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The 9 components of a stress tensor:

The stress acts in the x-direction
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‘ ANATOMY OF O-RING

PRESSURE
OF HOT GAS

FATAL LEAK
After the solid fuel
boosters ingnited,
photos revealed a
puff of dark smoke
swirling between the
right hand booster
and the external fuel
tank. This Is the
location of the seal
that burned through
about 70 seconds
later and caused
shuttle to explode.

A%
e
=2
R

o rr
e -

Ral
=
M
=
(]

E -
M
X oy
¥ I
rot
al

o
zes
£ D93
I
X9l HEo)

-




"2 BX| WEEA

[

IS B7lofE

(aerodynamics) & 5=

250l X4l 43

)

Hs

TZEA2| X[ A=t

r|r

HF
=

(=)
E Rk
%
S|

oo
Of
xc Ir

rt
=
S




|
o

(1 2.5

-1

Demand

A HFol 285

LS
-2/

X 28| (Engineering Problem) Sl Z 4

Capacity

A

stEoll cist RiZel 45

(e

TZEHMEE 0|8ot0] M|E2| 85 &=

v
&g
[ (Experiment) J

AE(HA)2Y + ABTA|E o] 23}0] 2

v Alsio] F7[s}

o

v o] Bt

=

15 0|2
(Classical Method)

8t 481N 0| 3|2 1t
WHAOZ HH
2 AR 2H e HE 27t

v

2K[SHAS
(Numericlal Analysis)

)

T=T,att=0 EE-3|
T =T on B%D S—
—kVT -n=y onoQd,
o ~ W9 BN E
0y ~ 5HE NG
5 5

oM

t
g




NCA

U=
VI r)

K =
.

s
RO
oW eUroncs

112708JE




1

RpHE o
(Real Phenomenon)

" 21} 0|1 X] O|2(Theory of Work and Energy)
A of s (Work) = OllL4X| #3HEnergy)

7okt =AH) A7 = £XH

. 7|5kt > AAI=7d(boundary condition)

- Al Zt ™ > X7|=Z(initial condition)

- 2B A% > C Ak S| w2} ChE D3t S

= L .

N TMubEAl(Constitutive Relation)
s .
Fat £0| 213 S2[ At0|2] BHAA]

W%+V.(—kVT):qin QX(O,I] X| B R Al

T=Tyatt=0 %71z
T=7~“on6QD

AA=d
—kVT -n=% onoQ,

Xy, AAZA, X7\ =4 |
£l Y wX(L-X) A2l x| g0 o3t H@eam)2 HF ¥
=
dX 2 Y= % (Xt 20 —13X)
L PES 24E|

X =000 Y =002,
X=LOJAM Y=0o0|Ct

d’y Alztel 4ol ofst Hat me

—+w,y=0
y(t) =ycosw,t

A%
at’

BA =4

t=00fM y =y, 0|3,
t=00lA dy/dt = 0 o|ct

T _hp o )=0 Bt X0 o8 Eoj W2 2 2E
dX® kA, * _[h
EE

X=00M T = Tpase Ol 22,

1> dT=T,

©

X

T=T, 4= T.)e '

>

Mathematical Model £ 34
- AAZAH X7|ZHS 2= 0|2 WYMoz 1M

- AX| ZH|




A[ohA 7ol oJst PEBHA

-1
| ammw ) | temew |

Y o
t w £ 47Y _ wX(L-X) DA slfA It
dx? 2 [ TS TTTEmm s s s s I
2A = || ZA L 27|=A42 Jxl= ol& ghgAl (B I
X E T .
I ﬁh X=00MY=002, I AK A ’ " el ] I
' ' X=LoJMY =0o|ct : o) 1
e e e e e o e e e e e 1
T d’y
Yo y F-i—wny =0
vt "
> A = —
. t=00Ay =y,0l3,

t = 0 Of|A dy/dt = 0 O|C}

E & = E T I Il
| | |
£ 1
F=(KIA) e R, TGS
& h | ., e
FL g _ il
— A dX kA, ' : —ar
{4} =[KI" {F}
AA =4 : .
P = Perimeter X=00MT =T, 02,
I,\J Lo UIYT = .. v Z Y EEE 4550 518 23 0[50 A AESH0] ot d =E
HLHEl Ho| ZH 28 @——> Strain A|4t @—>  Stress A4t v AEzE| C 0|29l Bl mEHo Bl 2T HE
\§ % - J
( MBACHAHER AL
Cherst 24/81A1 718 01B3l0] MATISUTAIE RE HYri By
> (Linear Algebraic Equations) ZAH
e
FEM, FVM, FDM, BEM, Raylelgh Ritz o, IBM... \ {F}=[K]{A}




