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Z\lé M;{:j% %%@%ﬁbiﬁ— 1. From today, we study mechanics of materials.
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Yoh etk if_%{rjﬂj}/ DL O R % that develops relationships between the external

RS é%%ﬁ s \%’Tﬁ” loads applied to a deformable body and the
intensity of internal forces acting within the
body.

E3 %}V)ﬂ@ /\ﬁ Lg Iz ﬁj*;g)mjr“@ gz‘fﬂd fi 3. First, the resistance of materials to deformation

%1, VET, is called stiffness.

Evljﬁriij%u NSl % V)ﬂij;ﬁ 2L/ Izuve 4. High stiffness means that it is not easy for you

WAHZETT. to deform the materials.

j( M;{qo)ﬁ&% _ﬁﬁ”%ﬁf&‘f“%{: }égéu vE b Next, the resistance of materials to fracture is

7. called strength.

%}% ﬁi?@%u AP Nl ol e % *J; ﬁ?nc:< We 6. High strength means that it is not easy for you to

VWAHZETT. fracture the materials.
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L 97‘;57%7&,}% «\;g)_gyj%fﬂ% %éa) H E%Tj” material is and how the stress distribution in the
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forces.
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Equilibrium of a body requires both a balance of
forces, to prevent the body from translating or
moving along a straight or curved path, and
balance of moments, to prevent the body from
rotating.

First, let’s consider the balance of forces when a
body is subjected to external forces.

Using forces P; applied to the body, the balance

of forces becomes
> p=0
Here, ZR represents the sum of all the

forces acting on the body.
On the other hand, the balance of moments is

described as follows :
ZM i Z rx R =0
Here, ZM ;1s the sum of the moments of all

the forces about any point O either on or off the
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body. 7; is distances from the point O.

A pair of forces equal in magnitude and
oppositely-oriented to each other is called a
couple.

Magnitude of the couple is determined by the
magnitudes of forces P and the distance /
between forces.

The couple only can rotate a body, but can’t
translate it.

Even if the magnitude of the parallel pair of
forces P is changed, the magnitude of the
couple isn’t changed if the product of P and / is

constant.
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external forces.

A body can be subjected to several different
types of external loads; however, any of these
can be classified as either a surface force or a
body force.

As the name implies, surface forces are caused
by the direct contact of one body with the
surface of another.

In all cases these forces are distributed over the
area of contact between the bodies.

In particular, if this area is small in comparison
with the total surface area of the body, then the
surface force may be idealized as a single
concentrated force, witch is applied to a point on
the body.

Also, if the surface loading is applied along a
narrow area, the loading may be idealized as a

linear distributed load.
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7. Z 2T, ZOff ﬁ?ﬁﬁ\&:(ﬁo 7~ Ef x” T Here the loading is measured as having an
0)§ A }%% %:o TWA L LT iﬁj% h, tﬁi{f}“ intensity of “force/length along the area” and is
&:{;\o 7’: % %%EU g%ﬁ(’gg E represented graphically by a series of arrows
7. along the line.

8. %% 5 g, %{z{:ﬁx%lj@%ﬁ: _)QL[J“C %{z{:ﬁﬁ( 8. A body force occurs when one body exerts a
ﬁjﬁi @#@i@éﬁf;@ﬁﬁf;b jj ff& FT x|z force on another body without direct physical
%Eéi&._biﬁ”. contact between the bodies.

9. {ﬁjgb“c X, ﬂEfj%O)U %;—jvﬁa I %ﬁ:fg \ZkoT §| 9. Examples include the effects caused by the
%t:é ;}’Lé%é‘éﬁﬁ:&)@iﬁ—_ earth’s gravitation or its electromagnetic field.

10. % %zi:oj? I %{z{: 7‘5*%1;5& j—;;) FNFND g)%b z 10. Although body forces affect each of the particles
ﬁz ﬁﬁ LET, L % jt[t@{zt_tj: jf_ﬁ)< /)0) composing the body, they are normally
% Ef:f HE&L“( 2@ NET. represented by a single concentrated force acting

on the body.

11. Ei j‘3 ;;7/;\ 7)) jjj j#@{z{:@ Eé L [q: “7u, 11. Inthe case of gravitation, this force is called the
i"r@? @%)T‘j {S/E)ﬁb F9. weight of the body and acts through the body’s

center of gravity.

