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Abstract 
Rock Mass Rating has been widely applied to the underground tunnel excavation and many other practical

problems in rock engineering. However, Rock Mass Rating is hard, even by the experts of tunnel assessment owing

to lack of investigation system. In this study, using multivariate analysis we presented rock mass rating system

that is objective and easy to use. The constituents of RMR are decided to RQD, condition of discontinuities,

groundwater conditions, intact rock strength, orientation of discontinuities, spacing of discontinuities in

important order. In each step, we proposed the best multiple regression model for RMR system.
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ਃ ૑
૑ೞ ఠօ ҷ଱ ١੄ ঐ߈ ҕ೟੸ ীઁޙ ੓যࢲ ঐܨ࠙߈о օܻ ੸ਊغҊ ੓׮. ೞ૑ ,݅ ઑࢎ ੉ߨߑ ୓҅ചغয੓૑ ঋইࢲ ఠ

օ૑૕੹ޙоۄೡ૑بۄঐܨ࠙߈ীয۰਑੉݆਷ઁޙ੼ਸо૑Ҋ੓ࠄ .׮োҳীࢳ۝࠙߸׮חࢲਸ੉ਊೞৈёҙ੸੉Ҋࢎਊ

ೞӝ рಞೠ ঐߨܨ࠙߈ਸ ઁदೞ৓׮. RMR ਃࣗח RQD, ੺ܻ࢚క, ૑ೞ ,ࣻ ъࠁ ,ب੿, ੺ܻрѺ ࣽਵ۽ ઺ਃبо Ѿ੿غ঻ਵݴ,

пп੄҅ױীࢲRMRীҙೠ୭੸੄׮઺ഥӈݽഋधਸઁदೞ৓׮.

઱ਃয : ঐܨ࠙߈, ఠօ, ׮ ,ࢳ۝࠙߸׮઺ഥӈݽഋ
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ۿࢲ .1

୭Ӕ Ҵղীחࢲ ࢑স׳ߊҗ ੋҳૐоী ۄٮ ౵غࢤ

ח ҃ ,ഥࢎ ઁ੸ੋ ܳઁޙ ೧Ѿೞӝ ਤ೧, ب؀द ૑ೞ୍

Ѥࢸ, ҃ ࠗҊ୍ࣘب Ѥࢸ ߂ ۽بदҊࣘب Ѥࢸ ؀ ,١ӏ

੉۞ೠੌ۲੄җ੿ী ,ݴҊ੓ਵغসٜ੉୶૓ࢎࢸѤݽ

.׮Ҋ੓غࢸ੉Ѥ݆۽௼Ҋ੘਷ఠօٜ੉੹Ҵ੸ਵࢲ

ఠօ਷૑߈ীѤࢶחغࢸഋҳઑ۽ޛ ,ॄ दҕ੹ী঳

਷૑߈੄੿ࠁо୽࠙൤߈৔غযঠೞ૑݅ఠօ੹ҳр

ীѦ୛੿֫ܳب޻ৈ੿ഛ൤৘ஏೠח׮Ѫ਷അप੸ਵ

ࠂҕҗࠁ੿, ૑ࢶ੄ߨҷ଱ҕ ,ࢲۄٮ .׮য۰਑੉݆۽

ҕ੄ ী҅ࢸ ੓যחࢲ दҕ઺੄ ঐܨ࠙߈ী ੄ೞৈ ୶о

੸ੋࠁъਸ೯ೞחѪ੉ੌ߈੸੉׮. 

Ӓ۞ա, അ੤ ఠօ दҕ द ఠօ૑૕ ઑࢎ ੉ߨߑ ୓҅

ചغয੓૑ঋਵݴӝҙ݃׮ઑ߂ߨߑࢎ಴അߑध੉࢚

੉ೞҊ, ੌ ࠗӝҙীחࢲఠօ૑૕ઑࢎ੗ܳܐউ੿࠙ࢿ

ী੄ױ౸о੄҃೷੸ੋޙীഝਊೞҊ੓ਵա૑૕੹ࢳ

ઓೞҊ ੓য ёҙࢿ ߂ ബਯࢿ੉ ח׮য૓ڄ ੼ٜਸઁޙ

о૑Ҋ ੓ژ  .׮ೠ അ੢੄ ࢚ടী ੸೤ೠ пп੄ ౠࢿী

ܲٮ ઑࢎী ؀ೠ ъࠁ ؀଼ਸ ೙ਃ۽ ೞ૑݅ ੉۞ೠ ޙ

ઁী؀ೠ୓҅੸ੋઑ߂ߨߑࢎઑࢎ੗ܐীҙೠഝਊߑ

উোҳоࠛ୽࠙ೠ࢚ട੉׮.

