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%231 BT R LY E
BT #h @ B (KN /cm) B4 o R
g gl s
(mm) |44 | CHP DA (kN -cm/rad)
STI 150 8.9 147 —
S 400 6.5 1140 —
S 1000 52.8 5600 —
S 1500 116.5 7436 —
S 2100 168.6 13733 —
A 200 12 3123
% 03-2 fREF W HEZE R a4
(p AF2 BFHWETLT P o 1977)
I W A PR 2 M
S-1 % > +0.01 L (mm) rz 2+
Wi g
Woggita | S-24 +0.005 L (mm) ~+0.01 L (mm)
(mm)
S-3 % < +0.005 L (mm)
M-1 % > +15°
4R
¥ i | M-22% ) +7.5° ~+15°
M-3 % <+7.5°
A & 7 4% 4 0.3D ton 12}
B & 7%+ 0.15D ton 2+ 0.3D ton & /&
7S X e
C & 7% 3 w4 0.075D ton 2+ 0.15D ton & /&
D & ok pu4 0.075D ton & &

sF &k DEFE
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% Bp S A
i;'l ii K Bt Y el (¢ /2 450 J‘jj'f S 23%)
. g B | e B | e B
Folweg | weg |WEE | weg | WEE | wes
mm mm mm mm mm mm mm
75 40 31 - - +45.5 +42
100 " 29 - - " +41
150 n 25 - - +60.5 +54
200 " 20 - - " +52
250 n 21 - - n +51
300 64 45 - - +75.5 +66
350 " 32 - - " +65
400 " 33 - - n +63
450 n 32 - - n +62
500 " 33 - - +77 +61
600 " " - - " "
700 Vi Vi 64 32 Vi Vi
800 Vi " " Vi Vi Vi
900 n 31 " 31 n +60
1000 72 38 67 33 +78.5 +61
1100 Vi " " Vi Vi Vi
1200 " 39 n 34 " +62
1350 " " 77 40 " +60
1500 n 40 85 41 +81 "
1600 85 41 67 33 +72.5 +50
1650 90 45 " 34 " "
1800 95 45 " " +75 "
2000 105 51 72 36 +77.5 n
2100 110 53 77 39 +80 +51
2200 115 55 82 42 n +50
2400 125 60 92 49 +82.5 n
2600 141 70 138 67 +85.5 "
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241 SAKRFLNFRER

O ’}4@*2 P P %W'g@:**
(mm) | (kgf/cm ©) (tf) (kgf/mm?)
1,000 25 213 G IEARTE I8 18.5
1,500 25 474 g% 2 kK 12.8
2,100 14.7 540 g% 2 kK 11.0

* K BRpPp- KA P ?”F,{f‘_f_}_\ D, pi* P:%D22p°

** g j2 1000mm ~ 1500 mm 1K v i~ 2100 mm hdE T T A 4 e
4o BRI 5 R @ JIS 5526 #r A R MR & 5 60 kgfimm? 1 b o

3042 STURFHEY BRER LS

_ , . Az 4 54
Al = & B ¥ AE "
- ! RATE ome | mgrs | &
(mm) (tf) (tf-m) )
(kgf/mm<)
1,000 24 42 4°5’ 4% B AL 3 25.0
1,500 40 70 5°5’ + B AL 3 25.7

* § j2 1000mm -~ 1500 mm sdE ¢ ALt A 4 ek 4 R % & & 1S 5526
ST % MR s R 5 60 kgf/mm?® o e

4043 SABTHEY KRFHLE

fmrﬁ? REES LR (k;f/i %) A

1,000 4°40° 10 g2 Rk
1,500 5°30° 10 ¢ 3 4 Rk
2,100 1°50’ 10 i AR
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HArilid 4 > 2 2 RFHEKAK(d) s P A ESFEREHES
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75 d H kil ﬁ.%ﬁ*mAﬁwiﬂiﬂ@’ﬁ@ﬁ
MWens B 5 d mncirdl LG RBKD TR EN
KA 2 g A e

