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Abstract 
Tunnelling has been created as a great extent in view of less land space available because the growth of

population in metropolitan has been accelerated at a faster pace than the development of the cities. In

tunnelling, it is often faced that measures are obliged to be taken without confirmation for such abnormality

as diverged movement of surrounding rock mass, growing crack of shotcrete and yielding of rockbolts. In

this case, it is usually said that the judgments of experienced engineers for the selection of measure are

importance and allowed us to get over the situations in many construction sites. But decrease of such

experienced engineers need us to develop the new system to assist the selection of measures for the

abnormality without any experiences of similar tunnelling sites. In this study, After a lot of tunnelling

reinforcement methods were surveyed and the detail application were studied, an expert system was

developed to predict the safety of tunnel and choose proper tunnel reinforcement system using fuzzy

quantification theory and fuzzy inference rule based on tunnel information database. The expert system

developed in this study have two main parts named pre-module and post-module. Pre-module decides

tunnel information imput items based on the tunnel face mapping information which can be easily obtained

in-situ site. Then, using fuzzy quantification theory Ⅱ, fuzzy membership function is composed and tunnel
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ۿࢲ .1

୭Ӕ ਎૑ೞ୍ࢲ ઁ 1, 2ӝ दҕী ੉যࢲ ઁ 3ӝ ૑ೞ

୍ ઱оߊ ੉ܖয૑Ҋ ੓ח द੼ীࢲ Ҵղ স୓ীب Ӓ

উز ݆਷ ఠօ҅ࢸ ߂ दҕ ҃೷੉ ୷੸غয ૑ೞ)׮৳

୍ Ѥࠄࢸ ,ࠗ 1994). ౠ൤, ૑ೞ୍੄ ҃਋ ࢲब૑৉ীب

੄ ఠօҕחࢎ ࢑ঈ૑৉੄ ఠօҗח ܻ׳ пઙ ૑ೞदࢸ

࢚)ޛ ೞࣻب, ੹۱ா੉࠶, ࣠੹࠺ࢸ ١)੉ ੓Ҋ, ઺ਃҳ

ઑޛೞࠗܳҙాೞѢաೞ੷ܳాҗ೧ঠೞ١ח੄դҕ

ࢎ ҳр੉ ୊ীب ࢑੤೧ ੓ࢲۄٮ .׮ ੉۞ೠ ब૑ীب

ਬ੤࢑੄ೖ೧৬ҕࢎ਷ҍҗ؀ೠۅ੄૑ೞ୍ఠօࠡࢲ

ҕदࢸ੄ ӝܳ࠺݃מ ୡېೡ ݅ࡺ ইۄפ, ૑ೞ୍ Ѥࢸ

੗୓੄ ҕ࠺ࢎ ૐо৬ ҕӝ૑োਸ ਬߊदெ ݄؀ೠ Ҵо

੸ࣚपਸୡېೞӝޙٸীࠡߑۅ૑ܳਤೠ୭ࢶ੄؀଼

ٜ੉਋ࢶ੸ਵ۽োҳغযઉঠೞҊ, ੉ܳਤ೧חࢲӝઓ

੄ ۹ٜীࢎ ؀ೠ ୓҅੸ ࢳ࠙ ߂ Ѩషܳ ਃҳೞҊ ੓׮.

ೠ, ੹ژ ۽੸ਵ҅ࣁ ػࢤߊ ఠօ ۅࠡ ۹ܳࢎ ઙ೤೧ ࠁ

Ҋо੹୓੄67%੉࢚ਸର૑ࢎػࢤߊࢲब૑৉ীب ,ݶ

ೞҊ ੓যࢲ пઙ Ѥޛ ߂ ҳઑٜޛ੉ ࢑੤೧ ੓ח बب

૑ҳрীࢲ੄ ఠօ दҕী ਋ݒ बೠࣁ ઱੄ܳ ӝ਎ৈঠ

ೣਸࠁৈ઱Ҋ੓׮(HSE, 1996). 

ࠄ োҳীחࢲ Ҵղ৻੸ਵ۽ ੸ਊೞҊ ੓ח ఠօ ъࠁ

safety level is inferred through this membership function. The comparison result between the predicted

reinforcement system level and measured ones was very similar. In-situ data were obtained in three tunnel

sites including subway tunnel under Han river. This system will be very helpful to make the most of in-situ

data and suggest proper applicability of tunnel reinforcement system developing more resonable tunnel

support method from dependance of some experienced experts for the absent of guide.

Key words : Expert system, Fuzzy theory, Tunnel reinforcement, Tunnel construction, Safety evaluation, 

ਃ ૑
ఠօ दҕ੉ әѺೞѱ ૐоࢲݶغ ఠօ दҕ ઺ חೞࢤߊ ૑߈੄ ࣻ۴ೞ૑ ঋח Ѣزҗ ࣹ௼ܻ౟੄ Ӑৌ੹౵ ߂ ౟੄ࠅ۾ ೦

җࠂ э਷ ੉࢚അ࢚ী ؀೧ ౠ߹ೠ ӝળ হ੉ ؀଼ਸ ݃۲೧ঠ ೞח ҃਋ܳ ઙઙ ૒ݶೞѱ ੉۞ೠ .׮ػ ҃਋, ৈ۞ दҕഅ੢ী

ࢲ ਸٜઁޙ ӓࠂೞח ػ۲ࣼ ؘ, ੹ޙо੄ ੉ױ౸ ઺ਃೞѱ ৈѹ઎ਵա, ੹ޙо ഛࠁ৬ ҃ઁ੸ੋ ۽ઁޙ ੋ೧ࢲ तೠ࠺ दҕഅ

੢੄ ҃೷ হ੉ب ੉࢚അ࢚ী ؀ೠ ؀଼ਸ ؘח੿ೞࢶ ਑ਸب ઴ ࣻ ੓ח ਍۽࢜ दझమ੄ ѐߊ੉ ೙ਃೞѱ ࠄ .׮঻غ োҳী

חࢲ ఠօ दҕ ઺ ੸ਊػ ੄ߨъҕࠁ അടਸ ౵ঈೞҊ, Ҵղ৻੄ ҳ୓੸ੋ ۹ܳࢎ ೠ, ఠօژ .׮ೞ৓ࢳ࠙ ݄੢੄ উ੹ࢿ ١ә

ਸ Ѿ੿ೞҊ, ੸੺ೠ ੄ߨъҕࠁ ੿ਸࢶ ਤ೧ ಌ૑ ࣻ۝ച ੉ۿҗ ಌ૑୶ۿ दझమਸ ӝ߈ਵ۽ ఠօ੿ࠁ ؘ੉ఠ߬੉झܳ ҳ୷

ೞৈ ੹ޙоदझమ੄ ഋਸݽ ѐߊೞ৓ࠄ .׮ োҳীࢲ ѐߊೠ ੹ޙо दझమ਷ ௼ѱ ف о૑ ӝמਸ о૓׮. ੹ࠗ߈ ਷ٕݽ അ੢

ীࢲ ઑࢎೞӝ ए਍ ݄੢ ӝ۾೦ݾਸ ઺बਵ۽ ఠօ ੿ࠁ ੑ۱೦ݾਸ ੿ೞҊࢶ ಌ૑ ࣻ۝ച੉ۿ IIܳ ੉ਊೞৈ ҳࢿೠ ಌ૑ ࣗࣘ

ب ೣ (ࣻmembership function)ܳ ా೧ ఠօ উ੿ࢿ ١әਸ Ѿ੿ೠ׮. റࠗ߈ ਷ٕݽ ੹ࠗ߈ ೣࣻ৬ ఠօ উ੿ࢿ ١әী ۄٮ

੸੺ೠ ੄ߨъҕࠁ ੸ਊࢿਸ ୶ۿೠ׮. ѐߊೠ दझమ੄ Ѩૐਸ ਤೞৈ নೠ׮ ਸߨъҕࠁ दҕೞ৓؍ ೠъೞ੷ఠօਸ ೠ܃࠺

Ҵղ·৻ 3Ҕ੄ ఠօ അ੢ ੗ܳܐ ੉ਊೞৈ ੸ਊೠ Ѿҗ पઁ द೯ೠ җߨъҕࠁ Ӕ੽ೠ ୶ۿѾҗܳ ചदҕਸࠁ੿ .׮৓ࠁ ా೧

ఠօ ݄੢ӝ۾җ ҅ஏ੗ܐ੄ ੉ਊਸ ӓ؀ചೞҊ ёҙ੸ੋ ӝળ੄ ࠗ੤۽ ੋ೧ ੌࠗ ੹ޙо੄ ҃೷ী݅ ੄ઓೞҊ ੓ח Ҵղ ъࠁ

ҕߨ दҕӝࣿਸ ׮ࠁ ੹दெߊ ೤ܻ੸ੋ ੸ੋࠗࣁ ਸߨъҕࠁ ઁदೞؘח ਑੉ب Ҋ੗غ ೞ৓׮. 

