- X-LBOZ SOIL YR OE UF

%m&& Mz JF =2 A (isotropic: & aF 4
%/\‘l O-IQ)OE j Jél

gy =&, #0
P’ o I 2tESHI(Poisson’s ratio) & 2
_|lateralstrain] €y g,
axial strain Ex Ex
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B4 XI
=

(Generalized Hooke’s Law)

(b)

o Ct=0FS(multi-axial loading )2 2= 24
SSad =0l 2let =& H S & (normal strain)
MNeo

& & 2| &2l (principle of
superposition)E & &Eot(H & = /US. H

o 0 T

Ct22l Mgt = 0t=:
1) HIE=2 3= 88 H 2
2) B8 2k (deformation)0l S 22
e 2O HBEHS OIES A HEE N
. _,0x Yoy vo,
X c = =
e = _VOx Oy vo,
y E TE B
vo, VOy o
E E E
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(Dilatation: Bulk Modulus)

é
1>

=

=3

o 252 AEl(unstressed state)0fl CH &t £ I 2| B35+ &

e :1—[(1+ 5X)(1+ 8yX1+ o )le—[1+ Ex T €y +8ZJ
=&x T Ey +&;

:1_2v(ax+o-y+o-z)

= dilatation (change in volume per unit volume)
o St &2 (hydrostatic pressure)= 6= 2

0=
0z

E 2 2(negative)O|
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(Shearing Strain)

x

dHsSE2 ezl A A2 JI2HA
OtE 2 2Z (rhomboid)E B1E. & Sot=
M HH S E(shear strain)2 H A0S 2 &
HeloF 9

Txy = f(?”xy)
HEsSE 0 M EHH A S P =1
=AHSEE M = g

= Ge= & A H ==(modulus of r|g|d|ty)
& = N EHEFA H| 2= (shear modulus) 2t 1!
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Ol Al 2.10 (Example 2.10)

200 mm

62 %\

PAPAY j:”

j*xﬂéil 2=
.LL:|.LL|-8 N
PoHXI o

w'uFOI 10mm *“:'

Z0I;
=52 dHHSE (shearing
strain) &£= B DFCOI HE

(average angular deformation) =
H| &

AScHe Merses 26| 9l
MO Sl BBl 2E =
BH Xl A=

=/ o

Metsetol Ho|2 0|86t &
PE il &t

; & Copyright © 2011 by Tae Hyun Baek, Kunsan National University. All rights reserved.
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0fl Hl 2.10 (1 =5)

1.0 mm

1mm
~tany,, = = 0.020rad
& 7 " 50mm 7
- MCSHA Y HESO 28 SHES
HNZol0 ASote HSES ALt
z,, =Gy, =(630MPa)0.020rad)=12.6MPa

P =17,A=(12.6x10°Pa)0.2m)(0.062m)=156.2x10*N

P =156.2kN
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A ( Relation Among &, v, and G)

)
—

E, v, 1cli) G2

o
ko 2,
0 3
%0 7Y
ol S
150 J
20 JIJ
i U1
< Ol i
S 100 <
H0 20 )
el
0O = 0|
J1 0| 00
~ U 70

60 |1
RO
RI 100
<+ B
S KM
AL <k
= 0l
=

a0 K0

M 7o
ot

<1 0
01 B
ol
<K
8 8)z

O O 2N

0]

kol
ol __ Kio
H £ 0

o U e

T = mo
H_Tm_m_
W - 20
Ol WY o 3

KI0 = 180 i
15 M0 gy 50
' o B
<1 OF N0 RF
o R0 = <+

\

=
|
e
-
...—..
S

(b)

P«
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g =8 M= (Composite Materials)

o R3S 8 (fiber-reinforced composite
materlals)._ 2 M (matrix) 0l 26t TS st
F(fiben)E A0HA E2H, dF= AIEE = €
IHE'— “12H IOl E, Rel, EEIIJ-I e SR
St XIJt 2THZ ALE.

