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Laboratory Validation Test of Dry-Fracture Method of Stress Measurement*
Kazuki Shingux*, Toshihide Nakajima*, Mitsugu Yamashi ta%,
ABSTRACT

The active fault survey tunnel across the Mozumi-Sukenobu Fault is located at
the Kamioka Mine, northern Gifu prefecture, Central Japan. At present, The
comprehensive studies of the active fault are being carried out in fhis tunnel.
In this report, the results of the laboratory test using steel pipes and numerical
simulation for the new ground stress measuring instrument were presented in ordér
to inspect the stress state around the active fault.

The following points became clear from this investigation.

(1) The tendency of the laboratory test result for two kinds of steel pipes
in thickness was almost same and the reappearance of the test was certified.

(2) By using the improved ins_trument,_ the repetitous loasdings like before
became unnecessary.

(3) The expanding displacement at the outer surface of the steel pipe around
the central part of the swelling instrument was found to be almost unchanged
although the instrument was slid 12cm along the pipe.

(4) In the loading test using two kind of steel pipes in thickness, there are
comparative agreements between the measured values and the computed
results.

(5) Typical pressure—Deférmation curves for field measurement were able to be

reproducted by numerical analysis.

* This work was performed by Mitsui Mineral Development Engineering Co., LTD.
under contract with Japan Nuclear Cycle Institute.
JNC Liaison : Neotechtonic Research Group, Tono Geoscience Center

% Mitsui Mineral Development Engineering Co., LTD.
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TVRT—N (ENCE->THRETIETHY, BOBRNOENOKRX EBHEETE
%) ORETRT, 7a—THRRED 3 O2DRRLAL 2o TNB WESIEELED Y
T P2AFET L A—EHTHD, —F, BIROVHRIZR > TV B0 ITESRE & B
BIRDOM, 2EVARRERSTHD, ZOKEIL, BOCERL-RRBRIZERALES
n—723, BRNCHEE L CWIeBAE (BREREFERY =V ARO Y LY v 0%
FRRIZL V5 EBSNGIRMBENIREZ o TW3) EY TR, BEERTEEFRDE
B o VOBRWAREZZIFZRAT o ABHRAKIZEVIAALRE LS 2REE) ©, %
OREBOT L UBIERT D ZEICL-oTA LD FSNGIREETHE LEXONE,
INEEATHBENS T~ (S-800) EK2.3.3. MERZRT LS5, AF%
EEGFNLATOT LE UBIIAH LTI RVWFEEE RoTW5, WREDS-800%
AL EDF LAy —AOERER?2. 3. 4. 107F, 20 X512, HEMOL S 28T
BAEHTROENBEP > TVBRETIIE BoTEY, HAMS-80070—7 %5
W3 L YMEE LT REEREE Y IR T X A b D e E X b,

ZORER, RELEBRRNENZ2B2 LB TERLIITRY, EA-TMHBD
BEOEALEH A, ORDERQES & 0HBEMI, EES»LBERET—ED
BEEHD LB RENT, Ei2, HRENS-800% AVT, SERHLHRELEZ T
Fmy s Y- MEREIC L B RHIRBERATA, HISES,LBLIIARE L 20
- FANIRROBREME L IE—FK LT,
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3. FATARTRER
3.1. RROBE _

MEEORRTIY, #RF2AVERRAROMIZ, FENTRFARETY, 20k
EOMENMIOOTHEZFHI LTz, EX—EBREIZL > TR Z S 2RSS RT
33X TTu—T EOENZHEMBLERDY, HBONLOTHOEEEE Iz L—
VavORRNPL T RRENEBIEX DS ITREETARDIEEZENEL LELOT
Hol, LBLedb, WEEOHMENEFRRIINE 65on, SR 8%m, €& 610mm D
MEOHATERL, TORBEREZEE Y I21L—var LhbDThHD, S-800 D3EE
EELIZHARICT 21T, MOHROME CLRRORBREZER LT, KDY I 21—
arPBLhAENFz v I THIERNEELY, TIT, ARRCIIMEEMSER LM
EEEALTRRORRE XY 5 LHiZ, SHEIIAE 64, SHE 100on, & & 800mm &
EIABRIVNEL, ARIBIREVETRZEALT, BEMTNCBOTENFRBRE RS-,
X 3.1 L ZHE R LIe T AT — VOMBRERZ T, FME O R OP.0E
ZBWTHEARIZ 2mO ORI —V% 18 BV T, £, ] 3.1 1L IR
DEBEEFRT,

F£3.1.1 RABEICKIEEHAREH

HEA ERERRAR R AHEEEN HERO%H SHEE
KEMNSEEFHEIY (kg/cm?)
*)
APT1 0 500 2 3.2.1.
APT2 0 500 2 322,
APT3 90 500 2 B 3.2.3.
APT4 0 500 2 3.24.
APT5 0] 500 2 3.25.
APT6 0] 500 2 B 3.26.
BPT1 0 500 2 327.
BPT2 90 500 2 3.28.
BPT3 o] 500 2 3.209.
BPT4 0 500 2 3.2.10.
BPT5 0] 500 2 3.2.11.
BPT6 90 500 2 3.2.12.
BPT7 0 500 2 3.2.13.
BPTS 90 500 2 3.2.14,

i) L& T APT5, APT6, BPT3, BPT4, BPT5, BPT6, BPT7 RU BPTS8 IE, 7A—J4#IXIL
fi(:_x%»fFﬁﬁéﬁtﬁﬁﬁﬁiiﬁfgptﬁo), REDOLHBOVTAHRIEERB D=0
HEL=4DTH 3.
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3.2. HERER

