303
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Problem 2.7-3

STRAIN ENERGY
| Py NI H 3
_ U=3—1% - [— N?
— | m— 2EA;  L(2EA) 21 ’
" H 2 2 2
lPE =E[P1+{P1+P2)+(P1+B’,+P3]]
- = - T Substitute numerical values:
o H=30m E = 200 GPa
P
i 3 A=7500mm?® P, = 150kN
Y [ - -+
u Py = Py = 300 kN
3.0m
H U= ( ) 5 [(150 kN)? + (450 kNY?
20200 GPa)(7500 mm™)
+ (750 kN
Add the strain energies of the three segments =T8E] <=

(see Eq. 2-40).

Upper segment: Ny = — P

Middle segment: Ny = —(P, + P5)
Lower segment: Ny = —(P; + P2 + P3)

304
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Problem 2.7-4

(a) Force P acts aLonNe (2 =0)

P
 2EA

L

{b) Force @ acts arone (P =0)

Qi) QL
27 T 2EA 4EA
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(c) Forces P AND (J ACT SIMULTANEOUSLY

(Note that U3
U=+ U
Uy== Uy + U,

PAL2) P
Segment BC: Upp = 2FA ’ T
(P+ QY (WL2)
Segment AB: Uyg = %
2 7
_PL POL.OL
4EA  2EA  4EA
PL POL QL
=Yoo+ U= 250 * 2ma “ama

U[ 2 [}rl.J

305

is not equal o Uy + Us. In this case,
. However, if (J is reversed in direction,
. Thus, U5 may be larger or smaller than
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Problem 2.7-5

DATA
Weight Modulus of Proportional
densi elasticity limit
Material (kN/m-~) (GPa) (MPa)
Mild steel 77.1 207 248
Tool steel 77.1 207 827
Aluminum 26.7 72 345
Rubber (soft) 11.0 2 1.38

STR.MN ENERGY PER UNIT VOLUME
P

U=
2EA

Volume V = AL

At the proportional limit:

i = #p = modulus of resistance

.
OPL

HR=2E

STRAIN ENERGY PER UNIT WEIGHT
PL

U=—— Weight W = AL
A veieh ¥

v = weight density

wyl o P

YT W 2E

(Eq. 1)

306

At the proportional limit:

ohL

=— .2
uw 2oE (Eq. 2)
RESULTS

up (kPa) iy, (M)

Mild steel 149 1.9
Tool steel 1652 21
Aluminum 826 31
Rubber (soft) 476 143
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Problem 2.7-6

B = 60"
Lyp=Lpc=1L
sin 8 = V3R
cos B = 12

FREE-BODY DHIAGRAM OF JOINT B

™
.

g g
~Fae

i
ER =0 T, &~
—F4BSiHB+FECSinﬁ=U
Fap= Fge (Eq. 1)
Eicurlz=':]_"‘:_
—Fapcos B — Fgececos B+ P =10
P P
Fig = Fpr = =——H=PpP Eq. 2
AB = TBC T Ses B 2(112) (Ea-2)

Axial forces: Nyg = P (lension)
Npe = — P (compression)

(@) STrRAIN ENERGY OF TRUSS (Eq. 2-40)

7 EN;L, (Nl (Nao’L P
2EA; 2EA 2EA EA

307

(b) HorrrosTAL DISPLACEMENT OF JoInT B (EgQ. 2-42)

. zg_z(f:{f-.) LA
B~ p  P\EA EA
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Problem 2.7-7

LEC =15m g =30°
Py=13kKN P;=4kN

Lpc
Lag = Lig=1.732m
AB cos(@ ) AB
E=200GPa A = 1500 mm?

(a) Loap Py aCcTs ALONE
Fpe= P Fuyp=10

Fpc® Lpe

U’ =
! 2EA

Uy =0.0042271

(b) Loan P; ACTS ALONE

Py
sin(g)
Fpc = —Fppcos(@)

Fup = Fap = 8KkN

Fpc = —6928.203 N

Fap” Lap

N Fpc’ Lpe
2EA

2EA

U, = U, = 0.305]

308

() Loaps Py AND P3 ACT SIMULTANEOUSLY

Fag= — 2 — 8N
AR singg)
Fpc = P, + Fpe = —5.628 kN
Fap® Lap Fpc* Lpe
U = Uz = 0264 ]
3 2EA 2EA 3

NOTE: The strain energy Us is nof equal to Uy + Us.
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Problem 2.7-8

| [ Il x

ky = 3k
ky = 1.5k
ky=k

& = downward displacement of rigid bar

2

kb
For a spring: U = = Eq. (2-38h)

(a) Strain ENERGY U OF ALL SPRINGS
345’ 1.5&53) ks® 2
U= — + — = 5k&
2( 2 ) & 2( 2 g =

(b} DispLaceMEsT 8

Wa
Work done by the weight chualsz—
Strain energy of the springs equals 5k8°

L — -
- = 5k& and E_Itlk —

-—

309

(c) FORCES IN THE SPRINGS

iw w
F =315=T Fr= I.5l5=—2n— -

W

(d) NUMERICAL VALUES

W=g00N k="75Nmm= 7500 Nmm

4

“,I'a.
20k

U = 5kd* = .w.-(i)3 =
10k

=Z24ANm=24] =

§ = —— =81 —_

10K o
Fi =X _ 150N <
T

W
Fym—m Q)N &
"0

w
h—m—ﬁﬂﬁ —

NOTE: W = 2F, + 2F; + F3 = 600 N (Check)
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Problem 2.7-9

A
"‘ 3 Iy
S I T = .
R = || —— -
b —
b(x) = by — (b2 Lbllf
Alx) = thix)
(by — by)x
_{“_ L ]
(a) STRAIN ENERGY OF THE BAR
_ [IN@)Pdx
u= m ({Eq. 2-41)
=/¢pz¢x =P_sz "
o 2EG)  2Et)y by — (b — bi)}
e [ 1
From Appendix C: fa Faywials lnia + bx)

Apply this integration formula to Eq. (1):
2 _ L
U=i%_4__m[_&imﬂ

2Bt —(by — by)(7) 0

B R

B O R
P by

U=———In—>
2Etby — by) by

(b) ELoNGATION OF THE BaR (EqQ. 2-42)

NOTE: This result agrees with the formula derived in
Prob. 2.3-17.
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Problem 2.7-10

T
i
I 113
1
i
5= 1.0mm
L=10m

For each bar:
A = 3000 mm’
E=45GPa

EA
— = 135X 10° N/m

{a) Loap P REQUIRED TO CLOSE THE GAP

I IS—P— dP—E
n general. =~ an =5

For two bars, we obtain:

P = 2(%) = 2(135 % 105 N/m)(1.0 mm)

P, =2T0KN <

(b) DispLACEMENT & FOR P = 400 kN

Since P = P, all three bars are compressed.

