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Abstract 
Four road tunnels, which consists of biotite gneiss and granite gneiss and shows a  similar geological conditions,

were selected in this study. Laboratory and field tests, the rock mass rating for the four tunnels were conducted. A

regression analysis was performed to find out the correlations of test results. It was proposed an equation of

reduction factor which can assess the deformation modulus for biotite gneiss and granite gneiss. It was also found

that there was a close correlation between Q and RQD in four tunnels according to the analysis between RMR and

Q, RMR and RQD, Q and RQD and laboratory and field tests.

Keywords : Biotite gneiss, Granite gneiss, Regression, Deformation modulus

ਃ૑

ࠄ োҳীחࢲ ૑૕੸ ઑѤ੉ ਬࢎೞҊ ൓਍ݽಞ݃ঐҗ ചъಞ݃ঐ੉ ӝ߈ঐਵ۽ ҳغࢿয੓ח ఠօ۽ب 4ѐࣗܳ ੿ೞৈࢶ

पղ·അ੢द೷ ߂ ঐܳܨ࠙߈ पदೞ৓׮. Ӓ Ѿҗী ؀ೠ ഥӈ࠙ࢳਸ ࣻ೯ೞৈ ппী ؀ೠ ࢚ഐҙ҅ܳ ೠ, ӝژ .׮ೞ৓ࢳ࠙

۽ঐਵ߈ ҳػࢿ ൓਍ݽಞ݃ঐҗ ചъಞ݃ঐী ؀ೠ पղद೷Ѿҗܳ ഝਊೞৈ ঐ߈߸ഋ҅ࣻܳ ࢑੿ೞӝ ਤೠ х࣭૑ࣻ ࢑੿ध

ਸ ઁदೞ৓ࠄ .׮ ؀࢚ఠօীࢲ RMRҗ Q, RQD, അ੢द೷җ पղद೷Ѿҗ੄ ࢚ҙҙ҅धী ؀ೠ नܳب܉ ੉ٜ .׮ೞ৓ࢳ࠙

೟ ࣿ ֤ ޙ
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Assessment of Deformation Modulus in Gneiss for Road Tunnel 
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ۿࢲ .1

୭Ӕٜয әࣘೠ ۽੢ਵࢿઁ҃ ੉ز੉ܨޛ әૐೞҊ,

௝੸ೠ઱೯ਸਤೠࢶഋഛܳࠁਤ೧۽بनࢸҕࢎ৬ഛ

੢ҕࢎо ૐоೞҊ ੓׮. ੉ী ۄٮ ࢑૑о ੹ Ҵష੄

70%ܳର૑ೞҊ੓ח਋ܻҴష੄૑ܻ੸ౠ࢚ࢿఠօҕ

חࢎ ೙ো੸ਵ۽ ૐоೞҊ ੓ژ .׮ೠ, ఠօ੉ ੢؀ച غ

যоח ୶ࣁ੉۽޲ ఠօ੄ উ੿ࢿ Ѩష৬ ૑ࠁ੤ ࢑੿ী

૒Ѿחغ೤ܻ੸ੋঐ߈ъب੿ࣻ࢑੿੉ݒ਋઺ਃೞ׮.

ౠ൤, ఠօ݂؛ݽী ੸ਊחغ ઱ਃೠ ъب੿ࣻ੄ ೞա

ੋ ঐ߈߸ഋ҅ࣻח അ੢ઑѤਸ Ҋ۰ೠ അ੢द೷ਸ पद

ೞৈ؀಴੸ੋчਸࢶ੿ೞחѪೞחѪ੉ۈ߄૒ೞ׮.

Ӓ۞ա അ੢द೷੄ ҃਋ җ׮ೠ ਊҗ࠺ दр੉ ࣗਃغ

۽޲ അ੢द೷ਸ ઑѤޖ पदೞ૑ ೞҊޅ ఠօ੄ ӏݽ৬

઺ਃبীۄٮपदৈࠗ৬ࣻ۝ਸѾ੿ೠ׮. Ӓ۞۽޲૑

૕੸ੋ ઑѤ੉ ਬࢎೠ ఠօҳрী ؀ೠ पղ·അ੢द೷

Ѿҗܳ ೞৈࢳ࠙ Ӓ ࢚ҙҙ҅ܳ ୹ೞৈب അ੢द೷ী ઁ

ೠ੉੓חఠօী੉чٜਸഝਊೞৈঐ߈߸ഋ҅ࣻܳ࢑

੿ೞחѪ੉ખ؊೤ܻ੸੉׮. 