12, %7, éjc“~ R tit@%zfngH% D Lﬁ,éﬁv ﬁ j” % 12. Also, the surface forces that develop at the
Uimwﬁ?"g%%k L:l VWE, supports or points of support between bodies are

called reactions.

13. %V% X Eﬁzé’j %[ 3% 4 di-l;ﬁ”g’ %;k & , % 7 13. External forces are basically classified into 3
%;k é, B ;}QLD% = D 3 bgfﬁ:'é&:%g/\v%é E types; tensile/compressive load, bending load,

7. and torsional load.
14. % £ i’( ;]::0)% 3; LZ%LE 2DV \*Cﬁﬂt}ﬂ/i 14. In mechanics of materials, this 3 basic types of

7. loads are analyzed.
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One of the most important applications of statics
in the analysis of problems involving mechanics
of materials is to be able to determine the
resultant force and moment acting within a
body, which are necessary to hold the body
together when the body is subjected to external
loads.

For example, consider the body shown in the
above chart, which is held in equilibrium by
many external forces.

In order to obtain the internal loadings acting on
a specific region within the body, it is necessary
to use the method of sections.

This requires that an imaginary section be made
through the region where the internal loadings
are to be determined.

The body is separated into two parts and a
free-body diagrams are drawn.

Since the entire body is in equilibrium, then
each part of the body is in equilibrium.

Consequently, the resultant internal force £ can
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be determined by applying the following

equations;
F+YP=0 or —F+) P, =0

To analyze and design the body, the components
of F and M, acting both parallel or perpendicular
to the sectioned area and within the plane of the
area, must be considered.

If we establish x, y, z axes with origin at point
O, as shown in the chart, then F" and M can each
be resolved into three components.

Four different types of loadings can then be
defined as follows:

F. is called the normal force, since it acts
perpendicular to the area.

This force is developed when the external loads
tend to push or pull on the two segments of the
body.

F, and F. , each of them is called the shear
force.

The shear force lies in the plane of the area and
is developed when the external loads tend to
cause the two segments of the body to slide
over one another.

M, is called the torsional moment or torque.

It occurs when the external loads tend to twist
one segment of the body with respect to the
other.

M, and M., each of them is called the bending
moment.

The bending moment is caused by the external
loads that tend to bend the body about an axis
lying within the plane of the area.
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Let’s consider the round bar that the
tensile load P is applied.
Let’s consider the section vertical to the
axial direction of the bar as shown in the
left figure.
The internal force acting on the cross
section is distributed uniformly and the
direction is perpendicular to the section.
“Stress” is defined as the internal force
per unit area of the cross section.
The stress in the left figure is called
“normal stress”, because the direction of
the stress is perpendicular to the cross
section.
The normal stress is given as

o=

A

where 4 is the cross sectional area.
Next, let’s consider the case that the load

1s applied to the direction perpendicular to

the axial direction of the bar as shown in
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the right figure.

8 ZD }}éﬁ:%ﬁ; i Zﬁl_f; Hﬁﬁ :{"EFEJ 4% 8. In this case, the direction of the internal
%W@%Fﬁ@j?%ﬁz/‘\; fj’éﬁ”. force applied to the cross section is
perpendicular to the axial direction is
parallel to the section.
9. \_0)% 0)1&15*)13 j—‘rg) Lﬁﬁ ha q:ﬁfoam:;@ﬁ?\m% 9. “Shear stress” is defined as the stress that
F—@/U[fjﬁ}%@j‘? | g b\iﬁ” is applied to the direction parallel to the
cross section.
EhEI0E< BES] L L= b= N o
10.  wAES T RESIE, (kA TEZ2S5NFT.  10.  The shear stress is given as
P P
T=— T =—
A A

F—7—F
< 7] (FEEIG A7) - HAMIE T * 5| BRA

ﬂf : ( 0

BT 12, T4 % | LVSIANIE DR B 5 L O ET, 2. T f i b — 8B 1. 18
LUS I B RIEL E LT, TR, AN CTIToo T2 5 D LT,

X2 FE\ LJ N
EP ARG EA N N e Py =P A = SIS A EE e E3 ey L o0
KR LT, b2 B8 £ 7132 0EDRETREDS - L T, -
EALD
X 3 Fi’J—J
FhHULD < 229k R . ﬁ“_/v,_‘l_/‘ xh o SREA XA %/\/};kz
= b3, A CTEL TELLEAZ AT, R 25 ST, M. W5 nH0ET,

X4rﬁﬁ%%&tUJ
FWJ)J N L@Vﬂ i10077Aé710200F'§“C?L 1DIIIT, F&b%@uf I, E?)E)@U ZOWVTIEI &V &
%T“ﬁm%hia‘o ZZTIE. r%é&iof:ﬁ%’(“@kb\?_&’@ﬁ‘o
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10.