The force P equals Py plus the additional force
required to compress all three bars by the amount
8—8

P=P + 3(%)(5 — 3)

or 400 kN = 270 kN + 3(135 % 10° N/m)
(& — 0.001 m)

Solving, we cet 6 = 132l mm  <—

(c) STramn EnerGY U ror P = 400 kN

EA3®
=
z 2L
Outer bars: 4= 1321 mm
Middle bar: 6= 1321 mm — 5§
= 0.32]1 mm

U= %{HI.BEI mm)? + (0.321 mm)?]

]
= E{IBS % 10° N/m)(3.593 mm?)
=243N'm =243] <«

{d) LOoAD-DISPLACEMENT DIAGRAM

U=243]=243N-m
Pa

i %(400 kN)1.32]1 mm) = 264 N-m

P3
The strain enerzy U is not equal to e because the

load-displacement relation is not linear.

B

400 m"“’/
3004, 270kN A /
Load P / §
) 0070 0
100 / i A= 10mm

= 4" =132l mm

o ECLE

0 0.5 Lo 1.5 2.0
Displacement & (mm)

U = area under line OARB.

(i
— = area under a straight line from @ to B, which is
larger than U.
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Problem 2.7-11

Lo}
P
— B ky
ks
BROx0x0
Force Py required to close the gap: (a) FORCE-DISPLACEMENT DIAGRAM
Py = ks (1)
FORCE-DISFLACEMENT RELATION BEFORE GAF IS CLOSED '*”“‘: | B~
P—kix (0=x=s(0=P=Py @ (0L s by
L . pe = ky + 2k
FORCE-DISPLACEMENT RELATION AFTER GAF IS CLOSED Eqi2) / :
P A .
All three springs are compressed. Total stiffness equals Fo 4__,__5*'/
ky + 2k;. Additional displacement equals x — 5. Force — | Displacement x
P equals Py plus the force required to compress all three 0 \ 1
springs by the amount x — 5. "Slope = k,

P=Py+ ik +2)x—5)
=ki5 +(ky + 2k — ks — 2k
P=ik +2yx -2k  (x=5)(P=Py) 3)

Py = force P when x = 25 =/I+| |+/I

Substitute x = 2y into Eq. (3):

(b) STRAM ENERGY U/ WHEN X = 25

U} = Area below force-displacement curve

1 1 1
=EH;E+H}S‘+E(P1—FMJ‘=W+EP1.S‘

Py =2(k + kp)s 4)
= k5% + (ky + ky)s
Uy =2k + k)s* < (5)
P§ Pa . . .

(c) S5Tram ENERGY [/ 1S NOT EQUAL TO ER 3" area under a straight line from O to B, which

P5 1 is larger than UJ).

Ford = 25— = — Py(25) = P15 = 2(k; + ka)s” Pa
P Thus, — is not equal to the strain energy because

(This quantity is greater than U,.) the force-displacement relation is not linear.
7y = area under line OAR.
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Problem 2.7-12

DIMENSIONS BEFORE THE LOAD P 1S APPLIED From triangle ACD:
1
d= 5’“5 — b = 320.09 mm 6}

DIMENSIONS AFTER THE LOAD P IS APPLIED

L

0

Lg = 760 mm T 380 mm

b = 380 mm
Let x = distance CD

Bungee cord:
k = 140 N/m

Ly =760 mm

Let L; = stretched length of bungee cord

From triangle ACD: 2 .
rom nange2 or Ly =Lﬂ+%"‘b3+4r= Vi 4 g
L (b)

ol =+ 42 2
5 \l'l > (2)
L= VE + 427 (3)

EquiLisrium AT point C

Lﬂ=(| —%)Vbuaﬂ (7)

This equation can be solved for x.

) ) SUBSTITUTE NUMERICAL VALUES INTO Eq. (7):
Let F = tensile force in bungee cord

S {1 (80 N} 1000 mm.."m)]
sl 4(140 N/m)x
% V(320 mm)? + 417 (8)
25 SR TV rrrp—
760 = (1 - T) 144,400 + 42% (9)
F L2 PY L1\ Units: x is in millimeters
P = & i 2 /M2 N Solve for x (Use trial-and-error or a computer program):
x = 497.88 mm
P by
mbily A (a) STRAIN ENERGY U OF THE BUNGEE CORD
(4)
2V 2x 5
ELONGATION OF BUNGEE CORD U= 2 k =140 N/m P=80N
Let 8 = elongation of the entire bungee cord From Eq. (5):
F P b P[P
d=—=—7/1+ 5 =—/l1+—== :
t 2%k 42 (3) & %\ 1 o 305.81 mm

Final length of bungee cord = original length + &

1 7

p e U= :{]40 N/m)(305.81 mm)* = 6.55 N-m
RS W T (&) 2
SOLUTION OF EQUATIONS U=655] <
Combine Eqgs. (6) and (3): (b) DISPLACEMENT 8¢ OF POINT C

P b B¢ = x — d = 497.88 mm — 329.00
L'=L“+E\I'I+_°=Vbz+4;r c=Xx = 497.88 mm 09 mm
4 — 1688 mm
313
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() COMPARISON OF STRAIN ENERGY U/ WITH THE
QUANTITY P&/2

U=6355]

Péc 1

et {80 N)(168.8 mm) = 6.75 ]

The two quantities are not the same. The work done by
the load P is not equal to P62 because the load-
displacement relation (see below) is non-linear when
the displacements are large. (The work done by the
load P is equal to the strain energy because the bungee
cord behaves elastically and there are no energy
losses.)

U = area OAB under the curve OA.

P
TE = area of triangle OAB, which is greater than U.
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J
| .
P A— Large
displacements
A

' Small

% displacements
0 - g 7
8¢ Displacement
314
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Problem 2.8-1
(a) DowNWARD DISFLACEMENT OF FLANGE

WL
W s 8 = Ta
. | ; Eq. (2-53):
:'.-\.,.\'l: e 2h 12
Spax = Bl 1+ 11 +—
(D) Bst
s L = 0.869 mm
1 (b) Maxmum TENSILE STRESS (Eg. 2-55)
Flange E8 o
N | O = =7 = IS21MPa <
SUC L
(c) ImpacT FacTOR (EQ. 2-61)
Bmax
W= 650 N Impact factor = 5.,
h =50 mm L=12m =117 =«

E =210 GPa A=5cm?®

315
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Problem 2.8-2

{a) DowNWARD DISPLACEMENT OF FLANGE

WL
by = T 0,03957 mm

Eq. (2-53) By = ﬁ,,[l + (1 + ﬁ)lﬂ]

T

= £.33 mm —
i

FIung:\@ (b) Maxmusm mensiE sTress (Eg. 2-55)

Es
- -Tm-aﬁqmpa —

{c) Impact racTor (Eg. 2-61)
M = 80kg

W = Mg = (80 kg)(9.81 m/s%)

