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Table 11.1 Approximate Elastic Moduli

Young's Modulus, Bulk Modulus, Shear Modulus,
Material Y (Pa) B (Pa) S (Pa)
Aluminum 7.0 % 10" 7.5 % 107 2.5 x 10"
Brass 9.0 x 10" 6.0 x 10" 3.5 x 10"
Copper 11 x 10" 14 % 10" 4.4 x 100
[ron 21 % 10" 16 x 107 7.7 % 10'°
Lead 1.6 % 10" 4.1 % 10" 0.6 % 10"
Nickel 21 x 10" 17 x 10" 7.8 x 10"
Silicone rubber 0.001 % 100 0.2 x 10" 0.0002 x 10"
Steel 20 x 10" 16 x 10" 7.5 x 109
Tendon (typical) 0.12 % 10" — -
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(a)

Beam’s centerhine 1s

Top of beam 1s under neither tension
under compression. nor compression.

F 3 ‘- 1': s &
’-h‘-‘-"l-‘_‘_-_ _— __5#_— -F——'___,_.A__

Bottom of beam i1s under tension.

ASU
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(a)

Beam’s centerhine 18

Top of beam is under neither tension

under compression. nor Compression.
. ; _

e~ T =)

4
L]
w

Bottom of beam is under tension.

(b)

The top and bottom of an I-beam are broad
to minimize the compressive and tensile

SIrecsses. i

The beam can be

i3 . .
"y narrow near its

[ : centerline, which
™" is under neither

b compression nor

tension.
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation.

\!/Asu
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation.

A_—_- 0‘3 C/ﬂi

\!/Asu

L=Zm
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation.

A_—_- 0‘3 C/ﬂi

\!/Asu

A
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L=Zm
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A_—_- 0‘3 C/ﬂi
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A
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1esu1tmg strain and elnngatmn L Z /™M

A=0.3c~"
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)=

3410750, , M=SS50key

44




A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1esu1tmg ztrain and elnngatmn L Z /™M

A=0.3 cm
Stress = %

\!/Asu

| 00c/-

)=

3410750, , M=S50key
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1&:-111’[1116 strain and elongation.

A= 0.3 c~"
Stress = FJ-

\!msu

PV

_ (ssor)i

L=2m

IOOC/“) Z*IO-SM / M= {{Ok?

£330

;22
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1&:-111’[1116 strain and elongation. L - Z/Vl

A= 0.3~ (8= )= 3410750, , M= ffo"?
Stress = FL L’f""ﬂ@%’i@ = 9% °p,

T/ M
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1&:-111’[1116 ztrain and elongation. L - Z/Vl

A= 03~ (%) = 3¥107 , =550k
Stess = By = (£508)98 78 < |.gx0 %,

Y LF_'L/A) Sdress
r L_Q /0 3 S+tro—
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1&:-111’[1116 ztrain and elongation. L - Z/Vl

A= 03~ (%) = 3¥107 , =550k
Stess = By = (£508)98 78 < |.gx0 %,

VB =2 > Stam=4=ER

\!msu




D m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

su === an::l a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the 1esu1ting ztrain and elongation. L - Z/Vl

A= 03~ (%)= 3%1075,0, , M=550kgy
5',,7&’5 - % _ Qs:s'()[c,a\(cl-g? M) 10 L.a B~

@. Table 11.1 Approximate Elastic Moduli

Y LL_F‘-;; A}> —55_"1}"5 Material You n;:}";s{itl;;tluluﬁ.
2 rov—~

Aluminum 70 % 10"

$ 3% _ K g*, 8 f Brass 9.0 x 10"

Iron 21 % 10'°

Lead 1.6 % 10"

Nickel 1M % 10'Y

Silicone rubber 0.001 x 10'°

Steel 20 x 10

\v Tendon (typical) 0.12 % 10"
? ASU )




A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A_—_- 0.3 Con 7(‘)0:/-\)7—: Z*IO-SM y M= {{Ok?
— Fr _(§50 @-9 7)) < Q% (0 3
Stress = = & "j%m_g;z) [.d%0 °R,.

- Ba) _ Stress S -1 (F.L/A
Y Lg_a—/;-)"—s_.h-/ﬁ;ﬁ 95170!4”!—?——?)