Load Y

Ll\eroi ;
material L
/\,\ e AT QU HEES WEAS 2 BHEA)
N mzs sy o
(a)
o o o
e xLEHOZ Mo ME2y2tz TS =TS
SHtetH F2k=HI0 -"UII HE =Y,
&
y &7
sy == Vxe =7
Ex €x

« JIHE E40| &40l Met CHE E< 014
(anisotropic) i & 2t &.
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=2 ANl 2.5 (Sample Problem 2.5)

ANSd=2255mme &0 &t =18 mm
Ol £ S AE{ 2 OFEIJIE O AH A A
ULt XIS 0| AHD# | =0 &0l & =et & o
Ol =& S & ox =84 MPa 1} 6z = 140

MPa &4 E = 70GPa, v = 1/3& &L,
LIS Al = 2 &

(a) NI S AB

(b) XIZ CD

(c) B2 &M

(d) BHo| 21| 9| 5}
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e
=)

HE 2 4 F (deformation component)
. APiEE =HAS AEG0 28 = Ad
HEE &5 A4t Sayn = £,d = (+0.533x10° mm/mm)(225mm)
Og/a =+0.12mm
Gx VO_Y VGZ
& =+—=2——2—
E E E Sepp =&,0 = (+1.600x10 *mm/mm)225mm)
1 1
= 84MPa)—0—=(140 MPa _
TR {( )-0-3( )} Jejp = +0.36mm

i -3

gy E E E 5t = —00192mm
=-1.067x10mm/mm

g, =20 0y O . 20|19 Bigte
E E E
=+1.600x10"°mm/mm e=¢,+¢,+¢&,=1.067x107 mm’/mm’

AV =gV =1.067x107°(380x 380x18)mm’

AV =+2733mm®
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13|
G~

HHHT/
™~

(a)
lP
. = 09730, o

min

= 0.6680,,..

—_— 9 —_—
Tnax — ]"02‘(}-11\"&' 0‘11111\' = 1'387011\’8

(}_Illd\

T in

=0.1980,,..

e ~
Trnax — 2“5‘5011\'&

HB o R

SaAE11 = Sl O| A2 H ol

O 1 L O— Mo 0O L2

Melotl= eo &4Z &2 & (mode
of load application) 0l & 2totCt1)
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3.4

\
dy T

¢ P’ I
—

1|

Lo |—
B

bo | =
=

2.4 e 8

bl 1
P’ 1 P 3.0 3d 1}_
= l 2.6 .
)

/

K 22

2.0

——— | 1.8

b 1.6

X/_(I[LL:L\ 1.2

1.0

|
-1 . 0 0.1 0.2 0.3 0.4 0.5 0.6
ave ?"/(Z

(a) Flat bars with holes
2= FMUHA 2HOILI 228t HHEH B35t e} K — 9max
2 AS M, £2 LA S0
S = & S(concentrated

Hir
r0

O ave

Ol

Copyright © 2011 by Tae Hyun Baek, Kunsan National University. All rights reserved.

0.7

-12


http://100.naver.com/100.nhn?type=image_list&docid=23498&dir_id=12160105�

Sl = Zal (Stress Concentration: Fillet)

i 3.4 \h\ . p
3.2 N
r
N ¢ * TR .
| A P LA\ L Did 2
e  ]) I d — 2.8 \ \ \ \ 15
I Y 2.6 \
NN
2.4 :
o I NN
2.0 \\ \Q\\\:
L8 \ \““"“::
k N 1 T~ PR
U max L T~ —
Pr / 14 H*“"‘-—-—_
o :_..._.-—-{}'m.{, 1.2
( L0 002 0.04 006 0.08 0.10 0.12 0.14 0.16 0.18 020 022 0.24 0.26 0.28 0.30
rid

(b) Flat bars with fillets
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Ml Al 2.12 (Example 2.12)

P p
Fil |

SHIF10 mme! 2 IH H It o
M OFE = 40 mm2 60 mm2I}
==l Bt II% = 8§ mm=
HADI JAS M, AL &= U=
= CH ;Eﬁa Pg ZH. 0l
A= 2 165 MPaz JHA.