; o ~ Bpax 633 mm
P aor = = 0.03957 mm
= 7848 N LEEE o
i L=30m

E=170GPa A = 350 mm’

316
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Problem 2.8-3

W= 200N h =50 mm
L=09m
E =210GPa A =15cm?
(a) DOWNWARD DISPLACEMENT OF FLANGE
T s L
| “"E
h 1
Flange | AL
| | Eq. (2-53): 8 = 8,1 + |1 + =
L] 5
= 0762 mm
Omax _ g 463 % 1074
L
(b) Masxamum TENSILE sTRESS (EQ. 2-55) {c) ImpacT racTor (Eq. 2-61)
i)
Omax = —— = 1777 MPa < Impact factor = ——
L &y
= 133 =

317
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Problem 2.8-4

WIT
;

,%J“

W=350N h = 200 mm k = 90 N/m (b) ImpacT EacToR (EQ. 2-61)
. : L - 215 mm
(a) MAXIMUM SHORTENING OF THE SPRING Impact faclor = —= =
o 3,  55.56 mm
W 50N
y=—=— = =30
By p 20 N/m 55.56 mm

A\ 12
Eq. ( 2-53): ﬁm=ﬁj,[l+(1+§) }

.1}

=215mm

318
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Problem 2.8-5

W=8N h = 300 mm k=125 N/m

{a) MaxaMum SHORTENING OF THE SPRING

W
a = —
"k
2h 12
Eq.(2-53): am=as,[1 +(1 +3—) ]
i1

= 270 mimn

(b) ImpacT FacTOR (EQ. 2-61)

TS

Impact factor = o

&t

=42 <
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Problem 2.8-6

g=981mis° E=20MPa
A=16mm’> L;=200mm
Ly =900 mm W= 450 mN
WHEN THE BALL LEAVES THE PADDLE

KE — W
2g

320

WHEN THE RUBBER CORD 15 FULLY STRETCHED!

EA3Y EA %
U= S i S
My dig 0

CONSERVATION OF ENERGY

Wil EA .
KE=U —=—AL; - L
I T P o)

v1=E(L _ L)
wrglt ~ Lo

gEA
== LU)\'IW_LO e

SUBSTITUTE NUMERICAL VALUES:

;qq.m m/s7) (2.0 MPa) (1.6 mm~)

Y (450 mN) (200 mm)
=131ms <«

v = (700 mm)
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Problem 2.8-7

E=10GPa
wl i\ Fuow = 17 MPa

LR

— . Find A

STATIC STRESS

-

MaxMUM HEIGHT fmax

e - 2hE ”"*]
Eq. (2-39): Opm = aﬂ[l + (1 + Io )

st

or

L,

Ty st

Square both sides and solve for h:

L, T,
N G
13

W=20kN d = 300 mm SUBSTITUTE NUMERICAL VALUES:
L=55m T = Tallow = 17 MPa

_ T 00707 m? gy = 027 m <=
4

321
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Problem 2.8-8

STATIC STRESS

e SN, e b
A 40 mm”

Mimanoust LENGTH Layn

2hE\ 2
EqQ.(2-59) g = oy | + (l +E) ]
or

Toax - ([ & Z’ﬁE)m
Ty Lo,

Square both sides and solve for L:
2Eher,,

L o L — i
T (T = 207)

SUBSTITUTE NUMERICAL VALUES:

W= Mg = (35 kﬁ}tgsl Iwrsl:' = 3434 N fooviion 20130 GPa) ( 1.0 m) (8.585 MPa)
3 o - e E.
. —— (500 MPa) [500 MPa — 2(8.585 MPa)]

h=10M Gy = Taney = 500 MPa o
Find minimum length L ;..

-—
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Problem 2.8-9

STATIC STRESS
W

oy = =29 MPa

Mmimaum LEMGTH L

ME 12
Eq. (2-59): Omm = "-"sr[l + (1 * Lar") ]

or
Zoes g (14 2E)"
Tt Loy,
G h Square both sides and solve for L:
ALl L Lyt
- O max (Omaz — 2075)

SUBSTITUTE NUMERICAL VALUES:

L __ 2Bho,
W= 145 N2 min = o~ 25
A=05 E = 150 GPa
em —450m

h=120cm o, = 480 MPa
Find minimum length L.

323

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.8-10

STRAIN ENERGY WHEN SPRING IS COMPRESSED TO THE
MAXIMUM ALLOWABLE AMOUNT

2 7
0 = ke _ kd”

2 2

CONSERVATION OF ENERGY

il 7

Wl kd® ,  kd?

KE=U =
% 2 T Wi
|k
V= vm — == —
k=80MN/m  W=>545kN N wig
d = maximum displacement of spring SUBSTITUTE NUMERICAL VALUES!
d = 8., = 450 mm [ 8.0MN/m

¥V, = (450 mm)
- V (545 kN)/(9.81 m/sD)

= 5400 mmfs = 5.4 mis <«

Find 14may.
KINETIC ENERGY BEFORE IMPACT
M2 Wil

2 2p

KE =

324
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Problem 2.8-11

k=176 kN/m W= 14kN
v = 8 km/hr
g =9.81 mfs?

SHORTENING OF THE SFRING
Conservation of energy:

KE before import = strain energy when spring is fully
compressed
M k8L
2 2

325
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fIM‘vI
Solve for 8 Spux = T =

SUBSTITUTE NUMERICAL VALUES:

14000N BOODm)
Wyt 3600s 200
Brnx = 1|||I gk N = 200mm
1?6000

Bpne = 0.2m = 200mm <
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Problem 2.8-12

W = Mg = (55 kg)(9.81 m/s?)
=53955N

EA=23kN

Height: h = 60m

Clearance: C = 10 m
Find length L of the bungee cord.

PE. = Potential energy of the jumper at the top of
bridge (with respect to lowest position)

= WL + Buan)
U = strain energy of cord at lowest position
_ EASL.,
2L
CONSERVATION OF ENERGY
EABL
PE =U WL+8,,)= um
* 2WL W2

Or  Omax ~ gy Omax ~ = =0

SOLVE QUADRATIC EQUATION FOR 8 may:

B[ ()

WLI ( ZEA)W]
= 1+11 4+ —

EA W
VERTICAL HEIGHT

h=iG+ Lot G

WL 2EA ”1]
k8= b =
o ik e

Sorve For L

k—C

1+ o (14 224)°
EA W

SUBSTITUTE NUMERICAL VALUES:

W 33955N
A 23kN 0.234587

Numerator =h —C=60m — 10m=50m
Denominator = 1 + (0.234587)

) 12
b4 L
[I i (] ¥ 0.23453?)

