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Abstract

On 11 March 2011, an undersea megathrust earthquake with moment
magnitude 9.1 occurred at the Pacific coast of Tohoku in Japan. The
earthquake-induced a mega-tsunami causing heavy casualties on the
northeastern coast of Japan. Furthermore, it caused a severe Fukushima
Daiichi nuclear disaster. In the tsunami hazard assessment of nuclear
power plants, the deterministic method was fully developed and used in
tsunami forecasting. On the other hand, the probabilistic method was
gradually developed in recent years. This study aimed to establish a
tsunami source reconstruction method for the nearshore region based on
the probabilistic earthquake-tsunami hazard assessment method which
uses the unit tsunami method to assess scenarios. The methodology was
based on the University of Washington Working Group (2017) and the
probabilistic tsunami wave heights around the NPP3 due to the Manila
subduction zones induced tsunami were established based on the PSHA
SSHAC-3 SSC report.

Landslide induced tsunami is the second largest source of tsunami
generation based on historical reports. However, studies related to
landslide probabilistic tsunami hazard assessment (LPTHA) are indeed
limited. Detailed guideline for performing LPTHA has not yet been
released by the Nuclear Regulatory Commission of United States (US-
NRC). In this study, we first review studies available in the literature for

LPTHA with the inclusion of procedure tree involving slide variability and



uncertainty. Based on existing information, we aim to establish a LPTHA
with using Monte Carlo simulation to make slide variability and
uncertainty included. Secondly, the landslide models based on solid slides
and deformable slides with rheology characteristics are reviewed and their
benefits and drawbacks are highlighted. Finally, according to the LPTHA
framework proposed herein, a case study is performed based on numerical
simulations to demonstrate the procedure of risk assessment and highlight
the potential inundation areas.

Finally, this project will study the analysis technique on constituting
the fragility curves of watertight doors subject to tsunami demand,
including the collection of information on the fragility of watertight doors,
the resolution of test data on the fragility of watertight doors, and the
discussion of analysis procedure on the fragility curves of watertight doors.

The most important results of the above are summarized as follows:

1. In the report “Methodology study on the analysis-processes establishing
of the earthquake PTHA from USA in the near shore”:

(1) The inversion method for earthquake tsunami is constructed and
examined according to the process proposed by the University of
Washington Working Group (2017), and a clear threshold condition
is developed.

(2) Based on the analysis of the two-dimensional scenario, the results
show that the distribution of the initial water level of the tsunami

derived from the inversed method may have different results.



Whether the scenario that meets the reverse push threshold
conditions will cause similar hazards in nearshore factories remains
to be further studied and analyzed in the future.

(3) The fault source could only cause tsunami waves in the adjacent
area compared with the subduction sources. However, the adjacent
fault source may have a greater tsunami hazard to the plant area

than the distant subduction sources.

.In the report “Study of landslide probabilistic tsunami hazard
assessment including procedure tree for slide variability and
uncertainty””:

(1) An LPTHA implementation framework and analysis process
including cognitive uncertainty analysis is established.

(2) The evaluation procedures of the submarine landslide rigid body
model and the rheological model are collected, and the pros and
cons are summarized.

(3) According to relevant articles, numerical models with dispersion
characteristics are necessary, and the use of rigid body assumptions
to simulate submarine landslides and tsunamis can provide more

conservative results.

.In the report “Analysis on Constituting the Fragility Curves of

Watertight Doors™:



(1) According to the watertight door experiment and simulation
analysis of Taoka et al. (2020), the assessment of the vulnerability
of watertight doors against earthquakes and tsunamis shows the
performance of watertight doors can be defined by water pressure.
For example, the pressure with allowable water leakage in the
experiment can be chosen.

(2) Different designs of sealing parts of watertight doors lead to
differences in watertight performance, such as the nature of packing,
the number of packing channels, the placement of packing glands,
etc. There is no significant relationship between the watertight
performance of watertight doors and the in-plane shear strain of
watertight doors. However, the watertight performance is related to
the out-of-plane shear strain of the watertight door caused by the
earthquake. Unfortunately, the physics experiment of Taoka et al.
(2020) did not include the out-of-plane shear strain in the
experiment.

(3) Since only 9 required water pressure data for each of the three types
of watertight doors, and no other experimental data of the same type
of watertight doors, there are not enough to estimate the logarithmic
standard deviation of knowledge uncertainty. Therefore, it is
impossible to estimate the average vulnerability curve of a single
type of watertight door, nor can estimate the vulnerability curve of

different confidence levels of a single type of watertight door.



(4) The generality must be considered if the fragility analysis results of
this project are to be extended to watertight doors with special types

and design conditions.

Keywords: probabilistic tsunami hazard assessment (PTHA),
probabilistic seismic hazard assessment (PSHA), Manila subduction zone,
Tsunami Source Reconstruction, landslide probabilistic tsunami hazard
assessment (LPTHA), probabilistic model, Monte Carlo simulation,
methodology establishment, case study, watertight door, demand water

pressure, fragility curve, tsunami
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Probability of Exceedance
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Condition-1 (mean(|relative error]) <= 20%)
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Condition-1 (mean(|relative error]) <= 20%)
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3.28V 153

Pw>V)=—=300 (4-1)
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For a particular location, develop a Slide Velume + Area vs Return Period distribution

Slide 81 with
Volume +Thickness and
Return Period as Sampled
from above distributicn

*#””##;Thhﬁ“ﬁi

Slide 82 with
Volume +Thickness and
Returmn Period as Sampled
from above distribution

'

) Slide #MN with
Slides #3 Volume +Thickness and
rfl Return Period as Sampled
fram above distribution

I Specify Failure Type

OR

Specify Rheological Model |

Rotational
Landslide
Likelihood of
Qccurrence,
F

(377

Translational

Landslide
Likelihood of | T/PES
Occumence, 3
P o
M-1

()

Creeping
Landslide
Likelihood of
Occurrence,
F

(37-)

Acceleration
Parameters,

Eacl f

Coherence Properties
of Failure, with

Deceleration
Parameters,
Each with

Realization for
other slide
configurations

Sample values from
each distribution,
which provides a

single realization for a
single [failure type,
slide volume] pair

Y

Sample across all
[failure type, slide
valume| pairs,
aggregate a
composite tsunami
impact matric [e.g.
maximum elevation]
distributian

Herschel-
Buldery Flow
Likelihood of
Qccurrence,

R

(35-1)

Viscous Bingham
{honey] Slide Flow .
Likelihood of | | Likelinoodof | Mech's
Mechanism, Mechanism,
R R to
! ! M-1
{ZR_:] ) {ZI:H;I )
Material Material
Density, Yield Stress,

Realization for
other slide
configurations

Sample values from
each distribution,
which provides a

sngle realization for a
single [heclogy, slide
volume] pair

Y

Sample across all
[rhealagy, slide
valume] pairs,

aggregate a
compasite tsunami
impact metric [e.g.
maximum elevation]
distribution

(78 %R : NUREG/CR-7223 (2016))
Bl 4-1 USNRC £-¥f75 & L3 (705 vhdk 01 2 2 47 ¥ 1
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Parameter Failure type Distribution Mean Value Remarks
Depth to failure d Translational Log-normal 113 [mbsl] The water depth to the upslope edge of failure is constrained to between 120 and
Rotational Log-normal 1241 [mbsl] 2500 m below sea level.
SMF length [ Translational Log-normal 4917 [m] The SMF length [ is constrained based on the actual slope bathymetry, as no failure is
Rotational Log-normal 2063 [m] assumed to occur shallower than the slope crest, or deeper than its toe. Minimum and
maximum translational length are (1000, 50,000) m. Minimum and maximum
rotational length are (1000, 4000) m.
SMF thickness T Translational Log-normal 125 [m] The SMF thickness is obtained from a uniformly distributed thickness-to-length ratio
Rotational Log-normal 256 [m] T/1 within [0.01,0.04] (translational) and [0.07,0.20] (rotational). (Watts et al., 2005a)
SMF bulk density ¢ Translational Normal 1.840 [g/cm?] Based on the finding of ODP Leg 174A. . is a function of depth to failure plus the depth
Rotational Normal 1.815 [g/cm?] to the point of interest within the SMF thickness. The average sover the SMF thickness
is assumed normally distributed in the MCS model. [Due to the limited sediment data,
this is the parameter with the highest degree of uncertainty.]
SMF slope angle Translational Log-normal 35 [degrees] The SMF slope angle is calculated from the actual bathymetry along each transect, after
Rotational Log-normal 10.2 [degrees] randomly selecting the SMF depth and length. The SMF slope is found to follow a
log-normal distribution. [This distribution does not include slope angles that do not
produce failure.] Due to the randomly selected sediment type/properties and strength
reduction factor, the mean slope angle required to initiate failure varies significantly for
each failure type.
= . . a1
(F 4 &R : Grilli et al. (2009))

Bl 4-2 G+ RHRY @ REP- S B 4 T AL

J=i+1]

PHA > 750-yr

For transects | to 45

Open Transect File

Is j > max nb. of runs ?

Go to Next
Transect

Select Trial Surface

Generate Sediment Data

(i.e. SF> 1)

N < 0.02-m

1

PHA increases by 10-yr

Determine Slope Stability

PHA<750 & SF = 1

SF<1

Is a Tsunami Generated ?