Let’s consider the deformation of parts.
Parts elongates to the axial direction
when the tensile load P is applied as in the
left figure.
“Strain” is defined as the elongation per
unit length.
Strain is a dimensionless value.
“Longitudinal strain” is defined as the
strain parallel to loading direction.
“I’ is defined as the length before loading,
and “A” is defined as the elongation.
Longitudinal strain is given as
ce=_"
/

On the other hand, the part contracts
perpendicular to loading direction.
“Transverse strain” is defined as the
contraction per unit length.

As shown in the left figure, let “4” and
“h’” are the heights before and after the
Then, the

deformation, respectively.
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. h'—h transverse strain is given as
A W —h
&' =
h
11. %Uﬁg&%ﬁfof@gjf@%ﬁ;ﬁfgo, 9@%5@1 11. Longitudinal strain and transverse strain
El;%]b, e =—vg gf%% nFET. have different sign and their absolute
values are proportional as follows
g'=-ve
12. :@E{gﬂ{ ljﬁL ﬁv ifﬁy\/ﬁ;géu VT 12. This proportional constant “v” is referred
to as “Poison’s ratio”
13. Zé&:ﬁ%u[fzkﬁ% ﬂ‘g%&j‘%{) ;;',—%/E,b\%mw ZFET. 13. Next, let’s consider the case that the

shear load 7 1is applied.
14. j’%a);m:ﬁhﬁéﬁ%%éﬁéﬁ( )? i*ﬁl ‘i1 14.  As shown in the right figure, the cuboids
@:@ﬁi&%i&ibiﬁ‘. with the shear load deforms in the

transverse direction.

f

15. %?ﬁ%é%f:@@ﬁm’é‘%%“ﬁhﬁ;ﬁf}f%ﬂ”g% 15. “Shear strain” is defined as the
VWET. transverse deformation per unit height.
16. ﬁ<j§ﬁ:0)m§¢‘f 1, ﬁ%ﬁ@ﬁﬁ,E%Au L3% 16. Let the height of the cuboids be / and the
L, “li‘/uLﬁU\ﬁ” Ay i/}\b%f%‘% hET. deformation be Au, then the shear strain is
Au ; Au
szztaHQ glven as j/zT:taHQ

17. -7, 9@?(51, DTy =0 g&%>@ij~, 17. Since ¢ is generally small, the following
holds : y=0
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gor. 10,

When the strain is small, the strain is
proportional to the stress.

This relation is “Hooke’s law”.

The relation between normal stress and
longitudinal strain is given as o = E¢
The proportional constant “E” is defined as
“modulus of longitudinal elasticity” or
“Young’s modulus”.

“E” 1is the characteristic value of the
material.

As “E” is higher value, it is harder for the
material to deform.

Then, the relation between shear stress
and shear strain is also proportionate.

7 =Gy

The proportional constant “G” is defined
as “modulus of transverse elasticity” or
“shear modulus”.

“G” 1s also the characteristic value of the
material.

“E”, “G”, “V’ are material constants.
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11. #F}X[ﬁ’j E, G, vi jﬁb NN ik EY 11, Generally, “E7, “G”, “Y’ are not
Ao independent of each other.
T rLx NAVAN Fho .
12. :2}%%300)%%{ IR OBEMN S LE 12, These three constants has the relation
7. G = E given as G = E
2(1-v) 2(1-v)
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8. M #a AR

<& BHHOSIRFARE > - j
A )
(a) ZReAT (b) —HHETr (OESEME: 23 (d) BB
P -1
“HEA o, =— BHOTH & =
4 L
% 1:7 Ug%t&%&“‘ i&i?‘m%{ . J:o(*&’) 5 1. The mechanical properties of materials
ET. are obtained by material tests.
%V)ﬂ:jr :i%ﬁ@o , b= &%%EMEJ% Vis %z{%% n, élété 2. The most basic of the material tests is the
ibi%%fﬁ” tensile test.
%l %ui%ﬁ iﬁﬂ@ %zlxé’jfoc g@}g %ﬂi A %:é 7= 3. The tensile test is widely carried out to
I, TI\ < ﬁ LIty \éﬁiﬁfvj‘_ obtain basic data on a material’s tensile
strength.

ui%ﬁ&:’)b \“Cy%izij‘, 4. In this section, let’s consider the tensile

test of a metal.