= 1.9586

S0 m
= = —
10586 ~ Do m

e
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Problem 2.8-13

W = Weight

Properties of elastic cord:

E = modulus of elasticity

A = cross-sectional area

L = original length

O max = €longation of elastic cord

F.E. = potential energy of weight before fall {with
respect to lowest position)

PE. = WL+ 8,,,)
Let IJ = strain energy of cord at lowest position.
 EAbpus

U
2L

327

CONSERVATION OF ENERGY

EAB:
PE.=U WL+8,)= 2;“
3 IWL 2WL2
2 3 =0

® ="Em

SOLVE QUADRATIC EQUATION FOR 8,

e[ ()
m™E O EA EA EA

STATIC ELONGATION

Oy = ﬁ

EA

IMPACT FACTOR

B 2EA |12
=141 +==
|1+ 2]

NUMERICAL VALUES
b, = (2.5%)(L) = 0.025L

WL W EA
A i v AL 2 e
By 0.025 40

Impact factor = 1 + [1 + 2(40)]'? = 10
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Problem 2.8-14

GEOMETRY OF BAR AB anD corp BC

o
-
-

'3 ¥’ B
& .
w
[ L
CD=CB=1b
Ricin sar: B2 I
5 AD =AB= L
W= Mg =(1.0ke)98] mfs-
" e * ht = height of center of gravity of raised bar AD
=031 N ‘
s = elongation of cord
L=05m : , b
“rom triangle ABC:sin = ————=
NyLom corn: \-"’!?L-F_ff
=3 2 cos f = ey
A = 30 mm ——
e . ! M 2
E=21GPa mellm,‘lﬂ.umiﬂ—dﬂ— T

From Appendix C:sin 20 = 2sinfcos @

-E=1( b )( L )= 261
LN s 2NV 1 ¥+ 12

Find maximum SIiress orge, in cord BC.

bi?
d k= ——m—m 74|
= b+ 12 52
CONSERVATION OF ENERGY Substitute from Eq. (1) into Eq. (3):
F.E. = polential energy of raised bar AD . W IWIAE
gy — e — =1} (Eq. 4)
B A 24t
=W(f;+ mu) Ap? + Y
2 SOLVE FOR Fmax:

EAB; 7

U/ = strain energy of stretched cord = — P W] L 8LEA } PR
2b max N T T
A Wb + L)

PE=U W (,l, Ll ﬂ;“) = EAjj‘” (Eq. 2) SUBSTITUTE NUMERICAL VALUES:
Tmx = 33.3MPa =
For the cord: 6., = U“;Ib
Substitute into Eq. (2} and rearrange:
w IWhE

Ooax — 7 Omax — —p— =0 (Eg.3)
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Problem 2.10-1

P=13 kN t =6 mm (b) STEPPED BAR WITH SHOULDER FILLETS

(@) Bagr c (b = 150 mm) b= 100mm ¢ = 64 mm; obtain K from Fig. 2-86.

Obtain K from Fig. 2-84 T nom = L = 33.85 MPa
ct

Ford=25mm:  c=5—d=125 mm ForR =6mm: Ric =0.1  bic=1.5

P
o = — 1733 MPa K=1225 0pnw =Koy =76 MPa
ct
For B = 12 mm: R/c = 0.19, hic = 1.5
K =187 oy = KO = 61 MPa

dib = 0,167 K = 2.60
Coax = KOpom = 45 MPa <
Ford = 50mm: c =b —d = 100 mm

P
7 nom = — = 21.67 MPa

dib =033 K = 231
Toax = Kogom = S0 MPa
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Problem 2.10-2

P=25kN = 5.0mm

(a) Bar WiTH CIRCULAR HOLE (P = 60 mm)
Obtain K from Fig, 2-84
Ford =12mm:c=b —d =48 mm
P 25kN

—_— =
cf (48 mm) (5 mm) S

"Jmm

1
dfbﬂg K =251

Tras = Koo =26 MPa —
For d = 20 mm: ¢ = b — d = 40 mm

P 25kN

Toom =04 = (40 mm) (5 mm) 12.50 MPa

d.l’.b-% K = 231

Oax = Korpoy = 29 MPa  +—
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(b} STEPPED BAR WITH SHOULDER FILLETS

330

b = 60 mm ¢ = 40 mm;
Obtain K from Fig 2-86
P 2.5kN
T = o = @Omm) G ) MPA
For R = 6o mm: Ric = 0.15 bl = 1.5

K = 2.00 Omay = KTpom =25 MPa +
For R = 10 mm: R'c = 0.25 bice= 1.5
K=1.75 Omas = KOpom =22 MPa
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Problem 2.10-3

d
P P —
——
Q{ b K P*
] 3.00 0.333
) 0.1 273 0.330
I = thickness 0.2 2 50 0.320
ey = allowable tensile stress 0.3 2.35 0.298
; y =
Find P, 0.4 2.24 0.268
Find K from Fig. 2-84 We observe thal FP... decreases as 4/ increases.
o e Therefore, the maximum load occurs when the hole
Py = Fpomtl = ——¢t = iri{b — it becomes very small.
d
_ur,br(l f.i') (E_“D and K—"J-)
- b
. i
Because o, b, and 1 are constants, we wrile: P = i —
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Problem 2.10-4
p ld1=26rrun 1d|=2n mm Use Fig. 2-87 for the stress-concentration factor:

P
- e T { : — » = SEA; - (13
e o oz
! L | Al oA + LAz H-!(Al)+ L

: A
8K
dai'y?
E = 100 GPa 2.'.3(?:) ¥ Li
& =0.12 mm 2
SUBSTITUTE NUMERICAL VALUES:
Ly=0.1m

(0.12 mm) (100 GPa)
Li=03m @ nom = = 28.68 MPa

20\?
2(0.1 m) (7_5) + 0.3 m

26 mm — 20 mm

B = radius of fillets = . Imm
) LR T
a_z(£)+& I}]_Eﬂmm_ I
EA; EA)
SEALA; Use the dashed curve in Fig. 2-87. K = 1.6
Solve for P; P
2L:A; + LAy oy ™ Kergom = (1.6) (28.68 MPa)

=46 MPa <
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Problem 2.10-5

PL,\ PL
5= 2(—2) + L

p ‘.il-zaﬁmm .;:;=25mm ‘dl: .EAz E-‘l]_
— I Y SEAA
1 i Solvefor P:P=——— 12
T — .E:—': 2}‘_.2_.»‘1.1 +L1Ag_
Use Fig. 2-87 for the stress-concentration factor.
E=170GPa
o P __ 8EA 8E
& = 0.1 mm nom Al ELZAI + LlAE N ﬂ B
L, =500 mm 2 1, + Ly
Lz = 125 mm _ 8
I6mm — 25 mm d :
R = radius of fillets R = > 2L, A + Ly
= 5.5 mm

SUBSTITUTE NUMERICAL VALUES:

(0.1)(170)
& om = o2 — 27.30 MPa
125 =] + 500
[2‘ 1‘(35) ]
i _ 5.5 mm _ 02
D, 25mm

Use the dashed curve in Fig. 2-87. K = 1.53
Tmax = KO pom = (1.53)(27.39 MPa)
=419 MPa <+
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Problem 2.10-6

Fillet radius; R = 2 mm
Allowahle stress: o, = 80 MPa

(a)

COMPARISON OF BARS

_ ) el
Prismatic bar; A4 = o dp = :rr(T)

f=r

= (80 MHJ(%)(‘.’Hmm}] =251 kN —

Stepped bar: See Fig. 2-87 for the stress-concentration
factor.