Estimate Tsunami Propagation

( and Coastal Runup
L Levels

B 4-3

1 % ik : Grilli et al. (2009))

| I&ﬁ—i% HAig w2 AR
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USGS sediment GIS sediment layer Effective stress angle of internal Friction Undrained shear strength ratio Assumed
description® generalized classification® [ [Sufsil failure type
Gravel Gravel 40-44° - Translational
Sand Sand 32-36° - Translational
Gravelly sand Gravel-sand 36-40° - Translational
Silty sand Clay-silt/sand (type I) 30-34 - Translational
Clayey sand Clay-silt/sand (type II) 28-32° - Translational
Sand with silt and clay Sand/silt/clay (type I) 28-32° - Translational
Silt Sand-clay/silt (type 1) - 0.18-0.22 Rotational
Sandy silt Sand-clay/silt (type II) 28-32° - Translational
Clayey silt Sand-clay/silt (type II) - 0.19-0.23 Rotational
Silt with sand and clay Sand/silt/clay (type II) - 0.17-0.21 Rotational
Clay Clay - 0.20-0.24 Rotational
Sandy clay Sand-silt/clay (type 1) - 0.18-0.22 Rotational
Silty clay Sand-silt/clay (type II) - 0.19-0.23 Rotational
Clay with sand and silt Sand/silt/clay (type llI) = 0.19-0.23 Rotational

(4 % @ Grilli et al. (2009))
TA GRS ¥ AR

B 44 R

Results for Coastal Point 0700

Max Seismic Return Period 500  years

Tsunamigenic Slope Failure Return Period 3350 years

, 0.03%-annual-chance
Location: Lat 39.6 Lon -74.21 g
of being exceeded
Total Number of Data Points 5963 i
(3,350 year tsunami)

Rununp

3983 161 13.03 1041 928 831 755 6.98 659 555 621 4
36.38 15.96 13.03 10.34 9.26 .01 553 526 3
3438 1565 12.67 10.23 9.25 598 551 524 3.93
3227 1548 1262 10.07 919 5987 549 523 3 . . . 393
31.41 152 1235 10.04 9.04 596 549 523 502 474 454 432 409 393
2835 1516 1201 996 9 593 548 522 501 471 454 431 409 38
2425 15.07 1173 993 895 591 548 52 5 469 452 43 !
2319 15 1166 992 891 589 548 518 5 469 4.51 8 34
2291 1481 1165 986 878 586 547 517 . 39
2017 1476 1163 9. : ; i 583 546 16 406 387
19.52 1452 11.54 , / i ; B4 5.8 Add__ 515 404 386
19.49 1449 1132 9. %-annual-chance 424 404 385
19.41 14.48 g 4 424 404 383
19.34 14».45 422 403 382
1932 14 89 , . ; : . 422 403 381
1815 1391 109 953 853 776 713 445 421 403 381
17.74 1389 1086 951 853 773 712 444 416 403 381
1751 1388 1073 951 851 765 7.09 B 444 415 402 38
17.32 1383 107 949 849 763 7.06 X 0. 0 2 U 18 2 443 413 402 379
17.08 1375 1068 938 849 762 7.03 662 617 559 53 506 483 458 442 413 401 378
16.72 1368 1061 937 843 758 703 66 614 559 53 506 481 458 441 412 4 3.78
16.66 1339 1052 936 837 758 699 659 611 558 527 505 481 458 439 412 399 378
16.47 133 1041 931 834 756 698 659 6.09 557 527 505 481 457 439 412 398 377

(F# %R : Grilli et al. (2009))
Bl 4-5 Krmd g E P
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T~ AL MR R SRR 2 B
R L B EOR A AL S 4R 0 Ao B B TR R A Ak (debris
flow) F # > @ #F & > ;X Bl § T # 5\ (translational) 2 ;g #5 3
(rotational) = 3% o 4235 Grilli et al. (2009)#7 % f 3= 33 & L >
PR g2 ko BB A 5 R BRBI R E R > A
SRS T HNL A o Ram o T LPTHA A 45FF » @ * #Kk
mﬁﬁi+$zﬁﬁﬁﬁ#%@@ﬁ%wﬁ%%&@£&ﬁ%
V0 IR H A G % 3 #h (e.g., Grilli et al. (2009); Lane et
al. (2012); Pampell-Manis et al. (2016); lorio et al. (2021)) » ¢* % F]
2B B 3L o LPTHA i chF R ER > ot + 1+
7 (e.g., Pampell-Manis et al. (2016))> B2 P o % % i& & & B P »
TRF SIS IAE S SRS X S N S R
BREIHHOTEER ZEAFRIT 2T H P X T gk
Bl B E A TR Rk {5 RT3 2R TR G
FREEX 2K AUE 41 LA RHEBMENRENE
(theology)1ie % » tu LPTHA erin BA= 5 b i < &7 i 4 o 24
Mo FRAREE PRI E NSRS AR RA
HEPF] P AL - B E DR B E LN L el
AU ERAF R BRI R2 KP4 B T A A g

(- ) k# 4 H#E5N
Kirby et al. (2022)% Lee et al. (2022)35 5 1T Hp 4 ¥ Higg L

CREE ERICHS R e L= T LA S
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W EE 7\ < (review paper) 0 N ZFIEE I E AL B 5 R o0 K
B4 {57 3 RAR ¥ 14 (frequency dispersion) » 1 FE 7 b i
Bl A sk BiEEARY g A A o

R BRLL AR P 3 T RN A i 6 )

g

Bt B a v 4 & BB R NI AR B o @ R 4 i
FERRRRAA TP A G TR R Aot E R G AR P
£ o 4 3 42 5% (mild-slope equation)®2 fL > 44t B 24 (e H &
® 24t (fully dispersive)§ & P-if 35 & o9 i (e.g., orio et
al. (2021)) «
= E R BEEZLETE > ¥k S 427 (shallow-water
equation) & ¥ R enfirk 1 £ > g2 H ¥ 3 g 33 2L 4 (weakly
nonlinear) 82 58 > fe F]HF LR cnEK > AFETE & 2 443 Ja (non-
dispersive) ° 8 = }}?%_F FHIRRABIM A ER Y BrRadicE
BLATHIT o A G e S TR L > 4o COMCOT #i5¢
(e.g., Sepulveda et al., 2021) - % g -5 K B iy o # V50
(Boussinesq-type Equation)® % 4 kg 4= 32 4+ |4 (dispersive and
nonlinear effects) % 3+ & sz » v kg L 2 A 5 vh i i3 g 2
- » 4r COULWAVE (Lynett and Liu, 2002) 2 FUNWAVE (Shi et
al.,2012) o #R F] & 2% 17 AAPF > ‘&t = & (¢ dispersive effect)#-

PEEF TG A IR AR R DAt > BT
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AR ER SRR e g E R (see Lee et al,,
2022)
FORE R KR 4 L SR (AR F ) 0 R
Vi@ % = ' > 2Ea 4 e Navier-Stokes equation (NSE) -3¢ (e.g.,
Liuetal.,2005) » 8 8 3+ ¥ »2 5 7 it 04 o o 2 2P 2[R A
AR T F S F F WA E R 2EE KR (non-
hydrostatic model) » 2 4 & > 2Ea {4 2 DA AT e R (e.g.,
NHWAVE (Ma et al., 2012)) > fe 4> 8] § gt 55 A 8558 chp d o
mOEAREpd AniEREE L BREE L TEZ BRI
R ARy AE D ~FREEAMM A D Rw g o
ML S B BRI B R REHFE T R EERE Y

‘E

FE R B EY 2 EURMERG T TP R

_?a]%]ﬁ,\—‘ (O(kl’l’l)) ’ L’E_)‘L—: F\t %\ w* ‘\4 v}:g_;\ r-h ﬁq‘—Eky

iE 3 o
(= )W RE -7
HTRRE B L M TR B L 2 R B

FOLRGRER A I b A vk d R dem e o L F R Y AR
L i B AR #H8E R 0 B E R - R g
e LR BT A R 5 w5t o 157

e de AR 0 RIR-€ 3B D7 enigskt o Ao T 5N B
(e.g., Enet and Grilli, 2007; Watts et al., 2005) % ;g &> ;% # 3 (e.g.,
Grillietal.,2015) > #Am > ipdt # 3B SHHA A A+ Sl §
Py 2 St Ep: % F R E 323 2L # - Loand Liu (2021)
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VIR ORI A A N M AR 2 SRR R R
% TRERHESp D Rm R 2R R T IS LR
vl A4 N o ATHPAR R * A8 & COMCOT $i55% M iche B £
fRbR @ Ak & 2 37 5% E# (Linetal, 2020) © & X+
2 e A SR T MR R TE S TR R
Sken oo gL A AR S A2 BrraR R o

WAL R T ks 4 S g LS i
77 58 2 = 4 NSE H05% 38 1755 148 2 ot - Wuetal. (2014)
12z M+ F BC5S (Large Eddy Simulation, LES) k2 -k #+ 4 &2 %
MR 0 PF48 £ DEM (Discrete Element Method) !/ fic#%.
BIREehi=f 2 3 Sl > 0 5 RPGEE T B RS2 fE

PR A KGR A T 48 8 TR A R A ehiT

pdy

HB Rl E R S F IR AL
FEEL LA BRI AT R TR M &
HEEEALHAGBanTo AT PR ALY 5 omsEE
BT AL I T R e R S A e

S Ll s NS E S B R

’ 2

BT 7}\/;;7% R

Jot
b

P8 LR TR M B R R R R GRE

7 LPTHA & 78 ¥ {7 g2 o

(=) %M
SARRERE RS AR G Uy R R SE R

Qid s ARG MR R R T T R TR K e iR L
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A AR BE o 4r3f ki (granular flow) ~ & £ it (debris flow) 2t i i
(mudflow) > H¥1F & /G BEF AR DT 4pF o £ iﬂz 5
TR RN E R Y R AT ] R R R