ࢲۄٮ ࠄ োҳীחࢲ ఠօҳр੄ ӝ߈ঐ੉ ൓਍ݽಞ

݃ঐҗ ചъಞ݃ঐਵ۽ ҳغࢿয ੓Ҋ ૑૕੸ ઑѤ੉ ਬ

ೠࢎ пп੄ఠօী؀ೞ .׮੿ೞ৓ࢶఠօ4ѐࣗܳ۽ب

ৈपղद೷ী੄ೠঐࢳ੄৔ܫਸஏ੿ೞҊഅ੢द೷(ҕ

ղ੤ೞद೷)ਸࣻ೯ೞৈஏ੿ػ߸ഋ҅ࣻ৬RQD, RMR,

Q пп੄ ࢚ҙҙ҅धਸ ۽ೠ, അ੢ৈѤਵژ .׮ೞ৓ࢳ࠙

ੋೞৈ ঐ߈߸ഋ҅ࣻ ஏ੿ਸ ਤೠ അ੢द೷١੉ য۰਍

҃਋ী ঐ߈ী ؀ೠ RMRҗ पղद೷Ѿҗܳ ੉ਊ, ঐ߈

߸ഋ҅ࣻਸ ࢑੿ ೡ ࣻ ੓ח х࣭૑ࣻী ؀ೠ धਸ ઁद

ೞ৓׮.

2. ؀࢚ ఠօഅട

ࠄ োҳܳ ਤ೧ ఠօҳр੄ ӝ߈ঐ੉ ൓਍ݽಞ݃ঐҗ

ചъಞ݃ঐਵ۽ ҳػࢿ 2ର۽ ఠօ۽ب 4ѐࣗܳ ੿ೞࢶ

ৈपղद೷җഅ੢द೷(ҕղ੤ೞद೷), ঐܳܨ࠙߈पद

ೞ৓ਵݴпഅ੢ী؀ೠѐਃ׮ח਺җэ׮.

2.1 ఠօҳр ӝ߈ঐ੄ ҳࢿঐࢳ

ࠄ ఠօҳр੄ ઑػࢎ ঐઙ߹ ౠ૚ਸ ਃডೞݶ ਺җ׮

э׮.

(1) ൓਍ݽಞ݃ঐ

①ౠ૚

ࠛӏ஗੸ੋ ੺ܻо যغ׳ߊ ੓૑݅ ؀ӏݽ੄ க੉ױ

࠙ನೞ૑ ঋҊ ੉࠙ࢿ৔ࢳ ݆੉ ನೣغয ੓য ੹߈੸ਵ

.׮ઑ݀૕੉ח੗ੑޛҟ ,ݴоъೞبೞҊъࢶन۽

②ҳࢿҟޛ

ࢳࢻп ,ݽ൓਍ ,ࢳ஠ܻ੢ ,ࢳ੢ࢎ ,৔ࢳ

③৉೟੸ౠࢿ

ࠄ োҳ؀࢚ 4ѐ ఠօ۽ب ҳрী ؀ೠ ൓਍ݽ ಞ݃ঐ

੄ ৉೟੸ ౠࢿਸ ೞӝࢳ࠙ ਤೠपղ ߂ അ੢द೷ࣻ೯Ѿ

җח಴1җэ׮.

ࢲীࢳ࠙ Q৬ RQD੄ ࢚ҙҙ҅о о੢ ੽ೠ޻ Ѫਵ۽ ഛੋغ঻׮.

઱ਃয:൓਍ݽಞ݃ঐ, ചъಞ݃ঐ, ഥӈ࠙ࢳ, ߸ഋ҅ࣻ

೦ݾ Ѿҗ஖

঑୷ъب 130 ~ 2390 kg/cm2 

ੋ੢ъب 80 ~ 170 kg/cm2 

੹ӝ࠺੷೦ 1900 ∼ 46000Ωm

఍ࢿ౵ࣘب 1600 ∼ 5700 m/sec

఍ࣻ҅ࢿ 0.2 ∼ 8.7×105 kg/cm2 

಴ 1. ൓਍ݽಞ݃ঐ੄ ৉೟੸ ౠࢿ
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(2) ചъಞ݃ঐ