઱ਃয : ੹ޙоदझమ, ಌ૑੉ۿ, ఠօࠁъ, ఠօदҕ, ఠօউ੿ࢿ
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ҕߨदҕ ۹ٜਸࢎ ઑࢳ࠙·ࢎೞҊ, ই਎۞ ੉৬ ো҅ೞ

ৈ ࠛউ੿ೠ ࢚ട߹۽ ୓҅ܳߨъҕࠁ ೞৈܨ࠙ ੉ܳ ా

೤ೡࣻ੓חfuzzy ୶ۿਸ੉ਊೠ੹ޙоदझమݽഋਸ

ѐೣߊਵॄ۽दҕ࢚ടী؀ೠ੿ܳࠁషې޷۽؀ীߊ

ࢤ оמೠ ࠛউ੿ೠ ࢚ടী ؀ೠ ؀଼ҕߨਸ ઁदೞҊ੗

ೞ৓׮.

2. Ҵղ৻ఠօࠁъҕߨ੸ਊഅട

Ҵղ৻ ఠօ ߨъҕࠁ ੸ਊ۹ܳࢎ ೞӝࢳ࠙ ਤ೧ࢲ Ҵ

ղীߊࢲ಴ࠁػъҕߨ੸ਊ۹ࢎ৬ੌ߂ࠄ੉ఎܻই١

೴ীޙ ػҊࠁ ݆਷ ۹ٜীࢎ ؀೧ࢲ Ӓ ੸ਊ ୶੉ܳ ఠ

օ ਊ۽߹ب ӒܻҊ, ࠁъҕ۽߹ߨ ೞҊࢳ࠙·Ү࠺ Ҵղ

಴ 1. Ҵղ ઱ਃ ఠօ ߨъҕࠁ ੸ਊ۹ࢎ

઱ਃҕߨ ݾ ੸੸ ਊ ࢎ ۹

ߨѾҕز

ъࢻਬ ъࠁ ࣹ௼ܻ౟

ઁ౟Ӓۄ਋౴

M.I.P

ର ,ࣻ ૑߈ѐ۝

૑߈ѐ۝

૑߈ѐ۝, ૑߈੉৮ ૑ߑ

ରࣻ

૑߈ѐ۝, ର ,ࣻ ݄ ੢ ੗ ,݀ ݄

੢ࠗ ৈҷߑ૑, ૑ೞࣻҗ׮ ਬ

ੑ ରױ

݄੢੗ ,݀ ୌࠗױਤ੄ ૓೯ࢿ

ৈҷߑ૑, ੹ߑ૑߈ ,ъࠁ೯ࢶ

௼ۄ਍ࠗ ъࠁ

ୌࠁױъ, ױக ౵ࣧ؀ ߂ ౵ࣧ੺
ܻ੄ ߸ਤࢤߊ র ,ઁ ࢚ ࠗ ҷ଱ݶ
੄ উ੿ഛࠁ, groutingী ੄ೠ
ରࣻബҗ ૐ؀, ఠօୌױ ഐࠁ

݄੢উ੿, ࢚ ੤ೞ઺, ై ࣻ҅ࣻ

о ծ਷ ੼షࢿ ૑߈, ૑߈ ੉৮

੄ ੄ݶ૑, ҷ଱ߑ ۅࠡ ߂ ਬ୹

਍ࠗۄ૑, ௼ߑ ъࠁ

䤎҃ࠗҊࣘ੹୍ 6-OOҕҳ(਋ۨ఍) 

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ Route6(਋ۨ఍) 

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ(਋ۨ఍, S.G.R)

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ (਋ۨ఍)

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 13k-300,320,340,390

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 14k-598,603,608,614,620,630,640 

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ15k-430(јղ,૑࢚)

䤎җୌࢶ OOҕҳ 9km-10km

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ(਋ۨ఍,S.G.R), উনୌ(packer grouting,

root milk grouting, јղ(SGR), ૑࢚grouting)

䤎ࢲ਎૑ೞ୍ 7-OOҕҳ 25k-121

䤎ࢲ਎૑ೞ୍ 7-OOҕҳ 26k-570

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 13k-300,320,340,390

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 14k-160

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 18k-620,19k-990,480 (ࢶ߹੸)

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 25k-430,460

䤎җୌࢶ OOҕҳ 9km-10km

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ

䤎ࢲ਎૑ೞ୍ 7-OOҕҳ 47k-010

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 14k-598,603,608,614,620,630,663

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 15k-430

䤎࠙ࢶ׼ OOҕҳ 10k-560,590

䤎ࢲ਎૑ೞ୍ 5-OO(mini pipe roof)

䤎ࢲ਎૑ೞ୍ 7-OOҕҳ 24k-806

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ

䤎ࠗ࢑ ട۸࢑ ఠօ ੹ನز

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ

䤎ࢲ਎૑ೞ୍ 5-OO ҕҳ

䤎ࢲ਎૑ೞ୍ 6-OOҕҳ 19k-990

䤎૑ೞ୍ 5ഐࢶ OOҕҳ(јޙ, ࣻ ಣ jet grouting)

䤎ࢲ਎૑ೞ୍ 5-OOҕҳ(concrete pile)

ডঘ઱ੑ ҕߨ

ഹಫ݂ ҕߨ

ъҙ ъഋࠁ

ױ׮

Ӓۄ਋౴ҕߨ

౵੉೐ܖ೐

ҕߨ
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ীࢲ ೱറ ੸ਊغযঠ ೡ ߨъҕࠁ ܨ࠙ ӝળ ߂ ੿ӝࢶ

ળ١ਸب୹ೞӝਤೠઑࢳ࠙·ࢎোҳܳࣻ೯ೞ৓׮.

Ҵղ੄ ҃਋ ࣻ૘ػ അ੢ ੗ܐ ߂ Ҋࠁ೴ޙ ੗ܳܐ ష

۽؀ ఠօ੄ ੄ߨъҕࠁ ੸ਊഅടҗ ੸ਊҕߨਸ ೞࢳ࠙

৓ਵݴ, Ҵ৻੄ ҃਋ח ઱۽ ೴ীޙ ػҊࠁ ۹ܳࢎ ӝ߈

ਵ۽ ੸ਊഅടҗ ੸ਊҕߨਸ п .׮ೞ৓ࢳ࠙ ੸ਊҕߨ਷

Ҵղ੄ җ(1999)ۈಞ҅ࢸ۽ب ੄ࠄੌ ૑য়೐ۿ౟ োҳഥ

࠙җഥ(উ)(1996)ীࢲ ࣗѐػ ߨъҕࠁ ಴ܳܨ࠙ ଵҊೞ

৓׮. 

Ҵղ੄ ੸ਊח۹ࢎ Ҵղ ఠօ ߨъҕࠁ ಴ܳܨ࠙ ఔ߄

ਵ۽ Ҵղ അ੢ীࢲ दҕغ঻؍ ਸߨъҕࠁ ઑࢎೞ৓׮.

