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Abstract 
In-situ stress measurement using AE (Acoustic Emission) and DRA (Deformation Rate Analysis) is usually carried out

under uniaxial loading in the laboratory and it consumes delay time from drilling to testing. Therefore, it should be

considered how the lateral stress and delay time influence on the test results for the in-situ stress determination. As the

delay time increased, the accuracy of estimating the pre-stress decreased. The pre-stress of the specimen loaded only

axially was determined within an error of less than 9% (using AE) and 4% (using DRA). And the specimen on which axial

pre-stress and the confining pressure were loaded had an error of less than 17% (using AE) and 14% (using DRA). The

results of AE and DRA for field specimens were very similar with each other but smaller than those of hydraulic

fracturing method. 
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AE৬ DRAܳ ੉ਊೠ ୡӝ਽۱ ஏ੿ߨ਷ प೷प द೷ਸ ా೧ ୡӝ਽۱ਸ ஏ੿ೞח ߨߑ ઺੄ ೞա੉׮. ੉ ਷ߨߑ द୶৬ प೷प

द೷рী૑োदр੉ࢤߊೞݴदܐী୷ߑೱࠂ߈ೞ઺ਸоೞৈୡӝ਽۱ਸѾ੿ೞӝޙٸী૑ೞঐ߈੄਽۱࢚క৬ܲ׮חѾҗ

ܳ঳ਸࣻب੓׮. ੉োҳীחࢲ૑োदрਸܰ׮ѱೞৈ૑োदр੉ࢶ೯਽۱Ѿ੿ী޷஖ח৔ೱਸ࢓ಝࠁও׮. ӒܻҊ୷ߑೱࢶ

೟ ࣿ ֤ ޙ

AE৬DRAܳ੉ਊೠୡӝ਽۱੄

ஏ੿ীҙೠোҳ

In-situ Stress Measurement Using AE and DRA

*1 ਎؀೟Үࢲ ૑ҳജ҃दझమҕ೟ࠗ
*2 ੿ഥਗ, ࢲ਎؀೟Ү ૑ҳജ҃दझమҕ೟ࠗ ઑҮࣻ
*3 ௏য়܄Ѥࢸӝࣿোҳࣗ

ೠ*1ߓ߅

Park, Pae-Han
੹ࢳਗ*2

Jeon, Seok-Won
ӣনӐ*3

Kim, Yang-Kyun



ۿࢲ .1

૑ೞ ҳઑޛ੄ উ੿ࢿী ৔ೱਸ ח஖޷ ਽۱૘઺חب

ҳઑޛ ઱߸ী ੘ਊೞח ୡӝ਽۱੄ ௼ӝ৬ ҳઑޛ੄ ഋ

࢚١ীۄ׳ۄٮ૑ӝޙٸী૑ೞҳઑޛਸ҅ࢸೞѢա

উ੿ࢿਸಣоೡٸୡӝ਽۱਷઺ਃೠ߸ࣻ۽੘ਊೠ׮.

ঐ߈੄ ୡӝ਽۱ਸ ஏ੿ೞח חীߨߑ അ੢ীࢲ ୡӝ਽

۱ਸ ஏ੿ೞח ਽۱ߨ࢚ࠁ(jacking method), ਽۱೧ߑ

hydraulic)ߨ঑౵ࣧࣻ ,(stress relief method)ߨ

fracturing method) ١੉੓ਵݴ, ঐࢳ௏যܳ੉ਊೞৈ

प೷प द೷ਵ۽ ୡӝ਽۱ਸ ஏ੿ೞח ۽ਵߨߑ AE

(Acoustic Emission), DRA (Deformation Rate Analysis)