FebF BB AR o Aot 2 Y BAF SRR AR

5*34

A\

g ¥y AR o

d 3 A T L F UK RpE o Fet KRR A A B

¥ %A K mdZ(e.g., Kirby, 2016) & #-#t M /i (dense flow)
M ERE R D AR 2 L HA AR 4 A o x &
RN A - SERIISE R D o) = SRR LRl = TFE ulE
B 07 ik (e.g., Ma et al., 2013) -

72z % NSE B o v AR AR 2 AR p d 2 2 3
BARGAHZ ARG T AT P REREL L IAAHEDRR S
FORA B R R L 0 JR Y A R R
Booogton A% v ER L A s vl 2 172 (e.g., Lovholt et al.,
D017)« A & fF % AR B B 2 B D & FRY h B AT 0 0L i
A2 FlE H T R HRR ] L 2 E R o ¥
RAF R R 48 & T e 550 0 Wu et al. (2020)5 3812 1
LES $3% chdpif 1238 o #4242 3 48 <h § J§ 5 18 (Bingham
plastic fluid)/ 44250 » H ¢ J5 oL HEERAF fe engE o U Al
(viscoplastic fluid) * 48 ¢ *t » DEM #-3| 7 ¥ 48 £ T = % NSE
B o U HCERRE RN A A 20 A R L A A vl(e.g., Zhao et al.,
2016) -

;‘g‘_ﬁ *7%#.’,&,4/%&.5%5 5]_1’(‘7"/"‘7% EJ%Q{EE
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FookmMz FERZ BARE R R Y AP EERG e &

Moo AR A A A= NSE 2 A2 0 o R RERE A2
FRRfEZ s 2 KR BN RF B Tpd Re o UiF
PERESETETEI RN 2 HFLTES N6 kM2
MCIF AR A (T ORFE o NIRRT A T IUF B B R R &
Rn(R ) e 2 SRR B LA B S ET S o A
E R AR AR INARIPE 4 A i RuEAy - B = A B BT S
¥R A A P R 2 RANS #53% (e.g., (e.g., Lee, 2021; Si et
al., 2018) » 7 ¥ 12 A3 3 F B TR 0 Aok B kB 4
(Smoothed-particle hydrodynamics, SPH) (e.g., Shi et al., 2021) -
Rmoood WEF 2 HIPFIAFIE > FARIEH L F R RE 2

PEEEE o MR TR T @R L EF e

S\

B EbaE S L ERFE BB REL TR F
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o BT Rl d 4] e v 2 diE R

AE IR Z &% 2 BRATIT R A AR 7 PWR T
B e % L 3 ] s vk LPTHA 22 8 o g5dom 973 - jF F3eak £
B FEH . L HMFELRDFEZ M 2 | Lane et al.
(2016)4% 2 B F PR 7306 > @ S A R A KL RS
TP AT Lietal. (2015)%r R e B i 12 (T4 A % o 2 T
¥aie o TR RNz B BAeB] 6-1 477 © 1345 110 £ & chiici
B g % M LSI 8 PWR LR ® P R T A ER

PIV2p G 5 A iR (7 B B -

(- )LPTHA % #
Lol 22 80 5 2 48 5 503
d e L S LA REF e FETREAL > AP
TERRY 20 RN B2 MFD 75 R 2 4% 5 5
Z)(Laneetal.,2016) > 3%47 5 B0 55 ;8 255N Be ik — S # 30
I AR TF 4 F 2 p 4 i (Poisson distribution) o 12
Ppit(@-1D)2 842 PELTRSF AR LR EF A PHF
ZApM L RES S BT RV RE2 2 AH > Feis o

PP ORE6-10

1
] n mx)1-1.5
3.28 [(—10b(x’y))m(x.y)] 1.53

15000

P(n(x,y) > H) = (6-1)
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LA AR bl B 2 M

145 110 # B2 A7 34 > S8 0H B < £ MY EiE
Poo AT ek PEELRPBFORE o T AR ELH
EEE TAAM S S BTARE KL #B R E

FHPFE o ;N 6-1 828 8 4551 % Laneetal. (2016)4 %t 7 i &
5.4 W 2. MFD > B~ 15000 # 1% 5 o+ €I FE- 2AFTF 7 4
R R T S AHITAE L AR BER B Y kP2 Ak
4 % 20000 1 10000 & % i 4¢ » T b 5 R R B S
PEEANE S S b0 Bk £ I EEE B 15000 £ it 7
FERYHEE .

234 FERHEA T
A L A R O AC A R A A T U R R T R
Pt e 4 38 7 (Grillietal., 2009)c #7232 M 45482 £ &
HEMZ TR ABMZERZIETEFF EAAFT
ESE B N 2 BB R E > R A e R
BEWF A o
A7 2 Lietal. Q015)4 4= ke FF e 2 im 3% KL
MR E LT 0 T 4 110 £ B R R U T REY
1% B % A (LS1, B 6-1) Boin i 2 fliciv % Lo > 4
Bk 25%R A o dpet a2 ¥ B/HEY B4 G S Ap kA
0 LD 62 A o
RS S IR L o

.
3
o PR B9GP HER ) G TR T B
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(translational) % ;g & 3\ (rotational) # 3% » 3£ 5 T & B 3> ja bt
B2 AR mAFETREEF 60 2 PWR T RAT A
Bh 6 b s o BE1RAEN (44) 0 60 mini 45 2 2R A B 15 £
Moo Rd W AFR P A & RFLE 2 LPTHA 2~ 47 %

?iwﬁi GAPM SR W TL AT o A EE LD EPY

(= )A vl B EE
1. -k #4050
Aok o &% - BTl o BOERA R L AR BT T g
ORI USRS 2 2 BIREARY Lm0
(B E R A RS R L AT AP A ANE 0
#% (Boussinesq-type Equation)Z_ #c & 5% 12 iE (7% & Lo 54 A
Al 2 WEE o o K * £ R Delaware ~ 5 Kirby et al. (1998)
AT 20 N 04 0 FUNWAVE-TVD (Fully Nonlinear
Boussinesq Wave Model - Total Variation Diminishing) o % #i-
;5 B RAZ;N (opensource) I E &K 2 L T HoKIEFRE A 2
% > 2414 Boussinesq A AN PR FT T E R 5Kk
Pt oo BTN KLY  FUNWAVE-TVD s i 2 Fr e
fitA R R2Z A L £ BT R (DCPP 4r
Millstone) & {7-K L L =R PFFE* 2 A dfcE i o 277
i% i FUNWAVE-TVD #ickt LS1 20 B tis & L & = hb > dow
aeiTit o RS ERZ E B M AEE A AT RS RE

260 el R B¢ A AL M RN T H 4 5
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2110 ERApR > *FTF % Bt g A2t B ooy
2z R RE B0 AUEIRITAE R ReRZ K4 FE o
%@@3%ﬁ’i%#&é3%’ﬁ—%@§§%éﬁ&ﬂ
FaE > F 2 AR s NS A a2k TR I RE T
Mt iz g R RERELHA AE F R EAEE
i e

2. LN
A AamE AT EAS RN BES o TAL B AL
AL Rl o AR ONA R TN
(Watts et al., 2005) % ;& # ;% 2 3% (Grilli et al., 2015)% f& o =
B NEEE A RO HRE A T L& REKAB S
LRI RBIRE 0 B KA R MR EH RS 0 4oB) 64 f7w o T
B2 ER NP RES S 2T LA 6] o
fECERIRI R 2 B BRI T S A
BoiF o LAHERFAY R EFABEAL L2 FE 0L
Bt g 4 2 E sl ~ ok # 4 BN (FUNWAVE-TVD) 5 4ept ¢

FTHBELEFIFBR T 28 ai bl wiadmlsy o

3. “ﬂﬁ B ®2
% i FUNWAVE-TVD i (7% &KL #4424 & ~ G
ﬁﬁ%ﬁ&ﬁﬁﬁ’?@60£ﬁ%@ﬁﬁ&®$ﬁﬁ%%

2 B o FIEN(4-2) 0 I o MBS 2 (Curve-fitting) -

<k

/H}

E‘;iﬁ%gﬁgz{;‘qv /}irﬁlv"l“}ﬁﬁ —\Eﬁp\»hpﬁlrﬁg/a
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TaB T wAE T N(6-1) NE AR E R EAZARS
63 -

(2)LPTHA &~ 7= %

AFFT L PWR R R E = Firiken > @ 2 g 8 TREL
2. & BgLE# A 47 R (region ofinterest, ROI) » ¥ £ ] 6-5 #14&
e o i

d 3 A7 44 30 AR EBas K N R S BOSE T
B ML H D N(TITHNE R B IAAH
FriRT2 o4k $8ie? FFRALETE S 253 #1T
JEi& (7447 o B 6-6 T IRt 5 fE A 2 S 3V R (7 B lE R 2
T # o HROL =R ) o B9 83 B > T8 5% A%
Z SRS REBRPR S ED N HS RS S D
AR R B 2FE S o T L el R R K A A
LB A A R T niEE > B X TN e S R
{ B o

Ryt 30 2 58+ BRAERES > B 67 TIA 7
oA R TR E R A @ B 6-8 PR B
EFEHZER BB AEFIRER R TFSAHSD
B e % ROREF T Mo F o2 RS N B R % BT
PRIT A SHBFERFE E S 0 F A AURR A
WE SR Y DR o AT R M R R B

FELEAFRYR
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TRELPE TR AT 2 T8 T3538(6-1) 0 &

B 30 mEciE i R FATE L ABFRE R B D
AarBA B2 M (B 69) AuEd MG Arhk 3
EAZAR R A > LTV E B R AZARS T 2 T eh PWR
Rl ®e o TR o LR hAsE B AT 2 i ¥_t% B R-squared +

i R e Bohl G R OR R RAL > AP L #
AZAXS T B3 * R-squared > 0.6 2 Fe 3t o AFT 3 3PP E T T2
£,475 #,975 &#,2000 #, 10000 & €I E7T B T REF
o7 o B 6-10 2 B 6-11 A~ B FIRT 52 BVl 7
BERYIEL FFERB - ELhd R R 7o ERPIEAR

EAFREEAER 2P EZ DI RPETHRFEE S

=

o
+

DTN

R o RATE R IE R AT 0 AN 2 0k R B A R
REELRPDIEZ M G2 B 5 L £ 468 rrd > 2 SR 4
SR S RS (R S SR E AR
Pprt i 2 ARREA £ G F BAR D B ERAT
FEREA T 4ot 3 i B g B RO F 1T A iR
13#51

~

J'7

\\\?{r
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Ya

Bl 6-4 &4 3 F03F # Bk 2 Bk 7 & B(Grilli et al., 2015)

B 6-5 #F 7% 1| T2 %% A~ 47 B (region of interest, ROI)

;\?