಴1਷ఠօࠁъҕߨਸ઱ਃҕܨ࠙۽߹ߨೞҊ, п੸ਊ

۹৬ࢎ ߨъҕࠁ ੸ਊݾ੸ਸ ৈ઱Ҋࠁ ੓׮. о੢ ݆਷

੸ਊ۹ܳࢎ ੋࠁ ҕߨ੉ ডঘ઱ੑ ҕߨ੉Ҋ, ഹಫ݂ ҕ

ъҙ ,ߨ ъഋࠁ ױ׮ Ӓۄ਋౴ ҕߨ, ౵੉೐ ೐ܖ ҕߨ

ࣽਵ۽ ੸ਊغ঻׮. ੉৻ীب ਬࢻъ ,ߨѾҕز ъࠁ ࣹ

௼ܻ౟, ઁ౟ Ӓۄ਋౴, টழ, M.I.P ١ ౠࣻೠ ҕبٜߨ

ഝਊغҊ੓חѪਵ۽ઑغࢎ঻׮.

Ҵ৻ ఠօ ੄ߨъҕࠁ ੸ਊपకܳ ౵ঈೞӝ ਤ೧ࢲ ੉

ఎܻইীࢲ दҕغ঻؍ ఠօ ߨъҕࠁ ੸ਊ۹ࢎ৬ ࠄੌ

ীࢲ दҕغ঻؍ ۹ܳࢎ ઑࢎೞৈ ো੤ъઝ)׮ೞ৓ࢳ࠙

ࣗਤਗഥ, 1995a, 1995b, 1999a, 1999b). ੉ఎܻই੄ ҃

਋, ୌࠗױ উ੿؀଼ਵ۽ о੢ ݆੉ ػਊࢎ ҕߨ਷ ઱ੑ

धഹ౵ੌ (݂2) ҕߨ੉ݴ, Ҋ঑࠙ࢎधഹ౵ੌ (݂1) ҕߨҗ

౵੉೐ܖ೐ ҕߨҗ ୽੹ध ഹ౵ੌ݂ ҕߨ ࣽਵ۽ ੸ਊغ

঻׮. ૑ࠁҕ ೞࠗ উ੿؀଼ਵח۽ ۨӒ౵ (ੌ2) ҕߨ੉

о੢ ݆੉ ੄ࠄੌ .׮঻غਊࢎ ҃਋, ୌࠗױ উ੿؀଼ਵ

۽ о੢ ݆੉ ੸ਊػ ҕߨ਷ ઱ੑध ഹ౵ੌ (݂1) ҕߨਸ

઱ࢎ۽ਊೞҊ੓Ҋ, ౵੉೐ܖ೐ҕߨҗҊ঑࠙ࢎधഹ౵

ੌ (݂1) ҕߨ੉ ੸ਊغ঻׮. ૑ࠁҕ ೞࠗ উ੿؀଼ਵח۽

૑ࠁҕ ೞࠗ ъࠁ ౟ࠅ ҕߨਸ о੢ ݆੉ ੸ਊೞৈ, ੉ఎ

ܻই੄҃਋৬҃ܲ׮ೱࢿਸࠁৈ઱঻׮. 

ࠗ ೖ
(㎕)

֪ ب
(ppm)

ࣻ҅ߓ࠙
(Kp) ಣ Ӑ

಴ 2. ૑߈ઑѤ߹ ߨъҕࠁ ੸ਊ࠺ਯ-96֙ షࢎ)ࠄੌ ൤ࢎद, 1996)

ߨъҕࠁ ઙܨ

ഹಫ݂

ъࠁ ݄੢ࠅ۾ݶ౟

ҕߨ ݄੢ࣹݶ௼ܻ౟

A ഹ౵ੌ݂

wing rib

౵੉೐ܖ೐

౟ࠅ૑ࠉ

ъࠁ ٩ਠ

ҕߨ ਘನੋ౟

B ݂ࠁࣻߓ

ࣻߓ ј

݄੢ডঘ઱ੑ

ডঘ઱ੑ

҅

NATMഅ੢ࣻ

੸ਊ അ੢ࣻ

੸ਊ࠺ਯ(%)

FP

FB

FC

PP

FW

EP

H

WD

W

WB

WT

FG

G

A

B

B/A

126

17

50

29

9

13

3

3

1

32

3

13

16

315

57

13

22

15

3

9

6

1

1

11

1

4

6

149

12

7

9

5

4

1

2

1

0

2

0

5

0

48

65

10

29

19

11

17

5

2

0

14

1

16

20

206

33

6

17

14

4

6

3

1

2

7

1

7

10

111

16

4

10

7

5

2

2

1

0

2

0

4

0

53

4

1

2

1

1

0

0

0

0

2

0

0

0

11

5

1

2

3

1

1

0

1

0

1

0

1

0

16

0

0

2

0

0

0

0

0

0

0

0

0

0

2

13

7

12

11

4

2

2

2

0

4

0

5

6

68

331

66

152

104

42

51

23

12

4

75

6

55

58

979

637

503

79.0

33.8

6.8

15.2

10.6

4.3

5.2

2.4

1.2

0.4

7.7

0.6

5.6

5.9

100

ӝഐ ҃ঐ োঐ
(ঐহ਺)

োঐ
(ঐ੓਺)

҃ঐ+
োঐ

ঐ
+GS ঐ+C ·ېݽ

੗т ૕షࢎ ੼ࢿష ҅ ਯ࠺
(%)
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ߨъҕࠁ ࠙ನܳ ߨъҕࠁ ,ݴৈ઱ࠁ חܨ࠙ ੹߈੸ਵ۽

࠙ػച࠙ࣁ؊ೞҊખܨ࠙۽BߨъҕࠁA৬ߨъҕࠁ

ध੉ߑܨ ੸ਊغҊ ੓਺ਸ ঌ ࣻ ੓ࠁ .׮ъҕߨ Aח അ

੢ীࢲ חਊೞࢎ ܐӝ҅·੤·࠺ࢸ ١ਸ Ӓ۽؀ ਊೡࢎ

ࣻ ੓ח Ѫਵ۽, ҷ଱ റ ੄ࢎъҕࠁ दҕ੉ ৮غܐӝө

૑ ݄੢ݶ੄ ੗݀ਸ ਬ૑ೞח ҕߨ੉ࠁ ,ݴъҕߨBח द

ҕ઺ীࢎਊחغӝ҅؀ח۽࠺ࢸ୓ೡࣻহয۽࢜ࢲ਍

਋੄ҕ҃חೞݽبਸࢿਊೞৈউ੿ࢎ١ਸܐա੤࠺ࢸ

੉о੢ߨਯ਷ഹಫ݂ҕ࠺੹୓੸ੋ੸ਊ .׮ೠ޷ਸ੄ߨ

݆੉ ੸ਊغ঻ਵݴ, ݄੢ݶ ࣹ௼ܻ౟, ഹ౵ੌ ࠁࣻߓ ݂,

,݂ ডঘ઱ੑ ҕߨ, ౵੉೐ܖ೐ ҕߨ ࣽਵ۽ ੸ਊغҊ ੓

Ҋ, ࠺Ү੸ ఋࢸ ӡ੉о ӟ ഹ౵ੌ݂ ҕߨ੄ оب࠼ਊࢎ

֫ই૑Ҋ ੓ژ .׮ೠ, ੌҚ੸ਵ۽ ਸࢳ࠙ ೞ৓؍ ࣻ؀଼

ҕߨਸ ખ ؊ ࠁࣻߓ ,ചೞৈ, ਠ, ਠನੋ౟࠙ࣁ ࣻߓ ݂,

ј١ਵܨ࠙۽ೞҊ੉ٜী؀ೠ۹ܳࢎ୎оदఃҊ੓ח

Ѫ੉ ౠ૚੸੉׮. ౠ൤, അ੢੄ ੢࠺ա ੤ܐ ١ਸ ਊೞࢎ

അࢲաఋա۽਋௾Ѫਵݒਯ੉࠺A੄੸ਊߨъҕࠁח

੢੄ ࢚ടী ੸೤ೞҊ, അ੢ীࢲ ૊п੸ਵ۽ ؀਽ೡ ࣻ

੓ח ਸٜߨъҕࠁ חഐೞࢶ ҃ೱࢿ੉ ૑ѱ۞٘ف աఋ

աҊ੓׮.