BENEERBCE LN RBREE R 3. 2. 1(2) ~ () A5 3. 2. 14(a) ~ (d) LRS-,
FRFR, M@ —FZFZBENTZ 250 LVDT(CHL 3 LTt CH2) DSBS N DLLT
8L Fu—THOBFEE, (b)IIE.CH ORFE - RARNE L OCERE L — BN,
K (c) & () ITIEF 4« B EICRT 2MEREICH Y T mER T =21z Lo T
CENEUTHEETT,

MEACETAN 3.2.1 @)L (DERZE, RAHLLRBAMNBOVTARITIZITEL
W ERSNB, B, Fu—7 53 13ch & 25¢h DALE THEMZEEWVW TR Y, OFTLy—
COFMRHARPELLBELTVAZ LEZRLTWS, BREANMBE (13ch BLOV
25ch) DFIERBOOTHEF R B/NEL, BRBAEMBL 90 ° BENZALE (5¢ch IV
17ch) TROLBOTHEBRBEV LWV IHRIZR TS, TOBRKIFu—7% 90 "HES
ETEHLTHRALTHS, BEEIKERHE, AERAMEND 0 BALOTHE
DEGLREVE (CH5, 17) 225, BRHEAMBOUVTHEDEL/NEWIE (CHIS,
25) ZAPHIZHEY, OFHRERITHLTHSOBST LTV 23, 90 ° OEFT(CHI2, 24

(78.75 ° ) VIR > TABZERS LTV EORSNS, ZOEMIE, MEBICET I
3.2.7 D (c) & (d) # RTHERE—TH 525, FiE B OHEADOHIMERLHIHL LTV B,
MEELET S L, HEAOCHBATHAEINZOTAHEIT, BHEEIVKEDOR, CH8 R 20
FHETH 450 L 72 5TV %, SHE B ORI CALEDOUTHEIIN 300 THY, SHEADVT
HBEXY b/AEN, HEB THESNZOTHED, BREEMENDS 90" HLARREA
BIZAP-> THEALY bREOMCRERT2ER, OTHESHEALY bS5
flahzaziix, HEDEEDEELEDND, ZOHBRIHKEABLUB TOMDORER
ZOWTHIZIERROERBAED b, RROBAK LIS H B,

£, REEH S o—T2MEOF CRIBEENLTEF LZ L XDV THELZH S,
FEADK3.2.1D(c) L (DBLVES.2.500[K 3.2.6 D(c) & (d)DENFh % LT
BEINTEAETAL RN B, FEBDOKS. 2. 7D () & (B LUK 2.955K 3. 2. 14
D(e) & (D DENTRE B LTHITL A BB RN L BYNB, ShEFa—T D
RENTHNIIZLPOMBR TN THMBEICEX D EBINILALRBOLNRNI 2 %
ZLTBY, To—T7OEREEIIEEOHE TR —THD Z LETFT,
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pressure, kgf/cm?’

diameter, mm

600

APT1 |
B8HE: KE ’

A

o /I
1 I/ WA
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~—
\

0
0 100 200 300 400
time, sec
65.5
: APT1
&M KF
-~ CH1
—— CH2
65
64.5 ]
0 100 200 300 ) f’rOO
time, sec
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Strain, u

Strain, wu
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200
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APTZ 2B

Number of Gage Point

X3.2.2(d) SMERERERV $ HEHAER(APT2 : 2018)
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2

pressure, kgf/cm

diameter, mm
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600
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500 [
// &N EE
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300 [ l
200 / L
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0 } LL" ey lk
100 300 500 700 900
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—— CH1
— CH2
65.0
64.5 }
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B93.2.3(b) MEBEHRBRICHTIWE—FHHEH L UEHE—FHE (APT3)



u

' Strain,

APT3 1EIH

16
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pressure, kgf/cm

diameter, mm

600

65.5

65

64.5

BR@E:KFE
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400
time, sec

600 800
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—— GCH2
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time, sec

600 800

E43.2.4(b) REBEFRBICHITIBREE —REAREHLIE (APT4)
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APT4 1[@18
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400 ‘L‘§§§*L\\\\*V////Jl\\\\ﬁa\ e
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400 _—

300
8%H : Kk

200
| . Yo

100

Strain, u

16" 18 20 22 24 26
Number of Gage Point
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APT4 2[@IH

Number of Gage Point

[3.2.4(d) SMEHFHRIRV FHIHULR(APTS : 28H)
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300
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65
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64.5
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|

\

200 400 600
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200 400 600
time, sec

=
"

B23.2.5(b) AEBERRICE (S HEE —FEH & VEE—FEE (APT5)
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5 188
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[3.2.5(C) PEWHHBROH TR  18E)

- 32 -

600
200 ‘K\\\\‘,_,,—o////Jk\\\\o~\\\1k\\\
400
3 \
S 300
© BRE : kF
= S-800% 5/l 3cmis &)
200 \\\\
100 ®
0
4 6 8 10 12 14
Number of Gage Point
. APTS 1[=18
600
500 .”’/JV////.,/4/‘r////l\\\\\k\\\
400
3 \
£ 300 '
© BRE :KFE
+ S-800% Bij A [ 3cmiB &N
77200 ™
100
0
16 18 20 22 24 26



APTS 2[E18

Number of Gage Point

R13.2.5(d) SBEEHTRR0 T HHABR(APTS : 2618)
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BPT3 1mE

BEE | kE % e
S-800% w11z 3cmig
4 6 : 8 10 12 14
Number of Gage Point '
BPT3 1[@18
7/‘\
)
BRE : KF
S-800% B A I1Z3cmiS &)
16 18 20 - 22 24 26

Number of Gage Point

X3.2.9(C) MEHFTRBRO THEHBER(BPTI : 1E8)

_48_.



