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ijij NFF 0=  (2) 

ijklijkl NFF 0=  (3) 
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㸦 E  , ν  㸧 
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ࢯࣥࢸࢡࢵࣛࢡࡍ⾲  ࣝ              
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㸦ᆶ┤๛ᛶ㸪h㸧 
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㸦᩿ࢇࡏ๛ᛶ㸪 g㸧   

500mࢪ࣮ࢸࢫ㸦᥀๐୰㸧 



 

 

Nij 㸪Nijkl ࡣ๭ࡢ┠ࢀ᪉ྥศᕸࡾࡼ࡟Ỵᐃ2ࡿࢀࡉ㝵㸪4

㝵ࡢᵓ㐀ࡾ࠶࡛ࣝࢯࣥࢸ㸪௨ୗࡿࢀࡉ⾲࡟࠺ࡼࡢ㸬 

( ) ( )∑
=

=
M

L

L
j

L
iij nn

M
N

1

1
 (4) 

( ) ( ) ( ) ( )∑
=

=
M

L

L
l

L
k

L
j

L
iijkl nnnn

M
N

1

1
 (5) 

ࡼ(Oda5࡚࠸ࡘ࡟F0ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡ㸪ࡓࡲ
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(q)㸪

ቨ㠃ࡿࢀ⌧࡟๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࢆt2࡜ࡿࡍ࡜㝵ࣛࢡࡢ

 㸬ࡿࢀࡉ⾲࡟࠺ࡼࡢḟᘧࡣF0ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵ

( )

qn ⋅
=

qN

t

t
F

2

0

8

3π
 (6) 

nt  㸬ࡿ࠶ᖹᆒ࡛ࡢࢺ࣓࣮ࣥࣔࡢnḟࡢ㛗tࢫ࣮ࣞࢺࡣ

ࡢ┠ࢀ㸪๭ࡾࡼᘧ(6)ࡣF0ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡ

ᐦᗘࢫ࣮ࣞࢺࡧࡼ࠾㛗ࡾࡼ࡟Ỵᐃ࡛ࡢࡶࡿࢀࡉ㸪๭ࢀ┠

㸬ࡿ࠼ゝ࡜ࡿ࠶ḟඖ㔞࡛↓ࡿࡍ㛵࡟๛ᛶࡢ┙ᒾࡔࢇྵࢆ

ලయⓗࡣ࡟㸪F0ࡀ኱࡜ࡿ࡞ࡃࡁ๭ࡔࢇྵࢆ┠ࢀᒾ┙ࡢ➼

౯๛ᛶࡣᑠࡿ࡞ࡃࡉ㸬 

 

 

3. ᭤㠃≧ࡢቨ㠃ࡿࢀ⌧࡟๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗 

 