Ҵղ৬ Ҵ৻੄ ߨъҕࠁ ੸ਊ۹ܳࢎ Ү೧࠺ ࠅ Ҵ ,ٸ

৻੄ ҃਋ ౠ൤, ੌࠄ੄ ҃਋ח ਋ݒ ۽੸ਵࠗࣁ ъҕࠁ

ਸߨ ೞҊ, ੉ীܨ࠙ ؀ೠ ۹ࢎ ب١ ૑ࣘ੸ਵ۽ ೞࢳ࠙

Ҋ੓ݶ߈ח(ࢎష൤ࢎद৻, 1994, 1996), Ҵղীחࢲই

૒ө૑ب ୓҅ചػ ߨъҕࠁ ੸ਊ۹ࢎী ؀ೠ ా҅ ࢳ࠙

੉աোҳо޷൚ೣਸഛੋೡࣻ੓঻׮. ಴3.਷୭Ӕੌ

ࠄ ղীࢲ दҕػ NATM ఠօਸ ؀࢚ਵ۽ ੸ਊػ ъࠁ

ҕߨҗࠁъҕߨ੸ਊѤ ,ࣻ ఠօഅ੢ࣻ١, ઱ࠁ۽ъҕ

੄ߨ ੸ਊ ୶੉ܳ ా҅੸ਵ۽ ઑࢳ࠙·ࢎೠ Ѿҗࢲ۽

1986֙ ࠗఠ1995֙ ө૑10ৈ֙زউੌࠄղীࢲदҕػ

NATM ఠօ ઺ ੉ߨъҕࠁ ੸ਊػ ୶੉ܳ ৈ઱Ҋࠁ ੓
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ࠗ ೖ
(㎕)

֪ ب
(ppm)

ࣻ҅ߓ࠙
(Kp) ಣ Ӑ

಴ ࠄੌ .3 NATM ఠօীࢲ ߨъҕࠁ ੸ਊ ୶੉

95949392919089888786

435

152

66

42

695

13

97

23

51

17

301

996

637

503

79

1.56

86

429

124

50

32

635

107

103

28

55

23

316

951

658

482

73

1.45

84

315

70

39

20

444

98

81

22

49

10

260

704

525

404

76

1.34

83

267

63

35

18

383

78

60

25

50

16

229

612

532

380

71

1.15

84

238

92

43

0

373

90

73

27

56

10

256

629

526

355

68

1.20

83

233

89

34

0

356

90

65

33

48

14

250

606

501

328

66

1.21

77

244

72

47

0

363

91

77

31

55

18

272

635

521

350

67

1.22

79

245

48

29

0

322

82

58

23

55

21

239

561

534

334

63

1.05

75

164

49

26

0

239

66

58

12

17

18

171

410

429

232

54

0.96

68

164

51

35

0

250

64

60

14

28

18

184

434

388

237

61

1.12

57

ഹಫ݂

݄੢ݶ ࣟ௼ܻ౟(spraying mirror)

݄੢ݶ ౟(mirror bolt)ࠅ۾

૑ࠁҕ ૑૑ݶ੸ഛ؀(wing rib)

ࣗ҅

ডঘ઱ੑҕߨ(chemical grouting)

ࣻ(ᗓ)؀଼ҕߨ

౟ࠅ૑ࠉ

౵੉೐ܖ೐

ӝఋ

ࣗ҅

ߨъҕࠁ ੸ਊࣻ

NATM അ੢ࣻ

ߨъҕࠁ ੸ਊ അ੢ࣻ

ߨъҕࠁ ੸ਊ࠺ਯ(%)

NATM അ੢੄ ࣻߨъҕࠁ

࢑ঈఠօ NATMച (%)ਯ࠺

ъࠁ

ҕߨ

A

1

2

3

4

5

6

7

8

ъࠁ

ҕߨ

B

(઱) (ࣻᗓ)؀଼ҕߨ਷ ࣻߓ ,ҕࣻߓ boring, deep well, well point ҕߨ੄ ೤ ,̔ ӝఋח కࢎ࢑ ૑ߑ ј, ରױ߷, ҕӝҕߨ ١
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۽؀୓੸ਵ .׮ 10֙ উز ఠօ അ੢ ࣻ ૐо࠺ਯী ೧࠺

ࢲ ਸߨъҕࠁ ੸ਊೠ ఠօ അ੢ ࣻ ૐо࠺ਯ੉ ഻ঁ খ

Ҋࢲ ੓Ҋ, ই਎۞ ੸ਊػ ੄ߨъҕࠁ ઙبܨ ؊਌ ؊ ݆

ই૑Ҋ੓਺ਸঌࣻ੓׮.

1986֙ ী о੢ ݆੉ ੸ਊغ঻؍ ਷ߨъҕࠁ ഹಫ ,݂

ডঘ઱ੑ ҕ؀଼ࣻ ,ߨҕߨ, ݄੢ݶ ࣹ௼ܻ౟, ݄੢ݶ ۾

౟ࠅ ࣽ੉঻૑ ,݅ 1995֙ ীח ഹಫ ,݂ ݄੢ݶ ࣹ௼ܻ౟,

ࣻ؀଼ҕߨ, ݄੢ݶ ౟ࠅ۾ ࣽਵ۽ ՇҊ߄ ੓Ҋ, ಣӐ੸

ੋ ੄ߨъҕࠁ ੸ਊ بࣻ ݆ই૑Ҋ ੓׮. ੉۞ೠ Ѿҗח

׮ࠁ೧ੋ۽੹ਵߊ੄੸ਊਸాೠӝࣿߨъҕࠁনೠ׮

ബҗ੸੉Ҋ ҃ઁ੸ੋ ੉ٜߨъҕࠁ ੸ਊغҊ ੓਺ਸ ࠁ

ৈળ׮.

Ӓܿ 1਷ 10֙ উ੄ز п ఠօ ߹ߨъҕࠁ ੸ਊ࠺ਯਸ

Ү೧࠺ ࠄ Ѿҗ੉ݴ, Ӓܿ ח.2 10֙ উز ఠօ ߨъҕࠁ

ਸ ਊೠࢎ അ੢੄ ߸ച৬ ਊೠࢎ ఠօ ߨъҕࠁ ѐࣻ੄

߸ചܳ ۽઱ .׮ৈળࠁ അ੢ী ੓ח ੢࠺ա ੤ܐ ١ਸ ࢎ

ਊೞࠁחъҕߨA੄ૐо࠺ਯ੉ࠁъҕߨBী࠺೧ڢ

۶ೞѱ֫ѱաఋաҊ੓যࢲഅ੢ী۽߄ࢲഝਊоמೠ

ਸߨъҕࠁ ഐೞҊࢶ ੓਺ਸ ঌ ࣻ ੓׮. ఠօ ߨъҕࠁ

੸ਊ࠺ਯ਷੹୓ఠօഅ੢ী؀ೠఠօࠁъҕߨ੸ਊഅ

੢੄ ܳ࠺ ۽ਯ࠙ߔ աఋմ Ѫ੉Ҋ, ੸ਊ ѐࣻח ੹୓ ఠ

օ അ੢ ࣻী ؀ೠ ఠօ ߨъҕࠁ ੸ਊ ࣻ੄ ܳ࠺ ਯ࠙ߔ

ب੄੸ਊࣻߨъҕࠁࢲݶदр੉૑ա .׮಴അೠѪ੉۽

݆ই૑Ҋࠁъҕߨ੄ઙ݆بܨই૑Ҋ੓਺ਸऔѱঌࣻ

੓׮. ੉۞ೠ प਷ࢎ ࠄੌ ఠօ दҕ അ੢ীח নೠ׮ ࠁ

ъҕٜߨ੉੸ਊغҊ੓Ҋ, ੉৬ೣԋࠁъӝࣿҗदҕӝ

ળ੉࠙ࣁചغҊ੓ࢎח׮पਸ݈೧ળ׮. 