ࠄ ,ࢲۄٮ োҳীחࢲ ੉۞ೠ ੼ਸ Ҋ۰ೞৈ അ੤ ఠ

օ ঐܨ࠙߈ী о੢ ۽ಞ੸ਵࠁ ੸ਊغҊ ੓ח RMR੄

೦ݾਸࢳ۝࠙߸׮ਸాೠ೧ࢳਸपदೞৈ઱ҙ੸ੋ౸

࠙߈ਊೞӝрಞೠঐࢎёҙ੸੉ҊחਸઁѢೡࣻ੓ױ

.׮ਸઁदೞ৓ߨܨ

2. RMR ࠙ ܨ

RMR ࠙חܨ 1972∼1973֙ ী Bieniawski(1973)ী ੄

೧ ઁউغ঻ਵݴ Lauffer(1959)৬ Wickham(1972)੄ ࠙

ਸߨܨ ӝୡ۽ ѐغߊ঻׮.  RMR ࠙ חܨ ୭ୡীח ఠօ

ਸ ؀࢚ਵ۽ ѐغߊ঻ਵա নೠ׮ ਽ਊਸ ాೞৈ ,ݶࢎ

؄੄ ӝୡ, ҃ঐ੄ ҟࢳ ,࢑఍ҟ, ૑߈ ੺ஂب ಣоө૑

Ӓ੸ਊߧਤоևয઎׮.  ಴ 1.਷അ੤੸ਊغҊ੓ח઱

ਃೠঐܨ࠙߈੉׮(Bieniawiski, 1984).

RMR࠙ܨ੄ ਃࣗܨ࠙ ӝࠄ੸ਵ۽ नࢶঐ੄ ъب,

RQD, ಣӐࠛোࣘݶрѺ, ࠛ োࣘݶ੄࢚క, ૑ೞࣻ੄࢚

క ١੉ݴ, ࠛোࣘݶ੄ җࢿೱߑ ҳઑޛ੄ ഋకী ܲٮ

೤ೠч੉۽੸ਵࠄ੉ٜਃࣗܳӝ .׮ػ੸ਊ۽੿чਵࠁ

RMR ч੉ חܨ࠙ RMR .׮ػ ઑࢎ ঐ߈ী ؀ೠ ঐ߈੄

١ә݅ࡺ ইۄפ ఠօ੄ ਬ૑दр, ߈঑, ఠօ ୭؀ ಩,

ঐ߈੄ ߸ഋ҅ ,ࣻ ঐ߈੄ ੼଱۱җ ղࠗ݃଴п١ ঐ߈੄

,ఠօ .׮੓ࣻؼب೷धী੄೧ਬ҃ب૕੄чࢿ੸ܻޛ

಴ 1. ઱ਃঐܨ࠙߈

Name of classification Originator and date Country of origin Applications

Rock loads Terzaghi, 1946 USA Tunnels with steel supports

Stand-up time Lauffer, 1958 Austria Tunneling

RQD Deer, 1964 USA Core logging, tunneling

Intact rock strength Deere & Millier, 1966 USA Communication

RSR concept Wickham, et al. 1972 USA Tunneling

RMR system Bieniawski, 1973 S. Africa & USA Tunnels, mines, foundations

Q-system Barton, et al. 1974 Norway Tunneling, large chambers

Strength/block size Franklin, 1975 Canada Tunneling

BGD ISRM, 1981 International General



ীҙೠোҳܨ࠙߈੄ബਯ੸ੋঐࢲਸ੉ਊೠఠօীࢳ۝࠙߸׮

4343
Vol.2, No.2

૑ೞҕр, ҟ࢑੄ ҃਋ী Ӓܿ 1җ э੉ RMR чী ܲٮ

୭؀੄উ੹಩җఠօ੗݀दрਸ࢑୹ೡࣻ੓׮.  

RMR ࠙ܨ੄ ੢·ױ੼਷ ਺җ׮ э׮. ਋ࢶ ੢੼ਵ۽

ח ৈ۞ ࠙ঠী যغਊࢎ Ӓ ੸ਊࢿ੉ ֫Ҋ, п ਃٜࣗী

؀ೠಣоо࠺Ү੸औژ .׮ೠఠօ੄ਬ૑दр, ୭؀о

಩מ ߂ ୭؀ ࠁ૑ޖ ಩җ ঐ߈੄ ੸ܻޛ ૕ࢿ ١੄ ৘ஏ

੉ оמೞױ ,ݶ߈  .׮੼ਵח۽ ૑۝ࠁ੄ Ѿ੿ী ੓যࢲ

ࠛ ,ೞ૑ঋҊ޻ࣁਃࣗ੄৔ೱ੉Q-system୊ۢܨ࠙ ো

੄ҵ੉3ѐ੉ೞੋ҃ݶোࣘࠛࢲрѺಣоী੓যݶࣘ

਋ח ੸ੋࣻࠁ ಣоо ૑঑ ,ݴغ 25Mpa ੉ೞ ૒҃

10m, ୌҕߊ౵ध੄݃ઁഋఠօী؀ೠ૑۝ࠁਸѾ੿ೞ

.׮Ѫਸٜࣻ੓ח׮ਤܳѾ੿ೞҊ੓ߧ੸ਊؘ݅ח

3. RMR ಣо੄नب܉

੄҅ױ҅ࢸ ঐܨ࠙߈ী ӝୡೠ दҕ҅ദҗ·҅ࢸ द

ҕ҅ױীࢲ੄ ঐܨ࠙߈ীࢲ ঳਷ Ѿҗח যו ੿ب੄ ର

੉о חೞࢤߊ Ѫ੉ Ӓ .׮੸੉߈ੌ ର੉ܳ חदఃࢤߊ

ਗੋ਷ ૑૕ઑࢎ Ѿҗ੄ ੿ب޻৬ ঐܨ࠙߈ ੗୓ীࢲ ղ

ನೞҊ੓ۄઁޙחҊࢤпೡࣻ੓׮. 