①ౠ૚

Ҵࠗ੸ਵ۽ ചъঐ૕ചо ݆੉ ૓೯غয ੓ਵݴ, ডр

੄ ৐ܻо ੉Ҋ, ઱߸੄ࠁ ചъঐҙੑ दী ചъঐ૕ച

.׮੉݆࠙ࢿ৔ࢳযغ

②ҳࢿҟޛ

֣,ݽ൓਍ ,ࢳ੢ࢎ ,ࢳ੢ࢎ޷ ,ࢳ৔, ஠ܻ੢ࢳ Ѽ ,ࢳפ

਍ݽ

③৉೟੸ౠࢿ

ࠄ োҳ؀࢚ ఠօ੄ ӝ߈ঐੋ ചъಞ݃ঐ੄ ৉೟੸ ౠ

.׮਷಴2৬эࢿ

2.2 ؀࢚ఠօ ঐܨ࠙߈

ঐ߈੉ о૑ח ੟ೠࠂ ૕җࢿ ઑѤਸ Ҋ۰ೞৈ ఠօ੄

ҷ଱ઑѤҗ ૑ࠁഋधਸ Ѿ੿ೞӝ ਤೠ ઺ਃೠ ਃࣗ ઺ী

ೞաח ঐ߈੄ חࢲ಴3ী .׮੉ܨ࠙ ঐܨ࠙߈ ਸߨߑ ੿

੸·੿۝੸ࢿ ਸߨߑ ҳ࠙ೞ৓ਵࠄ ,ݴ োҳীחࢲ

RMRҗQߨߑਸ੸ਊೞ৓׮.

(1) RMR ࠙ ӝળܨ

അ੢ ߂ द୶੗ܐী੄ೠ 6о૑ ߸ (ࣻੌ ୷঑୷ъب, ࠛ

োࣘݶ੄ рѺ, ࠛোࣘݶ੄ ࢚క, ࠛোࣘݶ੄ ೱ, ঐ૕ߑ

૑ ,ࣻ ૑ೞࣻ ઑѤ)ী 0∼100ө૑ ੼ࣻܳ ઱য ঐ߈ਸ 5

١әਵ۽ ҳ࠙ೞৈ ಣоೞח ਷ߨߑRMR .׮੉ߨߑ ੸

ਊ৔৉੉ ևҊ п ਃٜࣗী ؀ೠ ಣоо ਋ݒ ਊ੉ೞҊ

ఠօҗࠛোࣘݶ੄ߑೱࢿী؀ೠҊ۰ооמೞ׮. ঐ߈

١әী ۄٮ ఠօ ಩, ੗݀दр, ೙ਃ ૑۝ࠁ ߂ ঐ߈੄

.׮૕١ਸѾ੿ೡࣻ੓ࢿ੸ܻޛ

(2) Q-system ী੄ೠ࠙ܨ

झ஢٣ա࠺ই੄200ৈѐ੄ఠօ۹ࢎোҳܳӔѢ۽੘

߸അ੢੄6о૑۽୓҅ܨ࠙ػࢿ (ࣻࠛ োࣘݶ੄ҵ ,ࣻ ࠛ ো

੄ݶࣘ Ѣசӝ, ࠛোࣘݶ੄ ߸૕੿ب, ਽۱хࣗ ҅ ,ࣻ ঐ

૕૑ ,ࣻ૑ೞࣻ ઑѤ)ਸ 3ѐ੄ ೦ਵ۽ ҳ࠙ೞৈ ੉ٜਸ ғ

ਵ1000∽0.001۽੼ө૑੼ࣻܳ࢑੿ೞҊ੉ٜਸ׮द9

١әਵ۽ҳ࠙ೞৈঐ߈ਸಣоೞߨߑח੉޻ࣁ .׮ೠ࠙

ܳܨ ా೧ ୓҅੸੉Ҋ ҳ୓੸ੋ উ੉ߑъࠁ ઁदغҊ ఠ

օ੄಩җ֫੉оߧਤ੄ևҊ૑ࠁ੄ࢶఖߧਤо࢚ࣁೞ

ೠژ .׮ ҷ଱૑࠺ࠁী ੄೧ ఠօ੄ ੸੉ݾ ۽޲غ৔߈

ಉହחژ঑଱ࢿ૑߈ઑѤী੸ਊࢿ੉নഐೞ׮. 