Bl 5-28 4~ %] & ¢ j£ 500 ~ 1000 ~ 1500 2 2000mm 2. S ] #&
AR O BN RS R DL IR Y ) R Yt
B onw R RAR 4Lk R B 2R K

B 5-29 & w] 5 # j& 500 ~ 1000 ~ 1500 2 2000mm 2z S 7|4
BPAA SR C TR RS RERKR DS ST FE IR
Bt RE 2 dhe k4 (4 5-5) 0 B 5-30 & A S AR
b i #= (Min. Axial Force)& ik -k g3k P& 51 3 2 #h 4 (Max. Axial
Force).s R Bl » B 7 i@ T Ap M » Ty A< » 73
BAA RS REFEATF LA FEE e PR E 0 4ok 5-6 47

T_L
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s (bilinear)% i+ > @ ﬁ%—%éﬁ{ﬁr_f,ﬁ%{ R A Lo Eeh(B) 4
5 Boen(C)4g

LESFIHEr g~ Ko g~ 2B DB T8 AT
%~m#%#thﬁﬁoﬂﬂﬁ%@ﬁ% EEE P S
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6. AT Y L FMA L A A

5-3-2 # &4 7 HH
1. e~ 3 EPEHEHAE 2

FAO(RT EHEC ) A w B H LB SRS R
ANSYS # 2 = g4 4 ¥ ~ % SOLIDA45(3-D structural solid)
kW (B 5-32) MR R G u AR o

B W Bl & A 4 B > Bl E A2 3 | (Hyperelastic) ~
HYPER86(3-D 8-node hyperelastic solid) ( B 5-33) - # # % < &
B o T iE H Mooney-Rivlin 3235 (T#,c & 4~ 47 -

ook s A HEW REEARY  f it 2 B € A 4 &P (Contact)h
% (B 5-9) » F a2 H AP F 4k CONTAL74 (3-D
surface-to-surface contact) ~ % (B 5-34) *k & it gt — 35 o

, 1\

RN FHOS NG ZBPELEF%RE LS 5001000
1500 ~ 2000mm » & :f T 2 # i@ ~ % & ’]‘#m = #cE A 2 A
% 5-8 #17 o

2. Jim g R oiE e R

AR SRl Sl A
BA YT e kAl T ARFFALT LS X e kA0

ﬁ&«%?i&ﬂﬁ*%(@5%)°ﬁﬁﬁﬁ9:ﬁ%@53

(1).@?] EFLE R TR F A 47 R FE o f1 % Mooney-Rivlin
WHE R~ Z n% BB A2 0 FEHC B AT
ER AN R X

(2). f 47 £ 3% 4 & = # #1241 (Displacement control) » % 3% 5%
IR R S 5¢?ﬁx“7¥;(§]536)?c & = ]
REfgerg 24 B (E8adlE) o Bk p T
FEEA ] o

3. BcE & 7 L3k 2 %7 I R

v

Gk 5-2-2 &t REKEMAGORERL LE o HES
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PoAE P EE 1§ (1976)% & 4 S Al B R ik (74 Bk o
uﬁ@ﬁ#ﬂ%‘{ﬁ@ﬂ%%42&%%a%u§@$lﬁ€
Fime 23 87 @0dck 4-3mE% > ¥ b E ?jg_%ci\l (=
BLCE ) 03 5N AN HE T 1000mm G TS 0 TR A &R G
+3PFEE L Rk o F s AP EBRZLET 0 DIP §
& 1000mm F L % mchb st % o K 2% % 4o Bl 5-37 ST o