੹੗੄ ૑૕ઑࢎ Ѿҗח Ҵࠗ੸ੋ ഛੋ੿ࠁա ҙஏ஖

੄ ೧ࢿࢳҗী ӝࣿ੸ੋ ਸױ౸ ؊ೞৈ ઙ೤੸ਵ۽ ࢚੿

Ӓܿ 1. ৈ۞ о૑ ঐ١߈әী ܲٮ ୭؀উ੹಩җ
ఠօ੗݀दр੄ ҙ҅

ࠗ ೖ
(㎕)

֪ ب
(ppm)

ࣻ҅ߓ࠙
(Kp) ಣ Ӑ

಴ 2. दҕ੹· दҕ઺ ঐܨ࠙߈ Үର಴

दҕ઺ TYPE

A

B

C

D

E

दҕ੹

TYPE

੹୓

੸઺ਯ

40.3%

G

0

0

1

100

0

0

0

0

0

0

0

100

0

F

0

0

0

0

1

17

2

33

3

50

100

100

0

E

0

0

1

3

25

64

6

15

7

18

39

6.3

18%

D

2

1

51

30

78

45

34

20

7

4

172

100

20%

C

11

3

50

16

184

58

58

18

12

4

315

100

58%

B

25

44

10

18

12

21

4

7

6

10

57

100

18%

A

15

50

3

10

9

30

3

10

0

0

30

100

50%

ب࠼

%

ب࠼

%

ب࠼

%

ب࠼

%

ب࠼

%

ب࠼

%

੸઺ਯ

दҕ઺
दҕ੹( )
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ೠ Ѫ੉ݴ ૑૕ҳઑо ਍۽ઑױ नӝ੄ ૑கਵ۽ ੉ܖয

૓૑߈җੑ૑ઑѤࠗఠҊب޻੄ઑࢎоपदࣻؼ੓ח

ҳܷ૑ա ಣ૑ীחࢲ Ү੸࠺ पకܳ ੿ഛೞѱ ౵ঈೡ ࣻ

੓૑ ,݅ ҃·োঐ੉ ࠛӏ஗ೞѱ ഒ੤ೞח ૑߈ীחࢲ ఠ

օਤ஖ীࢲ ࣻಣ݂ࠁਸ ೞח Ѫ ੉৻ীח दҕਤ஖ীࢲ

੄ ੿ഛೠ पకܳ दҕ҅ױীࢲ ౵ঈೞח Ѫ਷ য۵׮.

അप੸ਵ۽ ఠօ਷ ੄࢚ࢶ ӟ ҳઑޛ੉ӝ ীޙٸ ױ҅ࢸ

҅ীࢲ੄ ঐܨ࠙߈о ૑৉ઑѤ(local condition)ਸ ੿ഛ

൤಴അೞৈ੸੺ೠ૑ಁࠁఢਸࣻ݀ೠח׮Ѫ੉݆਷য

۰਑੉੓׮.  

റ੗ী؀೧חࢲѐ߹੸ੋର੉о௼ҊӒ࢚కী߸ച

஖҅҃ࢲਸ૑಴ী߈੸੉૑ঋ਷ঐࣘױহ੉ࢿӏ஗ب

ܳ ੿ࢸ חژ ಴ળ੸ੋ ࢚క۽ ١ә ҳ࠙ਸ ೞӝ ীޙٸ

.׮੉ઁޙחغࢤߊ

ࣻب੉৬э਷ର੉ܳѨૐೞӝਤೞৈחࢲোҳীࠄ

ఠօ੄۽ 220ѐࣗ੄ दҕ੹੄ ঐܨ࠙߈৬ दҕ઺੄ ঐ

  (಴2).׮ҮѨషೞ৓࠺ഐ࢚ܳܨ࠙߈

಴ 2ীࢲ ࠅ ࣻ ੓٠੉ दҕ੹੄ ঐܨ࠙߈৬ दҕറ੄

ঐ׼࢚חܨ࠙߈ೠҦܻܳо૑Ҋ੓׮. ࢚ ӝীࢲ঱ә೮

٠੉҃·োঐ੉Үରೞח૑৉੄҃਋חژো੢੉ӡয

૕ࣻ۾ ੉۞ೠ അ࢚਷ बച ؼ Ѫ੉ࢲۄٮ .׮ ੄࢚ࢶ ҳ

ઑੋޛ ఠօীࢲ੄ दҕ ઺ ૑૕ઑࢎо ೤ܻ੸ੋ दҕਸ

ਤೞৈ઺ਃೞ׮. 

Ӓ۞ա, दҕ҅ױীࢲ੄ঐ߈ಣооҷ଱റ૑߈੄Ѣ

ীز о੢ ੸೤ೠ ಣоߨߑ੉૑݅ ੿۝੸ੋ ಣоী ݆਷

য۰਑ਸղನೞҊ੓׮. 