R =20 mm Dy = 20 mm Dy =25mm

R/Dy = (.10 DDy = 1.25 K=~ 175
dﬂ = ) mm P_" .r.|_1 .
Tpom ™ == Tpom ™
dy = 20 mm ey Eﬂr% A e K
dy; = 25 mm 4
N _ Fracy (b) DIAMETER OF PRISMATIC BAR FOR THE SAME
B = O gom Ay = K A= KA' ALLOWABLE LOAD
80 MP: ) 3 1 1
= (—I ?Sd)(%){mmml" A=h Ur(“’fn) = %(’-'Tft) ds = ?l
dy 20 mm
= |44kN = === = 15.1
b =K = VD i

Enlarging the bar makes it weaker. not stronger. The

ratio of loads is P)/P; = K= 175
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Problem 2.10-7

#

g 6[.} o Basep vron HOLE (Use Fig. 2-84)
c= 40 mm b = 60 mm d = diameter of the hole (mm)
Fillet radius: R = 5 mm eyl .
Find s Poy = Coupm it = %(h —dn
ig. 2-86. 1 d
Basep vron FILLETS (Use Fig. 2-86.) =T((1 _E)bfﬂ'm
b =60 mm ¢ =40 mm R =5mm
Ric=0.125 bic = 1.5 K =210 d(mm) d/b K P/ B max
_ _ Omax ., Oam € 12 0.20 2.5 032
Frnax = @ o€t = ——¢f = — (3)(”’) 13 0.22 245 0318
14 0.23 24 0321
OBLTE Pona 15 0.25 2.35 0319
a3 » Based upos hole
! £ Based upon fill=is
034 g7 L '
!
- 0.31 4 " o= 130 o
T 030 - o [
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Problem 2.11-1

STRAIN AT DISTANCE X

%7 —F Let A = cross-sectional area o o@fo\ y  agfx\"
_1_ Let N = axial force at distance x A= E ¥ E (E) N E % E(u_n)
dx N = yAx ELONGATION OF BAR
— " L L L
F it N 9 e 7 o
;: !l; U=I=TX E:fgd‘[:f-dT I+_ﬂ (T_)d_r
i 0 o E E Jy \op
x|
] L2 ol [4L\"
i -y L(T—) QED. <«
| 2E (m+ DE\ ap
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Problem 2.11-2

B P C
A 3 ,_,l_ : t__}:f (c) BotH P AND P> ARE ACTING
A+R A kN
. el2 4 _&4] ABir = ———= = = = 1875 MPa
| 3 | ] A 480 mm
& = 0.008477
L=18m A = 480 mm’ i
Py =30kN P, =60kN Y E(T) = 10.17 mm
Ramberg—Osgood equation: P 60 kN
10 BCo=—=——>=125MPa
g = L] + L(_) (o= MPE] A 480 mm
45.000 618\ 170 & = 0.002853
Find displacement at end of bar. L
dpc=¢e| — | = 1.7l mm
(a) P} ACTS ALONE 3
P J0KN 8 =dsg + 8pgc=11.88mm <+
ABig =— =—— = 625MPa Tl
A 480 mm*
_ (MNote that the displacement when both loads act
e = 0.001389 simultaneously is nof equal to the sum of the dis-
2L lacements when the loads act separately.
8. = e(—) = 1.67Tmm < ? B ¥
(b} Pz ACTS ALONE
60 kN
ABC:er =ﬂ = ———= 125 MPa
A 480 mm”
g = 0.002853

d.=el=513mm <+
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Problem 2.11-3

1d
P P
- ‘|' d
I~ L "
L = 810 mm d =19 mm
ad?® w19?
A=— A=—=7283529
4 4
(a) STRESS-STRAIN DIAGRAM
_ (180908 ) 800) 0 = e =003 (o=MPa)
7 =\15300¢ )65 0= =003 (o=
“ slope =124 GPa
L L T S——— S
¥ Asymptote = 420 MPa
Py 2%
140 - |
Ry e PN 3 £
0 001 002 003

338

(b) ALLOWABLE LoaD P

Max. elongation 8. = 6 mm
Max. stress og,, = 275 MPa

Based upon elongation:
ﬁma.x 6 -3
Emax = I —BIG—TAIJTXIEI

18,0008,
— 6800 ———max
Tmax (1 + 30080

80 max. stress controls.

) = 281.752

B asED UPON STRESS:

Po=0cmu A
P,=T99kKN <
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Problem 2.11-4

P . P
o i T -
- L -!

L=20m
A = 249 mm’

STRESS-STRAIN DIAGRAM
(See the problem statement for the diagram)

LoAD-DISPLACEMENT DIAGRAM

P a = P/ £ & = el
(kN) {MPa) (from diagram) {mm}
10 40 (L0009 1.8
20 80 0.0018 3.6
30 120 (0.0031 6.2
40 161 (L0060 12.0
45 181 (L0081 16.2

504
40
30 A
P (kM)
2“ -
10
=T T T 1
0 5 10 15 20 & (mm)

NOTE: The load-displacement curve has the same
shape as the stress-strain curve.
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Problem 2.11-5

LoAD-DISPLACEMENT DIAGRAM

P P
co | P o=PA & (from d=el
. L ; (kN)  (MPa) Eq lorEq.2)  (mm)
35 27 0.00039 1.5
STRESS-STRAIN DIAGRAM T0 54 0.00078 3.0
106 82 0.00121 4.5
a 140 108 0.00275 10.5
. = 180 139 0.00462 175
7] ____,--"'
0] i 180 kN .
/ L e ——
£,/ | T rd
1354 106N !
% Paye i
0 € € P _"r"“r i
(kN) o0 _-; i 17.5 mm
45 4.5 mm !
E, = 69GPa ' E
0 - & (mm)
E; = 16.5 GPa 0 5 w15 20
o = 83 MPa
L _ o1 _83MPa
'"E, 69GPa
= 0.0012

For0 = = oy:

g

= — PA (1
e Z  69GPa (o ) (Eq. (1))
Foro = oy

T e A
BRI, e 16.5 GPa

o
= ops — 00038 (0 = P/A) (Eq. (2))
340
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Problem 2.11-6

~f

| 2b b

Wire: E = 210 GPa

oy = 820 MPa
L=10m
d=3mm
wd”

A= 4_ — 7.0686 mm>

STRESS-STRAIN DIAGRAM

o=Fe =0 =oy)

