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Fig. 3-22.

Thin-walled member of variable thickness.
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2.39 The rigid bar ABCD is suspended from four identical wires. Determine
the tension in each wire caused by the load P shown,

: A B C \ D
’ : . D
Answer: Ty = P/5, T, =2P/5, T,=P/10, T.=3P/10. _
- ‘ . )
ot [ et "’—'L_—"i"'_'[f"_'“
Flg. P2.39
2.45 Determine (a) the compressive foree in the bars shown after a tempera-
ture rise of 200°F, (D) the corresponding change in lenglh of the aluminum bar.
Answer: P = =52 kips, §6,, = 0.0124 in. .
0.02 in
-"-I' 12in | 15 in. i
. A A o ,
E R ; . 0.5 mm-
E\'.-,::'_ T ARG ~——— 300 | =230} 11111y ~—>
Bronze : Alunminum .
A =25in A =32 i
E =15 x 109 psi E =10 x 10 psi “la
=101 x107°F  a=12.8 x J0~0/°F !
Flg. P2.45 : :t
Alinum Stainless steel
A= 2000 nim? A= R00 mm?
v o= T0 0P _ o= 190 G
Cee= 2t B o= 18 10 e

2.46 At roow temperature (20°C) a 0.5-mm gap exists hetween the ends of Fig. P2.46 and P2.47

the rods shown. Ata later lime when the temperature reaches 140°C, determine
(a) the normal stress in the aluminum, (b) the exact length of the aluminum rod,

Answer: 0,, = —114.6 M Pa, L = 300.34 mm.

- - 2.47 Knowing that a 0.5-mm gap exists belween the rods shown whcn the
tcmpuahu is 20°C, determine (a) the temperalure at which the normal stress in-
the stainless steel rod will be o = — 150 MPa, (b) the corresponding exact length

- of the stainless steel rod. C

Answer: T' = 103.7°C, L = 250.18 mm. - ' : .
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2.39 Therigid bar ABCD is suspended from four identical wires. Determine
the tension in cach wire caused by the load P shown,

Answer: Ty, = P[5, T, =2P/5, T,=P/10, T, = 3P/10.

2.45 Determine (a) the compressive force in the bars shown after a tempera-
ture rise of 200°F, (1) the corresponding change in length of the aluminum bar.

Answer: P = -52 kips, §, =0.0124 in.

0.02in.

-l } 12 in, ! 15 in. i
gl 1 1
: R

t — TR
i b —]
Kaa F I 4 ELR ]

Aluminum

Bronze
A =25in? A=3in?
E =15 x 10° psi E =10 x 108 i

i

a=101 x 1076/°F @

12.8 % 10~0/°p
Flg. P2.45 »

R}

2,46 Atroom temperature (20°C) a 0.5-mm- g exists between the ends of
the rods shown, Al a later time when the temperature reaches 140°C, determine
(a) the normal stress in the aluminum, (b) the exact length of the aluminum rod.

Answer: 0, = —114.6 M Pa, L = 300.34 mm.

2.47 Kunowing that a 0.5-mm gap exists belween the rods shown when the
temperature Is 20°C, determine (a) (he temperalure at which the normal stress in-
the stainless steel rod Will be 0 = =150 MPa, (b) the corresponding exact length
of the stainless steel rod: C .

Answer: T = 103.7°C, L : 250.18 mm. -

B atagttngs 8404 VS R CUESTROGURILE AT

A B} ¢ | D
([ D
‘ I)
P S B —
Fig. P2.39
0.5 mmy

s 300 Myp——— l—-——-25() Min——e

P
- Ay
‘ ¥
PlA :
i
K
A Stainless steel
A= 2000 mm? A= 800
Io= 70 A 190 i

[LH

L= 23 %010, e w= 18 % 107 bec

Fig. P2.46 and P2.47
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2.39 - The rigid bar ABCD is suspended from four identical wires. Determine
the tension in each wire caused by the load P shown.

Answer: Ty, = P/5, T, =2P/5, T,=P/10, T.=3P/10.

2.45 Determine (a) the compressive force in the bars shown after'a tempera-
ture rise of 200°F, (b) the corresponding change in length of the aluminum bar.

Answer: P = -52 kips, &, =0.0124 in.

Bronze Aluminum

A =25in2 A =3in?