BPT3 2EH
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3 200
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_ S-800% ®ij 5 12 3cmiB B
100
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BPT3 2[EH
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3 300 —7'4.‘
=
o
+ 200
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SRME : KF
S-800% BiA 1Z3cmfEED
100
0
16 18 20 22 24

Number of Gage Point

X3.2.9(d) m%ﬁﬁaﬁvf&§Mﬁ%wwsﬂ@E)
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pressure,kg‘lr/cm2

pressure,kg‘l“/cm2

600
BPT4

500 CH1 BE: KE

S-800% % A3chiZE

(] £
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200 7+ 1E B &4 [
| ff - = = 2EBHE
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0.1 0.2 0.3 04 0.5
displacement,mm
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‘BPT4

500
CH2 BRME:KF

S-800% % A 3cmiB &)
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W
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N
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%
|

1@ B #i%r

N

o

o
%

w = « 2B BEE

100

0.1 0.2 0.3 04 0.5
' displacement,mm

®3.2.10(a) MEHFRERIC ST 2 HEE - WERELLX(BPTA)
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pressure, kgf/cm

diameter, mm
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64.0

63.5

BTG KF BPT4
S-800Z%#& A 3cmiBE) .
/ /
200 400 600
time, sec
SHE: KTF BPT4
S-800% & A3cmBEY
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—— CH2
ﬂ / RN
” 200 N 400 600
time, sec

Bd3.2.10(b) RAEBREFHRICH T 28E —BE S & UEHE —B5REE (BPT4)
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400
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Strain, wu

300

200

100

500

400

300

200
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BPT4 118
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N

&ZUE : KFE
S-800% £ 5 1Z3cmi8 &Y

6 : 8 10 12
Number of Gage Point

BPT4 1m8

14

o/‘\'-/k\,\

BN kT

800% % 7512 3cmis &)

w
|
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18 20 22 24

Number of Gage Point

[X13.2.10(C) SHEHEHRV T HEHBER(BPT4 : 1EH)
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BPT4 2[E@8

500
400
3 300 |— . . P g
;5
©
+ 200 f—
BRE : kT .
S-800% £ 512 3cmig &h
100
0
4 6 : 8 10 12 14
Number of Gage Point
BPT4 2[€lB
500
400
3 300
_E
o
S 200
o
B3@E : KFE
S-800% £ 75 12 3cmfg &)
100
0
16 18 20 22 24 26

Number of Gage Point

(3.2.10(d) MWEHEHRO T HEHBHER(BPTA : 20 8)
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pressure kgf/cm?

2

pressure kgf/cm

. 600
BPTS

500
CH1 BRm||KF
S-800ZRI A 12cm$ZEN

-
o
o

w
o
o

200

16 B &
« « « 2O B&EH

100

0.1 0.2 ’ 0.3 04 05
displacement,mm

600
BPTS

500 "?
CH2  &Hm|KF /
S-800%F R A 12cmIBE) fr

N

=

N
(=)
o

TEBEE |

- - - 2EBRHF

100

0.1 0.2 0.3 04 05
displacement,mm

[3.2.11(a) SHEHEHFRRBRICHIFI2HMHEE —PWSAZTHIE(BPTS)
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600

500

4
(=]
o

pressure, kgf/cm?’

64.5

64.0

pressure, kgf/cm2

63.5

BRm: KE . BPT5
S-800%Hi /7 1 2cm# &l
200 400 600
time, sec
BAT: KT BPTS
S-800% A /5 12cmiB &)
—— CH1
—— CH2
///\\\\\\/J/J/;\“\
200 400 600

time, sec
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Strain, u

Strain, u
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BPTS 1[E18

.h_——4l\*\\o—;;—4r"’4“‘*\c\
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a83m: kE \

S-80Q% A5 121 2cmig &)

8 10 12
Number of Gage Point

BPTS 1E18

14

B2m : kF
S-800% B A I1Z12cmis &h

16

18

X3.2.11(C)

20 - 22 24
Number of Gage Point

FEFEHIRV I HEHRIER(BPTS - 1@B)
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Strain, w

Strain, u

BPTS 2E18

500

400

- M

200
B83H : kT \9
S-800% @i A I212cmiz ) .

100
0
4 6 : 8 10 12
Number of Gage Point
BPTS 2@8
500
400
300 .’////‘\\\\\.,,,,,.K\\\\,L
200
Bm : K
S-800% B A 212cmis &)
100
0
16 18 20 22 24

Number of Gage Point

-

[3.2.11(d) $EEBTHRBO THIMER(BPTS : 2EE)

_57...



pr‘essure,kgf/'cm2

pressure kgf/cm?

600

BPT6

500

CH1

BHmE:

EEH

S-800% Al A 12cth B &

>
[=]
o

300

200

=~ = = 2EB#HE

TEEBRE ]

100

/4

0.1

0.

2

0.3
displacement,mm

04
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600

BPT6

500

CH2

BRME

EE

S-800%Hii A1 2cT$z§)j

400

300

= = «» 2EEE&BH

e BRE

100

0.1

0.2

0.3
displacement,mm

04

(X13.2.12(a) FEBEHERICH ) 2 WETE - WEAZLHLIK(BPTE)
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600
BXEEE BPT6
S-800%HI A 12cmIB &
500 /
§ 400 /
X .
G 300
5
: / /
© 200
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o gﬂ-
0 100 200 300 400 500
time, sec
64.5
SNE B BPT6
S-800% R H12cmiBE)
—— CH1
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£ —
+ 7 T—]
[ \ L\
.g \\\\\jjfld// :Q:
.8 _
63.5

100

—

200

time, sec
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400
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B3.2.12(b) REBERARICE (T IRE—HRS L UHEE—HEER (BPT6)
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Strain, u

Strain, u
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/ smE: BEE :
S-800% By A (2 12cmiz &)
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Number of Gage Point
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— R BB
S-800% B IZ12chis &)
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Number of Gage Point

®3.2.12(C) WMBEMETHIRV T HEHRFER(BPTE : 1018)
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500