=0]:

« J|Gtar A H|(geometric ratio)E 2 &,

18l 264b 2R H SEESH =+
(stress concentration factor) & — &t L.

HEol ol 4= 2= )
SAYSAHLE NG, 5182 =
A= BRAESHS Y

' 5| Copyright © 2011 by Tae Hyun Baek, Kunsan National University. All rights reserved.
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o J|otst& HI=22H 1€ 2.64b =
Ol=, =82&8sH+E Hetlt
34 N
P’ P

- %I\\\\ L — D _60mm _ r_8mm _ ..,
o AN D/d 2 d 40mm d mm
2.8 \ - Je
AN NN ; K =1.82

RN
2.4 1.2
M WNIN 0 Sl . 2ol sl2axzA
20 \\ NEAN SHUXZHAE AR FHE2E &

\ \\:RM\M ST uEISAT= = < 2— N
= N YT A=8riSs= A
= \H"“‘-—-—. _—-_-—_“""———-:
1.4 ——
; 165MPa
10 K 1.
0 0.02 0.04 0.06 0.0§ 0.10 0.12 0.14 0.16 0.15 0.20 0.22 0.24 0.26 0.28 0.30
rld AXRIS2A0 S A2 Ol 2
(b) Flat bars with fillets * T e - Oj et A S 018,
ol Eot== Al 4t

P = Acye = (40mm)10mm)90.7 MPa)

—36.3x10°N

P =36.3kN
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EF A A
l_l- 4 O
o
@&,
B C
oy — ’
// /
/ / 20y
/
K,’ A p| |k D
L I H'
.
J H "
o
¥ ¢
OypF———-— - X Rupture
/
/
/
/
/
/
/
y
/
/
/
A D €

SE-BHESHAHNEZAN 5 Mg
diciet== EU =Wotkl =0l JHE.

Olgist Dt 2 &50| 20| Wl O0lE=
F A = (brittle material) A= EFE

A A TH = (ductile material) | A S& 0|
Mol sSAT-E ZU6HH, AHBFH0|
S

A2EHS A2 0| & A0l

&t A A T & (elastoplastic material) 2
JIEGHH S=3t.

BAd e HE=2 8§48
A2HFHOZ F2

A A & (permanent deformation)
S=SEEL 2 6H=S22 1ot 2 A

X % | Copyright © 2011 by Tae Hyun Baek, Kunsan National University. All rights reserved.
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ANMHSE (Plastic Deformations)

| (}]-'I]ilx‘
| ‘ oA * EFAHAE S ZIHSE0| =SS
| P P=0,,eA=—M& =
| — ave K Olottl €HE
|
Lol . _ o
1 (a) A e FiS=2 ZIHEAHOI= U A
X 5= = (yield stress) It S

-

D

Il

|

jval 0
=
m
_>|"_
I
i
=)
e
=)
al
0K
Q'y

_ > or= (=] = =
S 22 M 90l AMH S

l)

Q
R
S
T
=

X
o
o 0
o
0o
i
o

i - oS0l A 0l&fe= S,
| « R=ovA  2A0jt A8 HAHO| AL
}ED P -KR  SJtot0 &2l € F =0
| [r— Ol Z DAL Al =