E =15 x 10° psi E =10 x 10° psi

a=101x10"6°F «a=12.8 x 107%°F
Flg. P2.45

2,46 At room temperature (20°C) a 0.5-mm gap exists hetween the ends of
the rods shown. At a later time when the temperature reaches 140°C, delermine
(a) the normal stress in the aluminum, (b) the exact Jength of the aluminum rod.

Answer: 0,, = —114.6 M Pa, L = 300.34 mm.

- - 2,47 Knowing that a 0.5:mm gap exists belween the rodls shown when the
temperature is 20°C, determine (@) the temperature at which the normal stress in-
the stainless steel rod will be 0 = =150 MP'\ (b) the corresponding exact length
of the stainless steel rod- . .

Answer: T' = 103.‘7"0, L H=' 250.18 mm. .

j \«\-, bt ML IUES T QY fx‘W!zw,q,, o |

C

D

Py

Flg. P2.39

s 300 N ———

Aliminum
A= 2000 mm?
o= 7000
L= 23 x ) e
Fig. P2.46 and P2.47
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0.5 mm-

~——250 min—»

Stainless steel

A
I

[d4
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800 12
190 Gia
18 % 107 firege
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2.39 The rigid bar ABCD is suspended from four identical wires. Dectermine
the tension in each wire caused by the load P shown.

Answer: Ty, = P/5, T, = 2P/5, = P/10, T, = 3P/10.

2.45 Determine (a) the compressive force in the bars shown after a tempera-
ture rise of 200°F, (b) the corresponding change in length of the aluminum bar

Answer: P = -52 kips, §, =0.0124 in.
0.02 in
*—l' 12in ! 15in. i
; AR
[ — SRS

!

St W

Aluminum
A=3in?
=10 % 109 si
a=12.8 % J0~f/°F

Bronze
A =25in?
=15 % 10° psi
a =101 x 10~9/°F
Fig. P2,45

%

2,46  Atroom temperature (20°C) a 0.5-mm gap exists helween the ends of

the rods shown. At a later time when the temperature reaches 140°C, determine
(a) the normal stress in the aluminum, (b) the exact length of the aluminum rod

Answer: 0, = —114.6 M Pa, L = 300.34 mm.

2.47 Knowing t]mt a 0.5-mm gap exists between the rods shown whcn the -
tcmpemhnu is 20°C, determine (a) the temperature at which the normal stress in

the stainless steel rod will be 0 = ~ 150 MPa, (b) the corresponding exact length
of the stainless steel rod: Co

Answer: T = 103.7°C, L : 250.18 mm.

gt 40V S LIRS, (e vy
Y V.
AL B C D
e D]
‘ l,
ot b | —]
Flg. P2.39
0.5 mm
~—— 300 i ———— |~ 250} 11341y —m
i la
f iy
! ki
Alnminum Stainless steel
A = 2000 mm? A= KO0
o= 5001 ) 1= 190 Gl
Coe= 2 ) e =18 % [ Bee

Fig. P2.46 and P2.47
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A wire 100 cm. long is subjected to non-uniform heating so that the exten-
sional strain along the wire is proportional to the distance from one end of
the wire. Exx(x) = KX :

1f the wire stretches 1 cm., what is the extensional strain at the
center of the wire? ‘ ' Ty o
€ = 1072
A wire is in the form of a circular hoop
as shown in ¥Fig. 3.2. It is heated
non-uniformly so that the extensional
strain along the hoop is glven by
€, =kSin20. Calculate the increase
in length of the deformed hoop.

Ll = kRu

‘A rectangular platé is deformed so that the lower edge falls along a para-
bola as shown in Fig. 3,9, and no point of the plate displaces in the x
direction. Compute (exactly) Yyy(x) anywhere along the lower edge of the
plate.

Y. . = Tan—l(Zax) o}
Xy
)

- . . y= UK
L Fig.3.9
Before L= T After
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TORSION

The determmatlon of the stressés in noncircular members subj&d
to a torsional Ioadmg is beyond the scope of this text. However, i
obtained from'the mathematical theory of elasticity for straight bars With
uniform rectangular.cross section will be indicated here .for.cor
ience.t ."Denoting by L the length -of the bar, by a and b, respectrv
the wider and narrower side of its cross section, and by T the magnit
of the torques applied to the bar (Fig. 3.47), we find that the maximy

-shearing stress occurs along the center line of the wider face of th

ind is equal to
y T
max — 7o - 3
i c,ab? (

The angle of twist, on the other hand, may be expressed as
_TL R

c2ab®G

The coeflicients ¢, and ¢, depend only upon the ratio a/b and are glve

Table 3.1 for a number of values of that ratio. Note that Eqs. (3.43) an?
(3.44) are valid only within the elastic range.