S

28| (Engineering Problem) sl Z W H|

Head impactor

Adult head impactor
(185 mm in dameter and 4.5 kg in maes)
Child head impactor

(165 mm in dameter and 3.5 kg in maes)

ol

Kl

gl
12
(-
It

‘ Beam with a uniformly distributed load

AX[sHA] 7]

Node
. o =k} =

@ - =[kH3; » =[k|{&'

* {f}=[k}d
O o

L
=[5
f=lkidr (B=IkIE}
L

Z 9 40| X|HY A - {=[k){5}

L

: 4

Beam loaded with a concentrated load
fixed at one end fixed at one end I
‘ My =F -1 My =—
- 2
1 l - & iy !
5 3
. 2 F.l ¥ f E
i 3.E-1 L { B g | 8.-E-I
— supported at both ends
F- F-l
M, i ‘ M, = 8
{ pid
I B 5- Fi
48-E-l e l 384 -E -1
il Bl
M(v F Mh e
8 12
——
13 B
ris 1P o Fel
192-E -1 384-E -1




Acceleration (G)

(Epyeseh( yshg,
seh (@it )sh (¢t
o) {Pnash 87

+ Enlch (¢, 7) IR - 7% = v} + ch(¢,37)[R + nln? (1 - v)]

- coth (¢, sh (9,1 7) (R - nn? (1

]

4 6 8 101214 16
Time (msec)

(13)

N P o= ) ——
vo!b, & = b/a, g = Ra2. By = Exla, Fy = Fyla, fy1 = My = .'z\n'x,": +R

i =
e
o
P
p—
Lmng®
Ashs
Fup
]

:




CONTENTS

T2 oll4] 7H'd ofH

Part1. 3215 EX[SHZ U 29

Mo

Part 2. 125l A10]] CHst ofsH

Part 3. fet2AsMo|| CHSt o]si



0| Bzoz

15Ne] &

A Hojl=

g5l Uk,

<MOMENT>

<FORCE>










ol
3r
B
=
N3
OF
—
©
4 o o ) L
e = fol" 1o ol ¥
ol & B8 = W
gr &l | = & |
@ H X 0H X
£ g 3
®
o % )
o T2
r N © —
g =
X o2
N 0 .E
op <
—__J -/
N
o
o8
el £
AN
W
—

z
——
10
= —
[
S
lHo
OH
or
-3
(]=

xled

Mechanics
Qs




TZol|M (Structural Analysis)

« FZN|0f| ot

7FoNEl @ =t

- 2[=0f| CHet FL =4

Demand Capacity

=K e st=oll chigt HZe 45

Of

24 MSol =
- 28 __5 obFIA

- NS 515 < 2
- 2/ = - 3 > AR Y
- X3S 5 - 52 --> ZHY
~ P roe N A=) N
ors — i — HAE/SH — ATYH HE
PS- nb(le: k-l




Tension
on bolt

Young's modulus (GPa)

clamping force
on joint

clamping force
on joint

ol

. and alloys
¢ Composites

1 Foams \

° ot Plastics

=
|
L\ 0%y a
&
PR |
o @ & ?" Elastomers
i * p

W 0
b

M=)oll ZFHE S i I *= 2| Hedof| chet &2

— =

Technical ceramics —______ Glasses

Non-technical
ceramics

Natural materials

Fibers and particulates

Metals

Densnty(kglm‘:i

M= )




ﬂ

Newton's Law

ISAAC N[:WTON :

4**°|i1i4 * W SEEEREEEE

O PTIi'iNCIPm

H!\'\ &\llll\(lll (‘l\\l l\lllllt"\‘"i







=
Jo
]
0/0
Jo

P’
( S L2
Il
J [ ]
> Q|=d0f| CHAE =l =
o X [=]
) =0l &lo] &&
E|7
o 17| 2|5 ZH= LHOf|
1 l]
|
e
y P a
—= |

(b)




0lo

Ju
10
OR

=l

‘Bending moment

components

| Normal force |

.- Torsional moment |
p |

g.l-_‘(}_b;;

- - Shear force components

x < Lol 55>

2l=

b
"1

+
1

"
b

LH=]
)

Normal Stress, 6=F/A
Shear Stress, T=F/A




Robert Hooke - €3} 39| 27|

"ERMEROIMS TF8t B2t SHI0] A1ZI HE s vl

7
0000 F™NYy L dse m (kg) | w(N) | X (m)
=SOPe=Tn A4 0.000 | 0.00 | 0.000
: 0.100 | 0.98 |0.025
= W | 0.200 | 1.96 |0.050
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Hooke's Law

Stress = Elastic modulus x strain
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Problem 4.3-10  Under cruising conditions the distributed load
acting on the wing of a small airplane has the idealized variation
shown in the figure.