ࠄ োҳ؀࢚ ఠօٜী ؀ೞৈ RMR࠙ ৬ܨ Q࠙ߨߑܨ

ਸ ੸ਊೞ৓Ҋ 4ѐ ఠօٜ੄ ѐਃ ߂ ࣻ೯ػ ঐ١߈ә࠙

.׮਺җэ׮חܨ

2.2.1 A ఠօ੄ѐਃ߂ঐܨ࠙߈Ѿҗ

(1) ѐਃ

·ো੢：(࢚ ೯) = 2070 m, (ೞ೯)= 2010 m

·಩ਗ：11.3 m , ֫ ੉：8.3 m, 2ର۽, NATM

(2) RMR ࠙ ࠙ ৬Qܨ ߨߑܨ

A ఠօ੄ RMRҗ Q࠙ܨী ੄ೠ ١ә߹ ਯ਷࠺ Ӓܿ

1, Ӓܿ2৬э׮.

೦ݾ Ѿҗ஖

঑୷ъب 450 ~ 2400 kg/cm2

ੋ੢ъب 30 ~ 160 kg/cm2

੹ӝ࠺੷೦ 1400 ∼ 16000 Ωm

఍ࢿ౵ࣘب 3200 ∼ 5700 m/sec

఍ࣻ҅ࢿ 0.9 ∼ 8.4 × 105  kg/cm2

಴ 2. ചъಞ݃ঐ੄ ৉೟੸ ౠࢿ

ݺܨ࠙ ઁউ੗ ߨߑ ੸ਊ

ঐೞ઺ߨ Terzaghi(1946) ੿ࢿ੸

૑૑दрߨ Lauffer(1958) ੿ࢿ੸

RQD Deere(1967) ੿۝੸

RSR Wickham(1972) ੿۝੸

RMR Bieniawski(1973) ੿۝੸ ◎

Q Barton(1974) ੿۝੸ ◎

಴ 3. ঐ߈ ߨߑܨ࠙
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2.2.2 B ఠօ੄ѐਃ߂ঐܨ࠙߈Ѿҗ

(1) ѐਃ

·ো੢：(࢚ ೯) = 2770 m, (ೞ೯)= 2775 m

·಩ਗ：11.3 m , ֫ ੉：8.3 m, 2ର۽, NATM 

(2) RMR ࠙ ࠙ ৬Qܨ Ѿҗܨ

B ఠօ੄RMRҗQ࠙ܨী੄ೠ١ә߹࠺ਯ਷Ӓܿ3,

Ӓܿ4৬э׮.

2.2.3 C ఠօ੄ѐਃ߂ঐܨ࠙߈Ѿҗ

(1) ѐਃ

·ো੢：(࢚ ೯)= 2655 m, (ೞ೯)= 2730 m 

·಩ਗ：11.3 m, ֫ ੉：8.3 m, 2ର۽, NATM 

(2) RMR ࠙ ࠙ ৬Qܨ Ѿҗܨ

C ఠօ੄RMRҗQ࠙ܨী੄ೠ١ә߹࠺ਯ਷Ӓܿ5,

Ӓܿ6җэ׮.

Ӓܿ 1. A ఠօ RMR ١ә߹ ܨ࠙ ਯ࠺ Ӓܿ 4. B ఠօ Q-system ١ә߹ ܨ࠙ ਯ࠺

Ӓܿ 3. B ఠօ RMR ١ә߹ ܨ࠙ ਯ࠺

Ӓܿ 2. A ఠօ Q-system ١ә߹ ܨ࠙ ਯ࠺

Ӓܿ 5. C ఠօ RMR ١ә߹ ਯ࠺

Ӓܿ 6. Cఠօ Q-system ١ә߹ ਯ࠺



ഋ҅ࣻ࢑੿োҳ߸߈ಞ݃ঐҳр੄ঐࢲఠօী۽ب

3131
؀ೠఠօഈഥ ૘ޙ֤

2.2.4 D ఠօ੄ѐਃ߂ঐܨ࠙߈Ѿҗ

(1) ѐਃ

·ো੢：(࢚ ೯420 =(ࢶ m, (ೞ೯ࢶ)= 426 m

·಩ਗ：11.3 m, ֫ ੉：8.3 m, 2ର۽, NATM 

(2) RMR ࠙ ࠙ ৬Qܨ Ѿҗܨ

D ఠօ੄ RMRҗ Q࠙ܨী ੄ೠ ١ә߹ ਯ਷࠺ Ӓܿ

7, Ӓܿ8җэ׮.