Table 3.1 Coefficients for
Rectangular Bars in Torsion

_alb - ¢ - c - }
- 1.0 70.208 0.1406
1.2 0.219 0.1661 -
1.5 0.231 0.1958
2.0° 0.246 0.229 - «
2.5 0.258 0.249
3.0 0.267 0.263
4.0 0.282 0.281
5.0 0.291 0.291
10.0 0.312 0.312
0 0.333 0.333

We note from Table 3.1 that for a/b = 5, the coefficients ¢; and ¢, af.
equal. It may be shown that for such values of a/b, we have

€L = Cg= i(l -0, 630b/a) (for a/b = 5 only)

The dlstnbutlon of shearing stresses in a noncircular member may5el
visualized more easrly by using the niembrane analogy. A homogen
elastic’ membrane attached to a fixed frame and sub_]ected to a unifory
pressure on one Of its sides happens to constitute an analog of the- b ¥
torsron i. e  the determmatlon of the deformatron of the membr:

%

{See S. P.T‘Ti}noéhééko‘ and I.'N. Goodier. Theoru of Elasticity. 3d ed. MeCriw! Wil







[ANIYE ATIA DTIRN N'7'7onn
1 77NN MIN

40D 72N

I. In the folowing problems, points of a plate (0. < x < 1, 0 <y < 1) lying in the x-y plane undergo
displacements u and v in the x and y-directions respectively. For cach case : ’

(a) Compute the strains ex Séxx , €y=tyy, and exy = Txy/2-

(b) Determine the principal strains, principal directions and the maximum shear strain.

(c) Plot the deformed shape if a=b=c=0.1

Case (1) u=ax+by, v=Dbx+cy, 0 <a,b,c << 1
Case (i) u = ax , v=0, 0<a<<l
Case (jii) u = ax + bx?, v = -2ax , 0<ab<<]

2.66. Al poiut I in o surface, Lo reclangular coordinate syslems are consbructed
ns shown in Fig. 12,65, All slrains given below have been multiplied by 105, indi-
eated by the symbol i, which stands for micro-, i.e,, 1078 Thus o sbrain of € = 300 v,
is actunlly € = 300 X 10~% = .0003.

' X l i
(1) €z = 2005, € = 400y, vz = 8004, 0 = 30° \ Pl
Tind: e, € Ynt. . l/(,;x\
(1) €5 = =300, ¢ = 0, oy = 600p, 0 = 15° Y
Find: ey, €, ¥nr. ' .

o 78, Dielermine the prineipal sbrains and locale the associabed principal dires-
Lions with respeet Lo an ayz-reclingular coordinate system for each of the strain
slales helow. The z-axis is known Lo be o principal direction in all cnses, nnd g
stands for 1078, o

(ll) €. = 2001, ¢ — 400, vy = 8004 -
(b) ez = —300k, & = 0, vsy = 06004
2.86. Yor the stales of sbrain givcn in Prob. 2.78, determine the maximum shear - _
strain and locate the associated direetions in the zy-plane. -

Answers: ;
2.65 £, = (a) 596.4 (b) —130x N

€ = 3.6/t , —170p 2.85 v = (ay 10002 (b) £671p

Trt= 573 ’ 6691 . 0 = . —18.4°71.6° 13.39,-76.7°
2.78 €5 = (a) - 400u L (b) 1854

€y = —600p  /* ~485;t

0 = 26.5°, 116.5° ~31.7°,68.3°"
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‘256 ;A homogeneous plate ABCD is subjected to'n biaxial loading which
results in the normal stresses 0 = 150 MPa and 0, = 100 MPa. Knowing that the
plate’is made of steel for which E = 200 GPa and » = 0.30, determine the change’
i length of (a) edge AB, (b) edge BC, (c) diagonal AC.