=50 T T

>

) 40 B ) |

= ®

c30F °® U A’ 4

@ @ EA A

1) AA A A

=201 o g 1

.5 10+ [ ] A A s A @® Translation | |

@ A Ln A A Rotation

-8 0 A 1 I | | 1

2 05 1 15 2 2.5 3 35 4
Landslide volume (km®) %1010

B 6-6 14 Translation v Rotation i& {7 7 F& # 45 S dic2_ /% v {gg # 7

BT FES A

62



n (m)

Case-109: L=16.00 km,W=7.14 km, T=0.25k = 28.56 km>, ROI = 28 ‘Zb

= I

114

Bl 6-7 ~ %12 (a)Translation fr(b)Rotation > ;% i& {7 30 255

18

16

(=]

T PR R
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B 6-8 % %|1i(a)Translation f-(b)Rotation * ;% :& {7 30 &

i3 Eo R e R
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R-Squared

R-Squared

B 6-9 4 %|ri(a)Translation fr(b)Rotation = 5% i {7 & £ 3~ #8 48 4%

fei it & 2w iF A 1740k L ik e (R-Squared)~ #
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%06-1 AedimEme v 2 Sk

T
Z(§X) = mmax[o, sech(k,é) sech(k, X) — €]
L
k—2 hlk—2 h1 =0.717
T g . — L
T3 S(t) =spln [cosh (to)]
#% o 0, t<t
. . -t
;ﬁﬁé;\: S(t) =<5 (1 — COS{T}), ti <t< ti + 71't0
25, t+mty >t
I ﬁ% b So = u—%, = e
ap ap
F=cidisg a ‘ RA Ry+Cm
/Eﬁé}\ SO = 2¢’ 0 Eyy—l )
R=2b, A$=0.349, ¢c,, =1, y = 1.85
TH3N: ap=0.30gsin0o
A7 hpe b ik B

RPN BN A

TN u,=1.16,/bgsinb
B R o d
S U = J Y
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S kR R AR M few AR
(-)2 3[4 (Basu & 1 > 2015)

Y B SSCehi ® CHeg £ D% 5 Ets %8k % - SSC &

FRED dzw e (EDF -4 TR URE) B F 4T

P, =P(C <D|D <d)P(D <d)

d
=j P(C < x)fp(x)dx
@ (7-1)

d
- [ B

{¢ 5 P(C<D|D<d) 5 w3 A D<d > frg 2 C<Dhif 4%
o g ko px POy gap sy f(x)s @
FF DI pAR I P(x)=P(C<x)=P(C<D|D=x)
PIAL S SSCend 4F 1 » = Z K5 x P > SSC el skt F -

d Fe A AR E AR - KT RkET SSCHE IR
- dp RGPk ik 245 (Basu ¥ 4 0 2015) 0 2t - RIUR
Vi RS R G OM SR & B R TR M

R e B SSC Y 0 SR 4 SLeI 0N FUF R ATHT
A RET B Blhe A AT - ¢ RATIR £ R -

=

frz 2EHE 22RO REE - - &8 B REHRIE
Bigm o LT FRAEF G HKE - HrRATIAZ 0 F
FoRBEAF G r 2B RN R A SRR HRE LA
ToZFRBHF AR AR E kKSR T 0 RoREE K S

69



BAFkB AR KPR E AN s (Basu & 4 5 2015)
$ SSC ek 4 HEa 5 > P (x)=P(C<x) % % LSSC %

C eh 7% % 4 i 3 #o(Cumulative Distribution Function) » p#* 30 #c B

GH AR R o FT R SSCehz & Cd 355 2 mas

#eAptem = 0 ¥ K C % ¥ i~ i (Normal Distribution) ; & %
£ Cd s AR EES & T EE C 5k i

i# (Log-Normal Distribution) ; & % £ Cd 3F 5 7 g T ¥ #
Bl 4] ¥ BE C 5 ¥ G4 i (Weibull Distribution) (EPRI,
1904) 5 4 ERFE C 2K B4 G 0 AR o

\_

HEF LA GV R P EE IR oot mattz g d 3
SSCeni iz CEZ xRS 38 CFE7
TP - R blAk R KRB L B F kB R > SSC e
FECHY EF*F LB AR (Basu & 4 > 2015) ¢

BRFECHUC=NY 2> 2? VAL R BHAIS &

FRAG - A Yo NOL T A G ehBExR T » £ Y e
e (¢ ) fer ittt R L (HAHEIRE L) 205 5
D, fe f, * N ¥ fcfoft ek 2 2 W 5 N, o f, o - @ 5
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N =1>R24mAh%8 VYV

i&\*

ERHL Aot XKD EFRFEC
RIS s ¥ fia o B9 8cs D xN, =D, » iR ® 1 5

B+ Bl o BHFE VA I B N5 Hic¥ 4 F o

por

A
o
=4
%
g
a
3

nh P (x)=P(C<x) 4T #557 :

Inx—InD,,
Pf(x)=P(CSx)=<D< )

VBE + B

- <ln<x/Dm>> (7-2)
VBE + B

R OLEEFEA GRS Sk o

o ENIRBEEGFE Y S D, 0 BHFRY
IR L B o2 B 5 K& ¥ & (Angand Tang, 1984) » 7] pt

B0 AN SR L, (R FERIL) B D, i
LA Ko dest = o TR B el A RS B

j}‘a,'\z"l Z}]E'l NN }\_gm;;}’gr'}ﬂl 4,51\'&1"—1::

Ps(x) = P(C < x)
_ (ln( x/Dp,) + ﬁu‘P_l(Q))

7-3
o (7-3)

QR kil o d PN (T2 e (7-3) T wh g B

o

wHEN B4 DR o SR WP D~ B By
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£ Q=95%fe P (x) = 5% ¥ » “THHBL F BAES B G iK% 0%

S

# 7 (High Confidence, Low Probability of Failure, HCLPF) % & >
HCLPF % &+ 171230 =50% o P(x)=1% ¥ 7 £C,, °

HCLPF 7 £8ed 2 3p{bd Sk 2 » w3F 5 RS Ep o
" H i 924 »TARds (Conservative Deterministic Failure

Margin, CDFM) % & & HCLPF % & -

CIFEREFSFRBFRBEN 2 HR%S A7 (Taoka £ 4 >
2020)

2011 23 % 11 p#2 P AL A Fx T AR B3I
AR A DTS P - PR RS o B IR AP 3E R 3R
z&aﬁ%?%ﬂ’%7¢W%%%#ﬁ@éﬁ&%?%“’
BEY R RISABOIPHER > LTk Ricadd flkw
TR TR o RfcadE P KWk R 2 0 1Y

EPRRS R R XA PR DAL R HE S ok

-

- B% AERCIRREHRY » FHRF RS KR T %7
B sRBES G USRS TR ook R M o #F
3ok % Ak s

Taoka % 43t 2020 & & p A E ¢ H> EF 4T &K
TR R R R 2 RS E AT (R IR P IE R kB K
RELGL) o FACRRPR M FE R R % (kL
D) BEF R RGH o Bk T A F A e TR E

A%

RREH SRR E By RRIE AL - R
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FOK B RRG M o P TRFEM o ERF 0 AW RESR
Bk o Wiv- BEOORBF FIHINOT R B ETRT R
(e B ) FesRib RS2 KIZF SRApF o i FAAT i
PRk EARBP BRI VAT BT A
1T A 4 RIS A e R R B F B < B ROK G RR
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AR PORIER R AR H oy AL T
% Taoka & 4 (2020)s5vRk LR ¥ » Bk T B4 354 Aok
BEOFE i Sn TR B R KPR A A
fered o @ PP RFEHGHI I EF L2 4 (FREFIRR
B U S ) 0 RREH w4 D 0.3 MPa (49 7E 0 30 m ok =
Z ) & fﬁﬁ%iﬁ']ﬁ’}i%lmﬁ?i%f}c c BT L KE R E AP
b EIE LA A PR e TR R R Rk R R
POl > FI A etk TR RS ERPEG TR
KBS R B A AR F L 81 FiEaE T L 24 m X
15m> PP 52 2mX1m:» 20k 0.1 MPa 2T » K&
Fik-KE X T5 0.02m’h/m? -
KGRk B R L PR R SRR 3
HER:m (83 183 2 fopd] 3) 0 H Sfp{opidny
(FfrPizdz E3005 ) B w F ALB4oB] 8-1 777 Bl F-R&
ek s ™ > KB RIY > 5 FARE B+ > 5 RIALE > Bl&+
GAHCRBE G CRBITY G ) PALBRE A o Rz faig
BN AMP RGP ARET > Z A BEIRL AP
o RTAP ) BTG B R A LR kA KR
KB o B3R d H% W ehgk (packing) ~ 4~ AL & B R P