Calculate the shear force V and bending moment M at the
inboard end of the wing

Solution 4.3-10  Airplane wing
1600 N/m

-—

900 N/m

1.0m

| 26m { 2.6m

SHEAR FORCE

SE & 1 =
‘-'[vxzm =V T+ !

Lo
V4 —(700 N/m)( 2.6 m) + (900 N/m)(5.2 m)

|
= Q00 N/m)(1.Om) =0

V=—6040 N = —6.04 kN <—

(Minus means the shear force acts opposite to the
direction shown in the figure.)

—_——— e 1600 N/m 900 N/m

‘ 1.0Om

| 26m | {

LOADING (IN THREE PARTS)
700 N/m _(_lf‘—"“---_-__‘

SN
900 N/'m @ Q@

A B
BENDING MOMENT
ZMy=0 &=
f2.6 m)\

LE oo
—M +— (700 N/m)(2.6 m)

R
3
+ (900 N/m)(5.2 m)(2.6 m)

1.0m \

~
k]

1
+—(900 N/m)(1.0 m 3(5.2 m + ,
2 \ 3
M=T8867TNm + 12, 168N m +2490N -m

]

15450N -m

=]545kN - m <—

For the shown truss determine:
(a) the reactions at supports D and G, A
(b) the force in each member using the method

of joints and state if the members are in tension

or in compression,
(c) the force in member BG using the method of sections

Solution:

2.25m

(a) The reactions at supports D and G f | — !
- There are 3 components of reactions at supports D and G (3 unknowns; Dx, Dy, and Gy)
- To determine the horizontal component of the reaction at hinged support D (Dyx)

s 2 Fx=0 (lhefe is no horizontal force except D)

12 kN 18 kN
D

- To determine the vertical component of (
the reaction at hinged support D (Dy) Dy
‘D Z M:; =0 Sy
-12x45-18x225 -Dyx225=0 A
£
===> Dy=-42 kNT (The negative sign means that Dy is
225m , 225 2.2
opposite to the assumed direction) ===> Dy = 42 kN f e = F = f
- To determine the vertical component of the reaction at rollar support G (Gy)
*OXM=0
-12x6.75-18x 4.5+ Gyx2.25=0 ===> Gy=+72kNT ===>|Gy =72kNT|
- Check:
T X Fy=0

Gy+Dy -12 -18 = 472+ (-42)-12-18=0 OK
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/Faulted) : Y

NOTE

Sy@ : Yield strength(ASME Boiler & Pressure Vessel Code,
Section Il , Part D)
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ME™EXSHA 0f|A| : Lifting Chair 7= Z714 7}

Armrest 65kgf Armrest 65kgf Von Mises SHEX (4|t} 65MPa)

e SAF (X|CH H | 4.7mm)

Footrest
390kgf
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Case 1 : 7H/Zt&% : +50 m/s?, RMUET 5 m/s

. Point 1, Z|CHMTCH¥L] : 2.77 mm

b )
t. oo b Monee | Mo MODAL DISP
0 1 2 s . s B TOTAL , mm

rrrrr [sec) +5526.03

. 0.0%
+5065.53

Point 1 Im%
+4605.03

0%
— +4144.52

;

= vaead.0z
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0%
I tazzase
0.0%
- eresne
-
0%
H——— 230251
1%
H— szt
-

0.0%
— +1351.51
0.0%

o
+921.01
0.0%
+4560.50
100, 0%
+0.00

Case 2: 7H4&E : + 10 m/s?, UL : 5 m/s

o o Point 1, Z[CHATHHS| : 0.556 mm L .
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Generate Design Spectrum E

© FA, e

Add/Modify/Show Response Spectrum Functions

Spectrum Data Type

& Normalizsd Acceleration  ( Acceleration ¢ Velocity
scaling Damping Ratia
& scale Factor 1 005

€ Max, Yalue, q

X

€ Displacament
Graph Optian

I™ ¥-axis Log Seale
I ¥-axis Log Scale

Spectral Data

Feriod {sec)

Function Name
Design Spectrum  |UBC (1997) - UBC1997
Seismic Coeff| Japan e | Desnspectrum |

(" Automat] -

Period | Spectral Data| ~
Daka for Autd (sec) ta)