- e—

ave — Oy ((I)
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How o R
e
~vs &~ R0 ol :
11O CC = = O_._._ _J_n._ 2
1 O 0lJ =< m &
S B oo . =
m_& I N W <1 %0 :
. WS =0 ol " 750 Dy C4 o 5
%, 19 oll o5 ko — B "l OH LA g
> o o2 W0 = N &
% omy e e T OF 3
D I B) =0 o 7 R g
= at, £3 0 I = 5
8 010 80 0 S0 g - o = s
s W=t SKow oW Ky AT S
=B A A :
= ~ont £F S o 0l =3 g
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HlAl 2.14, 2.15, 2.16 (Example 2.14, 2.15, 2.16)

MRIE B A

=0l 21Kl % i
ANATHO 2 E, LHK

oo B2 2.9

-1

00l A 25kN2 = SIIA|
o=z 2. k=20 CH oP

a) = M0l CHet ot =-
(Ioad -deflection

r\U

SE

A. =48 mm?
E.=210 GPa

O-F)Y =

(permanent set)
| A Hl &

(

O
S

/— Tube

Rod

DMANN
-

NN

<~ 0.75m ———

E,=105
250 MPa
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Example 2.14, 2.15, 2.16

ne v, ¢ a) = ZEHO et olsS-HESE HE
g
0 E,i/i)// 0.:89 8, (mm) (Pr)( ( X Ar =((25)YO><106 PaX48X1O m ) 12 kN
250x10°Pa
- 0 =) L= b L= 204088 1501
[ 1] SERREEERE G =0.89mm
: ®)
. | (R), =(c,), A =(310x10°Pa)62x10°m?)=19.2kN
0o 0.89 8,(mm) ~ ~ (o,) ~ 310x10°Pa
P (kN) Y, (5t)Y _(gt)v L= EtY L= 105x10°Pa (750mm)
) f - =2.21mm
93¢ _______}"‘ / i
19.2 / i "
VA P=P +R
/ |
0 ,’;:?/ EF 0=0r =0
| | | 8 (mm)
|6 | K 1

Copyright © 2011 by Tae Hyun Baek, Kunsan National University. All rights reserved. 5- 20


http://100.naver.com/100.nhn?type=image_list&docid=23498&dir_id=12160105�

Example 2.14, 2.15, 2.16

P, (kN) « P=25kN 2 oS0l A, S(rod)2 2 S0

0
8 (mm)

Y, & = -

o == I ELIEEEE

e @
s P =(P), =12kN
0 B/ L5 6.mm) P =P-P =(25-12)kN =13kN
P, (kN) Y, o, = i = 13 k_l;l > = 210 MPa
. A 62x10"m
] : 6
| (b) 5 =gl = Oup = 210><1O9 Pa 750mm |6 =& —1.5mm
. | E,  105x10°Pa
0 | 175 6,(mm)
P (kN) o - -5 X8M= d2(Y,) ol @et stES0l AlA
&
CITTTTL AT _192kN _ ;16 kN/mm = slope
19.2 [------- Fa " ~0.89m
/o ¢
/ | P 5o Pmax _ 25KkN _ _1.16mm
Y i m 21.6kN/mm
/ ; 5, =8, +6 =15-1.16)mm 0, =0.34mm
,IE | p p max
I
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Example 2.14, 2.15, 2.16

P, (kN) Y C o
T — . e S FEUHA &FSE AL
. @
o ot= MG 2ol S FE2| S (reverse
0 |/ 15 () stress)= H & A FSSE2 ols HE0 2lolf M=
e S GIE MH Al LMEH S S22 HE 2N,
P, (k , -
L - &,
R < . ,
no g o _Zhiemm g eg g0 mm/mm
E ! L 750mm
0 | 175 6,(mm)
b y o! = ¢E, =(~1.55x10°)210GPa) = —325.5MPa
¢ o! = £E, =(-1.55x10°105Gpa) = ~162.75MPa
Y —r
189 = |
7o @ Cresiuary = O + 0, =(250-325.5)MPa = ~75.5MPa
I B
7o O st = 01 + 0 = (210-162.75)MPa = 47.25 MPa
/E | F
0| | | d (mm)
Ia | 6! 1
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