ഛप൤ दҕ҅ױীࢲ੄ ঐ߈ಣоח ݄੢੄ ҙ଴, пઙ

੄҅ஏਸా೧҅ࢲദ੉੸׼ೠ૑ইצ૑ܳ౸੿ೞҊप

కী੸೤ೠ҅ࢸ·दҕਸೞݶо੢੸੺ೞѱݾ੸ਸ׳

ೡࢿ ࣻ ੓ࢲۄٮ .׮ ӝࢿ੄ ঐܨ࠙߈ա ಴ળಁఢ੄ ࣻ

੿, ݄ ੢੹ߑ੄޷दҕҳр੄҅ࢸ·दҕ҅ദਸࢎ੹ী

ࣻ੿ೞӝ ਤೠ Ѩష ١ਸ ਤ೧ दҕ҅ױীࢲ੄ ঐܨ࠙߈

ח ੄੄о ੓ӝ ীޙٸ ݄੢ী ੓ח ঐ߈੄ ঐܨ࠙߈ী

੄ೠ ಣо৬ दҕप੸੄ ӝ۾, ন੗੄ ࠺؀ ਸࢳ࠙ ೯ೞ

.׮Ѫ੉઺ਃೞח

4. ঐ࠙߈ ܨܳ ਤೠ۝࠙߸׮ ࢳ

੄ࢳ۝࠙߸׮ 4.1 ੸ݾ ߂ ઙܨ

ف ,ۆ੉ࢳ۝࠙߸׮ ѐ ੉࢚੄ ߸ (ࣻ೦ݾ)ٜ р੄ ࢚ഐ

ҙ۲ࢿਸ ా҅੸ਵ۽ ೞৈࢳ࠙ ੟ೠࠂ അ࢚ਸ ਃডೞৈ

рѾೞѱ಴അೞҊ, ࠂ੟ೠഅ࢚੄ߓറীऀয੓חҳઑ

ܳ ҙब ,ݴѼೞߊ ੓ח ߸ٜࣻਸ ܲ׮ ఠࠗ۽ٜࣻ߸ ৘

ஏೞҊ੗ೞؘחӒ࠙ࢳ੄੄੄৬ݾ੸੉੓׮. 

 .׮൤੿ܻೞ৓ױрࢲ಴3.ীܳܨ੄ઙࢳ۝࠙߸׮

੄ࢳ۝࠙߸׮ 4.2 ঐܨ࠙߈ী ؀ೠ ੸ਊ

Ү੸࠺ ӟ ఠօ੉ա ੉৬ ਬࢎೠ ఠօҵীחࢲ, ݄੢

ҙ଴ѾҗীӔѢೠਗ૑߈੄Ѣز੉ա૑ಁࠁఢ੄ఋ׼

ࢲदҕҳрী޷੉ ,۽੸ਵݾחಣоೞ۽ਸ੿۝੸ਵࢿ

୷੸ؘػ੉ఠܳࢎਊೠࢳ۝࠙߸׮੉ਬਊೞ׮. 

അप੸ਵ۽ ঳ਸ ࣻ ੓ח ࣻ஖࢚੄ ח۽ਵߨߑࢳ࠙ ׮

઺ഥӈ࠙ࢳҗ ਸࢳ࠙߹౸ ٜਸ ࣻ ੓׮ .׮઺ഥӈ࠙ࢳਸ

ాೞৈ ঐܨ࠙߈ ৻ীب ղҕ߸ਤա ୌױஜೞ١ਸ ࣻ஖

࠙ ࢳ ߑ ੸ݾߨ
ઙܨ

಴ ੄ࢳ۝࠙߸׮  .3 ઙܨ

৘ஏध(ҙ҅ध)੄ Ѽߊ ࢳ઺ഥӈ࠙׮

ন੄ ୶੿

಴ࠄ੄ ܨ࠙ ࢳ࠙߹౸
૕੄ ୶੿

઱ࢳ࠙࠙ࢿ
۝੄߸׮ ઙ೤੿ܻ

ੋ੗࠙ࢳ
߸ࣻ੄ ؀಴߸ࣻ੄ ,ܨ࠙ ੿ࢶ

ҵ૘࠙ࢳ

੄ࢳ࠙ Ѩ੿ ࢳ࢑࠙࠙



੸ਵ۽ ৘ஏೡ ࣻ ੓Ҋ, ౸߹࠙ࢳীחࢲ ݄੢ҙ଴ ӝ۾

ؘ੉ఠܳ ӔѢ۽ ೞৈ ૑ಁࠁఢ ഑਷ բ߈ חژ ఠօ੄

߸࢚੄ਬ١ޖਸ୶੿ೞؘח੸ਊೡࣻ੓׮. 

੄ࢳ۝࠙߸׮ ౠ૚਷, ೠ׀ਵ۽ ӝࠁ য۰਍ ੟ೞҊࠂ

ҟ؀ೠ ؘ੉ఠ ,ܳ যו ࢳ࠙ ੸੄ݾ ҙ੼ীࢲ ӝࠁ ए਍

ഋక۽੿ܻೞחѪ੉׮.