; —_ 10,0000 0.0600
5ol Profile Typ 00800 0150
Seiemic 20ne FEURC (2004} 0,1000 0,150

h = 0.2000 0,150
0.3000 01500
= 0.4000 01500
0.5000 0.1200
B 0.6000 0.1000
5| 07000 0.0857
Seismic Cosfficents Lo o
11 03000 10,0857
Seismic Coefficent (Ca) ;008 1| 10000 00500
13 11000 0,0545
Seismic Coefficient (Cv):  0.06 18] 1.2000 0,050
15| 1.3000 0.0452
. 16]  1.4000 0.0428
Max. Period : |10 (520) = 1500 00w
e i enn f e
Cancel Description |

UBC1997 : Ca=0.06 Cv=0.06

ok Cancel

MibAS

< Max. Displacement & Stress of OBE@NS>

< Max. Displacement & Stress of SSE@EW>

TABLE I - STRESS LIMITS FOR EQUIPMENT & SUPPORTS
(EXCLUDING ITEMS ASSOCIATED WITH BUILDING STRUCTURE - REFER TO SKETCH 1)

Stress Limits for

AS Section 11
Combination/Envelope Results Equigteat and il
= P 5 for Non - ASME

Stress Limit

f  Fesult Calculation,..
% Result Combination/Envelope ot Section 11
Local Direction Force Sum, From Resuk: laqg:pmcnx ::yxd
£% Summations for Loads &Reactions... - Supports
34 Free Bady Loads. =
[ Stress Linearization.. — RENS —
Bl Element Contour Plot g '("l L"\ml
}& | Convertto dB {decibel: i Il s
BR Remesh Based On Resuls.., Delete :
.. rvice Service
LLLL T Limit
Combinetion Type 5
 lnea  ( Ewelme |

Plant
Operating
Condition

Allowable
Stress

Stress
Value

Loading
Combination

150.0MPa
(0.6*Syv)@

Service Limit A

(Normal) bwo

48.1MPa

150.0MPa
(0.6*Sy)®

Service Limit B

(Upset) DWO + OBE

138.7MPa

Service Limit D
(Emergency
/Faulted)

237.5MPa

DWO + 55E (0.95*Sy)®

229.4MPa

NOTE
Sy® : Yield strength(ASME Boiler & Pressure Vessel Code,

Section Il Part D)

0.6*Sy@ : AISC Code, 1980, Section 1.5.1.1(Page 5-40)
0.6*Sy® : AISC Code, 1980, Section 1.5.6(Page 5-30)
0.95*Sy® : These values are 1.6 times higher than Service A
limits,

not to exceed 0.95*Sy
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Pre-Processor

DEo| 0| M3l (Idealization) 5! 22 O|AtSH(Discretization)

STEP-1

STEP-2

STEP-3
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stEZ=72 Ho|(Force, Moment, Pressure, Temp, ..
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NODAL DISPLACEMENT

SHELL YON MISES STRESS
MAX TOPBOT , Nimm”"2

+146.014
"~ +136.889

2%
+127.763

4%
__ +118.637

0.5%
- +109.511

£® 4100385
1.0%
+91.260

. 1.4%
— +32134
+73.008

C +63.882
i 6.0%
+54.756

. 7.7%
+45 631

~
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SHELL VON MISES STRESS Total translation

MAX TOP/BOT , Nimm”"2
Y +146.014

' 4136889

0% 12778 Tensile stress
4118637

+109.511
0% XX-direction stress

" 482134
~ +73.008

29% - oo Percent total energy

6.0%
- +54.756

+45 631
145% 36505 Von-mises stress
= 427379
= 418,253
4 +9127
~7 40002

Tresca effective stress

)
w0

Reaction force

Safety factor
Principal stress
Acceleration
XY Shear stress
Relative displacement

Velocity
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X Of2jEe 1AE

st ox
A M2 (Ductile material) It2| (Yield) T
U s
' F
o s o #=2 , SPSOHI 0|2 I X 20 2A=55H 25l
o (Buckling) SHAE SURToR MLTHHE0 T¥s=HY
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—> DHIRE —
> m= y HESHS T AINS 2SS OHLIAT SN
{Fatigue) OIS0 SYHUSS2 0IF ZH0] U610 DHE=H
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» 3 » =CHAEN A SEHS 220150 2R = A AL
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SA0re » S50 LA BZHEZS Y=ol A 50| 2H8cEALL
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=3 HoO
= d0 5.