, DSCA (Differential Strain Curve Analysis), ASR

(Anelastic Strain Recovery) ١ਸ ੉ਊೠ ੉ٜߨߑ ੓

 .(Amadei and Stephansson, 1997)׮

AEܳ ੉ਊೠ ୡӝ਽۱ ஏ੿ߨ਷ ஠੉੷ ബҗܳ ੉ਊ

ೞח ۽ਵߨߑ ঐࢳ दܐী ୷ߑೱ ೞ઺ਸ оೞৈ AEо

әૐೞחҔਸ଺ইୡӝ਽۱ਸѾ੿ೞߨߑח੉ݴDRA

ח ୷ߑೱ ߸ഋܫҗ ਽۱җ੄ ҙ҅ܳ աఋղח ߸ഋܫର

ೣ (ࣻstrain difference function)ܳ ੉ਊೞৈ ୡӝ਽۱

ਸ Ѿ੿ೞח ,.Kaiser, 1950; Yamamoto et al)׮੉ߨߑ

1990; Utagawa et al., 1997; Seto et al., 1998; Seto et

al., 1999). AE৬ DRAܳ ੉ਊೞৈ ୡӝ਽۱ਸ ஏ੿ೡ

҃਋द୶৬प೷पद೷ࢎ੉ী૑োदр੉ࢤߊೞݴद

ীܐ ୷ߑೱ ೞ઺ਸࠂ߈ оೞৈ ୡӝ਽۱ਸ Ѿ੿ೞӝ ٸ

ীޙ ૑ೞ ঐ߈੄ ਽۱࢚క৬ח ܲ׮ Ѿҗܳ ঳ਸ بࣻ

੓ࢲۄٮ .׮ ੉ োҳীחࢲ ೯਽۱ਸࢶ оೠ റ ૑োद

рਸ1 दр, 1 ੌ , 1 ઱ ,ੌ 1 ѐਘܰ׮۽ѱೞৈ૑োदр

੉ ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱਸ ೠژ .׮ওࠁಝ࢓ ࣻ

૒਽۱ Ѿ੿ী ח஖޷ ࣻಣ਽۱੄ ৔ೱਸ ӝࠁಝ࢓ ਤೞ

ৈ ୷ߑೱ ೯਽۱݅ਸࢶ оೠ दܐ৬ ୷ߑೱ ೯਽۱җࢶ

೯਽۱ਸѾ੿ೞࢶೱߑী؀೧୷ܐоೠदفݽ঑ਸࠉ

৓׮. ݃૑݄ਵ۽ ఠօഅ੢ীࢲ द୶ೠ ௏যܳ ੉ਊೞৈ

ୡӝ਽۱ਸ Ѿ੿ೞৈ ࣻ঑౵ࣧߨী ੄೧ Ѿ੿ೠ чҗ ࠺

Үೞৈ AE৬ DRAܳ ੉ਊೠ ୡӝ਽۱ ஏ੿ߨ੄ അ੢੸

ਊоࢿמਸ࢓ಝࠁও׮.

2. AE৬DRAܳ ੉ਊೠୡӝ਽۱ஏ੿ߨ

2.1 ஠੉੷ ബҗ৬ ୡӝ਽۱੄ ஏ੿

Kaiser(1950)חӘࣘ੤ܐ੄ੋ੢द೷ਵࠗ۽ఠ੤ܐղ

ࠗীࢲ AEо חೞࢤߊ അ࢚ਸ ݴѼೞ৓ਵߊ ҳੑࢿ੗

҃҅੄ Ս۞૗੉޷ AE੄ ਺ਗ੉ۄҊ חӒ .׮пೞ৓ࢤ

ೠژ ੉੹ী ੘ਊ೮؍ ୭؀਽۱ਸ ୡҗೡ חө૑ٸ ۽࢜

਍ AEо ೞ૑ࢤߊ ঋח׮ח पীࢎ ઱ݾೞ৓ؘח ੉Ѫ

ਸ ஠੉੷ബҗ(Kaiser effect)ۄҊ ೠ׮. ੤ܐоযו௼

ӝ ੉࢚੄ ਽۱ਸ ݶਵ߉ Ӑৌٜ੉ࣁ޷ ੢ೞৈࢿ ੘ਊೠ

਽۱җ ಣഋ࢚కী ೞҊ׳ب ੉ ਽۱਷ Ӑৌࣁ޷ ഋࢿਸ
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೯਽۱݅ਸоೠदܐ৬୷ߑೱࢶ೯਽۱җࠉ঑ਸفݽоೠदܐী؀೧AE৬DRAܳ੉ਊೞৈࢶ೯਽۱ਸѾ੿ೞৈࠉ঑੉୷ߑ