ೠژ ࠄ ೧ߨࢳ਷ ా҅೟੄ ੌࠗ੉ݴ ࣻ೟੸ ޲੉؛ݽ

੹ઁա ,۽ о੿ী ӔѢೠ ؘ੉ఠܳ ਃডೞח Ѫ੉׮. ੉

ী, ੹ઁޙٸ ١੉ ݅઒ೞ૑ ঋਵݶ ؛ݽ Ӓ ੗୓о ցޖ

ઉ, Ѿҗޖח੄޷ೠѪ߆ী঳ਸࣻহ׮.

੉ઁޙ૑о઺ਃೠח؀਽ೞب੿וഅपҗয ,ࢲۄٮ

঳য૓ ,ݴ Ѿҗܳ җѢ੄ ҃೷җ ૑धী ੄೧ ࢚ध੸ੋ

Ѫਵࣻ۽੿ؼ೙ਃо੓׮.

ਸࢳ઺ഥӈ࠙׮ 4.3 ੉ਊೠ ঐܨ࠙߈

ࠄ োҳীחࢲ ঐܨ࠙߈੄ ਃٜࣗਸ ా҅੸ਵ۽ ࢳ࠙

ೞҊ੗ दҕ઺ੋ ۽ࣻب ఠօ੄ ݄੢ҙ଴җ ઑࢎ੿ܳࠁ

ࣻ૘ೞৈ ۝߸׮ ਸࢳ࠙ ా೧ ઺ܐ੗ .׮ೞ৓ࢳ࠙ 2ઁҳ

р NATMఠօ(୨ ো੢ 3,780m)੄ 222ѐࣗ੄ RMR ੗

द઺ਃਃࣗܳ୶୹ܨ࠙߈઺ഥӈܳ੉ਊೞৈঐ׮ܳܐ

ೞҊ ੉ܳ ాೠ рಞ ঐ߈ಣо ীߨߑ ؀ೠ োҳܳ ࣻ೯

ೞ৓׮. 

ઙࣘ߸ࣻ੄ ,ۆ੉ࢳ઺ഥӈ࠙׮ ߸ചܳ ೞӝݺࢸ ਤೞ

ৈ ف ѐ੉࢚੄ оࣻ߸݀ة חغਊࢎ ઺ࢶഋഥӈݽഋਸ

݈ೠ׮. ੉۞ೠ ਸࢳ઺ഥӈ࠙׮ पदೞӝ ਤೞৈ, ׮઺

ഥӈݽഋ੄ ੿, ୭੸ഥӈࢸ ੿ध੄ߑ ઺ഥӈ࠙׮ ,ఖࢶ

੄ੌ۲੄җ੿ߑ୊߂ױഋ੄૓ݽഥӈ ,ۿীҙೠ୶ࢳ

ਸ Ѣ୛ ۱੉ݺࢸ ੓ח ഋਸݽ઺ഥӈ׮ ୹ೞѱب ػ

(.Ӓܿ2).׮

઺ഥӈ࠙׮ .5 Ҋ଴߂Ѿҗࢳ

ࠄ োҳীחࢲ ۽҅ױ1 ഋਸݽ ੿ೞӝࢸ ਤೞৈ ߸ࣻ

ೠױрࢲఖೣী੓যࢶഋਸݽ੉۠৘ஏ .׮ఖਸೞ৓ࢶ

ഋਸݽ חഐೞࢶ ഋрಞച੄ݽ ਗ஗(principle of

parsimony)ী ٚݽ ,ۄٮ оמೠ ഥӈ(all possible

regression)઺ীࢲ о੢ ֬਷ ഥӈߑ੿ध੄ ఖӝળਸࢶ

ਊೞৈࢎ ੉۞ೠ .׮ೞ৓ࢳ࠙ ח۽ਵߨߑࢳ࠙ MSE ӝ

ળ, ࣻ ੿Ѿ੿҅ࣻӝળ, Cp ӝળ, PRESSp ӝળ, AICp ӝ

ળਸ ੉۞ೠ .׮ਊೞ৓ࢎ ੄ߨߑ ח۽੼ਵױ Ҋࢲ ܲ׮

ӝળী ܲٮ ୭੸ഥӈߑ੿ध੉ ࢚੉ೞৈ ীױ౸ য۰਑

੉ ח׮ܲٮ Ѫਸ ٜࣻ ੓ࢲۄٮ .׮ ੉۞ೠ ੼ਸױ ৮ࠁ

ೞӝਤೠߨߑਵ۽੗ز੸ਵ۽ೠѐ੄୭ઙݽഋਸࢶఖ

೧઱חঌҊ્ܻਸо૑Ҋ੓ח߸ࣻઁѢࢶࣻ߸ ,ߨఖߨ,

঳ࢲ੉۞ೠੌ۲੄җ੿ী .׮ਊೞ৓ࢎ١ਸߨߑ੸҅ױ

য૓ җ੿ਸ ࢚ഐ࠺Ү ೞৈࢳ࠙ જ਷(good)ݽഋٜ ઺ী

୭੸(best)੄ݽഋਸ଺Ҋ੗ೞ৓׮.  