(1) ๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗᳨ࡢウ 

ᮏ◊✲࡛ࡣ㸪ᅗ-2ࡍ♧࡟᥮Ẽ❧ᆙ࡜Ỉᖹᆙ㐨ࡢᆙ㐨ቨ

㠃ୖ࡟ᆙ㐨㍈࡟ᖹ⾜ࢆࣥ࢖ࣛࣥࣕ࢟ࢫ࡟タᐃࡋ㸦ᅗ-4㸧㸪

ቨ㠃ほᐹ⤖ᯝ࡟ᇶ࡙࡜ࣥ࢖ࣛࣥࣕ࢟ࢫࡁ஺ᕪࡓࡋ๭ࢀ┠

ࣝࢯࣥࢸࢡࢵࣛࢡ࡚࠸ᇶ࡙࡟㛗ࢫ࣮ࣞࢺᐦᗘ࣭᪉ྥ࣭ࡢ

ㄽᩥࡢ(㸪Oda5), 6ࡣ㛗ࢫ࣮ࣞࢺࡢ┠ࢀ㸬๭ࡓࡗ⾜ࢆฟ⟭ࡢ

࡚ࡋ࡜㛗ࢫ࣮ࣞࢺࡢ┠ࢀ๭ࡿࢀ⌧࡟ഃቨࡢ≦㸪ᖹ㠃ࡣ࡛

┠ࢀ๭ࡿࢀ⌧࡟ഃቨࡢ≦᭤㠃࡞࠺ࡼࡢ㸪ᆙ㐨ቨ㠃ࡀࡿ࠸

ࡇࡑ㸬ࡿ࡞␗ࡀ≦ᙧࡣ࡜┠ࢀ๭ࡿࢀ⌧࡟ቨ㠃ࡢ≦ᖹ㠃࡜

࡛ᮏ◊✲࡛ࡣ㸪᭤㠃≧ࡢഃቨࡿࢀ⌧࡟๭ࡽ࠿┠ࢀ㸪ࡢࡑ

㸪ࡋタᐃࢆ㸪௬᝿ᖹ㠃ࡵࡓࡿࡍฟ⟭ࡃࡼ⢭ᗘࢆ㛗ࢫ࣮ࣞࢺ

᪉ἲࡿࡍฟ⟭ࢆ㛗ࢫ࣮ࣞࢺ࡚ࡋᢞᙳࢆ┠ࢀ๭࡟ᖹ㠃ࡢࡑ

 㸬ࡿ࡭㏙ࢆฟ᪉ἲ⟭࡞㸬௨㝆㸪ලయⓗࡓࡋウ᳨࡟ࡓ᪂ࢆ

 

 ฟ᪉ἲ⟭ࡢ㛗ࢫ࣮ࣞࢺ (2)

๭3ࡣ┠ࢀḟඖ✵㛫࡚࠸࠾࡟ᖹ㠃࡛ࡿࡍ࡜ࡿ࠶㸬᭤㠃

࡚ࡗἢ࡟ᖹ㠃ࡴྵࢆ┠ࢀ㸪๭ࢆ┠ࢀ๭ࡿࢀ⌧࡟ቨ㠃ࡢ≦

ᢞᙳ࡟᥋ᖹ㠃ࡢ࡜ᆙ㐨ࡓࡋタᐃ࡟⨨఩ࡢࣥ࢖ࣛࣥࣕ࢟ࢫ

 㸦ᅗ-5㸧㸬ࡓࡋ࡜ࡿ࠶㛗࡛ࢫ࣮ࣞࢺࡢ┠ࢀ๭ࡀࡢࡶࡓࡋ

๭ࡢ┠ࢀ༢఩ἲ⥺࣋ࢆࣝࢺࢡn 㸪᥋ᖹ㠃ࡢ༢఩ἲ⥺࣋ࢡ

⥺஺ࡢ࡜᥋ᖹ㠃࡜ᖹ㠃ࡴྵࢆ┠ࢀ㸪๭࡜ࡿࡍ࡜ mࢆࣝࢺ

C ࡢ༢఩࣋ࢺࢡ lࣝ ࡣ௨ୗࡿࢀࡉ⾲࡟࠺ࡼࡢ㸬 

mn

mn
l

×
×

=  (7) 

ᅗ୰ࡢ๭ࣝࢺࢡ࣋ࡢ┠ࢀp ࡣ᥋ᖹ㠃࡟ᢞᙳࡓࢀࡉ๭ࢀ

 㛗tࢫ࣮ࣞࢺࡢ┠ࢀ㸬๭ࡿࡍタᐃ࡟࠺ࡼࡿ࡞࡟኱᭱ࡀ┠

ᘧࡢ㸪௨ୗࡾ࠶࡛✚ෆࡢ࡜ lࣝࢺࢡ࣋࡜ pࣝࢺࢡ㸪࣋ࡣ

 㸬ࡿࢀࡉ⾲࡟࠺ࡼࡢ

lp ⋅=t  (8) 