ೱࢶ೯਽۱Ѿ੿ী޷஖ח৔ೱਸ࢓ಝࠁও׮. ૑োदр੉ӡয૕ࣻ۾য়ରоডрঀૐоೞ҃חೱ੉աఋլਵա૑োदр੉1ѐਘ

ੋदۄܐೡ૑بۄAE৬DRAܳ੉ਊೠ҃਋пп16%৬12%੄য়ରߧਤղীࢶࢲ೯਽۱ਸѾ੿ೡࣻ੓঻׮. ୷ߑೱࢶ೯਽۱݅

ਸоೠ҃਋AEܳ ੉ਊೞ9ݶ%, DRAܳ੉ਊೞ4ݶ%੄য়ରߧਤղীࢲ୷ߑೱࢶ೯਽۱ਸѾ੿ೡࣻ੓঻ਵա୷ߑೱࢶ೯਽۱җ

঑ਸࠉ فݽ оೠ ҃਋ח пп 17%৬ 14%੄ য়ରߧਤ ղীࢲ ୷ߑೱ ೯਽۱ਸࢶ Ѿ੿ೡ ࣻ ੓঻׮. ఠօഅ੢ীࢲ द୶ೠ ௏যܳ ੉

ਊೞৈୡӝ਽۱ਸஏ੿ೠѾҗAE৬DRAחਬࢎೠѾҗܳաఋղ঻ਵաࣻ঑౵ࣧߨী੄ೠѾҗח׮ࠁ੘਷чਸыחѪਵ۽ա

ఋլ׮.

઱઱ਃਃযয: AE, DRA, ୡӝ਽۱, ࢶ೯਽۱, ࠂ߈ೞ઺, ૑োदр, ߸ഋܫରೣࣻ
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AE৬ DRAܳ੉ਊೠୡӝ਽۱੄ஏ੿ীҙೠোҳ

ాೞৈ ੤ܐী ӝর׮ػ. ݅ੌ ੉੹ী ੘ਊೠ ਽۱ਸ ୡ

җೞݶ AEо द׮ ػীࠗҗܐ੤ .׮ػೞѱࢤߊ ਽۱੉

੉੹ী ੘ਊೠ ਽۱ਸ ୡҗೡ ө૑ٸ AEח х૑غ૑ ঋ

.׮Ѫ੉ח׮ח

ঐࢳীب஠੉੷ബҗо੓ࢎח׮प੉Goodman(1963)

ী ੄೧ ഛੋغ঻Ҋ ࠄੌ ੹۱઺ঔোҳࣗ੄ ဣᯰ᲋ ١

(1977)਷ ੉Ѫਸ ୡӝ਽۱ ஏ੿ߨਵ۽ ੉ਊೡ Ѫਸ ୭ୡ

۽ ઁউೞ৓׮. ঐࢳ दܐী ੌ੿ೠ ۽بࣘ ঑୷ೞ઺ਸ

оೞࢲݶAE नഐܳஏ੿ೞݶAE नഐоәѺೞѱૐо

ೞח૑੼੉ࢤߊೞѱؘחغӒҔীࢲ੄਽۱੉ঐࢳী

੘ਊೞ৓؍ୡӝ਽۱ਸ੄޷ೠ׮.