3 -
> &% ,"thﬁ,o = 0.7407°




A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A= 0.3 ¢~ ';Tvocﬁ)z: Zvl‘g’_sM , M=S50kg
s= Fr - (§506N)G875) < [ 3x¢0 @
Stres = L ‘j;%m_g;d [.3%©0 °P.
_ FBa) _ Stress < . _F
Y“@‘//ﬁ——;ﬁw 7 5+fw=%l—<—‘$>

a4 . 8 -3
7 TS ’lzﬁ;ﬁ'o = OTH0 " = x5




A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A= 0.3 ¢~ ';Tvocﬁ)z: Zvl‘g’_sM , M=S50kg
s= Fr - (§506N)G875) < [ 3x¢0 @
Stres = L ‘j;%m_g;d [.3%©0 °P.
_ FBa) _ Stress < . _F
Y“@‘//ﬁ——;ﬁw 7 5+fw=%l—<—‘$>

a4 . 8 -3
7 TS ’lzﬁ;ﬁ'o = OTH0 " = x5

P AL = ek Ak
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A= 0.3 ¢~ ';Tvocﬁ)z: Zvl‘g’_sM , M=S50kg
s= Fr - (§506N)G875) < [ 3x¢0 @
Stres = L ‘j;%m_g;d [.3%©0 °P.
_ FBa) _ Stress < . _F
Y“tﬁ——;ﬁw 7 5+fw=%l—<—‘$>

a4 . 8 -3
7 TS ’lzﬁ;ﬁ'o = OTH0 " = x5

7 AL = Lok OI‘K/D'L{ = /8*/04{/14
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A= 0.3 ¢~ ';Tvocﬁ)z: Zvl‘g’_sM , M=S50kg

s= Fr - (§506N)G875) < [ 3x¢0 @
Stres = L ‘j;%m_g;d [.3%©0 °P.

_ FBa) _ Stress < . _F
Y“tﬁ——;ﬁw 7 5+fw=%l—<—‘$>

a4 . 8 -3
7 TS ’lzﬁ;ﬁ'o = OTH0 " = x5

17 A= 2k 0% = 18510 = .4
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A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung by one end from a

support, and a 550 kg milling machine is hung from its other end. Determine the stress on

the rod and the resulting strain and elongation. L = Z/Vl

A_—_- 0.3 Con ’;’:,“ﬁ)z:: Z*IO-SM y M= {{Ok?
— Fr _(§50 @-9 7)) < Q% (0 3
Stress = = & "j%m_g;z) [.d%0 °R,.

- Ea) _ Zl'//e-sf ~ - A _ (FJ-/A>
Y @-1&3-—54{,0\;& >S+IMVI—I—T

) 2 . 8 -3 l
> &= ,'th:ﬁ,o = 0.9#407° = 5,5
7 A= 2k W0 = 1810 = | 34T

= 1.8 pmm
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Compressibility, k

Liquid Pa~! —
Carbon 93 x 107! 94 X 10°°
disulfide

Ethyl alcohol
Glycerin
Mercury
Water

110 X 107" 111 x 107
21 x 10711 21 x 107°
37 x 1001 38 x107°

458 X 1071 464 x 107°




Table 11.1 Approximate Elastic Moduli

Young's Modulus, Bulk Modulus, Shear Modulus,
Material Y (Pa) B (Pa) S (Pa)
Aluminum 7.0 % 10" 7.5 % 107 2.5 x 10"
Brass 9.0 x 10" 6.0 x 10" 3.5 x 10"
Copper 11 x 10" 14 % 10" 4.4 x 100
[ron 21 % 10" 16 x 107 7.7 % 10'°
Lead 1.6 % 10" 4.1 % 10" 0.6 % 10"
Nickel 21 x 10" 17 x 10" 7.8 x 10"
Silicone rubber 0.001 % 101° 0.2 x 10" 0.0002 x 10"
Steel 20 x 10" 16 x 10" 7.5 x 10"
Tendon (typical) 0.12 x 10" - -
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm), and its
compressibility is k =1/B = 20 x 107 % atm 1.

\!/Asu
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oil is B = 5.0 % 10° Pa (about 5.0 x 104 atm}‘sand its
compressibility is k =1/B = 20 x 107 % atm 1. \/D‘z 0.cC g-/"l
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).
The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm}‘sand its g
compressibility is k =1/B = 20 x 107 % atm 1. \/D— 0.c g-/"l / 4 P= r¥lo Pa\

\!/Asu

73




A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).
The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm}‘sand its g
compressibility is k =1/B = 20 x 107 % atm 1. \/D— 0.c g-/"l / 4 P= r¥lo Pa\

R = S %0 ‘,P&
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).
The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm]' and its
compressibilityis k =1/B =20 x 10 % atm . \/ = 0.¢ g-/"l 4 P= r¥lo Pa\

R = S_YID"P& 3’ N& -4V

a—
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).
The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* a.tm]' and its g
compressibilityis k =1/B =20 x 10 % atm . \/ = 0.¢ g-/"l 4 P= r¥lo Pa\