3. पղद೷, അ੢द೷߂ঐ࠙߈ Ѿҗ੄ܨ ҙ࢚ҙ
҅ ࢳ࠙

ࠄ োҳীחࢲ п ߸ࣻр੄ ࢚ҙҙ҅ܳ ୶੿೧ղӝ ਤ

೧ ഥӈ࠙ݽࢳഋਸ ੉ਊೞৈ ࣻ߸ౠ൤, ઙࣘ .׮ೞ৓ࢳ࠙

৬ ৬੄ࣻ߸݀ة ҙ҅о ഋҙ҅ীࢶ ੓׮Ҋ о੿ೠ ഋࢶ

ഥӈ࠙ݽࢳഋҗࢶ࠺ഋҙ҅धਸ۽Ӓࢶഋೣࣻ۽߸ഋद

అ ഋࢶ-Ӓ۽ ഥӈ࠙ࢳ ഋਸݽ ੸ਊೞ৓׮. ా࢚੸ੋ ࢶ

ഋഥӈ࠙ݽࢳഋ੄ӝࠄध਷׮਺җэ੉աఋյࣻ੓׮.

Y = α0 + α1X1 + ... + αNXN (1)

ৈӝࢲ Yח ઙࣘ߸ࣻ੉Ҋ, ݽഋ੄ Nߣ૩ ܳࣻ߸݀ة

ױN੉ࣻ߸݀ةαN਷ػഋী੄೧୶੿ݽ ,ݴѪ੉חೞڷ

ਤ߸ച۝ী݀ةܲٮ߸ (ࣻY)੄߸ച۝ਸ݈ೠ׮. ੉۞ೠ

ഋҙ҅оઓ੤೧ঠೣࢶрীࣻ߸݀ةഋ਷ઙࣘ߸ࣻ৬ݽ

ਸ ੹ઁ۽ ೞݴ, Ӓ ٸ ઙࣘ߸ࣻח ীࣻ߸݀ة ੄೧ ݺࢸ

ഋ੄҃ݽח੄ઙࣘ߸ࣻܳನೣೞࣻࠂೠژ  .׮੓ࣻؼ

਋, п ߸ࣻр੄ ࢚ҙҙ҅ী ؀ೠ ਸࢳ࠙ दبೞৈ Ӓ ੸

੺ࢿৈࠗܳ౸ױ೧ঠೠ׮. ઙࣘ߸ࣻ৬݀ة߸ࣻр੄ҙ

҅оࢶഋ੉ই҃צ਋ীࢶ࠺חഋഥӈधਸ੉ਊೞৈ੉

.׮਺җэ׮ഋध਷ݽࠄӒӝ ,ݴೡࣻ੓ਵࢳ࠙ܳ

Y = α0 ``X1
α1`·``X2

α2 ...  XN αN
αN (2)

࢚ӝೣࣻध਷п߸ࣻী؀ೠઙࣘ߸ࣻ੄఍۱ࢿ੉Ҋ

੿੸੉חۄ ౠࢿਸ ыҊ ੓׮.  ૊ যו ೠ ࣻ߸݀ة XN

੉ 1% ૐоೡ ٸ Yח αN% ݅ఀ Ҋ੿੸ਵ۽ ߸ചೠח׮

Ѫ੉׮. ੉۞ೠࢶ࠺ഋݽഋਸࢶഋചೞӝਤ೧࢚ӝध੄

ন߸ী۽Ӓܳஂೞ׮ݶ਺җэ਷धਸ঳ਸࣻ੓׮. 

lnY = lnα0 + α1lnX1 ...  +  αNlnXN                  (3)

ਤ৬э੉ࢶഋചݽػഋ਷ੌ߈੸ੋࢶഋഥӈ࠙ݽࢳ

ഋҗ ೠੌز ۽ਵߨߑ ഋ҅ࣻܳࢶ ୶੿ೡ ࣻ ੓ࠄ .׮ ো

ҳীࢶחࢲഋഥӈधҗࢶ࠺ഋഥӈध੄؛ݽਸ଻ఖೞৈ

п୶੿߸ࣻр੄࢚ҙҙ҅ܳ࠙ࢳೞ৓׮.

Ӓܿ 7. D ఠօ RMR ١ә߹ ਯ࠺

Ӓܿ 8. D ఠօ Q-system ١ә߹ ਯ࠺
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3.1 ఠօ݂؛ݽਸ ਤೠ ঐ߈߸ഋ҅ࣻ ࢑੿

ఠօ݂؛ݽਸ ਤೠ ੑ۱੗ܐ ࢑੿द ঐ߈੄ ߸ഋ҅ࣻ

࢑੿਷ ਺धٜҗ׮ э੉ पղद೷ীࢲ ҳೠчਸ ੉ਊೞ

Ѣա ഑਷ അ੢ઑѤਸ Ҋ۰ೠ ঐܨ࠙߈ ૊, RMR, RQD

חژ Q ৬੄ ҙ҅धਸ ੉ਊೞৈ पղद೷஖ܳ ੿ೞৈࠁ

ఠօ݂؛ݽী ੸ਊೠ߈ੌ .׮੸ੋ ߸ഋ҅ࣻ ࢑੿ߨߑ਷

.׮਺җэ׮

(1) അ੢द೷

അ੢द೷਷ঐઙীۄٮElastmeter, Goodman Jack

ҕղ੤ೞद೷ӝܳ੉ਊೞৈഅ੢߸ഋ҅ࣻܳஏ੿ೠ׮.