!'fééﬁ %I%éﬁ%ﬁif‘ti, 0)4:57‘;1666733%1,\ 5. A round bar shown in the figure is often

“Cé{ﬁébiﬁ‘_ used in the tensile test.

%ﬁ%ﬁ&:él%ﬁ%%bﬁzkk%@, %F 7&133()\ 6. The relation between the load and the

@%ﬁ&%jﬁﬂibiﬁ‘ elongation of the specimen is measured by
applying the tensile load.

fil o uit%ﬁ}# O VATE e 7-f5 5 g > 7. The elongation is defined as the change of

?7;5?{2&1/( E%Lij—_ the gage length at the parallel part of the
specimen.

(a) DL ij—&{%i D %ﬁfﬁﬁg%ﬁg L, 8 As shown in Fig.(a), “I,” is defined as the

Tﬂi‘é/vm‘lffg Ay gbiﬁ—_ gage length and “4,” is defined as the

cross-sectional area before loading.

%Uﬁ T ?1;:[5 X 9. The parallel part of the specimen extends

50
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. 01% JE{EU\ %), 5 E%E%’Eé T 0ES. uniformly and the gage length becomes !/
under loading.
10. X (b) »Xoiz, uiefﬁ\}aﬁ ) 133 we I%JEH% 1z, 10. As shown in Fig.(b), the cross-sectional
* ﬁ%ﬁ ﬁ@\)biﬁ area of the specimen decreases to 4 under
the extension of the specimen.

11. (¢) DEHIT, &5 :ﬁbie%\}aﬁffﬁa i$9 &, 11. As shown in Fig.(c), when the specimen is
295

-

\

W’?éﬁ 43[3@7%75&@%( fﬂKfoaDij” extended further, the localized region of
the parallel part begins to constrict.
12, Zolx, <U“2(L7L:%; /i;/; ﬁ;ﬁeigﬁugbiﬁ}u, 12. In this case, the part besides the
constricted region is not deformed.
13.  —oHGE R F s LIFOET 13. This is called “Necking”.
14. Roxo 7 75:5‘5}%?5&) %‘thé j{f&?b%&bi 14. When the necking begins, the applied load
7. decreases.
15. . (d) O)J:Q , X5 ﬁ@éﬁég, <o 15,  As shown in Fig.(d), when it is extended
S PR ET. further, the specimen is fractured at the
constricted region.
16. %;ﬁtwp fgﬂﬁ%%@[}ﬁw j‘%Aofiljo*C*&b Hhn 16, “Normal stress o, is defined as the stress
BV x< 9L xr5E50 < & .
AL N N A T A S A0 =3 o = 5 based on the cross-sectional area 4, before
’ A, loading. Normal stress o, is given as
P
o, =
AO
ZHLrokBIH0x< Ldibwd A E Fr . . .
17, NFRISAE, 3R [irﬁﬁ%ij{ﬁz/)j—é L% 17. In the normal stress, it is not considered
?% }ZE%L,*C VWVEH AL that the cross-sectional area decrease with
loading.
18. a;f %Eﬁ@ 1:/”?;& EE%E I % g E ‘%fbf:()\ 18. “Normal strain g,” is defined as the strain
ﬁ”%ﬁ%“/ﬁ%ﬁ()\ﬁ‘%ﬁg;’kﬂ?()\iﬁ” l— l, based on the gage length [, before loading
“ , and it is givenas . _ [-1,

[

0

F—7—F
- APBRRER (D 19REAER) - SREEAFIE - OY - BEAEREE - Rokr T - AFRIRT) - A0 R

4

L ZOLDEI L TOBERIOME DT,

51



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

TWOA

ol B et R A L L 2 B %5 2,

X1 IRH>ND)
RS 1L, NELAS. FET5 L9 %Tﬁ“ﬁ\_@jszik&b%h‘éji SISy U e
Bl = OO A KD ARI, (=2 OS2 2L TS, )

X 2 F?&%J
fﬁﬂn =AY iM&b\O%‘% T,

V)vbjb £5 B A EHow

IRE & 1815 VA o it [

X 3 r’%%’%m V3]
? X425, ﬁﬁv‘f;%[f” T BIEVHZETT,
f

nw B

75
Ekhn
| JEBR A 1T,

EFAEL

X4 [€£F]
F/jé)ﬁ'w:i metal DZETT, FJE?“J X, F0 7 —7 L)\o’Cb\ékb\o_k’C?“ FE%NDO< ;tFFﬁJ%

TAZEL

R SR, BlE 7l B0 ET .

