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3.1. BIEU DO UNG SUAT - BIEN DANG (G - c)
Biéu dd (rng suat — bién dang bi€u dién cac gia tri ('ng suat va bién dang trong thi

nghiém kéo hodc nén mau o rue fracture stress
, N R o
Ung sudt ky thuat !
e ~ A ultimate
Bien dang ky thuat g, _,_stress fracture
. P stress
o proportional limit o e
.. . o~ X e elastic limif : o
vGiai doan dan hdi: mau thir tré lai yield stress =
hinh dang ban dau khi bo Iuc tac dung. a1 % e
v'Giai doan déo: khi lyc téng qua gidi - - -
han dan héi lam cho mau thr co su s
bién dang c6 dinh, vinh vién, dudc goi -
la bién dang déo e
vGiai doan tai bén: ng suit ting | elastic yie]ding! strain necking
dén oy, = oy, region hardening
v'Giai doan that nat: miu thir bj thit elastic plastic behavior
lai & vung nao dé va bi pha hay & Uing hehavior
SUé’t Gph

Conventional and true stress-strain diagrams
for ductile material (steel) (not to scale)

Bi€u d6 ('ng suét-bién dang cho cac sb liéu quan trong vé dd bén kéo hay dd bén
nén cua vat liéu ma khong can chu y dén kich thudc, hinh dang.. cua vat liéu.
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3.1. BIEU DO UNG SUAT - BIEN DANG (G - c)
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3.2. BIEU PO UNG SUAT - BIEN DANG CUA VAT LIEU DEO & DON
Tuy thudc vao biéu d6 (ing sudt — bién dang ma vét liéu dudc chia thanh 02 loai:

vat liéu déo hoac vat liéu don.
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3.2. BIEU PO UNG SUAT - BIEN DANG CUA VAT LIEU DEO & DON
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3.3. DINH LUAT HOOKE o
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3.4. NANG LUONG BIEN DANG
7 - Nang lugng bién dang:
AU = (172 AF) € Az hay, AU = 172 ae AV

- Nhu' vay, mat do nang lugng hay nang lugng bién
dang trong mot dan vi thé tich la:

AU 152

Tav o 27f “TOE

it

- Module bién dang dan hoi

Modulus of resilience u,

Module bén cua vat liéu
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Vi DU:

Vi du 01: A tension test for a steel alloy results in the stress-strain diagram
shown in Fig. 9-18. Calculate the modulus of elasticity and the yield
strength based on a 0.2% offset. Identlfy on the graph the ultimate
stress and the fracture stress.. e o

Modulus of Efasﬂcny We must calculate the s!’ape of the inifial
'- stralght-hne portion of the graph. Using the magnified curve and scale

shown in color, this line extends from point O to an estimated point
ey A, which has coordmates cuf apprumm&te]y ((} 0[116 mm!:nm 345_

_ ';_300_ o - 'Iv{Pa) ’Iharefnre BRI ‘ -
=52 ) T o MsMA 215 GPa Ans,
) 6_2;100_7 o L {}ﬂﬂlﬁmnﬂmm R S .
I st : Note that the equation of the line OA is thus o = 215(1{]3)5
o op R Yield Srrengrﬁ “For a 0.2% offset, we begin at a strain of 0. 2% or_
| UYS:_‘?ﬁ?‘iOO -/ '+ 0.0020 mm/mm and graphically extend a (dashed) line parallel to OA
o al R .'unhl 11‘ mtersects the g-ecurve at A" The yuald strengmls 3ppmxunately
RN i U?n‘mnre Srress' _Thjs is defmed hy the pe:ak nf the o-€ graph po;nt _.
C10of - .
RV : , BmFlg 9-18. - B R
Q 002 0,04 0.06 0.08 0.10 0.12 0.14 _916 013 020 022 0!246( R = ?45 2 MP& S 'f L .'_Ans.'_.
o ookﬁmﬂﬁ_oblgmlgpl.ggm” R chﬂere Srress When the specuneﬂ is stramed ti} 1ts maxlmum Df
oo odw oo Hgs18 o ef {]23 mmfmm 1t fractures at pumt C ’Ihus, e
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VI DU:

, ] 'The stress-strain diagram for an aluminum alloy that is used for making

Vi du 02: : ) — , IR
- aircraft parts is shown in Fig. 9-19. If a specimen of this material is
stressed to 600 MPa, determine the permanent strain that remains in
the specimen when the load is released. Also, computc the modulus of |
resilience both before and after the load application. -~ =~ i
Permanent Sirain. 'When the specimen is subjected to the ioad it

strain-hardens until point B is reached on the o—e diagram, Fig. 9-19.

C gy o <.~ ... - The strain at this point is approximately 0.023 mm/mm. When the load
- A TP i isreleased, the material behaves by following the straight line BC, which
is paraliel to line OA. Since both lines have the same slope, the strain -

R L S “.o at point C can be determined analytically. The slope of hne OA 15 the
600 b0 modulus of elasticity, i.e., o

_ _ 450 MPa .
oy = 450]-- L E = 0.006 mmfmm >0 GFa
Cool | vl £ Y From triangle CBD, we require
SRt N _ BD _  600(10°) Pa
Cwlf| I
S C —_— L CD = 0.008 mm/mm |
0| 7001 | 0.02) 003 003 ™™™ This strain represents the amount of recovered elastic strain. The
SRR iigcﬁfl 0023 .jj:' permanent sirain, enc, is thus '
B eoc = 0.023 mm/mm — 0.008 mm/mm
= 0.0150 mm/mm - Ans.
Note: If gauge marks on the specimen were originally 50 mm apart,

then after the load is released these marks w;ll be 50 mm. +_
(0.0150) (50 mm) = 50.75 mm apart. -

LTA_ Co hoc vét liéu (215004) 9
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. Chuong 3: DPAC TINH CO' HOC CUA VAT LIEU

vi DU:
Vi du 02: Modulus of Resf!ienie. Appiir'mg EHq. 9-8, we have®
(4 Yinitial = 5 Opi€p = (450 MP2)(0.006 mm/mm) o
= 1.35 MJ/m’ | Auns..
()1 = %gp,ep, - -%(6@0 MPa)(0.008 mmfmm)
T =240 MIm®  Ans.
By comparison, the effect of strain-hardening the mat_er_iai_'ha_s
caused an increase in the modulus of resilience; hawever, note that the -
modulus of toughness for the material has decreased since the ar_e_a_'_'
under the original curve, OABF, is larger than the area under curve CBF,
*Work in the SI systbm of units is measured in joules, wl';m.:e 1 J = 1 N m T
Vi du 03: An aluminum rod shown in Fig. 9-20a has a circular cross section

and is subjected to an axial load of 10 kN..If a Pﬂﬂlﬂﬂﬂfthe
stress-strain diagram for -the material -is -shown. mF;gQ—Z{)b,
determine the approximate elongation of the rod when the load is
‘applied. If the load is removed, what is the permapent Blnngatmnﬂf
the rod? Take £, =70 GPa. T T

10 Ki¥ = ——> 10KV
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Vi du 03:

o (MPa)

56,6501
50
Oy = 40

30 |5

20 €50 = 0.0450
10 G

€ = 0000303

€aG .

Solution

For the analysis we will neglect the localized deformations at the point
of load application and where the rod’s cross-sectional area suddenly
changes. (These effects will be discussed in Secs. 10.1and 10.6.) -
Throughout the midsection of each segment the normal stress and |
deformation are uniform. | IR AP R et

' ' L | I _{E_(nunfmjﬁ}__
¢ 0.02 004\ 0.05 008 . 010 012 -
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vi DU:
Vi du 03:

In order fo study the deformation of the rod, we must obtain the .
strain. This is done by first calcniating the stress, then using the
stress—-strain diagram to ebtam the strem 'Ihe nermal etress "mthmeﬁ

each segmentis -

P 100N S
AT ol my T L83 MPa

P 00N

From the stress—stram _diegraﬁi, the material in region AB is stramed
elastically sinee o'y = 40 MPa > 31.83 MPa. Using Hooke’s law, -

ip= ous - 31.83(10° Pa
il Ed: 70(10°)Pa

= 0.0004547 mm/mm

.- ’Ihe matenal 'mthm regmn BC‘ is. stramed plaetleally, sinee cry .,
:40 MPa << 56 59 MPe Frem the graph fer UBC - 56,59 MPa o

EBC =2 {} {)45 mmfmm

-The appmx:mate elengatlen ef the red is therefore

8 EEL 0. []904547(60[} mm) + 0. [345(490 mm}

LTA_ Co hoc vét liéu (215004)
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Vi du 03:

~ “When the 10-kN load is removed, segment AB of the rod will be
‘restored 10 its ﬁrlgmal length. Why? On the other hand, the material m_" N
segment BC will recover elastically along line FG, Fig. 9-200. Smce the._.-_

slope of FG is E,;, the elastic strain recovery is

E aﬁc 56.59(10%) Pa
_- .”" ?[}(109) Pa .

= (0.000808 mm/mm

The Iemammg p]ast}c strmn 1;1 segment BC is then

o EGG = D 045{] 0 ﬂﬂ{}EI}B 0.0442 mm/mm

'Iherefnre when the lnad 15 remnved the rod remains elungated by

an amr.}lmt

_ ED GLBC, = 0 0442(40ﬂ mm) =177 mm  Ans.

LTA_ Co hoc vét liéu (215004)
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3.5. HE SO POISSON

&2 Final Shape

When the rubber block is
compressed (negative strain)
its sides will expand (positive
strain). The ratio of these
strains is constant.

LTA_ Co hoc vét liéu (215004)
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3.3. HE SO POISSON

Vi du 01: A bar made of A-36 steel has the dimensions shown in Fig, 9-22.If an

————— axial force of P = 80 kN is appiled to the bar, determine the change
in its length and the change in the dimensions of its cross section
after applymg the load. The material behaves eiastma]l}r -

PegbN TR 'Ihenaxmalstressmihﬂbarls

_P _ 8010 N
7274 T (0.1 m)(0.05 m)

= 16.0(10% Pa

" From the table in Appendix B, for A-36 steel, E;, = 200 GPa, and so
the strain in the z direction is

o,  160(10°) Pa

E,  200(10°) Pa

= 80(107°) mm/mm

£ =

The axial elongation of the bar is therefore

8, = L, = [80(10 9)](1.5 m) = 120 pgm Ans.

Using Eq. 9-9, where v, = (.32 as found from the Appendix B,
the contraction strains in both the x and y directions are

— e, = —0.32[80(107%)] = —25.6 pm/m

€ = €
Thus the changes in the dimensions of the cross section are
8, = €L, = —[25.6(107%)](0.1 m) = —2.56 um Ans.

8= e, = —125.6(1079)] (0.05 m) = —1.28 gym Ans.

LTA_ Co hoc vét liéu (215004) 15
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3.4. BIEU PO UNG SUAT - BIEN DANG CAT

Y y

.
ot Y ¥
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3.4. BIEU DO UNG SUAT - BIEN DANG

Vi du 02: A specimen of titanium alioy is tested in torsion and the shear:
stréss-strain diagram is shown in Fig. 9-25a. Detérmine the ‘shear -
7 (MPa) : modulus G, the prognrtmnal limif, and the ultimate shear stress. Also,
B determine the maximum distance d that the top of a block of thls".;_
6001 1u=504 5 material, shown in Fig, 9-25b, could be displaced horizontally if the -
500 =3 %"\n _material behaves elastically when acted upon by a shear force V. What
400 | ; is the magnitude of V necessary to cause this élspla{:ament? .
360 F : B :
200 - ol Shear Modulus. This value represents the slope of the straight-line -
B portion OA of the +—y dlagram The cﬂurdmates of pnmt A arﬂ (0 0{18
100 | ) 'rad 360 MPa) Thus . . |
T(ra : T TR U TS
0 v,=0.008 y=054 073 o 360 MP& 3 B PR
| _-G 0.008 rad 45{10 ) MFa o ﬁ'ﬁ.’_' '.