R = S_YIDG'P& 3’ N& -4V

a—

/& = -—AV/V»
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).
The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm}‘sand its g
compressibility is k =1/B = 20 x 107 % atm 1. \/ = 0.¢ g-/"l / 4 P= r¥lo Pa\

o

R= S_YIDG'P& 3’~N9~ -4V

_ AP -AV = é.BPVu
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm), and its

o
compressibilityis k =1/B =20 x 10 % atm . \/Dz O.C {/Vl ‘3/ A P= r¥lo Pa\

R= S_YIDG"P& 3’~N9~ -4V

a—

_ 4P - AV = éPVu
- AV/V»% 4 &

| > —av= (6 \(lo:‘")_L?S‘*m"lM's
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oil is B = 5.0 x 10° Pa (about 5.0 x 10* atm), and its

o
compressibilityis k =1/B =20 x 10 % atm . \/Dz O.C {/Vl ‘3/ A P= r¥lo Pa\

R= S_*IDG"P& 3’~N9~ -4V

a—

_ 4P - AV = éPVu
- AV/V»% 4 &

| > _av= (oxo®)(2s*™) 3 Q‘é’;z'q)*léf,
- S¥%107
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oilis B = 5.0 x 10° Pa (about 5.0 x 104 atm}isand its o
compressibility is k= 1/B =20 x 10% atm . \/Dz O.C {/V' / A P= r¥lo Pa\
R=35%0"P,. Fw& -4av:
__:__.AP > - AV = é.BPVu
XV o)

| > _av= (oxo®)(2s*™) 3 Q‘é’;z'q)*léf,
- S¥%107

| > -av= O8%(0Wm?
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A hydraulic press contains 0.25 m® (250 L) of oil. Find the decrease in the volume of the oil

when it is subjected to a pressure increase Ap = 1.6 x 107 Pa (about 160 atm or 2300 psi).

The bulk modulus of the oilis B = 5.0 x 10° Pa (about 5.0 x 104 atm}isand its o
compressibility is k =1/B = 20 x 107 % atm 1. \/Dz 0,2 {/Vl / A P'—'—' r¥lo Pa\
R=S¥0o'P. Fw &L -4v ¢

_ _4aF - AV = ABPVU

- AV/Vo) %

| > _av= (oo™ (2sHiT) 3 Qe;z.g)“é:
S*107

! = - AV = O,g*/o‘%'s = g*lodq/vtg
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that
experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?

Area A

Initial state
of the object

Object under
shear stress

Shear stress " Shear strain = j
. 1
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that
experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?

—F DOSm) = 0.00Y" Area A
A =(0.84% 0.005~) i

Initial state
of the object

Object under
shear stress

, < . \
Shear stress " Shear strain = f
. h
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that

experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?

A:(O'S/A* O'DOS.M)':-O-DO‘IM’-/ L\:O,QM Area A

\!/Asu
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Initial state
of the object

Object under
shear stress

, : . \
Shear stress " Shear strain = f
. h
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that

experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement x is 0.16 mm?

A:(O'S/A* O'DOS.M)':-O-DO‘IM’-/ L\:O,QM Area A
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that
experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?

A:(O'S/A* O'DOS.M)':-O-DO‘IM’-/ L\:O,QM Area A
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Suppose the object in Fig. 11.1818 is the brass base plate of an outdoor sculpture that

experiences shear forces in an earthquake. The plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?
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X=0Q:Abmm = O 0006

- (F///Al —
3= (x/h) 7

Fio = S (%‘)A

\!/Asu

Initial state
of the object

—> F
I ,Lr”/ A . 7
. L/ 4
Object under L/ ;
shear stress Fy \f /j'
-‘ 'j =
; F ; \
Shear stress , Shear strain = =
. h

93




Suppose the object in Fig. 11.1810 jgfthe brass base platd of an outdoor sculpture that

experiences shear forces in an earthquake.

e plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?

A:(O'S/A* O'DOS.M)':-O-DO‘IM’-/ L\:O,QM Area A

X= @ lbmn = 000064

(F,, JR)
S (x/7hD 7

Fu = S(%‘)A/W(M}‘{
S = 3.5 %I0" R

o

Initial state
of the object

Object under
shear stress

Shear stress Shear strain =
A h
Young's Modulus, Bulk Modulus, Shear Modulus,
Material Y (Pa) B (Pa) S (Pa)
Aluminum 70 x 109 75 % 10'? 3 5 e 1nl0
Brass o e A e é C*_\ x 10"V >
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Suppose the object in Fig. 11.1818

experiences shear forces in an earthquake.

gthe brass base plats

ot an outdoor sculpture that

e plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?
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Suppose the object in Fig. 11.181C

experiences shear forces in an earthquake.

e brass baze pla

3 of an outdoor sculpture that

e plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?
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Suppose the object in Fig. 11.1810 ig

experiences shear forces in an earthquake.

e brass base plats

ot an outdoor sculpture that

e plate is 0.80 m square and 0.50 cm thick.

What is the force exerted on each of its edges if the resulting displacement & is 0.16 mm?
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Proportional

limit \

Stress

Elastic —

Elastic limit or yield point

/

Plastic
deformation

Plastic

behavior behavior
Permanent
: sel i
ol <1% Strain 30%

\!/Asu

Breaking Stress

Material (Pa or N/m?)
Aluminum 2.2 % 10°
Brass 4.7 %X 108
Glass 10 X 10®
[ron 3.0 X 10°
Steel 5-20 x 108
Tendon (typical) 1 X 108
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