2 (Yielding)2|

Alo] 2ale o

|

A O
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Mo,

=
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O|2(Failure Theory)0|

1(Effective Stress)2t
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=
—

XX S9| Art=S 1e{ote] EA| A0 A

M
=

21 SIS O|L| M &AL,

AN
oo™
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H|E, 20} otF S50l 2t @7 &= A AH|7|=(Design Standard)Zt ZXHSHH,
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& SMALL Dis F.éuunf'
SHELL VON MISES STRESS
MAX TOP/BOT , Nimm"2
——_+146.014
1%
+136.889

02%
+127.763

3 |“.'si.

Linear
pry e quancy Response -
\—) I ) S *118837
STRUCTURAL b Trangiest -\vs.%‘mz ’;;:’; +109.511
/’ ¢ Respanie Specinn ‘ 2 +100.385
? Rondlsm '.'iBwfl-}-. e 191260
gaLp o *E213
MECHANICS 3 STATIC Madod ( Lav 7 Streim ) Sy +73008
e A AN 28%
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\ o Cordack. Sy *4756
\ Duvatic 2T wnflock 7 445831
= Dyharic '{LMP..':L —436.505
T ohat " 21379
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clamping force . R S5 o
on joint clamping force THERMAL — Stoady~ Stde o
: on joint R
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[F] = [K][d]

[d] = [K]'[F]

Stress = Elastic modulus x strain
o=Exeg




NODAL DISPLACEMENT
TOTAL , mm
14134

2% vasm

2938
+12340
+11.743
+11145
+10.547
+9.950

Fot2A HBUHAMORLE X AlME|= HE XX (nodal DOF) & LUSHH AEfHS
(state variable)2t 1= £
TEEC HR|, 2k, 32 £k SO0[ 1At HS2| CHEXQI ofQ

1

- +6.961
46364
+5.766
+5.168
+4571

Y,
\
[ ] 2 u m:gp(%?:z‘z‘wyzESS
m 2K HE . SHEX s
« 2H|2| 1Kt A3t HE| foteA HHEHAHAOZHE X A|AME|X| 41 ors s
X HSQ| 37| Hatg 1f 149 Al (constitute relation)2 0| 2%t §-X1 2| oae
- CHEXQI o2 S2{T} W22 (heat flux)S £ 4 9IS xon
0,002 j
50 o) Eo « HFE oi2fk HIS
- 71 o_ EQ} [ ] J 1 E°1 t Or % l ‘ll“_‘bl - 1T ,l‘ V111%{”1751117«1111“111 ;l{: TTTTTT T
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A ASel el Hetd o THE S+ A Linear Static Analysis (Actual Deform)
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2t

2| (Displacement)

ol

x

HA LES fIX12] 2Ho M A
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tHQ| (Displacement)Z1} &7}

Keyword 2 : 37| (Value)

Keyword 1 : 2gF (Direction)
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Non-Linear Static Analysis (Actual Deform)
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Linear Static Analysis (Actual Deform)




tHol(Displacement)Z 1} o}
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2} AXE LFIAEFA ()
: 2 Atk 2|2l 50mm WIS

0 JSC6011-2 : LR A 72 (2L

B2 M)

A2 15 7120 = Ysim &4 I3 A £ Bet SS3HoF 3t

B. FMo oz S H
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EiSH=G, 0|22 CHE AT AIHOl|IA HESHA B 4 2l

eI E=

ol Z20j thstol

DU AZE sHe o 2 HH0| 2o HE ZHotn majol HA 0| =|rf

# 2= 50 mm 0|5tolofot 5t

44Fo| heo| glofop3ict.
@ FAAOI = Tfal QIOjAL OLEITE ETHOI AZ ThAR, AR 3 AHH|
L W40 M2 Sk FPHY T THIS| hEXQI o2, $3 N Fo| 7

= 1E FE9 mH0| Uk

2 opo| A

)
I'

= A A|5= #E2

FIEE. 71t EY, 5 2

¥

03!

=
=E

NODAL DISP
TOTAL , mim
+4.7161e+001
1%
+4.3231e+001
—43.9300e+001
43.5370e+001

-3.1440e+001

42751064001
‘E' +2,3580e+001
10.7%

1.9650e+001

1.5720e+001
2.3%

—41.1790e+001
2.4%
~+7.8601e+000

3.9300e+000
6.4%
+0.0000e+000

a»