400
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BPT6 2EEB

/ ENE : &8
S-800% miAIZ12cmisEh
4 6 : 8 10 12 14
Number of Gage Point
BPT6 2E18B
—9 enE &8
S-800% B A5 (212cmis &)
16 18 20 22 24 26

Number of Gage Point

(3.2.12(d) WMEHFTHRRV THEHHER(BPT6 : 2[018)
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pressure kgf/cm?

pressure,kgf/cm2
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displacement,mm
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»399 1EB &% [
f - = - 2EE&N
£
ﬁ%
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X3.2.13(a)

displacement,mm
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pressure, kg‘f/cm2

diameter, mm
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0 - . 200 400 600
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E3.2.13(b) REBFHRRICH T8 ET—BMS & UEZ — BRI (BPTT)
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Strain, wu

Strain, w

BPT7 1[@8
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300 .——_—‘k\\\\o-*"*"//.\\\\‘*\\‘\‘\\\\\L
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BRE : KE \\\\\.
: S-800% 1% 75 1212cmig )
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0
4 6 : 8 10 12 14
Number of Gage Point
BP"W 1B 8
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400
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e
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S-800% £ 51212cnig&Eh
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(3.2.13(C) HPEHGTHRBRUOTHHRER(BPT7 : 1@B)
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-Strain, wu

Strain, u

500

400

300

200

100

500

400

300

200

100

BPT7 2EIB
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BRME : k¥
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P

(3.2.13(d) HEHFHRO T HEHBGR(BPTT : 2E1B)
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400
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displacement,mm
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Strain, u

Strain, wu

8PT8 2B
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4. SAEARFHRBROBEER
4.1. BEM (RREHK) O#ft&

RRAEREIZ L DEERTICBV TR, EREAZBEVERZINEEZELZESLID
TETMERLEBREICHEICTE 5, I, MR T EREHEIRESHE (FSH
Fictitious Stress Method) BERIZHEIZh, 7T v 7, i i, BALAVIEL (DDM :
Displacement Discontinuity Method) ERIZSEIEH B,

AR/ (FSM) &%, R 4.1.1 OX S ICFMEEE L FM ER2 @Ak L L, &
REIZBBERWE P BEAT 2 HEEE X5, Z0BE, Bitfko ¥4y 33RIES P/2,
THLITERICH-P/2 BELCTHE P LHV AV, BEENOISHIINE P OERAT
ERPFERLTRERL 2D, ZOL 5 ZEENRIENDEREE X2 OB RIEEHET
B, DEY, HEEPHTHRED L LTOEROBHES L TRESNIERITITEY
RIENTEGDMEZE X5 2L CELOERAPERE (MICERTIEEN L EAME &
B0) LEMRLRDZLEFRES,

MZ It 73 '3 72

P P/2

-P/2

/1777

B41.1 EREEHE:FSM

—7%, RUBEVENED, K 4.1.2 0L ZEBHFECERADIDLY TEMOAEVE
WERIBTDHIET, ZOBRIE, KMTERL 25, BMLIRERE RS, 75y
RVaA v M EOREGRE, HEWVIIERDNEW (XY vy MR) 0ZRLE LTHRES
NEERCRBELEREMAERL AL H XD L TEOERANLEE FTH L KEESFH
LEAMBRDEMDOBRVIEVYESH D, 2FVREGEE R LE2RTLNTE S,
AR TIIR—V o TAEER DO BHEIX FSM EE T, S-800 HEAIE S o—7 & F—
Y v S ABEEOEREE DM ERO—FETHBVa A F(oint) ERTHRET S, =0
Cad v FNEROAEIZAT Y v/ CEEEN, TOXTLY LAY al v MEFEL
TWAHEOYELZH LT L S ICRIIN - EERMROTANBMRE X b3, L
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E4.1.2 EHBELENE

BoT, Vasy NEROBMEVERY OEITERICEAT3ERA L EANIES L
KBRS oD, FFHRTRAWZY a4 > MNERIZER L TAMICH LT, Bz 1K
FORA—OTHBRICHED bO L RESH S, TOBEE, 4. 1.3 I0RENB L5,
X BCFEITRY a AV NEREZBXDBIEIZL o THELND, EfEE By — LT
o% ) LEBILTREN, 4130 &0, 2HMERE 150V NEX
2RT, ERITOESITALTHAIASNEBORBES h 0F LT3,

Y

[ -
Xy
-

K |
n » h KS

X T _— >

(a) B8 (&) A

B4.1.3 ZaA 2 rERORT
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4.2. JEAMFIZRIT 5 BEMARATRER & BB AR Bk

S-800 HIFERIE 70— 712 £ 5 KU & 7 FLESBRIED BEM AR 245 5 LC, BEM &
WOZLEHZRNT 2D BEM SRR R L BB OB 1T o1, B2 Fo7ERA
HOETFNVEEK 4.2. 1 1Z7T, |

y
A r
\ h
4 0
3 X
«~b Pi
¥ M

4.2.1 FAAEOETFILE

T I TEHEX LN BEAF (Theo) IINBEE a, SABED, NWEE Pi L35 L kA TEX
b,

o,=‘§%(l -E—j) oe=§:—;$(l+~§) (4.1
Z ZTHVWE BEM AT E T VIER 4.2.2 ITRT X 512, £EFEE 320 0KkD L 5 e
FNTH B,

« W% FSMEFH T 160 ERIZHEI

« SED FSMEFR T 160 ERIZHE

* specified points (BBR) & LTET 0=0°D r=32. 5~44. 5mm DEFIZ No. 1~No. 7
DTREE STz, No.1 i r=34.625mm D&, No.7 X r=47.375mm DAT, FOEIL
2.125mn DB TH B, FHKIC =45, 90° IZDV T % No. 8~No. 14, No. 15~No. 21
DEREE ST,
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201 200
2