੉৬э੉ੌࠄ੄ࠁъҕߨ੉૑߈੄࢚ടী׮ۄٮন

ೞѱ࠙ࣁചغҊ੓ݶ߈ח, Ҵղীࠁࢲъҕߨਸࢶ੿ೞ

ח ਷ߨߑ җѢ੄ दҕ҃೷ী݅ ੄ઓೞৈ ࢚؀੸ਵ۽ ױ

ࣽೠ प੿੉׮ࠁ ,ࢲۄٮ .׮ ೤ܻ੸ੋ ੄ߨъҕࠁ ੿ࢶ

җ ੸ਊਸ ਤ೧ࢲ ૑߈੗ܐ৬ दҕ੿ܳࠁ ੉ਊೠ ఠօࠁ

ъҕࢶߨ੿ਊदझమ੄ѐߊ੉ਃҳغҊ੓׮.  

3. ಌ૑੹ޙоदझమਸ੉ਊೠࠁъ؀଼ ҕࢶߨ੿

ߨъҕࠁ 3.1 ੿ਊࢶ ੹ޙо दझమ ҳࢿ

ਤীࢲ ઑࢎೠ ৬߄ э੉ ఠօ दҕ੄ উ੿ࢿਸ ਤೠ

੄ߨъҕࠁ ੿ীࢶ ੓যࢲ ೤ܻ੸ੋ ઑ஖੄ ೙ਃࢿ੉ ਃ

ҳغҊ੓ਵݴ, ૑࢚߈ടҗࠁъҕߨ੸ਊӝળ੄গݽݒ

ഐೣਸ ಌ૑୶ۿਸ ੸ਊೞৈ ੸੺ೞѱ ಴അೣਵॄ۽ ఠ

օ ӝࣿ੗о ਸߨъҕࠁ ח੿ೞࢶ җ੿ীࢲ ׮ࠁ ੸੺ೠ

Ѿ੿ਸղܻبؘח਑ਸ઱Ҋ੗ೞחदبо૓೯غҊ੓

ࠄ .(Chikahisa, 1997)׮ োҳীبࢲ ఠօ੄ ૑৬ߑۅࠡ

উ੿ࢿഛܳࠁ ਤ೧ п ఠօઑࢎ ೦ݾҗ ݄੢࢚కܳ ಌ૑

Ӓܿ ࠄੌ .1 ఠօ ੄ߨъҕࠁ ੉ਊ ߸ച(1986∼1995)

Ӓܿ ੄ࠄੌ .2 ߨъҕࠁ ੸ਊਯҗ ੸ਊೠ ߨъҕࠁ ࣻ੄ ߸ച
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૘೤ਵ۽ ಴അೞৈ ੄ߨъҕࠁ ੸ਊࢿ ੿ܳب ୶ۿೞח

੹ޙоदझమਸҳ୷ೞӝਤೠࢲ۽҅ױӒܿ3.ীࠁࢲ

ৈ઱ח೐۽షఋੑಌ૑୶ۿदझమਸѐߊೞ৓׮. 

ಌ૑੉ۿ੄ ੸ਊਸ ਤ೧חࢲ بࣘࣗ ೣࣻ੄ ҳࢿ੉ ޖ

঺׮ࠁ઺ਃೞ׮ .׮নೠ੗ܐ৬੹ޙо੄੄Ѽਸઙ೤ೞ

ৈ ׮ࠁ ёҙ੸ੋ بࣘࣗ ೣࣻܳ ࣻ݀ೞৈঠ ೞ૑ ,݅ द

ҕഅ੢੿ࠁ৬ࣼ۲ػ੹ޙо੄ࠗ઒ਵੋ۽೧ࣗࣘೣب

ࣻܳ ؘח٘݅ য۰਑੉ ੓঻׮. ಌ૑ ӏ஗ਸ ٜ݅ӝ ਤ

೧ࢲ೙ਃೠ੹ޙо੄ࠗ੤৬׮নೠഅ੢੿ࣻࠁ૘੄য

۰਑ਸ ৮ೞӝࠁ ਤ೧ ࣻ۝ച੉ۿⅡܳ ࠄ दझమী ੸ਊ

ೞ৓۝ࣻ .׮ച੉ۿⅡܳ ੉ਊೞৈ ૕੸ੋ ੗ܐী ࣻ۝ച

чਸ ࠗৈ೧ بࣘࣗ ೣࣻਸ ҳࢿೞࢲ۽޲ ׮ࠁ ёҙ੸ੋ

ӝળ੄ ੸ਊ੉ оמ೧઎׮(Watada, 1982). ݢ੷, ૕੸߸

ࣻੋ ݄੢੄ ࢚కܳ ৻੸ӝળਵ۽ ೞҊ ఠօ੿ࠁ ؘ੉ఠ

߬੉झ੄ п ೦ٜݾ੉ ۽۝ਵ߸ݺࢸ ੿ೞৈࢸ ૕੸ ઱ߧ

ੋ ف о߸ࣻী ࣻ۝ചчਸ ࠗৈೠ ਺, ಌ૑׮ بࣘࣗ ೣ

ࣻܳҳࢿೞѱ׮ػ(ೲݺഥ, 1998).

ࠄ োҳীࢲ ѐߊೠ ఠօ ߨъҕࠁ ੿ਊࢶ ੹ޙоदझ

మ਷௼ѱ2ࠗ ࠙ਵ۽ҳغࢿয੓׮. Ӓܿ4.ীࠁࢲৈ઱

٠੉੹ࠗ߈ীחࢲఠօ઱߸૑߈ઑѤ, ૑ೞ ,ࣻ ੺ ,ܻ ૑

૑۱, ੋ੽ҳઑޛ ١ਵ۽ ੉ܖয૓ ఠօ ੿ࠁ D/Bܳ ߄

ఔਵ۽ ݄੢੄ উ੿ࢿਸաఋղח ઁ 1 ࣗ بࣘ ೣ (ࣻfisrt

membership function)ܳ ҳࢿೠ׮. റࠗ߈ীחࢲ ఠ

օ ߨъҕࠁ D/Bܳ ഝਊೞৈ п ఠօ੄ ١әী ܲٮ ࠁ

ъҕߨ߹ ಌ૑୶ۿ ӏ஗(fuzzy inference rule)ਸ ୶

੉ .׮ೠۿ ಌ૑୶ۿ ӏ஗਷ ఠօ ੄ߨъҕࠁ ࣻ

۝ചчਵ۽ ഋࢿೠ ఠօ ੄ߨъҕࠁ ઁ بࣘࣗ 2 ೣࣻ

(second membership function)ܳ ҳࢿೠ׮. ఠօ ੿

ࠁ D/Bܳ ۽ఔਵ߄ ҳࢿೠ ҅ױ1 بࣘࣗ ೣࣻܳ ా೧ द

ҕഅ੢੄ఠօ੿۱ੑܳࠁೞৈఠօ੄উ੿١ࢿәਸѾ

੿ೠ ޷਺, ੉׮ ҳࢿೠ ಌ૑୶ۿ ӏ஗ਸ ੉ਊ೧ ಌ૑࠺

ച(defuzzification)ೞݶ, пࠁъҕߨ߹੸ਊ١ә੉Ѿ

੿׮ػ(Chikahisa, 1997). 

3.2 ఠօ੿ࠁ D/B ߂ ఠօ উ੿ࢿ ١ә ಣоܳ
ਤೠ ੹ࠗ߈ بࣘࣗ ೣࣻ

ఠօ উ੿ࢿী ח஖޷ ৔ೱੋ੗ܳ ௼ѱ ݄੢ ҙ଴੗ܐ

৬҅ஏ೦ݾਵ۽ҳ࠙ೞ৓ਵࠄ ,ݴఠօࠁъҕࢶߨ੿ਸ

ਤೠ ೐۽షఋੑ ੹ޙоदझమਸ ҳ୷ೞӝ ਤೞৈ ҳࢿ

ೠؘ੉ఠ߬੉झ݄ח੢ҙ଴੗݅ܐਸನೣೞ৓׮. 