NODAL DISP
TOTAL , mm
+6 8422e+001
= +6 2720e+001
0.1%
+5.7018e+001
0.1%
oA ~+5.1316e+001
0.1%
~+4,5615e+001

ud +3 9913e+001
= "4a.4211e4001
APp—
2.2807e+001

= ll 7105e+001

+l 1404e+001
g

+S 7018e+000

+0. 0000e+000

NODAL DISP

TOTAL , mm

o ¥8.50234001

0.0%
47.7937e+001

0.0%
+7.0852e+001

0.0%

—+6,3767e+001
[i}

44.9596e+001
0.1%

44.2511e+001
0.1%

3.5426e+001

+2.8341e+001
+2.1256e+001
—+1.4170e+001

7.0852e+000
13.9%
+0.0000e+000

<=

NODAL DISP
TOTAL , mm

= +1 4219e+002

= 1303464002
0.0%
+1.1849e+002
0.0%
+1.0664e-+002

0.1%
+8.2941e+001
0.1%

%
+7.1093e+001

0.1%
+4.7395e+001
~+3.5546e+001

+0,0000e-+000

NODAL DISP
TOTAL , mm
. ¥3.18798+000
0.0%
+2 9223e+000
0.0%
+2,6566e+000
0.0%
—+2,3909e+000
0.3%

+1.5940e+000
11.7%
1.3283e+000

+1.0626e+000

+7.9698¢-001

~+5,3132¢-001

2.6566e-001
14.4%
+0.0000e+000

NODAL DISP
TOTAL , mm

4510194000
0.0%
- +4 6767e+000
0.0%
44.2516e4000
0.0%
+3.82646+000
0.1%
43.4013¢4000
- "+2 9761e+000
+z 5509e-+000
10.6%
+2.1258e-+000
4%
+1.7006e+000
P

~F1.2755e+000
1 %

+0.0000e+000



H2|(Displace

2) RTSHE J|ES UESD YT}

Baseplate with

MibAS

Lattix® Connector (Optional)

EO sensor

A= (HEE)
: 20mm He

| %It

SCALEFACTOR=

B: WX

™

6.16
4.62
3.08
1.54

0.00

3.2861E+001

ANGBILITY-~
VIEW-DIRECTION

L.

50.00
_______ 41.08kN(10m_140kph)
40.00 O
________ 27.92kN(5.5m_50kph)
30.00 - 13k
25.25kN(4.0m_50kph)
20.00 -
N b —
0.00 :
0.0000 0.0050 0.0100 0.0150 0.0200 0.0250

0.0300

7| &9l =

£ 3 A EUE0| T

[=-

EE Ydllotx| ek=21? (24 Y)

4.0m =M (50kph)

5.5m SEA| (50kph)

I

| 10m Z=EA| (140kph)
I SHELL STRS
VON MISES TOP/BOT , Njmm~2
I -|hl +553.50
0.1%
FRe. +507.38
I \\‘ "'-.__,-‘ // Il‘ °o
\vEA L A ———+461.25
I Y I 0.7%
4 ———+415.13
| oy " 4360.00
i/ \\‘ &L
- — +322.88
I l\_l Fi 4.3%
b4 B—+276.75
PR 4%
I | +230.63
S 8.4%
W - +154.50
I £y 9.2
- +138 38
I N - +°< 25
FY 19.6%
I _— I +46.13
34, 0%
I |~ +0.00
1



2| (Displacement)?|= 57}

2) 87tot= 7|&S TESHI J=T1?




oo
Ju
P
)
or
O
(/)]
»
L~
o
rm
40
Q@
|-O
N
)

24 2R 0M FO0X|= & F, 2 H(H0)0| EHE2TE M= LR 0= 0|0 HEst (8
= 20| 47|20 O|& S2i(stress)0|2tR FLCH S20|2 Y| ANZ HBIE ol (@)  [bupue
2= 2ol £2 2= T g g BEO Yod 242 oA Y = '
I:|'. Aug 17, 2018 [‘Hi-_t%‘-i] _

F — & ar
https://news samsungdisplay.com> | _:
7] 2otss 250[0p7] 3 HZ ozt H ww- L

CHEHEASE
ChAl SHOF StLt

5t5g ZO{0F StLt -




0lo

Ju
10
OR

=l

‘Bending moment

components

| Normal force |

.- Torsional moment |
p |

g.l-_‘(}_b;;

- - Shear force components

x < Lol 55>

2l=

b
"1

+
1

"
b

LH=]
)

Normal Stress, 6=F/A
Shear Stress, T=F/A




Displacement= x (m)

0.00
0.98
1.96
2.94
3.92
4.90

0.000
0.025
0.050
0.076
0.099
0.127




S Mize| A

y
d
= : - .=
1 | | |
.(_’ —- . 1 : —q—>~ o, T'(— | )-
P / e s - —— - b — \ ————— o - P "<_' ’| _____ — — P
> - . - / \ _”
\ -
Z a
== (S
S2 (Stress)
A ,
Ultimate Stress
Yield Stress] Fracture
Proportional Limit Eng. Stress-Strain Curve
Elastic ‘
Modulus
f
/ ‘
" Elasticity Plasticity
\
\ 2 £
Linear - . . .
Region Perfect Plasticity Strain Hardening Necking