ᮏ◊✲࡛ࡣ㸪ᘧ(8)࡟ᇶ࡙ࡁ๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࢆ⟬

ฟࡓࡋ㸬ᮏ◊✲௨๓ࡣ௚ࡢࢺ࢖ࢧ᪤ ࡢ▱ぢࢆཧ⪃ࢺ࡟

ฟ᪉ἲ⟭ࡓࡋ㸪ᮏሗ࡛ᥦ᱌(3ࡀࡓ࠸࡚ࡋ௬ᐃࢆ㛗ࢫ࣮ࣞ

ࡿࡍฟ⟭ࢆ㛗ࢫ࣮ࣞࢺࡁᇶ࡙࡟ࢱ࣮ࢹࡢ⨨㸪ཎ఩ࡾࡼ࡟

 㸬ࡿ࠼ゝ࡜ࡓࡗࡲ㧗ࡀಙ㢗ᛶࡢ㸪⟬ฟ⤖ᯝࡁ࡛ࡀ࡜ࡇ

 

 

 ฟ⤖ᯝ⟭ࡢࣝࢯࣥࢸࢡࢵࣛࢡ .4

 

㉸῝ᆅᒙ◊✲ᡤィ⏬࡛ࡣᆅୖࡢࡽ࠿ㄪᰝẁ㝵ࡿࡅ࠾࡟

◊✲ᡤࡢタィ᫬࡟㟁୰◊ᘧᒾ┙ศ㢮࡟ᇶ࡙ࡁ≀ᛶศᕸホ

౯ࡢࢱ࣮࣓ࣛࣃ࡜タᐃࡿ࠸࡚ࡗ⾜ࢆ㸬㟁୰◊ᘧᒾ┙ศ㢮

࡚ࢀࡽ࠸⏝ࡃᗈ࡟タィ᪋ᕤ᫬ࡢ≀ᒾ┙ᵓ㐀࡞㸪୍⯡ⓗࡣ

ࡓࡋ៖⪄ࢆᐦᗘࡢ┠ࢀ๭ࡣ㸬⍞ᾉ㉸῝ᆅᒙ◊✲ᡤ࡛ࡿ࠸

ᅗ-5 ࢫ࣮ࣞࢺ㛗ࡢ⟬ฟࡢᴫᛕᅗ 

᥋ᖹ㠃 

㸦༢఩ἲ⥺࣋ࣝࢺࢡm  m  m  m  㸧 

 ࣥ࢖ࣛࣥࣕ࢟ࢫ

๭ࡢ┠ࢀ 

ࣝࢺࢡ࣋ pppp    

஺⥺ C㸦༢఩࣋ࣝࢺࢡ llll        㸧 

๭ࡢ┠ࢀ 

 㛗 tࢫ࣮ࣞࢺ

ᆙ㐨 

ᆙ㐨ቨ㠃ࡓࢀ⌧࡟๭ࢀ┠ 

๭ࡴྵࢆ┠ࢀᖹ㠃 

㸦༢఩ἲ⥺࣋ࣝࢺࢡnnnn        㸧 

᥮Ẽ❧ᆙ㸦Ỉᖹ᩿㠃㸧 

E 

Ỉᖹᆙ㐨㸦㖄┤᩿㠃㸧 

㯮୸ࡀەタᐃࡋ

࢖ࣛࣥࣕ࢟ࢫࡓ

♧ࢆ⨨఩ࡢࣥ

 ࠋࡍ

N 

NW 

SW SE 

NE 

㖄┤  ୖ

ᕥഃቨ 

ྑഃቨ 

ᕥࢳ࣮࢔ 

 ࢳ࣮࢔ྑ

ᅗ-4 ࡢࣥ࢖ࣛࣥࣕ࢟ࢫタᐃ 



 

 