5-3-3 HEFRHZALAPTESE

AL+ HE & F S 3 500~ 1000~ 1500 2 2000mm 2 S ]
F PR TR PR B O o

L% T 1000mm GG 0 T R R A R Pl AE TR 0 0 g2 A
4*&§71141E”?(XYZ)‘-’T’)’@’5 & & @ B (B 5-38~m@ 5-40)
K EORIEY HHEE R UEF T RPESLH Y F
M d S ed 2 "EGgA B FEY ABC AT 2 B HEE
1A R
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Wien RdET F 0 BB E L RRE BT F T RHE £ R
fiood A ot HOg é@@'-%m@JIEﬁ% ing@M&%m
KR A P 0 B T oA Bt B 2 RRGRIR S Tl IBRIR R A
BIET F T ROBB AR B 2 B T HR PR W R B
(%] 5-41) - B] 5-41 4~ %] Z ¥ j2 500 -~ 1000 -~ 1500 = 2000mm

2. SAIZF2Z BB EM~F (LR )NFALRAPFLELEAEE
W@*?%L%L@*mwmﬂmﬁhﬁ FRRE ]k
& 10 kg/cm? FF 2 %7 5 -k o

Bl 5-42 # ®| 5 # /& 500 ~ 1000 ~ 1500 % 2000mm 2 S % # 5 §*
FE Y RS TRABY EES 2 IREK L EBEL KR
ey BB RS N R T IR R T R X 2§ (£ 5-9) o

B TR W B A XA TR R MR
AL sy BEE A Zon By PRALASFEEEL LT
R PR FIMN R BERFORE S T URENFFE O NS E
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£ 51 Hgs ERHEFR
Eé‘;%; S > = ] e N L 5 op oL
i85 B TR P LA ] 2 o RSl B - 3
W R+ T . Bfhe DR B
, N B 5 4 B
P ELE TR BRI R
P
% 5% ‘ . BEEMmeDREE (TR LkTE)
KRR RS | REK
BEEILPEBE (TR k2 HE)
o R HEgEd DR E
Pd SRS | BRI HE o
e IS ER A
& o , BEHEY BREE (4 A KB
o ok Rz | & Bk o
Egwalsras ik (Y RLk2H)
% 5-2 SAluw sy
¥ ~ :mm
P
>
! \ﬂﬁ ? II I |
Al A& Aa X vy
1% AR _
Sy " 5an e
B AL E R
D T t D, D, D, P X Y Vv
500 | 9.5 6 528 544 652 | 290 | 60 75 | 3.5
1000 | 16.5 | 10 | 1041 | 1061 | 1215 | 340 | 80 80 4
1500 | 23.5 | 12 | 1554 | 1574 | 1728 | 360 | 90 80 | 5.5
2000 | 30.5 | 15 | 2061 | 2085 | 2241 | 375 | 90 80 7
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% 5-3 SAEPEB /R EPRE A
¥ =
M
d
L
% B
T h
h H
+ e
e RN RS
© ad M I m
T B e & [ 2
% # #-"% Bl Lk L 7 B
¥ v+ v+ LI v+
ZE d L | M | d h m R H | M| R h m
500 | 14 | 45 | 17 | 524 10 | 279 | 12 | 25 [276 | 15 | 20
1000 | 18 58 21 1035 15 |539.5]| 16 25 | 538 | 20 30
1500 18 | 58 | 21 |1554| 8 | 15 | 796 | 16 | 25 | 796 | 22 | 35
2000 20 | 75 | 25 [2051| 10 | 15 [1052.5| 19 | 32 [1052| 24 | 40
# 5-4 #cE AL MR S
EIE e S
Mooney-Rivlin ¥
2l OM A I 2L
SE 4 i B p # (MPa)
(N/m?*) |(Poisson’s Ratio)
C1 C2
WS E | 1.71x10" 0.28 - -
%% 2.55x10° 0.49 0.293 | 0.177
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% 5-5 SARFEERF M 2404

ghre 304 (t)

