Institut Teknologi Sepuluh Nopember
Surabaya

Fisika Rekayasa |

Seri ELASTISITAS

SYERVAUN

Tutug Dhanardono



OUT LINE

Pengantar

Contoh Soal

Ringkasan

Asesmen



Capaian Pembelajaran:
Mahasiswa mampu menjelaskan konsep elastisitas suatu bahan

Perhatikan perubahan bentuk pada Gambar di atas

Apa penyebab terjadinya perubahan bentuk sebuah benda
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Regangan / strain akibat adanya Stress merupakan deformasi pada benda.

Regangan / satuan deformasi tidak bersatuan %
L

Sebuah konstanta kesebandingan dikatakan sebagai Modulus Elastisitas

Stress = Modulus x Strain




Table 12.1

Typical Values for Elastic Moduli

Young’s Modulus
Substance (N /m?)

Tungsten 35 x 1010
Steel 20 x 1010
Copper 11 x 10'©
Brass 9.1 x 1010
Aluminum 7.0 % 101
Glass 6.5-7.8 x 10"
Quartz 5.6 > 10°
Water —
Mercury —




X

3 tipe deformasi dan Modulus

A
"] A
Modulus Young: untuk mengukur tahanan terhadap W ﬁv?
perubahan panjang benda padat ‘J’
F

Modulus shear: untuk mengukur tahanan terhadap - ¥ixod face
perubahan bidang benda padat

Modulus Bulk: untuk mengukur tahanan terhadap

perubahan volume benda padat atau cair

Modulus Shear Modulus Bulk

AV
p=B-—
P 7




Some Elastic Properties of Selected Materials of Engineering Interest

Young’s Ultimate Yield
Density p Modulus E Strength S, Strength S,
Material (kg/m?) (10° N/m?) (10% N/m?) (10° N/m?)

Steel? 7860 200 400 250
Aluminum 2710 70 110 05
Glass 2190 65 50°

Concrete€ 2320 30 400

Wood? 525 13 50°

Bone 1900 9P 170°

Polystyrene 1050 3 48

“Structural steel (ASTM-A36). ’In compression.
‘High strength Douglas fir.




Stress and strain of elongated rod

One end of a steel rod of radius R = 9.5 mm and length
L =81 cm is held in a vise. A force of magnitude
F = 62 kN is then applied perpendicularly to the end face
(uniformly across the area) at the other end, pulling di-
rectly away from the vise. What are the stress on the rod
and the elongation AL and strain of the rod?

KEY IDEAS

(1) Because the force is perpendicular to the end face and
uniform, the stress is the ratio of the magnitude F of the
force to the area A. The ratio is the left side of Eq. 12-23.
(2) The elongation AL is related to the stress and Young’s
modulus E by Eq. 12-23 (F/A = E AL/L). (3) Strain is the
ratio of the elongation to the initial length L.

Calculations: To find the stress, we write

——

Sumber: Holiday & Resnick: Fundamental of Physics

6.2 X 10*N
(m)(9.5 X 1073 m)?
(Answer)
The yield strength for structural steel is 2.5 X 108 N/m?, so
this rod is dangerously close to its yield strength.

We find the value of Young’s modulus for steel in Table
12-1.Then from Eq. 12-23 we find the elongation:

_(FIA)L (22 X 108 N/m?)(0.81 m)
~  E 20 x10"N/m?
=89 X 10 *m = 0.89 mm.

For the strain, we have

AL 89X 10 “4m

F F
stress = — = =

A R?
=22 X 108 N/m?.

AL

(Answer)

L 0.81 m

1.1 X103 =0.11%. (Answer)




Asesmen

Balancing a wobbly table

A table has three legs that are 1.00 m in length and a fourth
leg that is longer by d = 0.50 mm, so that the table wobbles
slightly. A steel cylinder with mass M = 290 kg is placed on
the table (which has a mass much less than M) so that all
four legs are compressed but unbuckled and the table is
level but no longer wobbles. The legs are wooden cylinders
with cross-sectional area . A = 1.0 cm?; Young’s modulus is
E = 1.3 x 102 N/m2. What are the magnitudes of the forces
on the legs from the ANoor?

KEY IDEAS

We take the table plus steel cylinder as our system. The situ-
ation is like that in Fig. 12-8, excepl now we have a steel
cylinder on the table. If the tabletop remains level, the legs
must be compressed in the following ways: Each of the short
legs must be compressed by the same amount (call it AZl.3)
and thus by the same force of magnitude F£5. The single long
leg must be compressed by a larger amount Af., and thus by
a force with a larger magnitude F,. In other words, for a
level tabletop, we must have

AL, = AL, + d. (12-26)

From Eq. 12-23, we can relate a change in length to the
force causing the change with Al. = FI./AFE, where L is the
original length of a leg. We can use this relation to replace Af 4
and Al 5 in Eq. 12-26. However, note that we can approXimalte
the original length /. as being the same for all four legs.

Calculations: Making those replacements and that approxi-
maltion gives us

Sumber: Holiday & Resnick: Fundamental of Physics

AL _ + d.
AE AE

(12-27)

We cannot solve this equation because it has two unknowns,
Fy,and F5.

To get a second equation containing F, and F;, we can
use a vertical yv axis and then write the balance of vertical
forces (Fher, = 0) as

3F, + F, — Mg — 0, (12-28)

where Mg is equal to the magnitude of the gravitational force
on the system. ( Three legs have force F; on them.) To solve
the simultaneous equations 12-27 and 12-28 for, say. FF;. we
first use Eq. 12-28 to find that F, = Mg — 3F,. Substituting
that into Eq. 12-27 then yields, after some algebra,

dAE
BE=—"3 —ar
(290 kg)(9.8 m/s?)
4
(5.0 X 10 *m)(10 ¢ m?)(1.3 x 10 N/m?)
(4)(1.00 m)

= 548N =55 < 10 N.

From Eq. 12-28 we then find
Fy= Mg — 3F; = (290 kg)(9.8 m/s?) — 3(548 N)
= 1.2 kIN.

(Answer)

(Answer)

You can show that to reach their equilibrium configuration,
the three short legs are each compressed by 0.42 mm and
the single long leg by 0.92 mm.




Quick Quiz 12.4 A block ofiron is sliding across a horizontal floor. The fric-
tion force between the block and the floor causes the block to deform. To describe the
relationship between stress and strain for the block, you would use (a) Young’s modu-

lus (b) shear modulus (¢) bulk modulus (d) none of these.

Quick Quiz 125 a trapeze artist swings through a circular arc. At the bot-
tom of the swing, the wires supporting the trapeze are longer than when the trapeze
artist simply hangs from the trapeze, due to the increased tension in them. To describe
the relationship between stress and strain for the wires, you would use (a) Young's
modulus (b) shear modulus (¢) bulk modulus (d) none of these.

Quick Quiz 12.6 a spacecraft carries a steel sphere to a planet on which at-
mospheric pressure is much higher than on the Earth. The higher pressure causes the
radius of the sphere to decrease. To describe the relationship between stress and strain
for the sphere, you would use (a) Young’s modulus (b) shear modulus (c) bulk modu-

lus (d) none of these.

Sumber: Serway, Physics for Scientiest and Engineer
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