14
4140 JFSMES

X .-specified pooint

W A1 61
160 320

280 281

E4.2.2 EAMAROBENBHETILE

ZOETI/VD BEM FATHER DL, 0=0° HED 1~T O specified points 231350 ,, o,
zX 4.2.3 IZOHIEMEITRT, F2X(4.1) ROBEMIZ a=32.5mm, b=49.5mm, Pi=100 &
LTRALBONIHERER 4. 2.3 CER LR TR L, Z ORCHEENT r FDERE
THEYE (W a) TEHDIZLIZEVERTL, RIS NENE Pi TRl TER
TTAELTWS, Zhd b BEM i L Theo DEENR—KLTWB Z EBohd, £z, TFIL
v@ﬁ%ﬁ#&@%?ﬂw KALTH2FALERBELNDITTTH B, BEM & Theo D
REINDODEATHERLZE ZAFREY MERX—RL-BEE R LE, Zhbno
2D BEM ST S EA AR OISR IEEZ RO ABICLBRATE 3 2 L RE x5,
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Stress(#&k2Xot)

<M

3 . -

S <,1\1 &
2 — : —]
--+ g.Theo — ° o+ Theo
1 — . O'_:BEM 0 g GBEM _

0 ‘ l--.__.-—'--"i

m- B
,F,—I“.' -

-2

1 1.1 12 13
r/a( &R T)

E4.2.3 FAHABHICENTOBENREBREBEROEE (60 9
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4.3. SENBTET NV
ZITH, S-800 HEREu—T I L 2HERRDO BMBIT V=3I L—LavaeBz
2ol .
ZZTHWE BEM STET VI, B 4.3.1 ISR T X5 ICLERE 594 OKRD LS e
FNTHB,
- BHETHBEENEIL No. 1~No. 200 D FSMU{RAERS ) BEE T 200 5E( L 7-,
- HHE THDFLEENE D No. 201~No. 424 D FSM EE T 224 HEIL 7=,
c BEY = NV (EOER) & BT L OEEARE TZERE45 % No. 425~No. 508 7 DDM (ZE
ALEVEV)ERTHFILE,
BB V(EOER) LT L OBME CEOE D EROERICEM LTV
@ % No. 509~No. 594 @ joint EFE T8 HEILK
« ER M DT & BRI specified point(BRA) & LT, 6=0°D r=32.5m
~44. 5um DFEHIZ No. 1~No. 8 D 8 R%& & o7z, No. 1 1% r=32. 5mn DA T No. 8
i r=43mm OKRT, EOMHIX 1. 5mm DEFETHSB, 6=4590° IZ>W\Tit
No. 9(r=34mm) ~No. 15(r=43mm), No. 16 (r=34mm) ~No. 22 (r=43mm) D% specified
point Z & o7z,
* WEEPi & LT 100MPa #77 L7z,
« A2 8%mm  AER : 65mm  FLER : 59mm
- YLV 1 0.21E+6MPa KT VLM 1 0.25

_75_



BULEWHNI OGS | vR@

Ol 'ON a3ey
08 15
— N Sy
i R ,/
(£45] N

(881) i (L8}) SR

TN Q

0 (193)
J s B

L1 ! g| "oN eSep
w. m 90¢ 2%
W

152

(914)

..ﬂm&ﬂ:
& M3

S T &S
| 'ON @Sep

_76_



4.4. FERATHER

X 4.4.11Z, 4.2. B TR LIZMESNE 6 =00~90° DALED gage No. 1~No. 9 Tk (=
e ) DfE% €T 0 =180°~270° DALE D gage No. 10~No. 18 DT HEOTH LK, ==
THEORE L L EREL, ERE AP CTRONEOTAOETHS (F 3.2.4(C)
BR), RBINLOUOTHI, YU IEEZNTCUSHITHRE L-ES S-800 DEERFED
BHE Pi TBR L TEKRITIE LTV S BEMBEITIZ L o TR LW~ E % @TE Lz, = ? BEM
M OEHH/ONTISHEEZNEPI TRLTE L,

2 | M
U ¢ ¢
o Y o..EI ¢ 0
~ o
© { J
b 1 . -
I & SEEHE(1~9)
‘.0 0 %E( 1 0~1 8)
o BEMAEHT
O L |
0 30 60 90

Angle, 6
4.4.1 5-800 SAEHRERDEERME & BEM B DB

X 4.4.1 DbEBREE BEM AR OB RIZ LWV —BETR Lru\é:}kﬁiﬁ}méo 7z,
BROBEGHFTROLENINEL, 0 HEETARLER L, FOHBEDHIZ 90 ° FHE~
A>T ERLTW2EF, RAEZEMTIETCLILLERERTVS,

-
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wiZ, EHOMEB SME 100mm, PR 64nm, PE Pi 548kgf/cn?) # f\\C FAEORE
EIToTERICH LT BEMBEF 21T o 75, ZDRBROEWHIRE LSS NBIZRE RO
THT—VDMEBEK 4.4.21TF L, BHRROEAME L BEM AR S ket L~ K % E
4.4.3 TR, 2 CRRER & bt - ZRMEIE, EHRA BPTL CALAMETHS (F
3.2.7(C) B8]),

ZORTHEREL BEM T OBRIZ LIV —RERLTVS, ZOMFEEE, A%
@%E%ﬁ?ﬁ%mﬁm¢é<,%°Hﬁi?ﬁ%AiD%&%m&Lﬁ?mbéﬁ%L
ﬁb,%@ﬁﬁ%#mmfﬁﬁAﬁmoTtﬁbfwéiﬂﬁ%l<ﬁ%waéo

Bl 4.4.1 K 4. 4. 3 DERATHERIL, AEB (K 4.4.3) OHENBERBAEGHTND 90°
~NADP O THEA (K4.4.1) OBBRLY LEPHCERETBZ LR, 45 (55025 90 °
ADNT T ERAPBERNITR o TV BFFTOISHEDR, HETALY LETBDIES /S
CLREEBRTDIILNTETNS, ZOZ LY, FEFREEREORIT L L T2y
ThBILERTLOTHBLBDIS,

BEEy Tl
| &

H4.4.2 AERBOBERELHSHBIZEY 14
LNV THRSF—CORE
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15

0.5

4.4.3 5ME 100mm, PR 64mm (HEBEHERA) OBSIZHL

TOHEERE L BEM B ROLE
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5.