߸ࣻܳ ъب(SCA), RQD, ੺ܻݶ рѺ(DSA), ੺ܻݶ

࢚క(DCA), ૑ೞ (ࣻGWA), ࠛোࣘݶ ࢿೱߑ ,੿(SDA)ࠁ

੺ܻҵ (ࣻNUM)۽ Ҋف ఖਸࢶࣻ߸ पदೞ৓׮. ߸ࣻ઺

੺ܻҵࣻ੄ ҃਋ RMRಣо ਃࣗীח ٜযо૑ ঋ૑݅

੺ܻҵ੄ࣻܳҊ۰ೞ૑ঋ਺ਵ۽೧ࢲ੸਷ࣻ੄੺ܻҵ

ীחࢲ ࠛোࣘݶ੄ рѺ੉ ۽੸ਵࣻࠁ ಣоח׮ػ ੄Ѽ

੉੓যࢲਃࣗࢶ۽੿ೞৈ࠙ࢳೞ৓׮.

ٚݽ оמೠ ഥӈ੄ ఖࢶࣻ߸ ݅ࡺ ইۄפ ੹૓, റ૓,
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ഋݽ ੿(model formulation)ࢸ

ഋݽ ੸೤(model fitting)

୭ઙ ఖࢶഋݽ

૓ױ(diagnostics)

੼ઁޙ

ࢤߊ

੼੉ઁޙ

ؽউࢤߊ

Ӓܿ 2. ഥӈݽഋਸ ҳೞח بࢲࣽ
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߹҅ױ ఖਸࢶࣻ߸ पदೞ৓ؘח Ѣ੄ तೠ࠺ Ѿҗܳ ঳

ਸࣻ੓঻׮. 

਋ࢶ, ઙࣘ߸ࣻܳ RMR۽ Ҋف RMRਃࣗ৬ ੺ܻҵ੄

҃חਊೞࢎਃࣗܳٚݽীޙٸ঻ӝف۽ࣻ߸݀ةܳࣻ

਋ীѾ੿҅ࣻ੄ч੉1۽ա৬৮੹ೠݽഋ੉غ঻׮. ੉

Ѫ਷ োೠ׼ Ѿҗ۽ ೞ૑݅ .׮ػױ౸ ੉۞ೠ ߸ࣻ ઺ ࢸ

۱੉ݺ ֫਷ ߸ٜࣻ ఖਸࢶ ೞ੗ݶ, RQD, ੺ܻݶ ࢚క

(DCA), ૑ೞ (ࣻGWA), ъب(SCA), ࠁ੿(SDA), ੺ܻрѺ

(DSA)੄ ۽؀ࢲࣽ ࢲۄٮ .׮঻غఖࢶ ੉۞ೠ ߸ٜࣻਸ

੉ਊೞৈഥӈ࠙ࢳਸपदೞ৓׮.  