> HYE (Strain)




=
a

Loff et siA =0 .t

X7t
o O

T2}
Very
DuTtiIe

|

Brittle

Small

Moderately
Ductile

A A T

32|E, R, M2t 34 5 A8

=

-
T =2, —

=at Az A

olo

Ductile

Energy

$5941S

Moderate

Large

Strain




- 54
. = I
— I I ﬂm
o “ I S
! 1 i3
Rl o n
_-_._ 1| = = Wm
= = | ME“ ,—, wi ___._,_++ = wi
n = 1 [i1]
= ok | R 1 L |
U a o 1° H._ H = HL
T _* “ « oF m,”* LI T
1 flir’ k<
0l w_"___ e U |
AL L 1 o
._OO “ “
[

Z=2o 108l o] & ALt
2

N | o0 K K
] oo & & O

——
]
ojnu
H A
0 Kir
K0 ol
od — =
. T =
- X H_I_u )
2 LR
2| . o ® X
S| 4 B0 < 3T
m .__._.._ 0 T 10
00w
° L = o
=T N X RO
© M F H
or i o T
® dcorl®
- N0 & o W
o KO o 20 4
l.l._ ol X o o
10 Jg Tl L WO
H iy 8 M
N K © ©

o] etz
It2|7}
EELI

E_=!

o
L=
ol
PAs
=
=2

FdxH=o0ll cH
2
Iol'
=)
ol




‘IIIIIIIIIIIIIIIIIIIIIIIIIIII.
<

S .

L n a

. Keyword 1: QIZZ T .

- Keyword 2 : =2 .

Maxillary Bone Principle St . -

< axiliary bone rrincpile reSS) : Keyword 3 : Io_lxol.n}jl_l .

™ | |

{Max: 505 N/mm?2 > <{Min> * 0.

..IIIIIIIIIIIIIIIIIIIIIIIIIII‘

[

F|MrE = 23 (Principal Stress) H7t

QUYL of| CHoH M= Z|t%1S3 OHE 0|2 HE

T o

I

1stne

|

{Fixture Principle Stress)




F Astress o=F/A

fracture
! X

yield

linear ai*ea _
o=E¢& I strain &
e

n
A

=R

o

o o o - -y

il ulla
*c.II“Eo“ [-H‘LI' o|°“ Keyword1: 52T Keyword 2 : Fthita| Keyword 3 : 20}
it 2= AP Lot RASHALE Dot 24S 712 p————— stEZte 0|5} LX)
’
Udk ZTHO| A FEtTER|(Slip) 7t 2 LMsHH, E0[AeZ
2 oM = =mt2](Buckling)Of 2.

oo EE Emm o o . -y

Effective Plastic Strain (ISO View




s

MR 54

s40] 23

AU PR2 MEA HAE
StackerOi] 7it[0[0f, 7|0f BfA &
B2l 29| 0| S0l L dst= 513
Off chet 12 QHH N U 2= £

=
=4

= =2
4 2R Y oY

HEdH
* =5l

« 2&2] 1 1D Bar Element & 2D Quad Element
«offM =2

- Stacker A=

- 7i4[0]0f, 7|01 A, B2 &

._f\(able Element

O|SAl $d5t= 518

Counter Weigh
Mass Element 2 2|3

Local Buckling 44

Local Buckling ¥

v

‘IIIIIIIIIIIIIIIIIIIIIIIIIIII.

<

‘IIIIIIIIIIIII..

Keyword 1: =224 5c :
Keyword 2 : MCti}a|
Keyword 3 : ¢}=1}7|

..IIIIIIIIIIIIIIIIIIIIIIIIIII’

22 (Equivalent Stress) It

JES

HEI| = Z[CHHEES

24 Ol

-

x




M=S40 02 272t o0l E

HMIHZ (Ductile) F| XY= (Brittle)

Hals 28X W2 (o

2elXl=z Mz (— 71E4A

Mild Steel, Aluminum, Aluminum Alloys, Coppet,

Magnesium, Lead, Teflon

O}£0|& (Failure Theory) /

£|cH HIE3 of|L{X] 0|2 (von Mises)
— S 823#: von-Mises Stress
X|cH FLHE3 0|2 (Max. Shear, Tresca)

S8 38: Stress Intensity

¢

Cast Iron, Concrete, Stone, Glass, Ceramic

Materials, Metallic Alloys

Ok
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0

Z|cf =23 0| (Rankine)
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5283 Principal Stress
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Division 1 — Subsection NB
Class 1 Components

RULES FOR CONSTRUCTION
OF NUCLEAR FACILITY
COMPONENTS

ASME Doller and ¥ossel C

Smbcommilies on Becear Puees

NB-3212  Basis [or Determining Stresses

The theory of failure, used in the rules of this Subsection

for combining stresses, ixI the maximum shear stress theory.