ᒾ┙ศ㢮ࢆᐇ᪋ࡀࡿ࠸࡚ࡋ㸪ᐃᛶⓗุ᩿࡞ᇶ‽࡟ᇶ࡙ࡃ

ࡁᇶ࡙࡟ࣝࢹࣔࣝࢯࣥࢸࢡࢵࣛࢡ㸬ࡿ࠸࡚ࢀࡲྵࡶࡢࡶ

⟬ฟࡿࢀࡉ➼౯≀ᛶࡣ㸪๭ࡢ┠ࢀᗄఱᏛ≉ᛶࢆ⪃៖ࡓࡋ

⌮ㄽⓗ࡛ࡢࡿ࠶್࡛࡞୧⪅ࡢ㛵ಀᛶ᳨ࢆウࡣ࡜ࡇࡿࡍタ

ィ᫬࡟タᐃࡓࡋᒾ┙≀ᛶࡢጇᙜᛶࡿࡀ࡞ࡘ࡟࡜ࡇࡍ♧ࢆ㸬 

ୖグࡢほⅬࡽ࠿㸪࡟ࣝࢹࣔࣝࢯࣥࢸࢡࢵࣛࢡᇶ࡙ࡁ⟬

ᐃ࡜ࢱ࣮࣓ࣛࣃ✀ྛࡓࡋ㟁୰◊ᘧᒾ┙ศ㢮⤖ᯝࡢ࡜┦㛵

ᛶ᳨࡚࠸ࡘ࡟ウࡓࡗ⾜ࢆ㸬 

 

(1)ᆙ㐨ࡢࣝࢯࣥࢸࢡࢵࣛࢡࡢ࡜ࡈ⟬ฟ⤖ᯝ 

ᘧ(8)ࡾࡼ㸪๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࢆ⟬ฟࡋ㸪᥮Ẽ❧ᆙ

F0ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡ࡚࠸ࡘ࡟Ỉᖹᆙ㐨ࡧࡼ࠾

 㸬ࡍ♧࡟ᅗ-6㸪7ࢆ㸬⟬ฟ⤖ᯝࡓࡋฟ⟭ࢆ

᥮Ẽ❧ᆙ࡚࠸ࡘ࡟㸪50m༊㛫࡟࡜ࡈ⟬ฟࡓࡋ⤖ᯝ㸪

F0=4.17㹼21.45ࡾ࡞࡜㸪᭱ᑠ್᭱࡜኱್ࢆ࡜ẚ㍑࡜ࡿࡍ㸪

⣙5ಸࡢኚືࡀㄆࡓࢀࡽࡵ㸬Ỉᖹᆙ㐨࡚࠸ࡘ࡟㸪ᆙ㐨ࡈ

᭱࡜㸪᭱ᑠ್ࡾ࡞࡜ᯝ㸪F0=9.46㹼21.74⤖ࡓࡋฟ⟭࡟࡜

኱್ࢆ࡜ẚ㍑࡜ࡿࡍ㸪⣙2ಸࡢኚືࡀㄆࡓࢀࡽࡵ㸬࢟ࢫ

㸪ࡀࡍ♧࡟ᅗ-8㸪9ࢆᢳฟ౛ࡢ┠ࢀ๭ࡿࡼ࡟ࣥ࢖ࣛࣥࣕ

᥮Ẽ❧ᆙ࡛ࡣ๭ࡢ┠ࢀ㐃⥆ᛶࡀపࡃ㸪ྛࣥ࢖ࣛࣥࣕ࢟ࢫ

㸬ࡿ࠸࡚ࡗ࡞␗ࡀ࡝ࢇ࡜࡯ࡢ┠ࢀ๭ࡓࢀࡉᢳฟ࡚࠸࠾࡟

୍᪉㸪300m◊✲ࢫࢭࢡ࢔ᆙ㐨࡛ࡣ๭ࡢ┠ࢀ㐃⥆ᛶࡀ㧗

୍ྠࡣ┠ࢀ๭ࡓࢀࡉᢳฟ࡚࠸࠾࡟ࣥ࢖ࣛࣥࣕ࢟ࢫ㸪ྛࡃ

ࢆഴྥ࡞࠺ࡼࡢ㸪௨ୖࡣᯝ⤖ࡢ㸬ᅗ-6㸪7࠸ከࡀࡢࡶࡢ

཯ᫎࡿࢀࡽ࠼⪄࡜ࡢࡶࡿ࠸࡚ࡋ㸬 

 

࡜ࢱ࣮࣓ࣛࣃ✀ྛࡿࡲồ࡛ࣝࢹࣔࣝࢯࣥࢸࢡࢵࣛࢡ(2)