L o L
X5 F?@ﬁ’ﬁj
L > L éb B
ES AT Ff‘ Aozt Tﬁ“
. HAL) o 5 X9

Wil SEsl o H R B oA N E S,

U

ms*

L

x5 [~K]
TR i, OEE. SHUEL. SV BB ET,
1<

ihlz‘ L<OA

51 £ bl _7v7x)#75>¥mijﬂ\f:o

F%fl%J

RS HS, RSREEENHETT, J:<U7‘ ’ryﬁu@ aJrYE'J &%mw&#
%&f;e Ao, EE%’E %%éﬁ T E%EF'HEJ Ezé VRS SR KT R L,
N YR B @%iﬁ&@mé SR O e v

: aﬁ,f;gz&ﬁof%ié HE BEARL AL,

Ho HA0ED

DS R ESENET L,

b
o

o

5?}5 o

A g B jam

S
isd
S

tﬂ_\m\i = s

T

TS S
==

pailiiies
=

3
X7 FE&)%J
& T op Tk T:‘L_: BT HoTl Z T TITH
F~75:;1:&>>:>Ji Bz, WA T 2 = ifwﬁﬂéié\ﬂ%ﬂ&\ﬁﬂ&\ A IE | [E7E 1

%9;‘; FATY  Thbed TWWE5 P ki

eI R ER R, ZanET,

52



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

X9 =iz,

r ﬁ%i S B AR LI, bR,

il 23 2Oz bicon T, BRI ST RSB BT,

%9 r'ﬁbﬁf

[~ N5 ) Ll BT, T DR RN TR T, T DAL ST, T~ N5 .~
Hi . ﬁ?ﬂ% W T AL BB ET

@’ruﬁﬁa ;’/F&‘fi’) E(;fgﬁé

X9 T<UNB]

B OO AN IEE I 7257 L5 TS OND | BN ET, +>) [«

X 13 M%)

s SRS ES FRHEDT LRI bonET,

EON i/ffv/;(r/l,: %:7

il AL G B G i)

N x 3 AR

Ko I A xS,

% 14 TET) ' |
ME%%J TS FAB L, SO F5 e, T o< S8 MRy, B, (0, 15 (5E ) % o,
Wil BRI Fic kv, Bk,

X 15 TERHR)
SR MO HIN S L2 T Lo KB ET
il - R MR B gL

X 16 1513 ]

IR

Bi: 36+4=9 (ZALWIA< BB LA 1T %93)
fEE F OO, T+ M1, HEHF O SECES LBV ET,
(1> BT /792, [ — > B/ ~qFA, (x> #i35
w17 TE£H#

ETAENRE S o

Bl z o~ E E LRS-,

X 18 T~ 8+~ - ~)
PalBRRT . SR, B O koI IR IR A T~ T e~ ~ 1B TR R A b E
j—o

53



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

18 TH%)
fﬁj i7J<75:3FIJﬁHLT 7J<197b EIamEIIND %ﬁ\@:kfx FDZENS TIN5, &u\o %M@Dia“ FEJ%:
a U%%T“J:ﬂ%zbhégﬁ%?mé@ FE9,

(l»\k

Cwh { Zh

R i £ )

AN RANAL /\lﬂ%/\/;/:g‘a“/v %Dv‘g/\/ i ﬁ

Bl SEERO RS E A LT BIEORIREL TN,
VIILpA HATE ~WE A TR
U : .

;f{t%:fﬂﬁ1fl%iii'iffﬁb 5 ‘fﬁiu\frﬂ“ 1/«\/1/0
nw £ WD VL EI

Bl AttOzZoBCOM THEMEIFFIOKE RS,



HoY£L

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

MAIFLY

9. I H-UF &#Ei%

<a:BRAKETHEL>
Op

% T
By 7 ’;' E
& ; i
= 9% feozeomaee L3
R ‘ i
e foB
i !
2 B
f02% ! i
e '
BHUOTH | BEOTH

LHOTH, g

<b:BERRETHY>

o /\_/—\

Gﬂ

BFREN,
)
=

DHOTH, g
[ o : LBIRE
oy EERE
Ouy @ LRER A
Oy : THRRA
Goz : 0.2%iit
o @ BIERMSE
oy BTG H

R AR R B O AFS S — A OFR 1
AT 590 1< AT
. (08— 09 m8i)

9 (a) EE R A& F o7 R0 B AT, 12 2
AE DB Eo iR E LT

A Z 9 M D19 &

5 (b) MR Fomsboliacr. 8.