Ӓܿ 1਷ ട١ചъঐ दܳܐ ਊೞৈࢎ ஠੉੷ ബҗܳ

Ѩૐೠ Ѫਵ۽ (a)ח दܐী ೯ೞ઺ਸࢶ оೞ૑ ঋҊ ੌ

੿ೠࣘ10۽ب MPaө૑о঑ೠѾҗ੉ݴ(b)10ח MPa

ө૑ о঑೮؍ दܳܐ द׮ 20 MPaө૑ о঑ೞৈ աఋ

դ AE ࢤߊন࢚ਸ աఋմ Ѫ੉ࢶ .׮೯਽۱ী ೧׼ೞח

10 MPa ࠗӔীࢲ ਍׮݂ ஠਍౟৬ ীց૑੄ ۝੉ࢤߊ

әѺೞѱૐоೞחѪਸࣻࠅ੓׮. ݃ ଲо૑۽(c)20ח

MPaө૑ о঑೮؍ दܳܐ द׮ 30 MPaө૑ о঑ೠ Ѫ

੉ݴ (d)ח ੉Ѫਸ द׮ 40 MPaө૑ о঑ೠ Ѫ੉׮. п

п੄ ೯਽۱ীࢶ ೧׼ೞח 20 MPaҗ 30 MPaীࢲ AE

੄۝ࢤߊ੉әѺೞѱૐоೞחѪਸࣻࠅ੓׮. 

(a) 10 MPaө૑ о঑ (b) 20 MPaө૑ о঑

(c) 30 MPaө૑ о঑ (d) 40 MPaө૑ о঑

Ӓܿ 1. ஠੉੷ ബҗ੄ Ѩૐ
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2.2 ߸ഋܫରೣ (ࣻstrain difference function)৬
ୡӝ਽۱੄ ஏ੿

DRAח दܐী ف ߣ ੉࢚੄ ೞ઺ਸࠂ߈ оೠ റ ঳਷

୷ߑೱ ߸ഋܫҗ ਽۱җ੄ ҙ҅ܳ աఋղח ߸ഋܫରೣ

ࣻܳ੉ਊೞৈঐ߈੄ୡӝ਽۱ਸஏ੿ೞߨߑח੉׮. ߸

ഋܫରೣࣻח ध(1)җ э੉ ੿੄׮ػ(Yamamoto et al.,

1990).

䥨εj,i = εj (σ) - εi (σ);  j  >i (1)

ৈӝࢲ σח ੘ਊೠ ୷ߑೱ ਽۱੉Ҋ εi (σ)ח i ૩ߣ о

঑द੄ ୷ߑೱ ߸ഋܫ੉׮. ध(1)ী ੄ೠ ߸ഋܫରೣࣻ

(䥨εj,i )ח Ӓܿ 2৬ э੉ ߸ҋ੼ਸ ыѱ ؘחغ ੉ ߸ҋ੼

ীࢲ੄ ਽۱੉ ঐ߈ী ੘ਊೠ ୡӝ਽۱ਸ աఋմ׮

(Yamamoto et al., 1990; Kojima et al., 1994). ੉੹ী

੘ਊೠ ୭؀਽۱ ੹ө૑ ߸ഋܫରೣࣻח Ѣ੄ ૒ࢶ੉ݴ

੉੹੄ ୭؀਽۱ ࠗӔীࢲ ӝ਎ӝо әѺೞѱ ߸ೞѱ ػ

੉੹ী .׮ ੘ਊೠ ୭؀਽۱ ׮ࠁ ؊ ௾ ਽۱ীࢲ੄ ਺੄

ӝ਎ӝחঐࢳदܐоোࣘ2חغഥ੄о঑दߣف૩о

঑ীࢲ ׮ࠁ ୐ ૩ߣ о঑ীࢲ ߸ഋೞӝо ؊ औח׮ Ѫ

ਸ ੄޷ೠ׮. ௾ ਽۱੉ ୊਺ਵ۽ ੘ਊೡ ٸ दחܐ ӝઓ

੄ Ӑৌਸ ഛ੢ೞѢա ਍۽࢜ Ӑৌਸ ীݶ߈ .׮ೠࢿࢤ

ন੄ ӝ਎ӝח ୐ ૩ߣ о঑׮ࠁ ف ૩ߣ о঑दী दܐ

о੘ਊೠ਽۱ী؊ࣽ਽੸੉חۄѪਸ੄޷ೠ׮. 