Answer: (a)é,,, = 60um, (b)6,, = 20.6um, ()6, = 60.4pum

W&5T " The homogeneous plate ABCD is subjected to a biaxial loading a3
wn. It is kmown that o, = g, and that the change In length of the plate in the

'.dirc'éti(.)n must be zero, that is, €2 = 0. Denoting by E the modulus of elasticity
nd by » Poi\sson's ration, dcterming (a) the required magnitude of o, (b) the ratio

0/6""‘n:/* B BT TR

. — — _FB
Answer: (a)o, = vay, (b)gizl = g

412, A steel member (B = 30 X 10° psi, » = .3) is subjected to the stresses -
-0, = 15,000 psi, o, = —5000 psi, o, =0,
Tay = —8000 psi, 7. =0, 74 =0. |

ietermine the principal sbrains and the principal directions.

Answer: e, = 6.66 1071, e =—4.3410"%, 6=70.7°, 160.7°
L.13. For n steel, B = 30 X 10°psi, v = 4. Determine the state of stress which
responds to tho following state of strain if the material obeys Hooke's law:
€ = 001, ¢ = —.005, ¢ =0,
ey = —.0025, yy = —.0025, v =0.

y

/

75 mm
o

Flg. P2.58 and P2.57

nswer: (r;,y =0y, = —2.81 10", o4 = —6.75.10'1,» Cagy = —20.25 101, @, =-0101 . . psi

4.17. A state of plane slress (sec Prob.'4.7) exists at the free surface of a body.
Strain measurements are taken at a point P on such a free surface by the 45° strain
rosebte shown in Tig. P4.17. If the material obeys Hooke's law, compute the
principal stresses in terms of €, €3, €5, I, and ».

\nswer: oy = 5(%5(61 +ée3) & 55%7 [(e1 —€3)? + (2e2 — &1 ~ 53)2]1/2

»18, Repeat Prob, 4,17 for the 60° strain rosette shown in Fig, P4.18.

.t

: o2 2
ISWer: o 7 =—§- 5‘—"'1—?‘—;{—51 k5

\/(ef el ted) — (erer + ey 6263)]

3

>
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NI INONN DYAIVTIN TAN UNND MUY 1N WNINDN 2N AN )
NN YR CDMFK ophn .G =80 GPa.  , E=200 GPa

WP Yya sy AB vinn nn; dy = 0.2¢cm P osvaovuy M- MH monnonn
L=1m ,b=4dcm,bxbynnrxin BCvinn TN dp =dem

8 =D 0.3cm~ F mmip pamin

q = 0.1P/L nw 0man omy P iovn omiy_oo9ya maann Yy

YT

P =1"kN w0 F-1D mmpia mypwn nx avay L

P =PsuNo Fnmipia nvipwn &0 nn 18 nnnn Aoy vinTn Pg-nxwmmn .2

P=50 kN o Fampa nyrpun nxavny 3
P =5, kN w0 AC -1 DC, KF 0pvna 5ima1 ne93 >0 »39mm ninay .+
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5.16 and 5.17  For the wide-flange beam and loading shown, determine ina
section located halfiway between points D and E, {a) the largest normal stress,

(h) the largest shearing stress, -

125 kN N X
v 100 kN/m TOKN/m 160 kN
DY E ' r B D
Al B || Af _1E
O .. A
W 410 x 60 ‘ : | :
.~ fm 2.5 m I 2.1 m i
0.6m 1.5m 1.5m
-4l me——————— \v‘} o
Fig. P5.16 Fig. P5.17
518 Two rectingular plates are welded to the 310-mm-wide-flange beam as W310 x 52
shown.  Determine the largest allowable vertical shear if the shearing stress in
the heam is not to exceed 90 MPa.
e _ Fig. P5.18
Flange
Web Axis X-X
Thick- | Thick-
Area Depth | Width ness ness . S, r,
Designation{ A, mm? d, mm | b,mm f, mm | {,mm 108 mmt 103mmé mm
W31 X B2 6650 3T | 467 3z | 16 Ai8.6 d
W410 X 114 14600 420 261 19.3 11.6 462 2200 177.8
85 10800 417 181 18.2 10.9 316 1516 170.7
60 7610 407 178 12.8 , 7.9 216 1061 168.4
46.1 5880 403 140 11.2 7.0 156.1 715 162.8
38.8 4950 399 140 8.8 8.4 125.3 628 159.0

3. For a timber beamhairing the crass section shown, determine the dimension w

if the maximum allowable vertical shear force is 7.67kN, and the shearing stress

is not to exceed 1.MPa.