(E AL Fusg o packing rail ) v 7 I AL o ( & ¥ » packing

__\_ -—\—
.

gland) = o
Yol 8-1 #7or 0 wAEAl 1 RN o - FHRAPK EIFE

lliﬁ"} ﬁu_’g F > Fﬁ,‘gmeﬁ'}’t;{ K Fmﬁ”ﬁ"} Fi ﬁ?@° é—éﬁmlz
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fosf ) 2 B0 PR L T BRI AT 3 R -

PSR ERR U PE N SR NI SRR Sl e

LKA o KB P hF Rk TS P ER L
e R B X BRI ERBRPIBREDTRESE BIS2A AT HE
B B8 T FHREE PR B R -
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#%1,uﬁ$ﬁ$ifi’éiﬁﬁﬁ%%°%WﬁTwﬁ

=
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j

Al W EIRBEF TIEHRRT A S R e R
AIF R P T oL RSB KEd B AR §
KRG AR BRI AR e B P ahd g oo PP enTE IRk IR EE

4 RREL e PEIGR R SRR R RR o e URR

BALY o EFRIE KA KB R KE o

<y
!
(H}
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"

KBFa P EEE S ok T4 miEt B 24 Ofda p
TR% (0%0 ~ £1%o0 ~ 12%0 ~ £3%o0 ~ % +4%0) » . F* £ F 4212 0.05
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RRFEET A 10 A e G P TR 3R |
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FFEE 0.05MPa (#pE k=% Sm) 2 B- x> ¥ af &

75



He AN E AL LA R DT A
kIR 2 15 HP e P AR AR R E 7 P Rk X

%Wﬁﬁﬁﬁ@@uﬁW?&ﬁw%iﬁﬁﬂﬁﬁﬁ’&%ﬁ

It

FBAFAN P fo P A= 3R 3 AR S H et b B B 1
e @Jfﬁ%lﬂx &ETL °
ZREAKR B AR R ESEEESFRE PN T RE

F41T o Bk B (m3/h/m2) 8 kR (MPa)z [ s % o K] 8-4 BT
A1k H P AR BR-B KRR S o AokJR 0.2 MPa 2 % 2 5
BIFRK 5 %02 MPa & 0.25 MPa & > Bk B4z 1 v
FHoKE 002 mih/m? - B X R FREFF o B RE RIS 3
Fo e keEfrm p P RRLF LG F P A % o R 4o
FoEhs (NP RS E% 0 Box KB 024MPa) > h B8
FLEIR TP o B BRI A U AR B 8-S B KR A
TRl g PRIk -

B 8-6 Bpom &gl 2 KRB Ak R-AE KRR H o kR
0.1 MPa % 0.2 MPa 2. & > B 4atic iRk > 2 Rk B4 FH 40
fe 5 3 % ¥k £ 0.02 m¥h/m? o kR 0.2 MPa & 0.25 MPa
2B BB ERIH A0 REEFFRKE 0.02 m/h/m? -
Bk B2 R EFS P PR A A G TR R R 1ok
BPE-fFo R RKEfrr PP RRLFRG P AEOM e xSk
B~ F5% (6P TRR0% » b KBO03MPa) > a4
FLE R o IR 1R R - R BB RE P R0
B 8-7 Apom KR4 P Bk 1S P RASRE -
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Bl 8-8 A7 474 3 kB vk BRGBK BRI TE S o B
PER®S ) E P k&R 0.05 Mpa 3 0.1 MPa 2 fF 5 3 i3
%R E 0.02 mYh/m? S ] Bk o EE KRS s BKE
BB A o AR EEA 1 {osg A 2Kk BM 2 k> A-k/R 0.2MPa
I 03MPaz ¥ » A% RiBKE LB I G o ptob o d 35
PERROR O RLKEIEG AR B L fosgdl 20k
B Rk B e N L B R RN o
i‘llffé&?i'JZ’k%F'WPﬁ’it’ﬁ@“?“‘?%%#%é’ 33k ®
PR3 BAFIE AR FLE P R D iR 2w kR E By
H eI R Ap o o

WE T2 = K

lf“lﬂ

25\\}

>

ARBE AR FEENERN KR 0.1
MPa 127 )» 2 4 2 AQB F 3Rk E (0.02m3/h/m2) koK o
FRET A EE (CKR 0.1MPa) ) = Ak %P E D] R AR
Bavk B (kR 02MPa) F 1 & erdpip o 253 1 fosgd] 2 -k %
oK RAZE 0.2 MPa P > B K £ AZE 7 2FiR-KE 2 &l e o 27
A3 RBEREE KRG A R RE RS 4> 22 F Gl ]
Feff Al 2 K R P 7RRIA R £ I3 b e o AORIERR Y (i)
ABFIP 2 P2t 4G fod Ao (D)% 1 foipal 2 kn PR
FIEREE R ERR D (li)yk g Pk kB8 e P PRS2
32 P FR R oo MEE KRR A 4o K B AR B R B 4o end
0 F AR ERSERE R
Fel0H 50 R0 v RR P2 o R RR Ak 3 PG oh
CERERREHE R R REF A RS TR R TR

B BREA R 4 E
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FenR I3 e & Piecs f #3257 Ao
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o

H=t o 500 FEelo RIS S el KR 4o U3 AR hsg ) (7 5 o
Fu R iT- BRIk P RIINOFT R RBEF KBS F %
B Tvginf Bho RAEInT Y > RHEEA 1 K B P i 4nie i3
Fok FILA L kR PeanRdma s knry i HE

P Ak E B 5 RR 3 0.2 MPa B2 B K 0 - R AZiE 0.2 MPa
Frilig iB-K o TR K BRACR KRB FI2ET P rE - armiif Ry 0 6
St ﬂ‘%%‘wﬁt#k“ﬁ? GRS 2 ks F G A RIEF Y LG FIRT

L

BRKE G PR o

~

FERF S %A d S 1 kB RAIRGE A S R
R F e A S R el v 2 (R
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BT chga) bk TR ¢ LR PR L P A

B 8-5fe Bl 8-7) 0t 5 %% > F BR3P

£

SHERNRE BB SRR 5 30 cm o B 8-9 B 7 ¥ 2

FERR SR AR d F %W K3 ow 7 5% R 4o KR e
BoK B HES B 8-10 LA %L a A WAoo
Boo AT &Y MR EATREL ) B AHEEL
PR RPPE 4ok i o 8RR EE Rle L~ A B TF
HOAN IR P 0 R ERLKE R TR FERE R A F

LTI E BRI AE o ot o @ F L EHp|E EA & IR 0 1Y
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Bt KRG SeiB AR Y o RAHFLOR R G Ak o FE SRR T
0.3MPa > -k /& 0.2MPa 2= > 2 0.1 MPa £3 ; -k /& 0.2 MPa 14
6 12 0.05MPa 5 H{ £ & > F BORRE I 10 4 4
FERRT BB Anis » " F KRB A SRR %) o KR
3t 0.25MPa B> Bk B iRb o ek R A 3 0.3MPa T A48T
BOR SR FUE R RS 2Rk o Bl 8-11 AR R 4p e
Winpe Y o 2 ARG v A BB RR N 28§k
fi od SRR 3 0.3 MPa» B B S 0T R SRR
PLg P Rd o RS FER
PP EAL AR G SR E S S > B 8- 12 e q
S B AR B o Bl 8-12 A R R D % ¥ o (4rF] 8-11
G RRBEEATET ) R G GAGR 0 2 A AR
i 5 S fORR 03 MPa SRk 5 o 1R3pd T g B o Ak o 5
ALK R YA (B 8-12 ¢ 5w+ 2 % ) RO FE ) o
BAEERE B Y o MEF KR o BRI B R RE
PIEREEAPUE R D B E SR 4 (Bl 8-11(b)) o KR 14
3t 0.25 MPa BF 0 X3 BLRIDIER AR DS e B FoRERET] 0.3
MPa FF » BB B E LI i P R 0 o F] 5 -R/R T B_0.3 MPa
PR R E R 4 PR ATE RRAFHEA S B R R 2
B AERPUE N S 2 ARRED] 0.3MPa pF o R RAEHHE R 5
PREFAEAREORGES TP EREPL RN AREF R
ARl 1o d] 2 R PP il K 8 g 8 4o SRR SRR
B R E R dep i (B 8-5 ~ B 8-7 - B 8-11) -
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% 8-1 K ek & 4. (Taoka & 4 > 2020)

type Manual single-swinging watertight door
frame size W1500 mm * H2400 mm
effective opening size W1000 mm * H2000 mm
acceptable leakage 0.02 m’/m? (water pressure = 0.1 MPa)

g
/™S
T~ \
%’:
'
F= =5
+ |+
2000
2400

i N -+
pandle a o
. door ;_m_
front cross section

Bl 8-1 -k P enig i fr i #4435 (Taoka ¥ 4 > 2020)

B 8-2 kI B4R g% (Taoka & £ > 2020)
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) 8-4

i 8-5

P is o

#f

el

=

' 2

’J( :—'?5@%.%&9”?