(2) पղद೷ࠁ੿ߨߑ

RMR чҗ Ӓী ೧׼ೞח पղद೷ীࢲ ঳਷ ఍҅ࢿ

ࣻܳ੉ਊೞৈঐ߈߸ഋ҅ࣻ࢑੿ೠ׮.

RF =      = 0.0028 RMR2 + 0.9exp              (4)

(Nicholson & Bieniawski, 1990)

RF =         = 0.5 × 1-  cos  π× (5)

(Mitri et al., 1994)

Em = f × Eint (6)

(Cording et al., 1972)

(3) RMRҗQчী੄ೠ҃೷ध

۹ࢎ ਸࢳ࠙ ా೧ RMRҗ Qч ੉ࢎ ࢚ҙ ҙ҅ܳ ੉ਊ

ঐ߈߸ഋ҅ࣻ࢑੿ೠ׮.

Em = 2RMR - 100 (GPa); RMR ＞ 50          (7)

(Bieniawski, 1978)

Em = 10        (GPa); RMR ≤ 50               (8)

(Serafim & Pereira, 1983)

Em= 0.0097 RMR3.55 (MPa)                     (9)

(Aydan, 1997)

Em = 25 × log10 Q (GPa); 1 ≤ Q ≤ 100   (10)

(Barton & Grimstad)

(4) GSIী੄ೠߨߑ

۽ࢲ ܲ׮ ૑૕ઑѤী ܲٮ ঐ߈ъب੄ х࣭૑ࣻܳ ୶

੿ೞӝ ਤ೧ GSIחۄ ߸ࣻܳ ب ,ੑ RMR੄೧ ಣоחغ

߸ഋ҅ࣻܳࠁ৮ೞৈঐ߈੉߸ഋ҅ࣻ࢑੿ೠ׮.

Em=           10       (GPa) (11)

Em= 10       (GPa)                                    (12)

(5) х࣭૑ࣻ࢑੿

അ੢ৈѤ࢚ അ੢द೷੉ য۵Ҋ द೷ࣻ۝੉ ೠ੿ؼ ҃

਋ী ঐ߈ী ؀ೠ RMRҗ द೷पীࢲ ҳೠ ৔ܫਸ ੉ਊ

ೞৈঐ߈߸ഋ҅ࣻܳҳೡࣻ੓חх࣭૑ (ࣻRF) чਸध

(13)җэ੉ઁदೞ৓׮. 

RF =   sin        ·
3.0523 

(13)

Eint

Em

Eint

Em

100

RMR

22.82

RMR䞐 䞐

100
σci

2
π

100
RMR

䞐 䞐{ {

40

RMR-10

40

GSI-10

40

GSI-10

Ӓܿ 9. 4ѐఠօ੄ RF৬ RMR ҙ҅

䞐 䞐
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3.2 पղ ߂ അ੢द೷җ Ѿҗ࠙ࢳ

ঐ߈੄ ҕ೟੸ ౠࢿਸ ೞҊࢳ࠙ ఠօ ҳઑ೧ࢳਸ ਤೠ

ъب੿ࣻಣоܳਤೠഅ੢द೷ਵ۽োҳ؀࢚4ѐఠօী

.׮ҕղ੤ೞद೷ਸ੸ਊೞ৓חࢲ

ҕղ੤ೞद೷਷ ૑߈ઑࢎীࢲ द୶ҕਸ ੉ਊೞৈ ૑

ഋ҅ࣻܳ߸߈ ஏ੿ೡ ࣻ ੓ח ۽ਵߨߑ ష૕ਊ द೷ӝ৬

ঐ߈ਊ द೷ӝ۽ ҳ࠙ݴغ ঐ߈ীࢲ੄ ҕղ੤ೞद೷਷

઱۽ ߸ഋ҅ࣻஏ੿ਸ ਤೞৈ पदೠ׮. ੉ ਷ߨߑ അ੤

ঐ߈੄ ߸ഋ҅ࣻ࢑੿ী ੓যࢲ Ү੸࠺ ёҙࢿ੉ ֫਷ ਗ

ਤ஖ द೷ਵࢲ۽ օܻ Ҋغਊࢎ ੓Ҋ ҕղ੤ೞद೷Ѿҗ

੄नࢿ܉ਸ֫੉ӝਤ೧ঐ࢚߈కীۄٮ੤ೞߑधਸ׮

਺җэ੉ҳ࠙ೞৈपदೞ৓׮.