# 5.1 Threeboards, each of 40 mm X 90 mm rectangular cross section, are nailed

ie

?together to form a beam which is subjected to a vertical shear of 1 kN.  Knowing
1 . . . . N v .

‘that the spacing between each pair of nails is 60 mm, determine the shearing force

‘in each mail.

NS

ca e 5

'(b) 'poil\ t b.

iig 49 An extruded beam has the cross section shown and is subjected to a
+ Eertical shear of50 kN, For ¢ = 6 mm, determine the shearing stress at (@) point a,

60

' te—12 tin

30 mm

12 mm x 200 mm

‘Dimensions in mn

Dimensions in nun







(ﬁf-‘l%l&f,w Ix= 27604 ). 120/80/10mm gasnysr viep 33mn( @ wavy) mve Meavp anm

2t R JP ) BoYy DY Y0P LNt vy pymand 200/12 ™™ o
j . . B . .
", AMMoMPa fb'\& \Q0 CQ,\‘Q\\ »1n2p3 P=575 K“
4 rz Om—s} f
»70 00014 ..____{ J_ ) pnnna xgny C vavan 1:jnw mx.-mﬁ R !\l'\'!].
T R 853cm” NYENITRA DILIDDY NBDYR Y ° 9.83cm
= J‘ +PYDOD YypinON DR pyvaY .3
{2.0cm
g 4,83 B3 Nk pEOBAY IKID DINYNAD N PRAD DTIRI L2
¢
J_ 1 .(93va peanvavn nk yropnava)
lm 80 —=
7  The cantilevered beam shown in the figure has a rectangular crés scction of constant thick-

ness but of varying depth d(x). The beam is loaded at the free end.

Assuming that cross-scctions remain plane and perpendic- L I P

. . . . . . e -~ - >
ular to the deformed longitudinal axis, determine the required variation of :W ‘ ,
the depth d(x) so that the maximum value of the flexure stress at all cross :-——\
scctions should be constant over the length of the beam. do | ¥ —
Answer : o d(x) =dg vV i-x/L
§ Ay z

8. 5.72 8=4.5-kN force is applied at pmnt A of the cast-iron member shown. LFL'O)

Knowing that the member _has a diameter of 45 mm, determine the normal and : - ) :
shearing stresses at point H luc.\ted on the top surface of the member, amdt ot potml K ; -

- 873 Torthe member 7~ - of Prob. 5.72,-determine thc normal and - » - -
shearing stresses at point-K, Waem Pizo fax4.SKN,
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8.17 and 8.18 Forthe Lunlllever beam and londmg shown deternnm (a) the
equation of the elastic curve for portion AB of the beam, (b) the deflection at B

{c) the slope at B.

"
3

8.25 and 8.26 lur the beam and loading shown, determine (@) the equation
ol the clustic curve for portion BD, (b) the slope at B, (¢) the deflection at the
reenter C of the beam.

| L12 '{

112 i
Fig. P8.26
: 7 ) Wy
3 8 41 through 8.44 l"or the beam and loading shown, determine the reac- g MT B
ition at the supports, omd Y (q\ud'\qv\ u‘, He doke curve . A - : k
L -
- - Fig. P8.44 -

8.45 through 8.48 Determine the reaction at the - supporkand draw
the hending-moment diagramn for the beam and loading shown. %

1

8.55 and 8. 56 Determme the reactlon at A and draw the bending- mument,
diagram for the beam and loading shown. Dbermine the ﬁua-'(\av\ 0’&'

¥e dw“'l‘c. Cwryve -

842.  Dekeromime the ua:Lum O]L Jlkn L&sﬁc— & 1 | &

% wd o < - .. e
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For the loading s};own. knowing that beams AB and DE have the same )
dity, determine the reaction (a) at A, (b) at D. oms: (@) MoT ki ) 5a3eNA

138 Before any load is applied, a gap & = 20 mm exists between the
10 X 60 rolled-steel beam and the support at €. Knowing that E = 200 GPa,
ermine the reaction at each support caused by a uniformly distributed load of

K V/m. oms. Ra= Re= 165 kN4
- Re=3948kNy

24 kN/m

A - B - 1407mm~

— c {3 ; 6
(B é—to n)s WH0x60 Iv=2610 oatne ! Fig. P8.136
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