¥z ¢} gi(Taoka & 4 » 2020)

G- 0p O #1000 p & -1000 p
03 = —=—+2000p - 2000 ¥—+3000 p
- -3000 p O «4000 p +— -4000 p
E
= 3
£
E 02 L
i
g I :n
=
o L m] ,
0.1 1
acceptable leakage i
{(water pressure = (.1 MPa)
. D i s

0.3

| 1K %P arkR-EKiRIE % % (Taoka & 4 > 2020)

d1 3 (Taoka & 4 > 2020)



] 8-6

] 8-7

] 8-8

Leakage [md/h/md)

e T O+ 1000 | e - 1000 p -
03 | ——+2000p -———-2000p —#—+3000p H
3000 —O—+4000p ——-4000 p
b
A
ra f
0.2 77 /1
.-isz .'IIIII.-
Y/ /%
|',|"
0.1 A
acceptable e yyd
{water pressure = 0.1 MPa)
------------------- =y
0 +
1] 0.1 0.2 0.3

RA 2K R vk R-E-RRIE.

2 % (Taoka & % > 2020)

Leakage {m?/h/m?}

S {8 AL R Ak i (Taoka %
G- 0p O +1000 p f -1000 p
0.3 a- 42000 p = - 2000 p M 43000 p
- -3000 p O-+4000p —+—-4000p
0.2
0.1
acceptable leakage
{water pressure = 0.1 MPa) 2 -;

0.1 0.2
‘Water Pressure (MPa)

S :11] 3 7J( i% F'B Ff”’]\@'/%’L /?IJ
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packing gland cover part
\.
test body made of acrylic resm water ” 1
---------------------------------- > f ‘ % -
” packme rail setting part
(a) Testbody (b) Sectional shape
Bl 8-9 Fiind B Sk B (i %75 (Taoka & £ > 2020)
ol ©oicking inside test body
i : .
| > '
@ I N : Ny
laser displacement meter AL 2
(a) Outline {b) Overview
FERoF AR oo £ BleF % b B(Taoka & 4 > 2020)
i 011mnal posmon of packing

& 8-10

(b) Water pressure = 0.3 MPa and duration time = 28 sec¢

R Bl 4oF % ot g (Taoka & £ » 2020)
/\ —» leakage

(a) Initial state
B 8-11 Frinf &% R chr
packing gland cover part
\ water pressure
mp |
| > . 2
\ l / ]
sett]ng part V/v
packmg rail laser measurement point
(a) Initial state (b) Water pressure = 0.3 MPa
FETRR B id g enE b 5 48 15 35K (Taoka 5 £ > 2020)

i 8-12
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packing gland

"I Packing
T il
packing |+~

F packing A) amrow
A — packing rail
(a) 1st step: Analysis of entire structure (b) 2nd step: Packing deformation analysis

B 8-13 k% P& Pp A A 45 4403 Bl f(Taoka % 4 » 2020)

=
@

(=]
Wi
'--_‘__

0.3 l//
0.2 /_’_—__"f
02 04 086 08
compressive stran 5, (—)

B 8-14 -k % 4L Hoeh 4 - % M % (Taoka % 4 > 2020)

=
-

compressivestress o, (MPa)

=

o

packing gland

packing rail
mmmm Cconfact part

Bl 8-15 k%P 44l % i chga if 1 48 (Taoka % £ > 2020)
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Contact surface pressure (MPa)

+5.000e-02
+44.500e-02
+4.000e-02
+3.500e-02
+3.000=-02
+2.500e-02

+1.000e-02
+5.0000-03
40.0002+00 . .
packing rail

1 h displayed part
s Contact surface pressure occur by packing gland.
packing
(a) Pressure distribution (water pressure = 0.25 MPa) (b) Displayed part on (a) and (c)

packing gland

leakage water pressure

gap
displayed positionon (d)

s Contact surface pressure does not occur by packing gland. L ! A T \

ing initial shape
() Pressure distribution (water pressure = 0.3 MPa) (d) Cross-section of packing (water pressure = 0.3 MPa)

Bl 8-16 -k % chllcis A 479 &|(Taoka & 4 » 2020)

88



1~ KFPRER RERLS TS &

% Taoka % % (2020)5vk3ZF %Y > KX 2 o f T RE D
3ABAFAK P 2 K B-FKRIE S A SR 8-4 - ] 8-6 o]
8-8 #75 > & Taoka & % (2020)f A 7| Ap R dicdy o 5 7 -
Heid & 47 > K-[] 8-4 - B] 8-6 {r§] 8-8 2 'K B-iK-K & By it
AuFa A 9-1 4 93> F AT AE 9-1 3 B 9-3 0 4 Bt R
8-4 fc ] 9-1 ~ B 8-6 fr B 9-2 ~ B 8-8 fr§l 9-3 » ¥ -k Rk
B i dicdy o R R T

d B 9-1 2B 9-37 5 di-k%f ik -k E42®E 0.02 m’/h/m?
(FFEkE) 208 EF LRI > KRR KEELH . -
FIPL o ok % P E KR O R B % 25 0.02 mi/h/m? >
EEFHRELIEEA ARG P T RS T T PR KR
0.02 m¥/h/m? *74t sz KB ¥ o B 9-1 3 B 9-3 SN 3E 2 ¢
R 3B AR T PR A KE 2§ ROk R A Y
P34 9-45 £ ¢ (KR 0.3MPa A Bl i Bl R B S
KB 4 3 03 MPa B 5 i i Bcip IR % o

£ 9-4ehz BRI KR P PR KEZ E RRRA G 4R
9-4 #7in c LE LB VAl (1) kB PEFPERKE LG SRR
BB AT RFEPEM G QHL T A3 kR M
A KE2 g FoRk By > TR R A REa]
KRB PEFARRE 2 F RO TR R PR v RS o
Gpz2 ™ A 3 kB EPERKEZ F FRROE KE
fbrt g o TR AORBDFR MV ERF A A 1R R EF

89



Bk B2 G FoR B R EP o

FZREA R HP PR KR F A RRARE AP
NRAKBE RGN T B AEM G BT Y & 9-5 ¢
AR REAE 2 f AR R A GRS o bR KR W S
eE SR SRR RS G SRS Sty in

£ ) gt adeT

A=Z;mwﬁwh= Z}mw—ﬁyﬂn‘” (9-1)

RIS T 1T IR R RS S E PN

Dm = (9-2)

ZAERARRFF AR e fHiii L2 R E
FIF A 95 d AT I (DA 1 KR PEPERE KT LT R
KRB W R B3 SR 3R B PEP R RKEZ T
FokBRER TR KL R QFA I KkBFEFEREKE
27 Rk REEY A3 KRB EFER KT LR AR RS
e

ZHEFAK R P EFPERKE 2 F ORI S B &
POBcfrHBR B L S0 A 95 Rk BRR S AFIE(F

FoR R 2R AFE ) Ao ApoT

-

A

90



ln(w/Dm))

Prw) = T

(9-3)

Flr bV E 2 = AR B kY SRR 9-5 A7
Fod R (DI kPP EFERKE LT KR
BY A3 kRPEPERKEL T RABREA - QR R
KR 0.2MPa > 2553 1 KR P enp iR kb Beig s &g &
KRB >t 022 MPa FF > 553] 3k % P el Aok L Bog o

£F 0 F KRR RGP AR 2 AR Bie b h i
A FHALKFIPHE S o A 2R BT S B R ZFH
ALK ES - 3 BAEA 2K B @ B SR B S i
FREFE > X 4o $FA) 1 KB P o 3B 3IRT AL L A4 35
A 1 fesg ] 2 2 Bavk /P o FR g B4 9-4 g dl | fosgd] 2
KB L9 BE KR EEHBESO-Dfr (923 & H#k ¥ &
A e Fefr iR R L o St A 9-6 0 1t A 9-6 55 1 r 2
ey BfrH B R L B & OS A 1 vl 2 AR
AR S o SR SRR RN s KL Sl SF SR SR
ABBEY B BRE L 2 B 2 B EIE e gt s A
A 1 fefg Al 32 B avk B & 43 A) 2 fosg ) 3 2 B ek
Moo Al L 04GR 18 B ACRER B T &
AP B ERE L > A L 9-6 0 Bt 0 BRI 2L
T AT AR LEE BAIEE T 1Y & 94
T3 27 B F CROKR O EHET AT Befoif iR g AL
IR 9-60 LBRE 9-6 R EFAIKH M R KR P e
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AR M2 R o (2R S 2 frigA 3ok Bk fFEd R
KPR A 2 fosg ] 3 H - SFADK RO Y R o

LAk g kR P oot iR
BZ R rN(9-3) v R AR R JE W AL Ao 9-7

L

E B4 9-6 2 48R

Hrn o LR 97 WAt (1R KA 1o 2k
Bk B2 T RRBRPRECREY S HAZ R LHFAKBF TR
FoR R BARE L v RIEBIT o (2)0rF AR £ 1 fosga) 3
KB eng ok R Y b F BT - 4ok 9-6 “rAdcE o (3)R £

1 fesga] 3 &R & 2 fesgd] 3k B hg fORR i
B F 2 F BT — dodk 9-6 “TF| i o

g d 9-5 = ALK R AR R Y ot iRt L
FREZ AR FFORIINFEE T o PR ol #
B PR LRV fd ORI B % TR 2 AR
B E9BTIKRER L AL T R RBM kR ik
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(7-2)3+ 5 H - sgal Rk § PP 2308 4 d 0 @i (733 8
B g kB A e o R 45 Ao Flpt o §] 9-5 1 )
9-7 #771 § & 5 KB 50%:0 % fp i & o