# 4 (mm) PR Bk g%
500 3.6 47
1000 34.5 215
1500 75.4 483
2000 81 728
% 5-6 SAlKEFHERAZY PR
Y
#h e @ & (KN/cm) ¥ Tf#
§ iz (mm) —— — QL
¥ - % (A) $ - 5 (B) % = % (C) 5
pam R | | snER ©)
500 29.8 4.8 4252 3.6
1000 282 50.2 6270 345
1500 601 95.7 8274 75.4
2000 708 110 13833 81
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SRS FI AR B4R
Lispdhe o2 8 (7 (A) y
2.3 A s MWN=© [
= #
LEMSF® 5 B SR ot
:k:‘!’_ % TL‘ (B) 4 /

2.3 B

©

2,48 Fo 3% HEg =4

158 P B 7 RR 5 B N
g o (8 &(©) : /
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% 5-8 SAlFgEaEFERL

VoA

|

F C 1' C |
¥ 2 (mm) L (m)
500 1.5
1000 3.5
1500 4.5
2000 4.5

MR LINFE w24 & 5-23% 5-3

% 59 SARFHEEFRRIZR S E

B FE R SE i&ﬁ’ﬁj‘%ﬁ- B
(mm) (tf) (tf-m) (")

500 3.0 2.29 2.2 & 4 koK
1000 13.5 23.63 3.0 & 4 koK
1500 14.3 32.24 2.3 w4 Rk
2000 15.4 34.65 1.5 & 4 koK

43




# 5-10

AEFHER R PR

B (mm) #d o R (KN-cm/rad)
500 0.58x10°
1000 3.30x10°
1500 6.67 x10°
2000 9.14x10°
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_ JAN 22 2003
TIME=130 D0:0¢: 44

DMx =.030001

DISPLACEMENT

Bl 5-15 #he P REEFREH T L F

DISPLACEMENT
_ JAN 22 2003
TIME=176 00:09:08

DMx =.076001
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Bl 5-16 & v b IR i B LB ot X B

51




(N /m?)

-.315E+07 - ZZ4E+07 = 133E+07 482064
—.ZBOE+HDT -.178E+07 -878104

Bl 5-17 ﬁ‘%%x—'?@"é\fﬁ@(ﬁlﬁﬁﬁ)

ANSYS

JAN 21 2003
STEP= 22:39:27

MNODAL SOLUTION

(N /m?)
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-.Z46E+08 -.170E+08 - 93ZE+O7 -, 168E+07 . S9EE+DT
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(N /m?)
I B |

-.B73E+07

-.525E+07

- 177E+07
-33678

J171E+HD7 L519E+07
—.699E+DT —-.351E+07 .345E+HD7 L B9IEHDT?

B 519 HBEY> %+ A6 E (D)

MNODAL SOLUTION ANSYS
JRN 21 Z003
STEP= 22:38:24

(N/m?)
- e ————————

-.769E+08 -.374E+08 -.379E+08 -.185E+08
—-.BTZE+DB - 4TTE+DE

. 105E+07
-.8TOE+OT

.108E+08

—-.ZBZE+0Z

B 5-20 H BBy wd A~ F R (L)
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Bl 5-21 BB Bl X b %A G B Ay

-.454144 -.2942487 -.059433 .105487 .305364
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NODAL 3OLUTION

ANSYS

JAN 21 2003
3TEP=1 21:16:09
SUB =1
TIME=100
CONTERES (AVE)
DMX =.003394
SMX =.ZBZE+07
\&HH
-
—
T
—
-
e
“*—..___‘
2
(N /m?)
0 6BZ6965 BBE+07 .251E+07
313483 . 21%E+07 .2BZE+07

B 5-23 BA~2EMERS L 68H (AFH)

NODAL SOLUTION

TIME=198

ANSYS

JAN 21 2003

CONTPRES (AVG)
DMK =.076936
SMXY =.ZB1E+07

T 23:11:12

B
kh“‘“m

o 625306
312653

(N/m?)