Ӓܿ 3. ఠօदҕ ઺ ߨъҕࠁ ੿ਊࢶ ੹ޙо दझమ ഋݽ

Ӓܿ 4. ఠօ উ੿ࢿ ৔ೱੋ੗ ؘ੉ఠ߬੉झ ੑ۱ ٕݽ
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ఠօউ੿١ࢿәѾ੿җࠁъҕࢶߨ੿ਸਤ೧೙ਃೠ

݄੢ ҙ଴੗ܳܐ 5о૑ ۽઱(category)ߧ ҳ࠙ೞৈ അ੢

ীࢲ੗ࣻܐ૘੉ਊ੉ೠ୭ࣗ೦ݾਸࢶఖೞ৓5 .׮о૑

੢੄ೂച࢚క, ੺݄ח઱ߧ ,ܻ ૑ೞ࢚ࣻక, ૑૑۱, ੋ ੽

ҳઑޛ ١੉5 .׮о૑ ઑѤ ઺ ݄੢࢚కח ୌ੿ ,ࠗ ஏ߷

ࠗ ߂ ೂച੿۽ب ਷ݾചೞ৓Ҋ, ੺ܻ೦࠙ࣁ ੺ܻрѺ,

੺ܻݽন, ੺ܻ࢚క, ੺ܻߑೱ ١ਵ۽ ҳ࠙ೞ৓ਵݴ, ૑

ೞࣻח ਬੑ۝җ ૑૑۱਷ ,۽ࣻ҅ࣻై ੌ୷঑୷ъب৬

࢚ࠗೞ઺ਵ۽ ա־঻׮. ೦ࢶݾ੿ ӝળ਷ ੹ޙо੄ ੄Ѽ

җఠօഅ੢ীࣻࢲ૘оמೠ߸ࣻܳࢶ੿ೞ৓ਵݴ, খਵ

۽ അ੢ীࢲ ೙ਃೠ ೦ݾҗ ҙ۲߸ٜࣻਸ ؘ੉ఠܳ ࣻ૘

ೞࢲݶ ഛ੢ೡ ҅ദ੉5 .׮о૑ ࢲ઱ীߧ ೐۽షఋੑਸ

ਤೠؘ੉ఠ߬੉झ੄೦ݾ਷ੌ୷঑୷ъب, ೂച੿ب, ੺

ܻрѺ, ੺ܻઑѤ, ੺ܻߑೱ, ૑ೞࣻઑѤ ١ RMR ࠙ܨ

ӝળҗэਵݴ୨6ѐ੄߸ࣻ۽ҳغࢿয੓׮. 

6ѐ੄ ೦ݾ਷ അ੤ Ҵղ п അ੢ীࢲ ۽੸ਵ߈ੌ ҙ

଴غҊ ੓ח RMR ೦ݾਵ۽ അ੢ীࢲ औѱ ঳ਸ ࣻ ੓

ח ੼ਸ Ҋ۰ೞৈ п .׮ఖೞ৓ࢶ חࣻ߸ ઱੄١әਸ

RMR ೦ݾ੄١әਸ߄ఔਵ۽A, B, C, D੄4۽҅ױҳ

࠙ೞ৓׮. A١ә਷“উ੿”, B١ә਷“ాࠁ”, C١ә਷

“઱੄”, D١ә਷“ਤ೷”ਸաఋմ׮. ݃ ଲо૑ߨߑਵ۽

ఠօ੄ উ੿بࢿ э਷ ੄ܳ޷ о૑ח ੄҅ױ4 ١әਵ۽

ҳ࠙ೞ৓׮. 

3.3 ఠօ ߨъҕࠁ D/B৬ ١ә߹ ੸೤ܳب ਤೠ
ઁ 2 ࣗ بࣘ ೣࣻ

੉ ਷ٕݽ ীߨъҕࠁ ҙೠ ؘ੉ఋ߬੉झܳ ੑ۱, ࣻ

੿, ੷੢߂ҙܻೠ׮. അ੤ࣻ૘ೠؘ੉ఠܳ߄ఔਵ݄۽

੢ࣹݶ௼ܻ౟, ݄ ੢ࠅ۾ݶ౟, ݂ ஻, ӝ҅ҷ଱, ъҙࠁъ

ഋ ױ׮ Ӓۄ਋౴, ݄੢ ತ೤, ҷ૓੢ ୷ ,ࣗ ഹಫ݂ ١੄

೦݅ݾਸ ੑ۱੗۽ܐ ۽খਵ ,ݴਊೞ৓ਵࢎ নೠ׮ ೦ݾ

੄୶оо੉ܖয૕৘੿੉׮. 

п ਷ߨъҕࠁ ੸೤ب “ܳ1”, “2”, “3”, “4”੄ ੄҅ױ4

١әਵ۽ ҳ࠙ೞ৓١ .׮ә“1”਷“೙ਃ হ਺”, ١ә“2”

оә੸“ח ೖೣ”, ١ә“3”਷“оә੸ ח”١ә“4 ,”ਊࢎ

“೙ਃ”ܳ աఋմ׮. ੹ܳࣻೣبࣘࣗࠗ߈੉ਊೠಌ૑୶

ࢲীۿ ୶ۿೠ ఠօ উ੿ࢿ ١ә(level)ী ܲٮ ߨъҕࠁ

੸ਊ ؘ੉ఠ߬੉झܳ ۽ఔਵ߄ ࣻ۝ച੉ۿਸ ੉ਊ೧ࢲ

ఠօ੄ п ઱੄ࣻળী ೧׼ೞח п ੄ߨъҕࠁ ੸ਊࣻળ

ਸ ୶ۿೞ৓׮. ੉ٸ, ৻ࠗӝળ਷ ੄ߨъҕࠁ ੸೤ࢿ

(applicability)੉غҊ, חࣻ߸ݺࢸఠօ੄઱੄ࣻળ੉׮.

੹ࠗ߈ بࣘࣗ ೣࣻ৬ э੉ ࣻ۝ച੉ۿ Ⅱ࠙ܳܨ ഝਊೞ

ৈ п ఠօ উ੿ࢿ ١әী ؀ೠ ੄ߨъҕࠁ ಌ૑୶ۿ ӏ

஗ਸ ଺׮ח. п ߸ࣻ੄ ١ә߹ ࣻ۝ചч חࢲ಴ীب ఠ

օ উ੿ࢿ ١әҗ ߨъҕࠁ ੸೤ࢿр੄ ࢚ҙ҅ࣻ৬ ಞ࢚

ҙ҅ࣻܳ ઁद೧ ળ׮. ੉ ࢚ҙ҅ࣻח п ఠօ উ੿ࢿ ١

әҗпఠօࠁъҕߨ੄ҙ҅ܳաఋղח૑಴ࢲ۽ఠօ

ীߨъҕࠁ ܲٮ п ఠօ উ੿ࢿ ١ә੿ܳب աఋղ ળ

ࠗ߈੹ .׮ بࣘࣗ ೣࣻ੄ ৬بࣘࣗ റࠗ߈ بࣘࣗ ೣࣻ

чਸҳೞҊࢿಌ૑೤ࢲӏ஗ਸ੉ਊ೧ۿҳೠಌ૑୶۽

੉ чਸ ಌ૑ചೞৈ࠺ ߨъҕࠁ ੸ਊ١әਸ ୶ۿೠ׮.