(1) ١঑࠙ನ੤ೞߨ(ೂചঐ, োঐ)

ҕղী݂ࠁ Ҋޖౚ࠳੄ ஏ੿ҙਸ ೞҊੑࢗ ӒѪী о

঑ঘ੉ա ҕӝܳ חղࡐ Ѫী ੄೧ ҕ߷ী ١࠙ನೞ઺ਸ

઱ח ੉ .׮ध੉ߑ ध੄ߑ ౠ૚਷ द೷ҕ ҕ߷ী ؀ೞৈ

١ೠز ೞ઺੉ о೧૑ӝ ীޙٸ ਽۱࠙ನо ୷؀ட੉ غ

Ҋ੉ۿ੸ੋஂәীਊ੉ೠѪ੉׮. Ӓ۞աࠛӐ૕ೠ૑߈

੉ա ੉ࢿߑ ૑߈੄ ҃਋ী ঳য૑ח ߸ഋ҅ࣻ١਷ द೷

૑੼੄ҕ߷੹ۨل੄ಣӐч੉׮ػ.

E = (1- ν) · Rm · (14)

E : ߸ഋ҅ࣻ(kg/cm2), ν: ನই࣠࠺

Py : ೦ࠂ঑۱(kg/cm2)

Po: ୡӝ঑۱(kg/cm2)

Ry : Py  ੄߸ഋ(cm)ٸੌ

Ro : Po  ੄߸ഋ(cm)ٸੌ

Rm : Rm = 

(2) ١߸ਤ੤ೞాࠁ)ߨঐ, ҃ ঐ)

૒ࢎпഋ੄ ъઁ ੤ೞ౸ਸ ੢੹ೠ ೐ܳ࠳ܖ द೷ҕ ҕ

ղী ೞҊੑࢗ ਬ঑੥ਵ۽ ੤ೞ౸ী ੄ೞৈ ҕ߷ী ೞ઺

ਸ ੘ਊदఃח Ѫ੉׮. ੉ ਷ߨߑ द೷द੄ ૑߈ղ ਽۱

࠙ನо ੟ೞ૑݅ࠂ ١঑࠙ನ੤ೞ׮ࠁߨ ௾ ೞ઺ਸ ੘ਊ

दఆࣻ੓ח੢੼੉੓׮. 

E = 0.86 · K(V) · (15)

ΔQ : ঑۱ૐо࠙

ΔUd : ߸ਤ੄ૐо࠙

d : द୶ҕ૒҃

K(V): ࢚ ࣻ

࢚ӝ৬ э੉ ࠄ ࢲীޙ֤ ঐઙী ۄٮ пп੄ ܲ׮ ߑ

ਸߨ ੸ਊೞৈ ঐ߈߸ഋ҅ࣻܳ ҳೞ৓Ҋ पղद೷җ അ

੢द೷Ѿҗܳ࠙ࢳೞৈध(16)җэ਷࢚ҙҙ҅ܳب୹ೞ

৓׮.

Em = 42652+0.2321 × Eint (16)

Em: rock mass੄߸ഋ҅ࣻ

Eint: intact rock੄߸ഋ҅ࣻ

Ry - Rs

Py - Po

2
Ro- Ry

Ӓܿ 10. पղद೷җ ҕղ੤ೞद೷ Ѿҗࢳ࠙

E
m

Eint 

Em = 42652 + 0.2321䤍Eint 

ΔUd

ΔQ·d
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3.3 RMR, Q, RQD ࢚ ҙҙ҅ ࢳ࠙

ࠄ োҳ؀࢚ 4ѐ ࢲఠօী۽ب ઑػࢳ࠙ࢎ RMR, Q,

RQD੄ ࢚ҙҙ҅ח Ӓܿ 11, Ӓܿ 12, Ӓܿ 13җ эҊ ഥ

ӈ࠙ࢳਸా೧ध(17), ध(18), ध(19)ܳ  .׮୹ೞ৓ب

RMR = 42.7727 Q0.1283 (17)

RMR = 34.718 + 0.351 × RQD         (18)

Q = 0.004642 × RQD1.805 (19)

ઑػࢳ࠙ࢎ пп ߸ٜࣻ੄ ࢚ҙҙ҅ח Ӓܿ 13җ э੉

Q৬RQD੄ҙ҅оо੢޻੽ೠѪਵغࢳ࠙۽঻׮.