The equatmn of ling OA is therefc}re 7= 45(103)1;, wluch is Houke s'
law for shear. | _ .

Proportional Limit. By inspection, the graph ceases to be linéar at
point A. Thus, S ot Rty

T, =360 MPa Ans.
Ultimate Stress. 'This value represents the maximum shear stress,

point B. From the graph,

7, = 304 MPa - Ans.
LTA_ Co hoc vét liéu (215004) RS
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3.4. BIEU DO UNG SUAT - BIEN DANG

A specimen of titanium alloy. is- ‘tested in torsion and the' shear-
stréss-strain diagram is shown in ‘Fig. 9-25a. Detéermine . thi: ‘shear *
modulus G, the propnrtmnal limif, and thé ultimate shear stress. Also,

“determine the maximum distance d that the top of a block of thls".;_

material, shown in Fig. 9-25b, could be displaced Emrlzon‘{all)' if the

‘material behaves elastically when acted upon by a shear force V. "iﬁ.?hap

is the magnitude of V necessary to cause this élspla{:ament?

Vi du 02:
7 (WiPa)
600 - Tu = 504 B
500 F—
7 =3
a00 |, H‘\ﬂ
so0b A S
200 |
100
0 7,=0.008 7=054 073

rad)

(cont)

Maximum Elastic Displacesment and Shear Force, Since the
maximum elastic shear strain is 0.008 rad, a very small angle, the top
of the block in Fig. 9-25b will be displaced horimntaiiy:. o '

P
tan(0.008 rad) = 0.008 rad = oo

d = 0.4 mm . Ans.
The corresponding average shear stress in the block is 7, =

360 MPa. Thus, the shear force V needed to cause the displacemenl |
is B

_v. . 14
Tavg T 40 360 MPa (75 mm){100 mm) o
V = 2700 kN S Anms

LTA_ Co hoc vét liéu (215004)
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3.4. BIEU PO UNG SUAT - BIEN DANG

Vi du 03:

An aluminum specimen shown in Fig. 9-26 has a diameter of dy =
25 mm and a gauge length of Ly =250 mm. If a force of 165 kN
clongates the gauge length 1.20 mm, determine the modulus of elasticity.
Also, determine by how much the force causes the diameter of the
specimen to contract. Take Gy = 26 GPa and oy = 440 MPa. -

Madu!m of Efasr;cig' 'Ihe average ncnnai stress in the specnnen 18
P _ 165(1[}3) N -

= = 336.1 MP
T4 T (al4)(0.025 m;@ oo A
and the avera ge uormal strainis T . *
_ 8 _ 1.20mm _
€= T T e mm 0.00480 mm/mm

Since o < oy =440 MPa, thc material behaves elastically. The
modulus of clasticity is

o 3361(10% Pa
€ 0.00480

Ey= — 70.0 GPa Ans.

LTA_ Co hoc vét liéu (215004)
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3.4. BIEU PO UNG SUAT - BIEN DANG

Vi du 03:

An aluminum specimen shown in Fig. 9-26 has a diameter of dy =
25 mm and a gauge length of Ly =250 mm. If a force of 165 kN
clongates the gauge length 1.20 mm, determine the modulus of elasticity.
Also, determine by how much the force causes the diameter of the
specimen to contract. Take Gy = 26 GPa and oy = 440 MPa. -

(cont) Contracrion of Diamerer.  First we will determine Poisson’s ratio for

the material using Eq. 9-11.

- £
2(1 + »)
70.0 GPa
26 GPa = ————~
2{(1 + »)
v = 0,346
Since €g,, = 0.00480 mm/mm, then by Eq. 9-9,
. Elat
P = ——dat
€long
0.346 = Slat

0.00480 mm/mm:
€ = —0.00166 mm/mm
The contraction of the diaméter is therefore

8’ = (0.00166)(25 mm)
= 00,0415 mm Ans,

LTA_ Co hoc vét liéu (215004)
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