~

URY

59 O fawwm¢5%£@%“@ > 4

« O W iF A Y
CBIEE o S T
[ 11 o E Y V:J 129 %< Lizh
CRITRE £k, RN v 7o Rl v B
A
D) b i AY 590 1<
ik M¢M%e@f$mﬁéﬁawk 6.
Ry VW B9V 1< 72 A

(FEPE O 2 % 2 U 7 WA T ) ) % < B

(RS 0" L2

By IF A L EInE Y AL AN
B IR = o o fioa bRk L 2, g 7.
Fo BTN ASATD

TORWEREETGEZVET.

/
I

55

The upper figure shows a relationship
between the normal stress and normal
strain obtained by a tension test.

Fig.(a) is the case of material whose yield
point does not decrease. Almost all the
metals show this property.

Fig.(b) is the case of material whose yield
point decrease.

The maximum stress in the range where
the strain is proportional to the stress is
called “the proportional limit cp”.

Up to the proportional limit, the material
deforms following Hook’s law.

The stress limit under which the material
returns to the initial dimension (the
maximum stress which does not cause the
plastic deformation) is called “the elastic
limit of “

The region up to the elastic limit is called
the elastic region and the deformation in

this range 1s called the elastic
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deformation.

When a stress larger than the elastic limit
1s loaded, the material start to yield.
“Upper yield point oyy” is defined as the
normal stress that corresponds to the start of
yielding in the material that shows yield drop.
“Lower yield point oyy” is defined as the normal
stress after the stress stops decreasing.

In the material that does not have yield drop, it
is hard to define the yield points.

In this case, the normal stress which produces
the plastic deformation of 0.2% is called “0.2%
offset yield point &,”, and is considered as the
start point of yielding.

After yielding, plastic deformation occurs.

The range where materials deform plastically is
called the “plastic range”.

If the material is unloaded within plastic range,
the material does not return to its original shape
or length and the strain remains.

This permanent strain due to the plastic
deformation is called “plastic strain”.

On the other hand, the strain that returns to the
original level when unloaded is called the
“elastic strain”.

“Ultimate tensile strength op” is defined as the
maximum stress in the stress-strain diagram.
“Rupture stress or” is defined as the normal
stress when the material fractures.

“Breaking elongation &’ is defined as the
normal strain when fracture occurs.

After yielding, the stress must be increased with

increasing plastic strain.

Thus, the phenomena of increase in the

deforming stress is called the “work hardening”.
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In general, materials are classified as “ductile
materials” and “brittle materials”.

Brittle materials include glass or ceramics.

In the stress-strain relation of brittle materials,
stress increases linearly until fracture. (Right
figure)

This linear part follows Hooke’s low.

Thus, brittle materials hardly deform plastically.

On the other hand, metals are ductile materials.
Ductile materials exhibit large plastic
deformation before braking. (Left figure)

As parameters to specify ductility, there are
“breaking elongation” and “reduction of area”.
“Breaking elongation &’ is defined as the

normal strain when facture occurs and is given

as

g, ="—"x100(%)
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10. * iﬁEzLﬁE%‘ca) Lﬁﬁ?ﬁi‘a)ﬁ/y}if 10.  “Reduction of area ¢” is define as the ratio of

A A decrease in cross-sectional area and is given as

p=— " y xlOO(%)
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0

11. =7, I, Iy @i%;}’b%“;}’bﬁﬁﬁﬂ%ﬁ%ﬁkﬂﬁ %%ﬁ@{w 11.  Where, “I” and “l,” are the length at fracture
W, 4y, 49 1ZZNZE ﬂ%{[ﬁ} H%c L gﬁ}%% D and the initial length, respectively, and “4/” and
ﬁﬁ%%é %51‘% LCWET. “A,” are the cross-sectional areas at failure and

the initial state, respectively.

12. ﬁEzLﬁ1$ U\g D I, Mﬂyﬁxﬁﬁ@j—‘é FciIzE i 12, Breaking elongation and reduction of area mean
72 U‘%’fﬁ;‘j"éyﬁ)% 2@ LTCUVVET, how the material deforms until fracture.
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