߸ഋܫ੄ ఍ࢿ੸ ਃٜࣗ਷ ध(1)੄ җ੿ ૊ j ߣ૩ о঑

द੄ ߸ഋܫীࢲ i ૩ߣ о঑द੄ ߸ഋܫਸ חࡐ җ੿ਸ

ా೧ࢲ ઁѢ׮ػ. ঐࢳ दܐী ੘ਊೠ ୷ߑೱ ਽۱੉ ੐

੄੄਽۱ࣻળਸୡҗೞѱݶغӝઓ੄Ӑৌਸഛ੢ೞѢ

ա ਍۽࢜ Ӑৌਸ ஠੉੷ .׮ೠࢿࢤ ബҗо ੄޷ೞח Ѫ

ਸ Ҋ۰೧ ࠅ ٸ ੉Ѫ਷ ౠ൤ ੘ਊೠ ਽۱੉ ੉੹ ਽۱੄

୭؀чਸୡҗ೮ਸࢤߊٸ೧ঠೠ׮. ੉Ѫਵࠗ۽ఠӝੋ

Ӓܿ 2. ߸ഋܫରೣࣻ੄ Ӓې೐

Ӓܿ 3. DRAܳ ਤೠ ೞ઺ࠂ߈ ಁఢ
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ೠ ߸ഋܫ਷ 2ഥ੄ োࣘ੸ੋ о঑ী ؀೧ࢲ ੸੉ࢿ఍࠺

੉ .׮ח૑ঋغѢઁࢲରೣࣻীܫഋ߸ػ੿੄۽ध(1)ݴ

࢚੄ Ѿۿਵࠗ۽ఠ ߸ഋܫରೣࣻо ఍ࢿ੸ ਃࣗܳ ઁѢ

ೣਵॄ۽ ஏ੿ػ ߸ഋܫ੄ ੸ࢿ఍࠺ ਃࣗܳ ъઑೞח ੢

੼ਸыח׮חѪਸঌࣻ੓׮. 

Ӓܿ 3җ э਷ ۽ਵߨߑ दܐী ೞ઺ਸࠂ߈ оೞৈ ঳

਷ ୷ߑೱ ߸ഋܫਸ Ӓܿ 4৬ э਷ ߸ഋܫରೣࣻ੄ Ӓې

೐۽ աఋղ঻׮. Ӓܿ 4(b)ח ੹ ࢲী҅ױ 10 MPaө૑

2ഥ੄ ೞ઺ਸࠂ߈ о೮ӝ ীޙٸ ೯਽۱਷ࢶ 10 MPa੉

ࢲۄٮ .׮ ೯਽۱ীࢶ ೧׼ೞח 10 MPa ࠗӔীࢲ ߸ഋ

ରೣࣻܫ Ӓې೐੄ ӝ਎ӝо ߸ೞח Ѫਸ ഛੋೡ ࣻ ੓

۽ଲо૑݃ .׮ пп੄ ೯਽۱ীࢶ ೧׼ೞח 20 MPaҗ

30 MPaীࢲ߸ഋܫରೣࣻӒې೐੄ӝ਎ӝо߸ೞחѪ

ਸഛੋೡࣻ੓׮. 