. 188E+07 . 250E+07

.219E+07 .2B1E+07

B 524 B~ 2EBFRSAGFRH (AMFL)




NODAL SOLUTION

ANSYS

JAN 21 2003

STEP=3 22:42:00
SUB = _
TIME=2010 H‘xu‘ﬁ
CONTERES  (AVE) S
DMX =|07702 ~—
SMX =]133E+08

-‘-H-‘-N-““'-.h

T

L295E+08
.147E+08

. 442E+08

.590E+08

(N/m?)

. GBSE+0E .118E+09
.737E+0B . 103E+09 . 133E+09

B 5-25 B~ 2RRF » 58 (KAL)

Pressure +_'_ E:eme”: ;
emen
(kg/cmz) —&— Element 3
30 — —&— Elemmt 4
A —>— Element 5
25 ﬁ(
20 —
15 —
10 —
by - +* -
5 —
0
\ \ \ \ \ \ e \
0 1 2 3 4 5 6 7 8 9

& 5-26

Displacement (cm)

# 4T 1000mm Hop Bl £ R R 4% 6 e
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Pressure

Force (tf) (kgfem?)
25536 — 30 —
2128 — 25 — $1000 mm d
17024 — 20 —
127.68 — 15 —
8512 — 10 —
4256 — 5 — b c
a
o— o
\ \ \ \ \ \ \ \ \
0 1 2 3 4 5 6 7 8 9
Displacement (cm)

Bl 5-27 ¢ J 1000mm $h 4 & = B T B
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Before Leak

777772 Atter leak

1000 mm Contact Pressure

— — — Water Pressure

30 —

(kgrem?)

Pressure

Before Leak

00 mm Contact Pressure
— — — Water Pressure

77772 Atter leak

Pressure
(kgfem?)
30 —

Element Number

Element Number

(b)

(a)

Before Leak

000 mm Contact Pressure
77777] After leak

— — — Water Pressure

30 —
25 —|
20 —|
15
1

(kgiem?)

Pressure

Before Leak

7772 After leak

1500 mm Contact Pressure

— — — Water Pressure

Pressure
(kg/em?)
30 —

Element Number

Element Number

(d)

(c)

9[%]5}%-ﬁ§@" 1 B

. Ry

28

@l 5-
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Pressure Pressure

Force (ff) (kg/em?) Force () (. giem?)
65.7 — 30 — 25536 — 30 —
54.75 — 25 —] 2128 — 25 —| $1000 mm
$500 mm
438 — 20 — 17024 — 20 —|
3285 — 15 — 12768 — 15 —|
219 — 10 — 8512 — 10 —
1095 — 5 — 4256 — 5—
o— o o— o
\ \ \ \ \ \ \ \ \ \ \ \ \ \
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
Displacement (cm) Displacement (cm)

(a) (b)

Pressure Presuure
Force (tf) (kg/e?) Force (tf) (kglemd)
56898 — 30 — 1000.86 — 30 —
47415 — 25 — - 834.05 — 25 —|
b100m [ezom]
37932 — 20 — 667.24 — 20 —
284.49 — 15 — 500.43 — 15 —
189.66 — 10 — 33362 — 10 —
94.83 — 5 — 166.81 — 5 —f
o— o o— o
\ \ \ \ \ \ \ \ \ \ \ \ \ \
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
Displacement (cm) Displacement (cm)

(c) (d)

Bl 5-29 4 EHEHNE

=
XN

[ ] Min. Axial Force
V77777) Max. Axial Force

Force (tf)
Bm P
y Ve
i a
500 1000 1500

Diameter (mm)
Bl 5-30 S 745 b g5
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! KL
J
(Prism Option)
Element Coordinate
Systemn (shown for M,MN.OP
KEYOPTME) =1)
z
=T KL
J
X ¥ Surface coordinate system (Tetrahedral Option -

not recammende d)

B 5-32 SOLID45 ~ %

k.L

J
(Prism Option)

Element Coordinate
Systemn (shown far
KEYOPT41=1])

z \\\‘

R, 0 P

J

(Tetrahedral Option
- not recommend ed)