ਸѨૐೞӝਤೞৈ࠙ࢿഋ੄ਬ੄ݽഥӈػఖࢶ ,ೠژ

(಴5) .׮ਸपदೞ৓ࢳ࢑࠙

಴ 5ীࢲ੄ ഋ਷ݽ 1(RQD), 2(RQD, ੺ܻ࢚క),

3(RQD, ੺ܻ࢚క, ૑ೞ )ࣻਵ۽ ҳࢿೞ৓ਵݴ, ഥӈߑ੿

ध੄ݽഋ਷فݽਬ੄ೣਸঌࣻ੓׮

җױೠ, ഥӈ૓ژ ୊ߑਸ ాೞৈ ୭੸੄ ઺ഥӈधਸ׮

঳Ҋ੗ ਖ਼ର࠙ࢳҗ ౠ੉੼(outlier)੄ Ѩ୹ ߂ ࢶ઺ҕ׮

.׮੄Ѩషܳೞ৓(multicollinearity)ࢿ

਋ࢸ ,ࢶ੿ػ ഋ੄ݽ ੄ࢿࢶ઺ҕ׮ ઓ੤ৈࠗܳ ഛੋೞ

Ҋ੗ ࢚క૑ (ࣻcondition index), ࠙࠺࢑ਯ ١ਸ Ѩషೞ

৓׮. ѨషѾҗ RQD, ੺ܻ࢚క, ૑ೞ ,ࣻ ъب, ੺ܻрѺ

١੉ ನೣػ חࢲഋীݽ ੺ܻ࢚క, ъب, ੺ܻрѺ ١੉

ࢸఖदࢶࣻ߸੉઺ݴҊ੓঻ਵ߉੄৔ೱਸࢿࢶ઺ҕ׮

ਸೠࢳ࠙ࢲ۱੉о੢੸਷੺ܻрѺਸઁ৻ೠ࢚కীݺ

Ѿҗ੺ܻ࢚క৬ъࢎب੉ী׮઺ҕࢿࢶ੉ઓ੤ೣਸঌ

ࣻ੓঻׮ .׮઺ҕࢿࢶ੄ઁޙী؀୊ߑউਵ۽ࢲח۽ҙ

಴ ٚݽ .4 оמೠ ഥӈ੄ ఖࢶࣻ߸

Adjusted R2 AICNumber R2 C(p) Variables

3 0.92559 0.92455 6208 476.49963 RQD DCA GWA

3 0.92502 0.92398 6257 478.15746 SCA RQD DCA

઺ۚ

3 0.50242 0.49551 42716 894.52463 GWA SDA NUM

3 0.42241 0.41439 49619 927.32989   DSA SDA NUM

4 0.96499 0.96434 2810     312.61291   SCA RQD DCA GWA

4 0.95028     0.94935 4080 389.80629 SCA RQD GWA SDA

઺ۚ

4 0.72182 0.71665 23790 768.59621 DSA GWA SDA NUM

4 0.71789 0.71265 24128 771.68141 SCA DSA SDA NUM

5  0.98981 0.98958 670 43.02389 SCA RQD DCA GWA DSA

5 0.96957 0.96886 2417 283.74326 SCA RQD DCA GWA SDA

಴ ಴ࢳ࢑࠙࠙ .5

Model Sum of
Square

Degree of
Freedom

Mean of
Square

F Significance
Probability 

1
ࢳഋഥӈ࠙ࢶ 18786 1 18786 645 0.0001

ਖ਼ର 6377 219 29

2
ࢳഋഥӈ࠙ࢶ 22719 2 11359 1012 0.0001

ਖ਼ର 2444 218 11

3
ࢳഋഥӈ࠙ࢶ 23503 3 7834 1024 0.0001

ਖ਼ର 1659 217 7
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҅ܳо૓ݺࢸ߸ࣻ੄ੌࠗܳઁѢೞחѪ੉о੢ੌ߈੸

ੋ ߨഥӈ࠙ࢿ੉Ҋ, ઱ߨߑ ١ਸ ੉ਊೞৈ ਸࢿࢶ઺ҕ׮

ডೞѱ ೞח ߸ࣻܳ ୶оೞח ੉ߨߑ ੓ࠄ .׮ োҳীࢲ

ח ഋрಞച੄ݽ ਗ஗ী ੄Ѣೞৈ ੉۞ೠ ߸ࣻܳ ઁѢೠ

 .׮੿ೞ৓ࢸഋਸݽ઺ഥӈ׮

ೠ, ੉࢚஖ژ ઺ী ৔ೱ۱੉ ௾ ؘ੉ఠܳ Ѩ୹ೞӝ ਤ

ೞৈ৔ೱ۱࠙ࢳ(influence analysis)ܳ पदೞৈ੉۞ೠ

ؘ੉ఠܳ ઁѢೠ റী ਸࢳ઺ഥӈ࠙׮ पदೞ৓׮. ୭ઙ

੸ਵ۽঳਷୭੸੄׮઺ഥӈݽഋ਷׮਺җэ׮.(಴6.)

пп੄߸ࣻীҙೠ୭੸੄ഥӈݽഋ਷׮਺җэ׮. 

RMR = 13.07+2.75·RQD (1)

(adjusted R2 : 0.75)

RMR = 4.04+1.87·RQD+1.62·੺ܻ࢚క (2)

(adjusted R2 : 0.90)

RMR = 2.76+1.74·RQD+1.34·੺ܻ࢚క

+0.76·૑ೞࣻ (3)

(adjusted R2 : 0.93)

੉࢚੄ Ѿҗ(ध 1, 2, 3)ীࢲ ࠅ ࣻ ੓٠੉ пп੄ ߸ࣻ

઺୭੸੄ഥӈݽഋਸҳೞ৓׮. ࣻ ੿ػѾ੿҅ࣻ੄҃਋

߸ࣻܳ ૐоदఇী ۄٮ 0.75ীࢲ 0.93ө૑ ۱੉ݺࢸ ૐ

оೞ৓׮.

ػ৻ઁ ߸ٜࣻ ,ੋ ъب, ੺ܻрѺ, ੺ܻ ীࢿೱߑ ؀ೠ

੿, ੺ܻҵ੄ࠁ ࣻী ؀ೠ ੿੄ࠁ ҃਋ Ӓ ઺ਃࢿ੉ ডೠ

Ѫ੉ ইפ૑݅ ੺ܻрѺҗ ъب৬ ੺ܻ࢚క੄ ҃਋ח ࢲ

р੄۽ ীࢿࢶ઺ҕ׮ ૑؀ೠ ৔ೱਸ ۽޲஖޷ ੉ ࠗ࠙ী

؀ೠ ా҅೟੸ੋ Ѩషо ਃҳ׮ػ. ੺ܻ ীࢿೱߑ ؀ೠ

੿੄ࠁ ҃਋ীח ۽੸ਵ߈ੌ ੺ܻ੄ ઱ೱ҃ࢎ৬ ఠօ੄

ೱҗ੄ߑ ҙ҅ܳ ѐ߹੸ੋ ੺ܻҵਵ۽ ౵ঈೞৈ ੿ীࠁ

੐ೞ۽޲ ੹୓੸ੋ ঐ߈ಣоী ח஖޷ ৔ೱ੉ ௼׮Ҋ ࠅ

ࣻহ׮. 