੉࠺ ,ٸಌ૑ചࣃח౟۽੉ (٘centroid) ߨߑਸ੉ਊೞ৓

.(੉ҟഋ৻, 1995)׮

3.4 അ੢ ੸ਊࢿ ಣо

ࠄ োҳীࢲ ѐߊೠ दझమ੄ नࢿ܉ਸ Ѩૐೞӝ ਤೞ

ৈ Ҵղ੄ 2ѐ അ੢җ Ҵ৻੄ ఠօഅ੢੄ ܐ੗ߨъҕࠁ

ܳ ੉ਊೞ৓׮. ೠъೞ੷ఠօ Ѩૐীࢲ ਊೠࢎ ߨъҕࠁ

੗ܐ੄ חࣻ߸ فݽ 8о૑ ೦ݾ੉8 .׮о૑ חࣻ߸ ݄੢

ࣹ௼ܻ౟, ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴, ݂஻, ӝ҅ҷ଱,

݄੢ತ೤, L.W Ӓۄ਋౴, ҷ૓੢ ୷ ,ࣗ ഹಫ݂ਵ۽ അ੢

੄ दҕীࢲ ؍ਊ೮ࢎ ਸߨъҕࠁ ۽ఔਵ߄ ׮ఖೞ৓ࢶ

(਋ઙక, ࢲъୌ, 1996). ࠗ ࢑૑ೞ୍੄҃਋6חо૑ҕߨ

ਵ۽ ؘ੉ఠ߬੉झܳ ҳࢿೞ৓׮. ݄੢উ੿ਸ ਤ೧ ਊࢎ

೮؍઱6ੋߨߑػо૑೦ݾਵ݄ח۽੢ࣹ௼ܻ౟, ъҙ

݂ ,਋౴ۄӒױ׮ъഋࠁ ஻, ӝ҅ҷ଱, ݄ ੢ತ೤, ҷ૓੢
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୷ࣗо೧׮ػ׼. 

੄ࠄੌ ఠօ੄۽ب Ѩૐীח ݄੢ীࢲ ਊೠࢎ 4о૑

؀଼ҕߨਸ ੉ਊೞৈ ఠօ؀଼ҕߨ D/Bܳ ҳ୷ೞ৓׮.

4о૑ ೦ݾ਷ ݄੢ ࣹ௼ܻ౟, ݄੢ࠅ౟, ݂஻, ӝ҅ҷ଱

ਵ۽ ੉ ఠօীࢲ ؍ਊ೮ࢎ ઱ਃ ৻Ҵղ .׮੉ߨъҕࠁ

ߨъҕࠁ ੸ਊ بࢲ۹ীࢎ ࠅ ࣻ ੓٠੉ ࠄ दझమਸ ਤ

ೠ ߨъҕࠁ ೦ݾ ੿਷ࢶ അ੢ীࢲ ݆੉ ੸ਊೞҊ ੓ח

 .(Chikahisa, 1997)׮ೞ৓۽ਸ؀࢚ਵٜߨъҕࠁ

ೠъೞ੷ఠօীࢲ ػਊࢎ 8о૑ ੄ߨъҕࠁ ੸ਊࢿਸ

୶ۿೠѾҗ݄੢ࣹݶ௼ܻ౟, ݂ ஻, ӝ҅ҷ଱, ݄ ੢ತ೤,

ҷ૓੢୷ ,ࣗ ഹಫ݂ҕߨ਷ఠօউ੿ࢿী֫਷࢚ҙࢿਸ

ъҙ ,ݴ੉ࠁ ъഋࠁ ױ׮ Ӓۄ਋౴, L.W Ӓۄ਋౴ ҕߨ

١਷ ఠօ উ੿ࢿ ١әҗ ծ਷ ࢚ҙࢿਸ ծ਷ .׮৓ࠁ ࢚

ҙҙ҅ܳੋࠁ೦ݾ਷૑߈੄࢚కоݒ਋ৌঈ೮؍അ੢

੄࢚ട੉աदҕ੄য۰਑ਵੋ۽೧݄ࢲ੢੄࢚కীٮ

ਸ݆੉Ҋ۰ೞৈदҕೠѪࢿউ੹ח׮ࠁചܳ઱ӝ߸ۄ

ਵ۽ ୶੿׮ػ. ಴ ח4 ೠъೞ੷ఠօ੄ ݄੢߹ ಌ૑୶ۿ

Ѿҗ੉׮.

ࠗ࢑૑ೞ୍੄ ҃਋, ݂஻, ӝ҅ҷ଱, ݄੢ತ೤਷ ఠօ

੄ উ੿ࢿҗ Ү੸࠺ ֫਷ ࢚ҙࢿਸ о૑૑ ,݅ ݄੢ݶ ࣹ

௼ܻ౟, ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴, ҷ૓੢ ୷ࣗ ೦ݾ਷

ఠօ উ੿ࢿ ١әҗ ծ਷ ࢚ҙࢿਸ ծ਷ .׮৓ࠁ ࢚ҙࢿ

ਸыחҕߨ਷ఠօ࢚కী׮ۄٮনೠࠁъҕߨਸ੸ਊ

ೞӝח׮ࠁ উ੹ࢿਸ Ҋ۰ೞৈ ੸ੋࣻࠁ ஏݶীࢲ दҕ

ೠ Ѫਵ۽ ಴ .׮ੋࠁ 5.ীחࢲ ࠗ࢑૑ೞ୍੄ ݄੢߹ ಌ

૑୶ۿѾҗܳࠁৈળ׮.

ࠄੌ ఠօ੄۽ب উ੿ࢿ ١әҗ п ҕߨҗ੄ ࢚ҙ҅ࣻ

ܳా೧ఠօউ੿١ࢿәҗࠁъҕߨ੄दҕҙ҅ܳ࠺Ү

ೠ Ѿҗ п ҕߨҗ ఠօ উ੿ࢿ ١ә੄ ࢚ҙ҅ࣻח ֫਷

ࣻ஖ܳաఋղ঻׮. ੉۞ೠѾҗ݄ח੢੄উ੿ࢿী੸੺

ೠࠁъ੉੉ܖয૑Ҋ੓਺ਸ݈೧ળ׮.

಴ 4ী աఋդ ೠъೞ੷ఠօ੄ ୶ۿ Ѿҗܳ 1ઁ ,ݶࠁ

݄੢੄҃਋݄੢੄উ੿بࣘࣗࢿо઱੄ۨ߰A0.96ח,

઱੄ۨ߰ Bח 0.04, ઱੄ۨ߰ C৬ Dח 0ਵ۽ աఋա উ

੿ೣਸ ੉ .׮ৈળࠁ ݄੢ী ؀೧ ୶ۿೠ ੄ߨъҕࠁ ੸

ਊࢿ਷ пп ݄੢ ࣹ௼ܻ౟ 0.18, ъҙࠁъഋ ױ׮ Ӓۄ

಴ 4. ೠъೞ੷ఠօ੄ ಌ૑୶ۿ Ѿҗ ಴ 5. ࠗ ࢑૑ೞ୍੄ ಌ૑୶ۿ Ѿҗ

઱੄ۨ߰A

઱੄ۨ߰B

઱੄ۨ߰C

઱੄ۨ߰D

݄੢ ࣹ௼ܻ౟

ъҙ ъഋࠁ ױ׮

Ӓۄ਋౴ ҕߨ

݂஻

ӝ҅ध ҷ଱

L.WӒۄ਋౴

݄੢ತ೤

ҷ૓੢ ୷ࣗ

ഹಫ݂

0.96

0.04

0

0

0.18

0.67

0.14

0.14

0.35

0.18

0.18

0.16

0.09

0.91

0

0

0.63

0.67

0.33

0.33

0.74

0.63

0.63

0.78

0.81

0.19

0

0

0.35

0.67

0.22

0.22

0.41

0.35

0.35

0.31

0.78

0.22

0

0

0.36

0.67

0.22

0.22

0.42

0.36

0.36

0.33

0.64

0.36

0

0

0.43

0.67

0.27

0.27

0.47

0.43

0.43

0.42

0.93

0.07

0

0

0.23

0.67

0.16

0.16

0.37

0.23

0.23

0.2

0

0.98

0.02

0

0.67

0.67

0.34

0.34

0.86

0.67

0.67

0.89

0

0.01

0.99

0

0.88

0.88

0.87

0.87

0.12

0.88

0.88

0.89

0

0

0.999

0.001

0.56

0.33

0.67

0.67

0.67

0.44

0

0.999

0.001

0

0.33

0.44

0.11

0.11

0.11

0.89

0

0.999

0.001

0

0.33

0.44

0.11

0.11

0.11

0.89

1.0

0

0

0

0.11

0.11

0.11

0.11

0.11

0.44

0.001

0.998

0.001

0

0.33

0.44

0.11

0.11

0.11

0.89

݄੢ߣഐ 1 2 3 4 5 6 7 8
ب1ࣗࣘઁ ೣࣻীࢲ੄ بࣘࣗ

ಌ૑୶ۿѾҗ

઱੄ۨ߰A

઱੄ۨ߰B

઱੄ۨ߰C

઱੄ۨ߰D

݄੢ ࣹ௼ܻ౟

ъҙ ъഋࠁ ױ׮

Ӓۄ਋౴ ҕߨ

݂஻

ӝ҅ध ҷ଱

݄੢ತ೤

ҷ૓੢ ୷ࣗ

Sample ߣഐ 190756510
ب1ࣗࣘઁ ೣࣻীࢲ੄ بࣘࣗ

ಌ૑୶ۿѾҗ
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਋౴ 0.67, ݂஻ 0.14, ӝ҅ध ҷ଱ 0.14, L.W Ӓۄ਋౴