㟁୰◊ᘧᒾ┙ศ㢮⤖ᯝࡢ࡜ẚ㍑ 

๭ࡢ┠ࢀᐦᗘ㸪๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࡢᖹᆒ㸪ࢡࢵࣛࢡ

࡟࡜ࡈᒾ┙➼⣭ࡢ㟁୰◊ᘧ࡚࠸ࡘ࡟ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸ

㞟ィࡋ㸪ᒾ┙➼⣭ࡢ࡜㛵ಀ᳨ࢆウࡓࡋ㸬 

⟬ฟᑐ㇟༊㛫ࡣ㸪᥮Ẽ❧ᆙࡢ῝ᗘ200.2㹼459.8m㸪ࡼ࠾

✲◊㸪300mࢪ࣮ࢸࢫணഛྛࡢᗘ200m㸪300m㸪400m῝ࡧ

ࡾࡼ࡟໬ࣇࣛࢢ㸬ࡓࡋ࡜Ỉᖹᆙ㐨ࡢ4ᮏࡢᆙ㐨ࢫࢭࢡ࢔

┦㛵ᛶ᳨ࡢウࡵࡓࡿࡍ࡟⬟ྍࢆᒾ┙➼⣭ࡣ㸪 B⣭=5Ⅼ㸪

CH⣭=3.5Ⅼ㸪CM⣭=3Ⅼ㸪CL⣭=2.5Ⅼ㸪D⣭=1Ⅼ ࡜Ⅼᩘ

໬ࠋࡓࡋ౛ࡤ࠼㸪ࡿ࠶༊㛫ࡢᒾ┙➼⣭ࡀB-CH-CM⣭㸦B

⣭㸪CH⣭㸪CM⣭ࡀΰᅾࡿ࠸࡚ࡋ㸧ุ࡜ᐃࡿ࠸࡚ࢀࡉሙ

௬ᐃ࡜ࡿ࠸࡚ࡋศᕸ࡟➼ᆒࡀ㸪B⣭㸪CH⣭㸪CM⣭ࡣྜ

  㸬ࡓࡋ࡜㸪5×1/3 + 3.5×1/3 + 3×1/3 ≒ 3.8㸦Ⅼ㸧࡚ࡋ

๭ࡢ┠ࢀᐦᗘ㸪๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࡢᖹᆒ㸪ࢡࢵࣛࢡ

㸬ࡍ♧࡟ᅗ-10ࢆ㛵ಀࡢ࡜ᒾ┙➼⣭࡜ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸ

ᆙ㐨㍈᪉ྥࡾࡼ࡟㸪ᤊ࠸ࡍࡸ࠼๭ࡢ┠ࢀ᪉ྥࡢࡿ࡞␗ࡀ

࡛㸪᥮Ẽ❧ᆙ࡜Ỉᖹᆙ㐨࡟࡜ศࡓࡋ⌮ᩚ࡚ࡅ㸬ᅗ୰㸪ᕥ

㸪࡟㡰ࡽ࠿㸪ୖࡾ࠶Ỉᖹᆙ㐨࡛ࡀᅗࡢ᥮Ẽ❧ᆙ㸪ྑࡀᅗࡢ

๭ࡢ┠ࢀᐦᗘ㸪๭ࢫ࣮ࣞࢺࡢ┠ࢀ㛗ࡢᖹᆒ㸪ࢸࢡࢵࣛࢡ

ࡶ࡜ࢱ࣮࣓ࣛࣃࡢࡘ㸬3ࡿ࠶ᯝ࡛⤖ࡢࢫ࣮ࣞࢺࡢࣝࢯࣥ

ᒾ┙➼⣭࡜㈇ࡢ┦㛵㛵ಀ࡜ࡢࡶࡍ♧ࢆ᝿ᐃࡿࢀࡉ㸬 

a) ᥮Ẽ❧ᆙ 

๭ࡢ┠ࢀᐦᗘࡣ㸪ቨ㠃ほᐹ⤖ᯝ࡟ᇶ࡙ࡃᒾ┙➼⣭ࡢศ

ᕸࡢᖜ3ࡀ㹼4Ⅼ⛬ᗘࡃ⊂࡜㸪ഴྥࡀぢ࡙ࡀ࠸ࡽ㸪࠿ࡎࢃ

ᖹࡢ㛗ࢫ࣮ࣞࢺࡢ┠ࢀ㸬๭ࡿࢀࡽࡵㄆࡀ㛵㛵ಀ┦ࡢ㈇࡟

ᆒࡣ⣙1㹼3mࡢ⠊ᅖ࡛ࡾ࠶㸪ᒾ┙➼⣭ࡢ࡜┦㛵ࡣㄆࡽࡵ

⠊ᅖࡢ⣙5㹼20ࡣࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡ㸬࠸࡞ࢀ

 㸬࠸࡞ࢀࡽࡵㄆࡣ㛵┦ࡢ࡜㸪ᒾ┙➼⣭ࡾ࠶࡛

b) Ỉᖹᆙ㐨 

๭ࡢ┠ࢀᐦᗘࡣ㸪ᒾ┙➼⣭ࡀప࡟ࡢࡿ࡞ࡃక࡚ࡗ኱ࡁ

ࢺࡢ┠ࢀ㸬๭ࡿࢀࡽࡵㄆࡀ㛵㛵ಀ┦ࡢ㈇࡞░㸪᫂ࡾ࡞ࡃ

㸪ᒾ┙➼⣭ࡾ࠶⣙2m⛬ᗘ࡛ࡶࢀࡎ࠸ࡣᖹᆒࡢ㛗ࢫ࣮ࣞ

ࢫ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡ㸬࠸࡞ࢀࡽࡵㄆࡣ㛵┦ࡢ࡜