3. प೷ߨߑ

3.1 दܐ੄ ౠࢿ

੹ب࠘ۄ ട١ ૑৉ীࢲ ࢑୹חغ ઺·݀ࣁ૕੄ ട١

ചъঐਸ ؀࢚ਵ۽ प೷ਸ पदೞ৓׮. ട١ചъঐ਷ ࢳ

5555
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(a) ߸ഋܫର ೣࣻ 䥨ε2,1 (b) ߸ഋܫର ೣࣻ 䥨ε4,3

(c) ߸ഋܫର ೣࣻ 䥨ε6,5 (d) ߸ഋܫର ೣࣻ 䥨ε8,7

Ӓܿ 4. DRAܳ ੉ਊೠ ೯਽۱੄ࢶ Ѿ੿
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৔, ࢎ޷੢ࢳ, ੢ࢳ, ൓਍١ݽਵ۽੉ܖয૓઺ۄ؀ૅࢤ

ӝ੄ ൓਍ݽ ചъঐ੉׮. ട١ചъঐ ਸ۟࠶ ௏য݂ೞৈ

ӡ੉о ૒ (҃54 mm)੄ ف ߓ ੉࢚੉ ۾بغ ഋೠࢿ റ

SHIMADZUࢎ੄ UDH-200ARҗ OYOࢎ੄ Sonic

Viewer 170 ١ਸࢎਊೞৈױ୷঑୷ъب, ঑ৌੋ੢ъب,

఍҅ࢿ ,ࣻ ನই࣠࠺, ఍ࢿ౵ ઺, ਬബ࠺ ,بࣘ ҕӓܫ ١

ਸѾ੿ೞ৓ਵݴӒѾҗܳ಴1ীաఋղ঻׮. пࢿޛч

਷5ഥஏ੿ч੄ಣӐчਵ۽Ѿ੿ೞ৓׮.

3.2 ঑୷द೷ ੢஖ ߂ ੗ܐദٙ ੢஖

SHIMADZUࢎ੄ UDH-200ARਸ ਊೞৈࢎ ೞ઺ਸ

оೞ৓׮. UDH-200AR਷ ୭؀ 200హө૑ ೞ઺ਸ оೡ

ࣻ ੓ਵݴ ೞ઺ઁয(constant load speed)о оמೠ ݅

ೱߑ୷ .׮द೷ӝ੉ܐ੤מ ߸ഋܫ ஏ੿ਸ ਤ೧ Tokyo

Sokki Kenkyujoࢎ੄झ౟ۨੋѱ੉૑৬Measurement

Groupࢎ੄ System 5000ਸ System 5000 .׮ਊೞ৓ࢎ

਷ ࢲद೷ӝীܐ੤מ݅ ٜযয়ח ೞ઺җ झ౟ۨੋ ѱ੉

૑ীٜࢲযয়חनഐܳ߉ইٜৈ୊ܻೠ׮.

3.3 AE ஏ੿ ੢஖

ੌة Vallen-Systemeࢎ੄ AMSY 4ܳ ਊೞৈࢎ AE

नഐܳ ஏ੿ೞ৓׮. AMSY 4ח 36଻օө૑ ഛ੢ оמೠ

଻օ׮ AE दझమਵ۽ п ଻օ੄ ஏ੿ഥח۽ AE ࢲࣃ,

੹஖ૐ಩ӝ৬ दझమ ா੉झী ղ੢ػ ASIPP (Acoustic

Signal Preprocessor) ١ਵ۽ ҳغࢿয ੓׮. Vallen-

Systemeࢎ੄ SE 150-M ҕ૓ഋ ܳࢲࣃ ݴਊೞ৓ਵࢎ

Ѩ୹ೠ (̔threshold)ח 34 dB۽ ੿ೞৈࢸ Ӓ ੉࢚ חغ

नഐ݅ਸ ஏ੿ೞ৓׮. ੹஖ૐ಩ӝ৬ दӒօஶ٣࣊ցী

Ӓܿ 5. ୡӝ਽۱ ஏ੿ दझమ੄ ѐਃ

಴ 1. ട١ചъঐ੄ ౠࢿ

Bulk specific gravity 2.66

Effective porosity (%) 0.63

P-wave velocity (m/sec) 3,700

S-wave velocity (m/sec) 2,650

Uniaxial compressive strength (MPa) 169

Brazilian tensile strength (MPa) 8

Young's modulus (GPa) 45.5

Poisson's ratio 0.27

(a) ࢶ೯਽۱ ಁఢ

Ӓܿ 6. о঑ ಁఢ

(b) ࠂ߈ೞ઺ ಁఢ
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Ӓܿ ೯਽۱੄ࢶ .7 Ѿ੿(૑োदр: 1दр, G-31)