# 5-33 HYPERS6 ~ %
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Associated Target Surfaces

Contact Elements I

Surface of Solid/Shell Elerment

B 5-34 CONTALl74 =~ %

B 5-35 HEpied FHFNFETLMF

Bl 5-36 Hd FHREH AT R F
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Moment
(tf—m)
35 —

26.25 —

175 —

8.75 —

B 5-37

Load (tf)
20 — $1000mm
Pt aRM 1§ (1975)
— WERF%
15 —
10 —
5 —
rd
0 | | |
0 1 2 3 4
Degree of Deflection (°)
B A2 1000mm He o #ic B F SR F L
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REWE=0

DI =_093068
SMN =-_Z1JE+03
SO0 =.ZZ4p+03

k-4 [y ]
R3YI=0
DM =.0959065

L
-.413E+013

-.138E+09

. t . t
-.321E+02 .S2EE+0D3 .20ZE+03

o (N /2)

.324E+DY

B 5-38 X m g4 & v §
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HODAL SOLUT ION AN:; X E;

STEP=2 TEE 16 20032
SUB =21 15:55:52
TIME=159.925

sv [AVG)

099065
.233E+09
BMXX =_17ZE+09

= ¥ = a2 s + 5
-.277E+08 -.163E+08 - .536E+0Z .385E+0T .173E+08

3% [ATE)
RI¥E=0
DI =_0990E65

S T ——— (N /m)

-.277E+08 -.163E+08 -.326E+03 .395E+08 .173E+08

B 5-39 Y > » 4 L5 R
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ik [ &)

R3Y¥E=0

DI =_ 099085
SMW =-_2E66E+03
SMX =_1ZEE+02

TIME=153.328
32 [ &)
REVE=0

DM =.03930&5

-.329E+08

. + . +
-.215E+08 -.102E+08 .124E+08

(N /m?)

.126E+08

B 5-40 Z 2 = &4 & % B
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=R L1

Pressure
(kgfem?)
30 —

$500 mm Contact Pressure
——o—— Contact Pressure

Water Pressure

0 05 1 15 2 25
Degree of Deflection (%)

(a)

Pressure
(kg/crm?)
30 —

$1500 mm Contact Pressure
——o—— Contact Pressure
Water Pressure

25 —|

20 —

15 —

T e T -

0
\ \ \ \ \

0 05 1 15 2 25
Degree of Deflection (°)

(c)

$1000 mm Contact Pressure
——o—— Contact Pressure

Pressure
Water Pressure

0 05 1 15 2 25 3 35 4
Degree of Deflection (°)

(b)

Pressure
(kg/crm?)
30 —

$2000 mm Contact Pressure
——o—— Contact Pressure
Water Pressure

25 —|

20 —

15 —

10 —

0
\ \ \ \

0 05 1 15 2
Degree of Deflection (°)

(d)

Bl 5-41 W EEHE S R ZEF RS R HE
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Moment

(. Load (&)
3— 4

Moment
(tf—m) Load (tf)

35 —
$¢500 mm
225 -  3— 26.25 —
15— 2 — 17.5 —|
075 — 1 —| 875 —|
o— o 0 —J
I I I I
0 05 1 25 3
Degree of
Moment Moment
(tF-m) Load (tf) (tf-m)
45 — 20 — 45 —
$1500mm
BB — 15 — 3375 —
225 — 10 —| 225 —|
1125 — 5 — 11.25 —
o— o 0
I I I |
0 05 1 25 3

Degree of Deflection (°)

(c)

& 5-42

20 —
$1000 mm
15 —
10 —
5 |
0 \ \ \ \ \ \ \
0 05 1 15 2 25 3 35
Degree of Deflection (°)
Load (tf)
20 —
$2000 mm
15 —
10 —
5 |
0 \ \ \
0 05 1 15

Degree of Deflection (°)

(d)

L 5 b M )
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