PR ALK R S kB P R A R R
Nz BHARR TR L R B - a4

KB B FF e * Taoka & A (2020)c77Rk B PR IE R %%

3

m

oy o B A AR R L B~ T 08 Y R e

ZINSRER s s PR W e
T ACKR w D BHCE f A PR T 0 R (9-1)EA 5 B
Bicts T ¥oagc 0 | AL BT 94k o Taoka ¥ 4 (2020) = fa4F 310k

B ¥ BT A, W 5 A, =-153035 - 4, =-1.41101 fv
Ay =-1.26006 > 4% 5(9-2)B~4n#cis » ¥ £ 9-5 eh= ¥ o
BT 08 T30 5 1 =-1.40047 > 1% 3 (5)Pdndkcis

W A 9-6 et G HAIL Y Hee B F b HHET oM PREL

vd TN Et

> =12/ -1) (94)

B3t E s 01354550 (94 E R AEREZL BN g

Lr
REFHEL A HEdpBlcg " HKEGRL - A5E5 =B
Aehlicdh > &2 B3t E 0.135455 He K f o
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Gt A Hcdh o B PR T s T 5 3 pe(Range) 3 1R

o RIED - PRH AR B s e iR el |

™

e 4 on B AEKE G XX, X, B &KX E:

n N _—

Y =max(X,, X,,....,X,) > B’ B 5 Z=min(X,, X,,..., X,) » Bl 2
JESR=Y-Z 72 X, X,,..X, s ¥ AT > 2FERS 3 £ &

¥ AL A o d {&EA H (Angand Tang, 1984) » ¥ 4rf & frk |

5 4% & % & fix(Probability Density Function) 4 %] &
fr@) = nlFx I fx ),
f2(2) = n[1 - Fx()]" fx(2) (9-5)
}:\‘ ¢ o fx’fr’FXAJ\ VJJ%%{%Xﬁ?ﬁﬁj\ ;?T;Lilg{?f'g"-%%g{# \ﬁ'l&o
FHEXRXGZEFEASGNwo) B7 ufros b i T iodde

HEZ o PEAEY T ogks

Hy = fyfy(y)dy =u+ ny’fy(y)dy,

,_Y—H (9-6)
Y= o

b=pto f Y lEe )™ f () dy

=m0 [ yIeoNe0nay )
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FF o Pfr O A B L REFEA GO RIEEFELS TS

Heo b 7T EE ] R Z T ol

y = f 2f,(2)dz

=pu+no j z'[1-@()]" 1p(z")dz' (9-8)

FI# 3O0-7)Fr3:8(9-8)F F L322 FE 5 ¢
Hrp = Hy — Hz
=no { f Y@ e(v)dy'
_jzl[l -~ p()dz'| (9-9)
— no.fyl{[(p(yl)]n—l
—[1-2O)]" oG )dy’

€d2:ﬂR/O- "\:"/ff,'

dy=n f Y @)

—[1 - O Yy’ (5-10)

Flet o =pp/dy 0 WL 2R 1, PSR i AT

FH i‘(9-10)$‘"-}ﬁ d, > o & ﬁifﬁf‘é‘@ ; fg_n:2'fr'n:3ﬂf:'i » ¥

Bd,z s 258 e in=35%06]>329-10)2.d, 3+ & 4T :
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d; =3 j y'[@%(y") -1+ 201"
— P2 (NP vy’

(9-11)
=6 [ youne00ay =3 [ ye0nay

BRO-1)7 5 g3 5 Sl YY) BB Sl b U

fg A 5 00 FNO9-1D)E i e

dy = 6jy’¢(y’)¢(y’)dy’

do(y) 1 ¥ do®y)
oy PO =g=e B e =) (g3,
f_we—y Ay =m (9-14)

#e78(9-13)Fr 7 (9-14) & » 34(9-12) » 7 /¥
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dy =6 f Yoy

-6 j S )dld")]

= —6[00)00IB% - [90nay] )

—0+6 -vd _3 1.6926
N 21 € y_\/E~'

Taoka % 4 (2020) = fEZF 3|k % M ch= i $#cT dofich 2
BE A A -4 =—1.26006-(~1.53035)=0270295 > %% 11 d, =3/\x >
TR T o gcE R L B =0.159695 0 pt BB MR AL E LG
23 (9-4)1 3, =0.135455 0 R ST o & F AR h T s
PEEGFRE AP bt 10 20 chrEERT R kP E T
BrE AEEF - E2EGYE > REHET SR OEE L
By > ¥ BB L

o Tt 0 BE AT AR A SR B AP R KE R

25 0.02mYhmPT Hm™ » 3 fok B2 ? D, 5% 7477 4

ng\x\-

A £70.2465 MPa » F FoRBRE#H I T o iR R L [, 5

790 BRI 03211 F fok B LR L B 5
0.1597 o #-pt = & A B % » 34 (72)frs0(7-3) » ¥ F T30
RArH ook d JEHd B> 4ol 9-8 17 o LB 9-7
BT R 50% 15 K end JE i d ALY T 2

%] B, =0.1597 1 B |+ B, =0.32112 &
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AR R B AP AR B R TS 0.02 mY/m’T i
T o H B e M4 e F (HCLPF)E £ Choppr @ B35 (7-3)

— “~HCLPF

B e

504 = @ (ln( CHCLPF/Dm’)8+ ,3U¢_1(95%)>
R

= CycLpr = Dme[ﬁR¢’_1(5%)—ﬁu¢‘1(95%)]
= 0.2465¢[0-3211077(5%)~0.15970 71 (95%)]

= 0.1118 MPa

(9-16)

AEEAEVR B AP R KE R L5 0.02 m/hm’T i
T aTELEEY R BB FE 10%DF B C,, T RIS

(7-2) » 3+ 5 40T

In( ClO%/Dm)>
10% =@
<J%+%

BE+BEP™1(10%)
= Cio = DmeV (9-17)

=  Cipy = 0.2465¢+ (0:3211)2+(0.1597)%0 1 (10%)

= 0.1557 MPa

P G Tl 4F R MY A 1% R G, T

P53t (7-2) > - B 40T
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2 2¢—1 1%
Cro = Dy Br+Bi®~ " (1%)

— 0.2465eV (03211)2+(0.1597)20 " (1%) (9-18)

= 0.1070 MPa

s
B Z_ =

-~

—\

Flpt oo Clov 1 CHCLPFF% M A% Cioi vt Cherrr 2 5 gL =
B TR AE T ER 9T 2 2T A LB o

ETBEL Y MY FRAMAPFE g FEC HEN
HCLPF % £ > RIA 5 g & oo fi oD 7 FE Lo

SR L0 B4,/ f BB T o 8 8 R (T2)4e(9-16)

¥ iF
CycLpr = Dme[ﬂR¢_1(5%)—ﬁU¢>‘1(95%)] =,
—D, e BR+BEe™ (@)
(Br® 1 (5%) — By® 1 (95%) (9-19)
—1 q= [6)) - .
VBz + Bi
_ & ®~1(5%) — rd- 1(95%)‘ [;U
V1+7r2

R E g8 B/ By PM a0 TR(9-19) > 4o 9-9 #r o
Hd SOOI ER 9-7 ¥ i (DREHEFE L B B,/ B,
i C, %> HCLPF 3 £ »q >0 %0 1% 2 B 8,/ B,
AEA 1 g 485 1% 2)EHC, AF* HCLPF 3 £ > &
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B/ B 4T L PE o % § 1 FE

% HCLPF # & » % (C, » HCLPF 3 £ 77 "UiE o A%k 2

7N~

FEG — LBy Bl Gy g 18

By ! By =0.497412 > HCLPF % £ # &% C 5y, °

E 411 C B % HCLPF 3 £ » HAp$ 3£ 4o 58 4657

/ﬂ2+ﬁ2¢>-1(1%)
Ci9% — CucLer eV RTTY . o
CucLpr  elPrRO™(5%)-By®~1(95%)] (9-20)

PAR ¥R A B H BRI A Bpfefy R PR EE G

Fﬁg b l\:.' :J, ’]JR /J\ %:

0° 4% 2 Cpy = 0.1070 MPa > Cyyeppr = 0.1118 MPa » g %4354
5 -4.29% o
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%091 #5A) 1ok % P aukok B (md/h/m?)

, mp PR
K }’?\i Om 1000m -1000m 2000m -2000m 3000m -3000m 4000m -4000m
0 0 0 0 0 0 0 0 0 0
0.05 0 0 0 0 0 0 0 0 0
0.1 0 0 0 0 0 0 0 0 0
0.15 0 0 0 0 0 0 0 0 0
0.2 0 0 0 0 0 0 0 0 0
0.21 - 0.156204 0.112409  ---
0.24 -~ 0.212774 0.236496
0.25 0  0.121168 0.079562  --- —  0.063139 0
0.26 - 0.145985 0.19635 -
03 [0.118613 -
492 27 2Kk B H i kK E (mP/h/m?)
: R
K }’?\i Om 1000m -1000m 2000m -2000m 3000m -3000m 4000m -4000m
0 0 0 0 0 0 0 0 0 0
0.05 0 0 0 0 0 0 0 0 0
0.1 0 0 0 0 0 0 0 0 0
0.15 10.001932 0.001932 0.001932 0.001932 0.001932 0.001932 0.001932 0.001932 0.001932
0.2 0.002899 0.015942 0.01401 0.015459 0.01256 0.00628
0.21 10.016425 0.012077 0.004831
0.25 10.038647 0.048309 0.167633 0.028502
0.26 0.023671 0.032367 0.010628 0.016425 0.016425
0.3 0.142995 0.2 0.251691
0.31 0.071014 0.319324 0.2 0.01401 0.129469 0.150242
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%93 %A 3ok ® i ik ok £ (mYh/m?)