಴ ഋ੄ݽ .6 ഥӈ҅ࣻ

Model Parameter
Estimate

Standard
Error t Significance

Probability 
95% confidence interval

Lower Upper

1
(࢚ࣻ) 13.073 1.195 10.943 0.000 10.718 15.427

RQD 2.754 0.108 25.400 0.000 2.540 2.968

(࢚ࣻ) 4.044 0.884 4.573 0.000 2.302 5.787

2 RQD 1.868 0.082 22.710 0.000 1.706 2.030

੺ܻ࢚క 1.619 0.086 18.726 0.000 1.449 1.789

(࢚ࣻ) 2.735 0.742 3.687 0.000 1.273 4.197

3
RQD 1.743 0.069 25.237 0.000 1.607 1.879

੺ܻ࢚క 1.339 0.077 17.497 0.000 1.189 1.490

૑ೞࣻ 0.764 0.075 10.128 0.000 0.616 0.913

಴ ഋ੄ݽ .7 Ѿ੿҅ࣻ

Model R R2 Adjusted R2 Standard
Error

R2

increment F Increment

1 0.86 0.75 0.75 5.40 0.747 645

2 0.95 0.90 0.90 3.35 0.156 350

3 0.97 0.93 0.93 2.77 0.031 102
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6. ఋ૑৉੗ܐী؀ೠ੸ਊࢿಣо

ࠄ োҳীࢲ ঳਷ ઺ഥӈध੄׮ ਬਊࢿਸ Ѩૐೞӝ ਤ

ೞৈ ఋ૑৉੄ ૑߈ઑࢎ੗206)ܐѐ )ࣗܳ ੉ਊೞৈ पஏ

RMR чҗഥӈधਸ੉ਊೠ৘ஏRMRчਸ࢚ഐ࠺Үೞ

৓׮.  Ӓ Ѿҗ RQD, ੺ܻ࢚కо ۽ࣻ߸ ػఖࢶ ഋ(धݽ

2)җ RQD, ੺ܻ࢚క, ૑ೞ࢚ࣻకо ۽ࣻ߸ ػఖࢶ ഋݽ

(ध3)ীࢲѾ੿҅ࣻопп0.93, 0.94ݒ۽਋֫਷࢚ҙ

੉੓঻׮.(Ӓܿ3)

7. Ѿۿ

दҕ੹੄ ঐܨ࠙߈৬ दҕ઺੄ ঐחܨ࠙߈ ೠ׼࢚ Ҧ

ܻо ੓ח Ѫਵ۽ ഛੋغ঻ਵݴ दҕ઺੄ ૑૕ઑࢎо ೤

ܻ੸ੋदҕਸਤೞৈ઺ਃೞ׮.

Ѿҗࢳ࠙ RMR ಣоਃࣗח RQD, ੺ܻ࢚క, ૑ೞ ,ࣻ

ъࠁ ,ب੿੄ࣽਵ۽઺ਃبоѾ੿غ঻ਵݴ߸࢚ࣻഐр

ী ੄ࢿࢶ઺ҕ׮ ܳઁޙ दః૑ࢤߊ ঋח ࢲ۽ഋਵݽ

RQD, ੺ܻ࢚క, ૑ೞࣻীҙೠ׮਺੄ࣁо૑׮઺ഥӈ

.׮ഋਸઁदೞ৓ݽ

RMR = 13.07+2.75·RQD

RMR = 4.04+1.87·RQD+1.62·੺ܻ࢚క

RMR = 2.76+1.74·RQD+1.34·੺ܻ࢚క

+0.76·૑ೞࣻ

ઁदػ ഋ੄ݽ ࣻ੿Ѿ੿҅ࣻח пп 0.75, 0.90, 0.93

ਵ۽ ਗ੗ܳܐ ੜ ਸೣݺࢸ ഛੋೞ৓ژ  .׮ೠ ഋ੄ݽ ਬ

ਊࢿਸ Ѩૐೞӝ ਤೞৈ ఋ૑৉੄ ૑߈ઑࢎ੗206)ܐѐ

)ࣗ੄ ؘ੉ఠܳ ੑ۱ೞৈ पஏ RMRҗ ৘ஏ RMRਸ ױ

ࣽഥӈ࠙ࢳਸ पदೠ Ѿҗ RQD, ੺ܻ࢚కо ۽ࣻ߸ ࢶ

ఖػ ഋҗݽ RQD, ੺ܻ࢚క, ૑ೞ࢚ࣻకо ۽ࣻ߸ ఖࢶ

ࢸ਋֫਷ݒ۽Ѿ੿҅ࣻопп0.93, 0.94ࢲഋীݽػ

۱ਸݺ о૑Ҋ ੓਺ਸ ഛੋೞ৓ਵݴ ઁदػ ഋ੄ݽ ਬਊ

.׮ਸѨૐೞ৓ࢿ

хࢎ੄ Ӗ

ب૘ীࣻܐ૑ਗҗ੗࠺োҳ੄ࣻ೯ਸਤೞৈোҳࠄ

਑ਸ ઱न (઱)हਊѤࢸ ҙ҅੗ ৈ۞࠙ԋ बबೠ хܳࢎ

.׮ܽ٘

(a)

(b)

Ӓܿ 3. पஏ RMRҗ ৘ஏ RMR੄ ҙ҅
(a ; RQD, ੺ܻ࢚క,  b ; RQD, ੺ܻ࢚క, ૑ೞ )ࣻ
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