5. 1.

5.1.1.
FETRRBIZR -V SHEORBOERBIZE S, ABEAE~D S-800 ftﬂEzﬁJfa‘;’j‘
2 —7Z L B EFPRIEDOELE BEMAITIZ X - TH B ACT 3,
xﬁ@fmdi%ﬁ&kﬁm&%an%—r/v%mwto BWEMEIL Px = Py = Pxy = 0 0#]

A=Y v S LBERFROREER

RV o T HEERFRAED BEM AZHT
AT T & RS

BBERLEBRL, AEPI 2B OKE SEHT 5, BTIIHBZE 1= 0m, 16mm, 32mm,
64um, 128mm D 5 ODEFMIR LTITol, ZZICHALOERE D L45 LBEEIT1
= Omm, 0.2Dmm, 0.5Dmm, Dmm, 2Dmm T3 3, BAFCAVEERAHEESDOAES
WVEES LIIGRLE, 5. 1.1 DFTEFAZL =DOFEEZRLTNS, =2 THL
TP ET NVIIRERK 24 DRD L 5 REFLTH B,

(1) EBHETHHEREL = /LONEIL FSMEFR T 224 HE L7,

(2) BB =V (B IR) DML & BE & OERE TR 2 Dnm(z{iﬁb\i%
W EE T84 HEILE,

() ZZ TR, EEEDE 10 HEILEEEE 1 DOERDE & (=6. 4u) &
LT, 1=D DB EIIBHOLR 3D & joint EFT 30 DL, 2B, Z0
HROALERRNT 10 ERIZHBIEh T3,

(4) BEEE Y = V (FEOWER) OB & B & DEMECEBIZEM LTV EES

joint EF T 86 FIL 7,
(5) PIFE Pi I BT R & & & LC IMPa 87 L7,
(6) R—Y > 77L& : 64mm S-800 DEEEE Y = LD NER : 59mm
(1) > 78R : 0.21E+6MPa  HT Y b : 0. 25

(8) joint EFR DMEIMELEEL Kn=Ks=2. 1E+9

A =(Omm, 0.2Dmm, O.5Dmm, 2Dmm) DF-EDEFNIL, A =D D) ~(2), W)~(8)IXF

RICERDEIESN D, Q) DAREML, BHEBICL-oTEFMELE joint EROESR
ERRZVSEILEERDEREEERTLFORSLIOL S0k %, WTROHELY
1 ODERORSIID/10 THY, EERHSOERKIIFAL 10 HTHS,
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(2200=Y) BVLTYHOFRLBOEMEY

a:®&8w

L1 S

(382) (L82)

691 891

sy (91v)

60¢
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#£51.1 BARARITBEVTHOERES

B T 'S-800 MI#R D a3 EE $-800 (&R D
A DA AADHER foint B AAOER
FSM ¥ (DM EF) - joint B3
No. 225 No. 309
~ i
0 No. 1~224 308 L ~394
. No. 225 No. 309 No. 323
0.2D No. 1~224 208 ~322 408
No. 225 No. 309 No. 329
0.5D ~ No. 1~224 308 ~328 ~a14
C No. 225 No. 309 No. 339
D No. 1~224 ~308 ~338 ~424
' No. 225 No. 309 No. 359
2 No- 1~224 ~308 ~358 ~444
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5.1.2. fEAMTHEER

IIT, 511 TRLEBREORRIETFMIXL, WE Pi = IMPa Z#H Lz

L & DREENE ~ OB REORATERE LT L BB ). o
X 5. 1.2 }% 6 =0"~90" {2 F HALENE LIZEA T3 RAE (=1 ) ZRLTWA,
X 5. 1.3 1% 6=0"~90° 2B F B AENE LD r FROEBHE(Fo ) ZRLTWS,

[ _J
1 e A =0 —
o A =0.2D
0“; - < A =0.5D
= x A =D
L]
ph 0.5 = - x A =2D —_—
S o
2o,
!028
0 L ....°—'—'—.—‘—0—§—g—.—0—<88 . >
0 30 60 90
Angle, 6
5.1.2 ABRNME(6=0°~90") DEAMKAH
0 T T
e A =0
iy © A =02D
© e A =0.5D
-] o
% »x A =D
= A =2D
- JRPRPN 'ETEEEEK:
o] -2 °|=89999§§§=!’
0 30 60 90
: Angle, @0

5.1.3  AEMNE (6=0"~909 D r FRIDEHE
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B 5.1.2 250, WINOBRRRTHRANS 1, I3ARDRALICE b TV R
DTERAEEZT LTS Z LR35, BEEBIIRS L, BEDARVEFAOHE T
BHEEARMNETRAEBH ALV BRIV, BENKE S RBITHN 45 HFET
IZIEIX0IT25, L, BEBEVWETVIZY, %i&m:i&b\ﬁlﬁ?@?ﬂﬁmwbé A
B3, 50" LA DB ITRRBENEFADIZI BREL 2B, ’

=7, B5 1350 r FADEFHEROTHOARECHITITE LWMERTLTEY,
T r FAOHFTERIBRREESF ML 18.75° DAE» BT BILERS TR/IMESR T L
TR LBRDD, EAENAORREREN ORASTEIBENEL 25I0o0
TRELRBZ EBGMNB,
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5.2. %%ﬁﬁﬁmkiU%&ﬁ%Dﬁ@RWWHwﬁﬁﬁ%