4. Ѿۿ

ࠄ োҳীחࢲ ൓਍ݽ ಞ݃ঐҗ ചъಞ݃ঐ੉ ӝ߈ঐ

ਵ۽ ҳػࢿ ҳрীࢲ ૑૕੸ ઑѤ੉ ਬࢎೠ ఠօ۽ب 4

ѐࣗܳ ੿ೞৈࢶ पղ·അ੢द೷ܳ RMRҗ .׮ೞ৓ࢳ࠙

पղद೷чਸ ഝਊೞৈ ঐ߈߸ഋ҅ࣻܳ ҳೞӝ ਤೠ х

࣭૑ (ࣻRF)ী ؀ೠ धਸ ઁदೞҊ RMRҗ Q, RMRҗ

RQD, Q৬ RQD੄ ࢚ҙҙ҅ܳ ਬبೞ৓ࠄ .׮ োҳѾҗ

ܳਃডೞ׮ݶ਺җэ׮.

ಞ݃ঐҗചݽঐ਷൓਍߈োҳ؀࢚ఠօٜ੄ӝࠄ (1)

ъಞ݃ঐਵ۽ ҳغࢿয ੓Ҋ ৉೟੸ ౠࢿ਷ ਺җ׮

э׮.

- ൓਍ݽಞ݃ঐ

঑୷ъ2390 ~ 30 :ب kg/cm2

ੋ੢ъ170 ~ 80 :ب kg/cm2

੹ӝ࠺੷೦: 1900 ∼ 46000 Ωm

఍ࢿ౵ࣘ1600 :ب ∼ 5700 m/sec

఍0.2 :ࣻ҅ࢿ ∼ 8.7 × 105 kg/cm2

- ചъಞ݃ঐ

঑୷ъ2400 ~ 450 :ب kg/cm2

ੋ੢ъب: 30 ~ 160 kg/cm2

੹ӝ࠺੷೦: 1400 ∼ 16000 Ωm

఍ࢿ౵ࣘ3200 :ب ∼ 5700 m/sec

఍ࣻ҅ࢿ : 0.9 ∼ 8.4 × 105 kg/cm2

Ӓܿ 11. RMRҗ Q ഥӈ࠙ࢳѾҗ

Ӓܿ 12. RQD৬ RMR ഥӈ࠙ࢳѾҗ

Ӓܿ 13. RQD৬ Q ഥӈ࠙ࢳѾҗ
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ࠄ (2) োҳ؀࢚ 4ѐࣗ ఠօҳр੄ ӝ߈ঐਸ ҳࢿೞҊ

੓ח ൓਍ݽಞ݃ঐҗ ചъಞ݃ঐী ؀ೠ RMRҗ

पղ·അ੢द೷(ҕղ੤ೞद೷)Ѿҗ ਸࢳ࠙ ాೞৈ

੉৬ ਬࢎೠ ঐઙਵ۽ ҳػࢿ ఠօҳрীࢲ അ੢ৈ

Ѥ࢚ അ੢द೷੉ য۰਎ ҃਋ী RMRҗ पղद೷

чਸ ഝਊ, ঐ߈੄ ߸ഋ҅ࣻܳ ҳೞӝ ਤೠ х࣭૑

(ࣻRF)धਸ׮਺җэ੉ઁदೞ৓׮

RF =   sin        ·
3.0523

(3)RMRҗQ, RMRҗRQD, Q৬RQD, ҕղ੤ೞद೷

Ѿҗ৬ पղद೷Ѿҗܳ ഥӈ࠙ࢳೞৈ ਺җ׮ э਷

࢚ҙҙ҅धਸઁदೞ৓׮. 

RMR = 42.7727 Q0.1283

Em = 42652 + 0.2321 × Eint

RMR = 34.718 + 0.351 × RQD

Q = 0.004642 × RQD1.805

(4) п߸ٜࣻী؀ೠ࢚ҙҙ҅ध੄नࢳ࠙ب܉ѾҗQ

৬ RQD੄ ࢚ҙҙ҅о о੢ ੽ೠ޻ Ѫਵ۽ غࢳ࠙

঻׮.
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