㈇࡞░㸪᫂ࡾ࡞ࡃࡁ኱࡚ࡗక࡟ࡢࡿ࡞ࡃపࡀᒾ┙➼⣭ࡣ

 㸬ࡿࢀࡽࡵㄆࡀ㛵㛵ಀ┦ࡢ

௨ୖࡾࡼ㸪᥮Ẽ❧ᆙ࡛ࡣ๭ࡢ┠ࢀᐦᗘ࡚࠸ࡘ࡟㸪Ỉᖹ

ᆙ㐨࡛ࡣ๭ࡢ┠ࢀᐦᗘ࣮ࣞࢺࡢࣝࢯࣥࢸࢡࢵࣛࢡࡧࡼ࠾

 㸬ࡓࢀࡽࡵㄆࡀ㛵㛵ಀ┦ࡢ㈇࡜㸪ᒾ┙➼⣭࡚࠸ࡘ࡟ࢫ

 

(3) ⪃ᐹ 

◊✲ᡤࡢ῝ᗘ200㹼500m௜㏆࡛ࡣ㧗ഴᩳࡢ๭ࡀ┠ࢀ༟

㉺ࡿ࠸࡚ࡋ㸬㧗ഴᩳࡢ๭ࡣ┠ࢀ㸪ᗄఱᏛⓗ࡟᥮Ẽ❧ᆙࡼ
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STUDY ON AN EQUIVALENT CONTINUUM MODEL  AT THE MIZUNAMI 

UNDERGROUND RESEARCH LABORATORY 

 

Takeo TANNO, Toshinori SATO, Hiroya MATSUI, Hiroyuki SANADA,  

Hiroo KUMASAKA and Hiroyuki TADA 

 
    The Japan Atomic Energy Agency (JAEA) is conducting the MIzunami Underground research 

laboratory (MIU) Project in order to develop comprehensive geological investigation and engineering 

techniques for deep underground applications (e.g. geological disposal of HLW). This modelling study 

has a two-fold objective, to contribute to the evaluation of the mechanical stability of shaft and research 

drifts, and to plan the future studies. A crack tensor model, a method of an equivalent continuum model, 

has been studied at the MIU. In this study, the relationship between the estimated crack tensor parameters 

and the rock mass classification was revealed. 
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