5.2.1. FATFIRE
IICHARERERNBIUCARBHANROAEZENFOBTIRELBITL, FH—F

Sp— =

MHREBREEDZLI2T5, RBEMIUTOFIETT S,

(1). BEORWES (L=0) OHEEARELEMORE

i) FLBE~OEFHZRL, THBESHFOLEZEM Li2KE (K 5.2.1(a)) TBE
MEEAT 1TV, BROFBAEAE (6 =0 ,180° )DERFHIEHo ,ZRDB,

X 5.2.1(a) D BB NDEFLVER 5.2. 2 17T, K 5.2.2 IZ5RL
TeETNML, ALONE, HHESE, SiIROK 5.1.1 IRLEEFVICEL T
5, @511 DEFAVTIE, BEIANEFEROF SMEX% 182 EXIzHE -
L, BHBFIIKENEER L Y RAIOZERES %2 10 ODDMY I —EHIZS
FlLiz, EHIZABRKDIL 0.0064m% 1 ER L LTARRSLH*BE L, &
ZLOFEEE, 2= Omm, 0.1Dmm, 0.2Dmm, 0.3Dmm, 0.5Dmm, Dmm, 2Dmm @ 7
BECHD, EL, ZOFIE (1) ©0i)DEFITIE, X5.2.2 KB\WC@AZL
BEED joint ERDORVIRETH B,

i) LBEOBBERIZES, FLENA~D S-800 IZ L AHMRE (K 5.2.1(0b)) @
Em&BEM%ﬁk;ofﬁw,%%@%Eﬁ%&@=f,m&)@&ﬁﬁmmﬁ
0,&RDB, K 5.2.2(b) DALBOEITET VTN 5.1.1 TRLEEFALTH
52, M5 1.1 08BHEERD joint ERORVRETH B,

i) i), i) O L>TRONLERFMIS 0  2HEL, i) TELIE

 ERFRIEN 0 B TETRIE L) CRLREERFARN 0 THHELT, &
HRBEMNBOBERAIMIE 0,2 02T 50, TOMBEKKkERDB, Z0FEk %
ISHEPFEE L IV, ORNPKROLICEEZEES,
o04;,=kPi
ARz Q) RbKDE I 2B, ' | .
0,=(3Q-P)-4(P-Q)sin*(6-a)-k Pi
i) OEMTOBFRETHINEP , Ok FEOEISBEOBRAICET S 5-800
WEPL#R23, ZZTP,=10k%, P=P, ¢+5. $+ARbLP, =k &
Do -
w)swowﬁﬁ%m B 5.1.1 DEFARTy FH(6=90°, 270° )DR—Y
C JLOABEERELTVS, %ﬁﬁ%u%@ D RBVERI RIS T DENL 6
X
§=k -8, -
ZIT, 8oldi) OBEMEBH CRDODBF SMERDEMNET,
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0 o= (8=90° OEA) — (8 =270° OE(r)
v) 6 ER—VIHOERDTRTS L, OFH () X
e=6,/D

(2). BEEHIHEE
1) AB~OEFPE2RL, THIHERGEOARZHHF LRE (K 5.2.1(a)) TBE
- MAEAT 21TV, BEERUBOD DMERDOEM WEWEEZRD S, 5.2, 1(a)
DRI OBITICAV B ETNVIEK 5.2.2 TH B,

i) AEBOBRERIZHED, AENF~D S-800 (ZLAHFRE (K 5.2.1(0)) ©
Z{t% BEMMATIZ L o TITY, BRERMVEBEODDMEROEM IV EVES
RHB, E5.2.1(b) DHAROEIFTETNVIIRG. 1.1 ThH 3,

i) i), i) O Lo TH LN AR BOD DMEROEA S VEWE
ZHEBL, i) TRLAEEMS VWEVWEZMETHIZL) CRLAESM W
EVEZITHHLT, ARERIBOEROEMIVEVRE 02T 50, 20
fEfkZRDD, i) ORNOBFHTRETHINEP , Ok FOENAROBERA
IZE$ 5 S-800 DNEP L2235, ZZTP, =10 %,

P=P,,&7%. §2bbP,,=k&iR3,

iv) S—80 0DEMEL, K5 1.1 DEFARTyYF[(8=90° , 270° ) DF—
VY Z7HOABERZREL TV, BREERAORDO Z0EAEMICAETEE
L 8 1%

=k 3§,
ZIT, 8,idii) ODBEMAEHTRD S F SMEZDEMET,
0 o= (6=90° OFENL) — (6=270° DELL)
v) 8RRV TAOEREDTRTE L, OFH () 1T
' e=6,/D .

BB, TITRARELZEEDCHE (BRAETEHP x : BAEEHAPy=1: 1) L{EE
DEFE (FRREISHP x : MDFEIEAPy =3 : 2)DT@E IZEL S TR ET o7,
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P, -
WYY

T

5.2 16 DESEESEQOHOBRERKE  E5210) ARNEORSRE

F/‘ A=2D \% 'g 46

_ 231
o1 1]
g | 92~ 182 RE .
23
| , 93 181
. DDM element

134
FSM element :

[€5.2.2 SNEERRFTTIL (BREA=2DDHBA)
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5.2.2.