FEM =8 SH#7| 3

The maximam shear stress ot 2 point is equal to one-half
the difference between the algebraically largest and the
algebraically smallest of the three principal siresses at
the point.

NB-3213  Terms Relating to Stress Analysis

Terms vsed in this Subsection relating to stress analysis
are defined in the following subparagraphs.

NB-3213.1 Stress Intensity.” Stress intensity is the
equivalent intensity of eombined stress, or, in short, the
stress Intensity 1s delined as twice the maximurn shear
stress. In other words, the stress intensity is the difference
between the algebraically largest principal stress and the
algcbraically smallest pomcipal stress at a given point.
Tensile stresses are considered positive and compressive
stresses are considered negative.

» Stress Intensity
* Tresca Stress
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&K : Dowling, N.E., Mechanical Behavior of Materials, Prentice Hall, 1993.
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75 MPa, HRA|2 1.

146.01 MPa < 183.33 MPa

SHELL VON MISES STRESS
MAX TOP/BOT , Nimm*2
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CLI-I J:IIT(Safety Factor) x-l_Q_ OIIAI *2MEH ASME & AISC HA7|E HE

TABLE I - STRESS LIMITS FOR EQUIPMENT & SUPPORTS
(EXCLUDING ITEMS ASSOCIATED WITH BUILDING STRUCTURE - REFER TO SKETCH 1)

Stress Limits for
AS Section 11
Equipment and Stress Limits
i Combination/Envelope Result Equipment an
fesuiCalusio L ot (use for Non - ASME

£
b Reoutt Combination/Envelape, e 5ot TWGreE  fpropriate class and Section 11t
Local Direction Force Sum, From Resuk: S liqgipmcm .;md

£4 Summations far Laads & Reactions.., E3 = Live Passive Supports

34 Free Bady Loads. = uipt. Equipt.

[ Stress Linearization.. = = [ b S T AGeSST ]

B Element Cantour Plo, 5 s mit Limit Construction

12 Convertto dB (decibel) T £ I P 8

B Remesh Based On Resuls.. b |
™ wetot | iy Limit

o Conbinatin Type &
: wmuwwmmwmmmw st .
"
@ e P
-

3 .:«s.,i L S
o 10 4 A 2H{seq)

LH N c42mm Plant

2

Loading Stress Allowable

o - Operating Y
.« MMMW - / Condition Combination Value Stress
g lL = s Service Limit A DWO 48.1MPa 150.0MPa

< Max. Displacement & Stress of OBE@NS> (Normal) (0.6+Sy®)®

Service Limit B 150.0MPa
(Upset) DWO + OBE 138.7MPa (0.6%5y)®

a2, =
i

‘ M'N 'M‘W U’W' I i T

0] HZ}WE Alagdel Eil%ﬂ

Generate Design Spectrum @ Add/Modify/Show Response Spectrum Functions 3]

Service Limit D
(Emergency DWO + SSE 229.4MPa

237.5MPa

Function Name Spectrum Data Type
Design Spectrum  |UBC (1997) A UBC1997  Normalized Acceleration " Acceleration " Welocity " Displacement /Fa ulted) (0.95 * Sy)@
Epe— e [ |[Fre —
Period | Spectral Data| ~ B eesien s

Data far Autd (sec) (2 i El o -
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M, Perind ¢ |10 [5e0) ﬂg‘ e oz i retios Dy limits,
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O = (% (MPa) (Cycle) (Cycle) factor 500
E 2 5 450
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:366.41 °C

Operating 2) Gas side 2%
Max. - 504.38 °C

3) SYEN 25

: 247.00 °C
1) SHRE
- 23491 °C
Operating 2) Gas side 2T
Min. - 504.38 °C
. 3.F.1, S-N curve 3) ‘T'Loﬂlﬁxﬂ 85
:247.00 °C #16 nozzle : Max. stress : 247.38 MPa(260.60 MPa) | #16 nozzle : Max. stress : 287.07 MPa(316.64 MPa)
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o
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00 268 - sevos se0s Les0s -10E 545.41 287.07 212.7 390.0 10 1717 ]03| 21959 |140E+04| 0.46 0.32

Fatigue limit cycle
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