E n
o=oy (—3) (@=ay) (n=02)

oy
(a) DMNSPLACEMENT 8 AT END OF BAR
3 3
& = elongation of wire 8p = Eﬁ = EBL

Obtain & from stress-strain equations:

ok

From Eq. (1) & = 7(0 T

(1)

(2)

(3

4)

lin
I, . .02
From Eq. (2): & E(U‘],) (5)
3P

Axial force in wire: F = >

F 3P
Stress in wire: o0 = — = —— 6
ress in wire: o Y (6}

Procepure: Assume a value of P
Calculate o from Eq. (6)
Calculate £ from Eq. (4) or (5)
Calculate &5 from Eq. (3)

P o (MPa) e Eq. (4) Gp (mm)
(kN) Eq. (6) or (5) Eg. (3)
24 500.3 0.002425 3.64
32 679.1 0.003234 4,85
4.0 848.8 0.004640 6.96
4.8 1018.6 0.01155 T
5.6 1188.4 0.02497 375

For o = oy = 820 MPa:
e = 0.0039048 P =3864kN g = 5.86 mm

(b) LOAD-DISPLACEMENT DIAGRAM

&g =5.86 mm

|
(kN) 4 P 386 kN
a‘y 820 MPa

0

4 E:D &g (mm)
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Problem 2.12-1

Jomwt B
2F =0
Structure is statically determinate. The vield load Py s
and the plastic lead Pp occur at the same time, namely, QoyA)sin @ = P
when both bars reach the yield stress. Py=Pp=20A sinfl
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Problem 2.12-2

12

f

| L | £
| 2 T 2
d, = 20 mm dy = 25 mm oy = 250 MPa

DETERMINE THE PLASTIC LOAD Pp:

At the plastic load, all parts of the bar are stressed to the

yield stress.

Point C:

343

Fac = oyl Frg = oyda
P=FAC+FCB
Pp=oyA| + oz = oA + A7) <

SUBSTITUTE NUMERICAL VALUES!

Pp = (250 MPaJ(E)[d? +dd

— (250 MPa}(%)[[lD mm)® + (25 mm)?]

=201kN =
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Problem 2.12-3

(b) Bar AR 15 FLEXIBLE
Al the plastic load, each wire is stressed to the yield
stress, so the plastic load is not changed. <

(a) PrLasTIC LOAD Pp
Al the plastic load, each wire is stressed to the yield
stress. .. Pp = 3opd

F=f)’rA

(c) Rapius R 1S INCREASED
Again, the forces in the wires are not changed, so the
plastic load is not changed. <—
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Problem 2.12-4

F=uo

Sum forces in the vertical direction and solve for the
load:

Al the plastic load, all four rods are stressed to the yield Pp=1F + 2F sina

stress. Pp=20A (1 +sina) <
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Problem 2.12-5

Jomt E PrLasTiC LoAD Pp
Fye Equilibrium: At the plastic load, all bars are stressed to the yield
Fux r 3 4 stress.
“ / 2FAE(—) + EFBE(—) =p
. 3 3 Fap = oplag Fpp = oyipg
i o 6 8
: [ 8 =— -
*p P=§FAE+EFB_E Pp SUI'AAE"'S'T}'AEE —

SUBSTITUTE NUMERICAL VALUES:
Aqp = 200 mm® Agg = 400 mm?>
oy = 250 MPa

6
Pp= 3 (250 MPa)(200 mm?) +
8
5 (250 MPa)400 mm?)

= 60kN + 160 kN = 220kN <
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Problem 2.12-6

b—b

b—sfe— b —s— b —| F F F F p Atthe plastic load, all five bars

= . 1 are stressed to the yield stress
. f! o — - F =0y

Sum forces in the vertical direc-
tion and solve for the load:

2
o=
[ ——

P

1 2
.4 ”(ﬁ) ’ ZF(E) o

=${5V§ + 45 + 5)

o= . — 420310 —
i
A= Wj = 78.54 mm°’ Substitute numerical values:
= (4.2031)(250 MPa)(78.54 mm’
oy = 250 MPa B X ) )

=825kN <«
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Problem 2.12-7

1

d
d=15mm
oy = 290 MPa

Tensile stress = 60 MPa
(a) PrasTiC LoaD Pp

The presence of the initial tensile stress does not
affect the plastic load. Both parts of the bar must

yield in order to reach the plastic load.

348

SoPp=2oyA <

Pp = (2)(290 MP:])(%)(IS mm)?
— 102kN <«

(b) Pp is not changed.
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Problem 2.12-8

(b) PLASTIC LOAD Pp

[ L oy aryd

R A B ik

T & | B

L

P : i -~ | 4 | ._
l SN,

(a) YiELD LoaD Py ayd

Yielding occurs when the most highly stressed wire

: Al the plastic load, all wires reach the yield stress.
reaches the yield stress oy

M EMC =10
2 U]v'A _ 40'];'}4
- C e o At point A:
= S - A)(i) o
Py A S I
Elii Al point B:
; Wy ==
EMC = 0 g = A T oOp = T
Py=oyd <+ (¢) LOAD-DISPLACEMENT DIAGRAM
Al point A: P
— (ﬂ)(i) _od | P———
8 2 )\EA) ™ 2E P, : ;
At point B: i :
B il E
B A ¥ °E

349

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual


https://ravanbooks.com/books/9781337093354-solutions

Problem 2.12-9

A = cross-sectional area

oy = yield stress

E = modulus of elasticity

DISPLACEMENT DIAGRAM

FREE-BODY DIAGRAM

2b 1 b

EouiLiBriusm:

SMy=0=  Fy2b) + F{3b) = P(4b)

2y + 3F- = 4P (3)

FORCE-DISPLACEMENT RELATIONS

A B C D 9
Fyl FC(ZL)
dpg b 8p L EH M o
dp z ¢ A 4.3)
Substitute into Eq. (1):
COMPATIBILITY 3Pl 3Fgl,
3 =5
8¢ = 39 gy AR A
2 Fr=2Fy 6)
&p = 26g (2)
STRESSES From Eq. (3):
F F, m
- I-‘3 — T:‘.' R 7 2erpd) + 3opd) = 4P

Wire C has the larger stress. Therefore, it will yield first.