0.35, ݄੢ತ೤ 0.18, ҷ૓੢ ୷ࣗ 0.18, ഹಫ݂ 0.16੉

੢੉݄ .׮ػ উ੿ೞ۽޲ ܲ׮ ೦ٜݾ਷ ծѱ աఋլ૑

,݅ ъҙࠁъഋױ׮Ӓۄ਋౴җL.W Ӓۄ਋౴਷࠺Ү੸

֫ѱաఋլ׮. ੉חೠъೞ੷ఠօदҕद݄੢߸ചীٮ

ъਸࠁೞ૑ঋҊউ੹ਸਤ೧ੌ੿ೠ҃߸ܳبъ੿ࠁۄ

೮ӝޙٸਵ׮ػܐࢎ۽.

Ӓܿ 5.ীחࢲ ࣁ അ੢੄ ݄੢ উ੿ࢿ ١әҗ ݄੢ ҙ

଴೦ٜݾҗ੄ ࢚ҙҙ҅ܳ Үೞৈ࠺ അ੢ী .׮ৈળࠁ ٮ

ۄ ର੉о ੓૑ ,݅ ੌ୷঑୷ъب, ೂച੿ب(RQD), ੺ܻ

рѺ, ੺ܻ࢚కח ٚݽ അ੢ীࢲ Ү੸࠺ ֫਷ ࢚ҙࢿਸ

੉Ҋࠁ ੓׮. ੉ী ೧࠺ ੺ܻݽন(੺ܻߑೱ)਷ ծ਷ ࢚ҙ

ҙ҅ܳաఋմ׮. ࠗ ࢑૑ೞ୍੄҃਋ח૑ೞࣻ೦ݾ੉׮

ܲഅ੢ী࠺೧֫਷࢚ҙࢿਸࠁ੉Ҋ੓׮. Ӓܿ6.ਸా

೧ࢲ п അ੢੄ ݄੢ উ੿ࢿ ١әҗ ݄੢ҙ଴೦ٜݾҗ੄

ಞ࢚ҙ҅ࣻܳ Үೠ࠺ Ѿҗ ಞ࢚ҙ҅ࣻח п അ੢݃׮ ׮

ܲчਸࠁ੉חѪਵ۽աఋլ׮.

4. Ѿ߂ۿೱറোҳߑೱ

ࠄ োҳীחࢲ Ҵղ৻ ఠօ ੄ߨъҕࠁ ӝળҗ ੸ਊഅ

ടਸ ೞৈࢳ࠙ ੸੉Ҋࠗࣁ ೤ܻ੸ੋ ੄ߨъҕࠁ ୓҅ഛ

݀ਸ ਤೠ ӝୡܳ ݃۲ೞҊ੗ ೞ৓ژ .׮ೠ, ೤ܻ੸ੋ ࠁ

ъҕߨਸ ੸ਊೞӝ ਤೠ ؀উਵࢲ۽ ಌ૑ ࣻ۝ച ੉ۿҗ

ಌ૑ ୶ۿ दझమਸ ӝ߈ਵ۽ ఠօ ੿ࠁ ؘ੉ఠ߬੉झܳ

ҳ୷ೞৈఠօഅ੢੄উ੹ࢿਸ࠙ࢳೞҊ, ੸੺ೠࠁъҕ

ਸߨ ੿ೡࢶ ࣻ ੓ח ೐۽షఋੑ ੹ޙоदझమਸ ѐߊೞ

৓׮. ੿ࠁചदҕਸా೧ఠօ݄੢ӝ۾җ҅ஏ੗ܐ੄੉

ਊਸӓ؀ചೞҊёҙ੸ੋӝળ੄ࠗ੤ੋ۽೧ੌࠗ੹ޙ

о੄҃೷ী݅੄ઓೞחҴղࠁъҕߨӝࣿਸߊ׮ࠁ੹

दெ ೤ܻ੸੉Ҋ ੸ੋࠗࣁ ਸߨъҕࠁ ઁदೞؘח ਑ب

੉غҊ੗ೞ৓׮.

 .׮਺җэ׮ݶোҳѾҗܳਃডೞࠄ

(1) Ҵղ৻ ఠօ ੄ߨъҕࠁ ӝળҗ ੸ਊഅടਸ ೞࢳ࠙

ৈࠗࣁ੸੉Ҋ೤ܻ੸ੋࠁъҕߨ੄୓҅ഛ݀ਸਤ

ೠӝୡܳ݃۲ೞҊ੗ೞ৓׮.

(2) ಌ૑ ࣻ۝ച ੉ۿҗ ಌ૑ ୶ۿ दझమਸ ۽ఔਵ߄

ఠօ ੿ࠁ ؘ੉ఠ߬੉झܳ ҳ୷ೞৈ ఠօ അ੢੄

উ੹ࢿਸ ೞҊࢳ࠙ ੸੺ೠ ਸߨъҕࠁ ੿ೡࢶ ࣻ

੓ח೐۽షఋੑ੹ޙоदझమਸѐߊೞ৓׮. 

(3) ѐߊೠदझమ੄Ѩૐਸਤೞৈ׮নೠࠁъҕߨਸ

दҕೞ৓؍ ೠъೞ੷ఠօਸ ೠ܃࠺ Ҵղ৻ 3Ҕ੄

Ӓܿ 5. п അ੢੄ ݄੢ উ੿ࢿ ١әҗ ҙ଴೦ݾҗ੄
࢚ҙ҅ࣻ Ү࠺

Ӓܿ 6. п അ੢੄ ݄੢ উ੿ࢿ ١әҗ ҙ଴೦ݾҗ੄
ಞ࢚ҙ҅ࣻ Ү࠺
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ఠօഅ੢ীࢲ੸ਊೠѾҗपઁद೯ೠࠁъҕߨҗ

Ӕ੽ೠ୶ۿѾҗܳࠁ৓׮.

ࠄ োҳܳ ష۽؀ ੹ޙоदझమਸ അ੢ীࢲ ੸ਊೞӝ

ਤ೧חࢲ Ҵղ п അ੢੄ ఠօ੿ࠁ ؘ੉ఠ߬੉झ۽ ୷ୋ

ೞҊࠗࣁ੸ੋࠁъҕߨী؀ೠӝળ੄੿݀ী؀ೠোҳ

оࢶ೯غযঠೞ׮. 

хࢎ੄ Ӗ

੉ ਷ޙ֤ ੄࠙ࠗࢸѤ (઱)࢑ޛࢿ࢖ োҳ૑ਗ࠺৬

1999֙ ೠҴҗ೟ӝࣿಣоਗ੄ ઱ҙೞח Ҵо૑੿োҳप

ী࠺সࢎ ੄ೞৈ োҳೞ৓ਵݴ, അ੢૑ਗ ١ োҳѐߊী

ഈઑ೧ ઱न ী࠙ࠗࢸѤ (઱)࢑ޛࢿ࢖ बबೠ хࢎ੄ ڷ

ਸ಴ೠ׮.
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