LR BN TR
Om 1000m -1000m 2000m -2000m 3000m -3000m 4000m -4000m
0 0 0 0 0 0 0 0 0 0
0.05 0 0 0 0 0 0 0 0 0
0.1 0.001511 0.002568 0.004381 0.007855 0.00136 0.006344 0.00423 0.003323 0.003625
0.15 10.003021 0.005136 0.008761 0.01571 0.002719 0.012689 0.008459 0.014199 0.006949
0.2 0.003323 0.009668 0.012689 0.021752 0.005136 0.021752 0.022961 0.023867 0.012387
0.25 10.009668 0.013595 0.016616 0.023263 0.011178 0.036858 0.044713 0.035347 0.024773
0.3 0.011178 0.018731 0.017825 0.028097 0.010574 0.034441 0.042296 0.044411 0.036858
% 9-4 Ak B FE PR KE 2§ kB (MPa)
TR
Om 1000m -1000m 2000m -2000m 3000m 3000m 4000m -4000m
ﬁEi‘] 1]0.2584 0.2083 0.2126 0.2013 0.2018 0.2158 0.2510 0.2038 0.2034
ﬁEi‘] 2102164 02188 02013 0.2372 0.2293 0.2161 0.3986 0.2616 0.2613
#A] 3105920 03124 039 0.1855 0.5920 0.1903 0.1898 0.1800 0.2307
% 9-5 AR R g kR ¢ Ecfodt il X
* #(MPa) iR 2
A1 0.2165 0.0955
Al 2 0.2439 0.2040
A3 0.2836 0.4929
%9-6 REFAKDBIZ SRR P Bofof il # X
¢ #(MPa) iR 2
53 1402 0.2298 0.1663
Al 14-3 0.2478 0.3714
#A]24¢3 0.2630 0.3741
S 5 0.2465 0.3211

102



o o
[\ W
| |

Leakage(m?/h/m?)
e
\

SRERAL AL

om
+1000m
-1000m
+2000m
-2000mM
+3000m
-3000m
+4000mM
-4000mM

AL RSP arRREIERRIE B %

Water Presure(MPa)

‘3\\-

o o
o w
| |

Leakage(m?/h/m?)
e
\

om
+1000m
-1000mM
+2000m
-2000m
+3000mM
-3000m
+4000mM
-4000mM

53 2

0.1

Water Presure(MPa
’Ji‘ i m’]\fi Fa J\/?J

li“b

o o
\S] W
| |

Leakage(m?/h/m?)
e
\

om
+1000m
-1000Mm
+2000m
-2000mM
+3000m
-3000Mm
+4000m
-4000mM

il 9-3

5103

. Water Presure(MPa)
(S NESY SR

103




Water Pressure (MPa)

0.6

0.5

0.4

0.3

0.2

| | ® | ® | | | |
® O O e
— Type 2 -
® ©® O 1ype3
[ )
o
. .
[
°
e o ® ® o o o _
o °
| | | | | | | | |

-5000 -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000

In-Plane Shear Strain (10-6)

B 9-4 =ik EriEh kgL g R

Cumulative Probability

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

01 015 02 025 03 035 04 045 05 055 06

Water Pressure (MPa)
B O-5 = Ak BM2 b Id R

104



09 -

0.7 I~

Cumulative Probability

Type 1
Type 2
Type 3
50%

Types 1 &2
Types 2 &3

0.15

0.2

0.25

Water Pressure (MPa)

03 035

0.4

0.45

0.5

0.55

0.6

B e S8 Ak B P2 4 S0t

0.6

! | |
09 I~ —
0.8 |~ —
= 0.7 —
=
E 0.6 —
o
$—
(=)
o 0.5
N
5
5 04 —
£
=
@) 03 - Types 1 &2 _
’ Types2& 3
Types 1 &3
All Types —_
50%
] ] ] ] ] ] ]
0.1 0.15 02 025 03 035 04 045 0.5 0.55
Water Pressure (MPa)
4 > S , = s LR 3
F1O-7 &80 & 8130k P2 5 ATHS S0 R

105



Cumulative Probability

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

95% Confidence
50% Confidence
5% Confidence

0.1

Mean Fragility —
50%
} ] ] ] ] ] ] ] ]
015 02 025 03 035 04 045 05 055 06
Water Pressure (MPa)

B19-8 2 A% A KBMA G o REZ LM A

Cumulative Probability (%)

0.9

0.8

i 9-9

o
o0
—

1.2 1.4 1.6 1.8 2

Bu/ Br

FAEBS g S HERE L LS,/ B i

q 2

106



$ARFRERH
KB AR L R R TS S et de T
- Py EFAAERGIS 222 5 548> 2 & University of

Washington Working Group (2017) it 2_ ¥ Ff3& {7 3+ B2

g_; _%'. 2 /F 'J FQJ:Q
= ~ 3 %% University of Washington Working Group (2017) » 3

1
pgﬁ i#ﬂ;Fm’ﬁ;l'—l— l—— °

I

AT RS- AR L AEF D2 REE O R Matlab 4750
Mo D RkFEFE 2 R

TN BITRABEFTF LA R R T ARG BrEA

R AT R TR AR Pk s R

&g 4a PR 2 2 FEEIHNUNTARE ST AT

]ié\j\tg- mpiﬁv\’]ﬁ'c’

=X}

CETR RRARECTER T BRI & i N RIT R A R B 2R
AT T RIRAP Y B2 TR RIRT AL RFET {
Linjhvh s T R o

AT 2R SN A R A AR T R A

(LPTHA)h™ i3 > ¥ S dofo 105 B+ B 7 30507 FE

AT o B A2 g ® MG AL MARE 2 € R EE2 48 5 HCA

}3:

\4

L@ FIRATA A 42 LPTHA 34 {7 8 412 A 77048 o
- R ERT é’%’gﬂi’f’ff?ﬁ%d'ﬁm']%ﬁ*ﬁfﬁ']ﬂfriﬁ%ﬁf@ 2 I BT
AP LB PR B2 LS 2 g ks

(S U RN Rl N S A

107



AR E AR o L B AR T BTk E
BV BiEE m @ BB RS R LN Arh T B
PO 2 WS R o

1~ RBES - BLiFgp 22 LPTHA A 4924 ¢ #
FEEREBROMAL > BARTI RIS T S ETR R

i T R T (7 60 Bl 2P 30 BB

\\\?{r

BeehRE B E B B A J67 AL e 1 R - 4R M
SR s g RS RAA ATRLEE FRR
b ﬁ%ﬁfﬁ.‘fﬁﬁﬁﬂﬁﬁ?\#ﬁj B A Eoar et ‘\’}g"c“ S8t BT

E22oo F AR T VI S S F: *}}Hﬁ}l’?%o

bg Vo

Lo F R REOLPTHAF 733 che THRRIFTES 52 5>
deut B R 2 B o B A ST X R 8 7 EGE

ST R IE 2

v

-+ — ~ & J5 Taoka % £ (2020)r-k % 7 S fotist» 170 kR
b RE AR TR Y R B aVRR R T ORR
PA TR T E AT EHRIEF R KR ET] FIRK
O ROKE -

L2 kB PRIINOE BRI ERR R G R bl R R
B ScfrB R E TR S N B AP IR B vk %

gk ae T RS T P REM G SRR e kR

-

PR R ehm T RE TG M

KT d A B T R G hiEE o

v 'Pﬁ— Taoka % 4 (2020)0

108



~

Jui

J_,i‘\

REZ T oA LR P AR R B3 R 3K R eh
KRR B o

sz T oA L RBP R B EREY SFA 3 kRP

B EA-KE 5 0.02m3/h/m2 fook % PR ROk R S SR
fi AN T 0 A 1 R R R SRR etk
® £ 4w i 0.2165 MPa - 0.0955 -
AP AERKE S 0.02m3/h/m2: fook B 2 Ok R S HEcE
fe A DK T 0 B 2 KRR R KR etk
% 2w 5 0.2439 MPa §r 0.2040 -

¥

AP AERKE S 0.02m3/h/m2: fook B 2 ok R S HEcE
i i enBRE T 0 A 3 KRR R AR R et ik
B £ w5 0.2836 MPa o 0.4929 o

AR KE S 0.02m3/h/m2: fook B 2 Ok R S S
A HenEak T o R A 1 fodgdl 2 kB R SRR
?cfrdBaR £ 4 b 5 0.2298 MPa fr 0.1663 -

AR E S 0.02m3/h/m2: fook % P E KRR LR
A HenBk T o R AR 1 fegdl 3k Bmm g kR
?cfodt R £ 4 b 5 0.2478 MPa fr 0.3714 -

AP R KE 5 0.02m3/h/m2 ook % P E ok R G sk
fiA R T 0 R A 2 fraEdl 3 kB g kR

oo ol B L 4w 5 0.2630 MPa {r 0.3741 o
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KA T BT A AR &K P g Ak R Y g
fodt BB & £ A w] % 0.2465 MPa §- 0.3211 «
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B RS MY R o
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(AN VSRR 21z ST QU IO~ S = S U S L R
WA R L o R L S W
% 0.2465 MPa ~ 0.3211 4r 0.1597 » #7118 T 325 4F ¢ R
o b 3o KBl JF W 4B 24 T o
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