(a) YELD LoAD

oC oy
Te = Ty op=—=— (From Eq. 7)
2 2
1
FC'=U‘}'A FB_EU‘YA
From Eq. (3):

1
2(50,,,4) + 3(ayA) = 4P

P=Py=ayd

From Eq. (4):

B FBL = l‘J‘yL
B~ EA  2E

From Eq. (2):

Ll‘er
§D=§y=2€lg=? —

(b} PLASTIC LOAD
Al the plastic load, both wires yield.

g = Oy = 0O FB=FC=U—YA

5
P=PP=TJ‘}JA —

From Eq. (4):

5 _FBL_U':IL
BN~ B

From Eq. (2):

20ryL
8p = 8p = 26p =

(¢} LOAD-DISPLACEMENT DIAGRAM

P 5
Fp=h

ol

Py [emee- dp = 16y

=

[
5

S
(~]
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Problem 2.12-10

L=40m A = 480 mm* (b) PrasTiC LOAD Wp

§ E = 160 GPa Fp=opA Fi=0A
d = difference in length = 100 mm Wp=120A =4B8kN <
) 5 oy = 500 MPa &82p = elongation of cable 2
i INITIAL STRETCHING OF CABLE | = Fl(.'?ii) . UrELL = (0.125 mm = 125 mm
Initially. cable 1 supports all of the load.
Let W, = load required to stretch cable 1 S1p=03p +d =225 mm
to the same length as cable 2 Bp=8,p=225mm —
j_ W = %f = 192 kN (c) LOAD-DISPLACEMENT DIAGRAM
. Wp
&, = 100 mm (elongation of cable 1) W 50 ommmrmremse e :
(kM) ;
40 - !
W, Ed i
= Tl = T = 400 MPa [U’| = oy - DK) 0 —""'“'H‘I't'““ :I
204.. M/ |
(a) YiELD Loan Wy P i
Cable 1 yields first. F; = oA = 24 kN 107 . ;
&1y = total elongation of cable 1 0 3 ;:S“ ,595 ;
100 200 300 5 (mm)
&1y = total elongation of cable 1
W By
FiL _ ayL Y15 L-125
8|F=E=?=D.I25m=l25mm wl 2 1 :
8y =8y=125mm < e L
Wy By
87y = elongation of cable 2 0 < W < Wy: slope = 192,000 N/m
=8y —d=125mm W, < W < Wy: slope = 384,000 N/m
g B = g Wy < W < Wp: slope = 192,000 N/m
gy 8
Wy=F + F,=24kN + 48kN
=288kN =
351
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Problem 2.12-11

L = 380 mm P

¢ =0.26 mm

E = 200 GPa

oy = 250 MPa —L
Tuee: Cr T
dy, =76 mm

dy = 70 mm
d, = 38 mm T L

L 2
Ap = —(d3 —
T 4(2 i)

T
Ap = —d]
B = 4%

INITIAL SHORTENING OF TUBE T Sgp = shortening of bar

Initially, the tube supports all of the load. oyl
Let P, = load required to close the clearance T T 0.475 mm
EA - -
.P1=_TC=94.1kN dyp = dgp + ¢ = 0.735 mm
dp=drp

Let 8, = shortening of tube &, = ¢ =0.26 mm
P (c) LOAD-DISPLACEMENT DIAGRAM
= A—l =1368MPa  (oy <oy . OK)

T
500 -
Pp=456kN
(a) YIELD LOAD AND SHORTENING OF TUBE p R .
Because the tube and bar are made of the same (kN) 400 i
material, and because the strain in the tube is larger i
than the strain in the bar, the tube will yield first. m_____f'_}f_:’lq-:'_lilﬂ _____ :
i i
Fr=oAr=172kN | ;
81y = shortening of tube at the yield stress 200 E i
Pi=94.1kN ! |
oy =T = 0475 mm 100 +-------- ; i
E | 5,026 | 5y=0475 | 5,=0.735
dy=4drr 0 : : mm. : n::m i .m
&gy = shortening of bar 0.2 0.4 0.6 0.3

=8 — ¢ =0.215mm

Py 5y
EA — =319 — = 1.827
_ B _ -Pl 31
Fg = —"8py = 1283 N
Le _ysi7 22y
Py=Fr+ Fg .P}-' ’ Y '
= 300 kN P,
0 <P < Ppsl = — 1 = 362 kN/
Pym 00KN 12 slope = & slope 'mm
Py— P
(b) Prasmic 1oap Fp Py < P < Pyislope = Z——~ slope = 959 kN/mm
F;r = G'YAT FE = oydpg ¥ !
_ _ FPp — Py
Pp=Fr+ Fp = ovAr + Ap) P| << P < Pp:slope = F—— slope = 597 kN/mm
=456 kN i !
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Problem R-2.1

E;, =210GPa E. = 120 GPa

Displacements are equal: g, = 8,

PL PL
or =

E A, EA;
S0 EA; = E-A-

A E
and —=—"

A&‘ [

md;
4 ES dﬂ' 5
=— S0 —=,/—=1323 «
('n'd%) E; ds E,
4
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Problem R-2.2

L=45m
A = 4500 mm?

E =170 GPa
8pan = 2.7 mm
Statics: sum moments about A to find reaction at B
L L

P= +pP=
2 2

Ro =
B L

Rg=P

Method of Joints at B:
Fag =P (tension)

Force-displ. relation:

EA
Pmax=Tarm=4‘59kN -

- . _ PTEIEK _
Check normal stress in bar AB: o= T = 102.0 MPa

354

lP
C P

45° 457

A B
A N
| |

< well below yield stress of 290 MPa in tension
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Problem R-2.3
E=110GPa A = 250 mm?
a=2m b=075m

Py Py
c=12m R —> W+—2>:

) B c D
L A
P =15kN  P,=10kN a4 ¢

Py =8kN

Segment forces (tension is positive): Nig=P1+ P, — P;=17.00 kN
Npe = P; — P3 = 2.00 kN
Nep = —Pa = —B.O0OKN

Change in length:

1
ép = E{NABG + Ngob + Nepe) = 0.942 mm —

dp

— = —2384x107*
a+b+rc

Apositive so elongation
Check max. stress:

N,
TAB = 68.0 MPa =< well below yield stress for brass, so OK
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Problem R-2.4

L=25m P=125kN

dy

d; = 18 mm dy = 12 mm

=T}

E=110GPa -o—I_J'?,—H—Lu"E—-‘

A = %dﬁ — 254.460 mm>

Ay = gdf — 113.097 mm?
Volume of nonprismatic bar:

L
Voluoprismatic = (A1 + A2) 5 = 459458 mm’

B ) i Vﬂ]nﬂnprisﬂalic
Diameter of prismatic bar of same volume: o= |——

= 15.30 mm

T
—L
4
T

Aprismatic = 7,-d” = 184 mm’

Virismatic = Aprismatic L = 459,458 mm*
Elongation of prismatic bar:

PL . .
§= ———=309mm <+ < lessthan 4 for nonprismatic bar
EApnsmanc

Elongation of nonprismatic bar shown in figure above:

PL{ 1 1
=—(— + —) = 3.63 mm
2E \ A Az

356

© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Mechanics of Materials S| Edition 9th edition Goodno Solutions Manual

=Y


https://ravanbooks.com/books/9781337093354-solutions

Problem R-2.5

Forces in Segments | and 2: Se it | Segment 2
P —P
Nj=— Ny=—
2 = 2 d 3 4
| 4 A
Displacement at free end: 1 P
] > 2P = T
33 _ Nl.I " NE{L - _1'} I i 2 3
3 EA 7
E EA < x we—L—x— &
P —F
) ! . 279 pr-sy
: (3 ) EA 2AE
E 1.4

Set &3 equal to PL/EA and =olve for x:

P(L—59) PL _
2AE EA

PL=50 PL_ o e, POL=50)
YAE Eél._ smplily then solve Tor Xt JAE =

Sox =3L5

357
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Problem R-2.6

E=1210GPa L=45m d =12 mm

A K
ril” -
A=——=113.007 mm*
4
KN
m
W = yLA = 5598 N ‘
s WL GLAL B
2= 2EA B 2EA
5 TLE—{IDSB
80 8= = 0.053mm

= 0.050 MPa

W
Check max. normal stress at top of bar oy, = "

=< ok - well below ult. stress for nylon
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Problem R-2.7

Eqn =170 GPa Ep =96 GPa
dy = 6 mm dy = & mm

da = 12 mm L = 100 mm
T
4

A, = —(di? — dy*) = 62.832 mm?