FENTRE R

U EDFMFZTE > TIT o T iBAT DRERITE L HTH 5.2 1(a), (b) 157,

#£5.2.1(a) ;ﬁziﬁﬁ% (Px=Py=—1) (D¢ &

_88_

T EH < LNENE
A AZ~0 | AR K x?g” x160'7 ' x1€0'5
A . waeL | #Aow |
0 2.003] 1.948] — - 1.028 3.86| 3.968 | 0.620
0.1D — — 2.40 -1.44| 1.667 4.24) 7.068 | 1.104
0.2D — — 3.16 -1.45|  2.179 4.66| 10.150 | 1.586
0.3D — - 3.63 -1.41| 2.574 5.08| 13.080 | 2.044
0.5D — — 4.31 -1.32| 3.265 5.82| 19.000 | 2.970
1D — — 5.46 -1.12|  4.875 7.24| 35.300 | 5.516
2D — — 7.13 -0.86| 8.056 9.04| 72.830 | 11.380
- #&5.2.1(0) MRIFER (Px=-1.2 Py=-0.8) Q&=
(= F’ EHRILENE
A AE~0 | AR k xf(?" x160'7 x1€o'5
wRsL | mmom | BEEL | mEO% -
0 1.202] 1.948] — — 0.617 3.86) 2.382 | 0.372
0.1D _ — 1.59 -1.44] 1.104 4.24( 7.068 | 1.104
0.2D — — 2.24 -1.45| 1.545 4.66) 7.200 | 1.125°
0.3D — — 2. 69 -1.41] 1.908 5.08) 9.693 | 1.515
0. 5D. — — 3.31 -1.32| 2.508 5.82| 14.600 | 2. 281
1D — — 4.32 -1.12|  3.857 7.24| 27.920 | 4.363
2D - — 5. 69 -0.89| 6.429 9.04| 58.120 | 9.081




10

Pin(=k)

@ : Px=Py=—1
®:Px=1.2 Py=0.8

100 150

6/D

E5.2.3 Eh-ZEGHHE

P EDRITEERE L VR 5. 2.3 DFEH-EMtBEE NS, K5 2.3 OfEIIHEDE
KERS 1A L TAZEBEOKRET S S-800 OWNECEMHET, P, (=k)&T 3. 14
BIAEFEOEMELEOER TR LZET, §/DTHT.
| OTETHBUIMEEP x=Py=-10tXDFEH—EMER OTERTHRIIHE

EPx=-1.2, Py=-0.80&¢&DEN-EMEHRTHB,

R LY, ARECERISHLEAEL LTHBERSHEE (A=D2b A=
2D) BT B3ENEMHROBEXIIRELSEL LRV L Bb) D, £, BEDOH
BOA (L=0) #R5%, HEEREEOHSICERTRE (KESH>HERA) O
125 /NS VIS A CRENEENT A D L 8bns, Shil, BERANLEESHSBH
OEEOALIZEELY, ,

FEMD L =0 0LEHAFBRERNSIL, ARAEEATAETOR—Y L VAR~
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PEBEOIER £ 5 LEBOBMERE2ED LTS, TLT, BEREC 25IE L
BOBEEPBEONZR2 DD, BRERPBEL RBIZONTAREROBFEOICET AILAE
FIE L S-800DENMEIZ L DHEMBOALBRERKES RBZTEERLTVWS, 220
SR DAB LI, A BEOERNA MEOBEOES 15 AKICE
LTWARY, TRbLEHOTFNA BECEEAA »HBCHES LR VTS S
Do TOTZLIIMEEQHRAEEAVWERRBERTY, LT LLEA-B8BOTHA
RERTRNC LIHEHEN TV, 5%, FNARHEOHIE L0 BMICTS - Lok
5T, BECHROARESCHAL 3 FELBRNTALERSS L BPRB,
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6. &R

AR T, HEEOENMERNRREMEL I 21— a v OBEPREXT, &
RIERIS DR EROILNEFS A £ IR 572, 2 BEOME L AV - ENME
WERBR L M L. ENRBCHESNI 0P B0 & KIEER L 5 EIHEE % ik
L, RNOBRERRELE L, T, BECABEDDIREOKEERYT, EH-
PR FRS T, TORE, UTDOZ LRELIN AT,

WAEDRR? 2BEOMETCOEFTRAROE R, HERETCOVTASMIL 2 BEE
ORETIZERILTH DN, FHEOEADHET, ELORKEZVHFEDITS 235
ENBVTHENNE, FLBRREAEDS, BVIELRREToHEE, RR
DOERENRER SN,

QEFEEDPRBRTHLRAFu—T2EALEN, RELEBEEREN2E2 2 LHT
&, BRRERME T CORYIE LR ET 5 LEMRITRL 2ot

(@) P — T BH LIREOT 0 — T hLEHE COMBFILEINLOTHEIL, 7
o—7#ETF(3em, 12em) 254 REETHLHEIETELNBZOTHASAITIZIE
FAUTHBZ BN,

(OERBCELNFENETRRERL, VI 2l —ValORRE BB LR
£, EAELHEEIMETORELEITHLRS —KLE, 20O LIIXMTRE
URLDTHBHIEEZTRLTNWS, FEIOMETIZL - THEORNRER LUNE
DEFCREAHEE Shiz,

G)BHEORE ZEREEILIVEETIAVEZAVEY I 2L —Va Ve To8E, K
MERBEFCHISND L) RARSERAT 2 & & OEN-ELBREFRT 3
TENRTER, SETIToRABROBRONOY I 2 L—Va UEERICTI L
CEoT, EH-EMMBOLEHA (BEOEROL) KHET3ZLBEbICE
B d EBEbh3, ' '

FEHL LT, BENTRHEFEEEITOMRI 7—FEMBTHILBTE, ENICBNT
IIRECHREE AV EERRROT - 2 +0EETER, i, SEEOEAMER
BERL, vIa2l—varvOfERLEDDERZLIZE ST, u—TRETOHRFTR
BEALNZR o, ZO®d, SHIIERBRISHAEEB ORI S EEN L. KEHR
LCIIRER, BHBRALEREOEBEOHRFBIIBWTHEAESREAVEENAEZITS
RETHD,
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