_m.a_ 2
Ap = 4&'1 = 28.274 mm

Compatibility: by = B

Py L Pl P - EmAm
EnA,  EpA, " EpAy

Statics: Py +P,=PFP 80

Set 8, equal to .10 mm and solve for load P:

Pyl EpAp

& =
b By A, L

EpAp
and then P = I dpl 1 +

S0 Pb =—3b

dp = 0.10 mm

) = 1340kN

359

Monel shell

Brass core
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Problem R-2.8

E, = 210 GPa

dr =12 mm dp = 15 mm

A = Edf — 113.097 mm?

_T a2 _ 2
Ap = 7dp = 176.715 mm

a, = 12(107%)/°C
T, =45MPa o, =T70MPa

Force in rod due to temperature drop AT: And normal stress in rod:
F,
F. = EA (o) AT o, = T
.
50 AT nay associated with normal stress in rod:
o
AT nred = z ; =278 <+ degrees Celsius (decrease) << controls
E-E
. . F,
Now check AT based on shear stress in pin (in double shear): Tpin = A
rel
Ta(2ZAp)

AT L=
TR E A,

= 55.8
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Problem R-2.9

E,=210GPa d.=15mm  d,=22mm rod, d, washer, d,,
- AT | 4

A, = —d? = 176.7 mm?
! !

A, = %{dﬁ — d?) = 203.4 mm?

o, = 12(107%/°C
Op = 55MPa o, =90 MPa

Force in rod due to temperature drop AT: And normal stress in rod:

F,
E, = E;A {0 ) AT 2

So AT, associated with normal stress in rod:

T,
ﬁrruaxmd= E -

R

=35.7 degrees Celsius (decrease)

Now check AT based on bearing stress beneath washer:

F
oy =—
w

GAW
AT, TbalAw) _

= 251
awasher EAa,

«— degrees Celsius (decrease)
< controls
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Problem R-2.10

Copper tube
E,=210GPa E.=110GPa L=05m N\ .
A= 400 mm? A, = 130 mm? 7 Il
n=025 p=125mm Iff |
Steel bolt

Compatibility: shortening of tube and elongation of bolt = applied displacement of n x p

P.L P.L
= np
EA,  EA,;
Statics: P. =P,
Solve for Py
P.L N P.L —ap
EA. | EA, "

Stress in steel bolt:

Py
s =~ =8L.0MPa

F

Stress in copper tube:

_B_
o, =— = 263 MPa
A

fa

fn
of P, = P = 10.529kN

1 1
(G
EA,  EA;

«— < tension

< compression
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Problem R-2.11

a = 38 mm b = 50 mm

A = ab = 1900 mm’ P !r ‘/b 7 P
o, = 50 MPa Pl

Ta=24MP3. L;

Bar is in uniaxial tension $0 Tgax = Omax/2: since 27, << o, shear stress governs.

Pom = 27, A=912KN «

363
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Problem R-2.12

E=110GPa d=20mm T |3 |4 S )
a, =19.5(1076)/°C T=85N ’

A= %dz — 3.14 mm?

MNormal tensile stress in wire due to pretension T and temperature increase AT:

T
=— — Eay AT
o A o,

Wire goes slack when normal stress goes to zero; solve for AT:
T

A
AT = o +12.61 «— degrees Celsius (increase in temperature)
b

364
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Problem R-2.13

E=110GPa d=10mm ld
Ta 2
=Id = T78.54 mm

A=
W T

o
g

P=11.5kN
Mormal stress in bar:

o= — 146.4MPa
A
For bar in uniaxial stress, max. shear stress is on a plane at 45° to axis of bar and equals 1/2 of normal stress:

rm=g=73.21'vﬂ’ﬂ -
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Problem R-2.14

P=200kN A=3970mm? H=3m L=4m P
Statics: sum moments about A to find vertical reaction at B
B = _TPH = —150.000 kN
(downward)
Method of Joints at B:
CByen = —Buent CByosz = %C‘B.,m = 200.0 kN
So bar force in AB is: AB = P + CByoz

= 400.0 kN (compression)

AB
Max. normal stress in AB: Tag = el 100.8 MPa

Max. shear stress is 1/2 of max. normal stress for bar in uniaxial stress and is on plane at 45° to axis of bar:

ir,
rm=T’”’=50.4MPa —
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Problem R-2.15

@y = 78 MPa

Plane stress transformation formulas for uniaxial stress:

L
T, 2
o, = o and o, =
cos(f)* sin(f)?
A\ on element face M on element face
at angle @ at angle § + 90

Equate above formulas and solve for o,

1

2 = —
tan(@) 5
S0 t?=arctan(—l )=35264°

V2 )
ﬂ'ﬁ

o, =

cos(§)*

g2 g

NN
AN

= 1170MPa  also 7, = —o,sin(§)cos(§) = —55.154 MPa

Max. shear stress is 1/2 of max. normal stress for bar in uniaxial stress and is on plane at 45° to axis of bar:

Oy

?=53.5I\"[Pﬂ —

rmu.x
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Problem R-2.16

a

o wdy” 7(18 mm)°
Prismatic bar Py 0 = Tallow = /- (75 MPa) —a |- 191 kN
R 2 d’ 23
Stepped bar — = —2 _ 0,100 — ="M _ 1250 so K= 175
dy mim dp 20 mm
From stress conc. Fig. 2-66:
3.0 2
J_ "Dl
1.5 ‘ _ 13
2.5 ]
K B — Jmax S
1.1 \ 5 T om0
2.0 \ <
e %
K=175
L -1 TTemsa \‘"-,___1
s i R S S
1.5 2| &H e et M
0 0.05 0.10 0.15 0.20 0.25 0.30
R
D,
2 2
T yllow [ Tl 75 MPa | (20 mm}]
= — — = = 3.
Fama K(4)(K)[ 7 1IN
P 19.1 kN
Lo — 141 «
Py 13.5KN
368
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