(a) AE (b) DRA

Ӓܿ5ীୡӝ਽۱ஏ੿ਸ .׮пп40 dB ঀૐ಩दௌࢲ

ਤೠ प೷੢஖ܳ ѐۚ੸ਵ۽ աఋղ঻׮. ੉ োҳীחࢲ

੟਺ਸ ബҗ੸ਵ۽ ઁѢೞӝ ਤ೧ 2ରਗ ਺ਗ୶੸੄ ਗ

ܻܳ ੉ਊೞৈ ஏ੿৔৉ਸ ઁೠೣਵॄ۽ ౠ੿ೠ ࠗ࠙ী

ࢲ ӒܻҊ .׮AE नഐ݅ਸஏ੿ೞ৓חೞࢤߊ दܐ৬ҳ

ઝݶ ੉ীࢎ ಫܻী౰۪ ೙ܴਸ ՙਕࢲ ਬ঑ਗীࢲ ࢤߊ

ೞחӝ҅੸੟਺ਸઁѢೞ৓ਵݴ੉ܲইஜҗ੷֘ীप

೷ਸपदೞৈജ҃੸੟਺ਸ୭ࣗചೞ৓׮. 

3.4 प೷ ੺ର

૑োदр੉ ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱਸ ӝࠁಝ࢓

ਤ೧Ӓܿ6(a)৬э੉0.214 MPa/sec੄ࣘ20۽ب MPa

ө૑ ਽۱ਸ оೠ റ 60ୡ উز ਬ૑ೞ৓׮о 2.33

MPa/sec੄ ۽بࣘ ೞ઺ਸ ઁѢೞ৓׮ .׮द 30ୡ റী

э਷ ۽بࣘ ೞ઺ਸ оೞ৓ਵݴ ੉৬ э਷ җ੿ਸ 10ഥ

਺1दр, 1ੌ׮೯਽۱ਸоೠࢶ .׮ೞ৓ࠂ߈ , 1઱ ,ੌ 1ѐ

ਘ റী 40 MPaө૑ Ӓܿ 6(b)৬ э਷ ۽ਵߨߑ 5ഥ੄

ೞ઺ਸࠂ߈ оೞৈ AE৬ DRAܳ ੉ਊೞৈ ೯਽۱ਸࢶ

Ѿ੿ೞ৓׮. 

ࣻಣ਽۱੉ ࣻ૒਽۱ Ѿ੿ী ח஖޷ ৔ೱਸ ӝࠁಝ࢓

ਤೞৈ 15 MPa੄ ୷ߑೱ ೯਽۱݅ਸࢶ оೠ दܐ৬ 15

MPa੄ ୷ߑೱ ೯਽۱җࢶ 30 MPa੄ ঑ਸࠉ فݽ оೠ

दܐী׮द40 MPaө૑୷ߑೱࠂ߈ೞ઺ਸоೞৈAE

৬ DRAܳ ੉ਊೞৈ ୷ߑೱ ೯਽۱ਸࢶ Ѿ੿ೞ৓׮. Ӓ

ܿ6(b)৬э਷ߨߑਵࠂ߈۽ೞ઺ਸоೞ৓׮.

AE৬ DRAܳ ੉ਊೞৈ Ѿ੿ೠ ୡӝ਽۱җ ࣻ঑౵ࣧ

ҮೞӝਤೞৈA ఠօҗB ఠ࠺ী੄೧ஏ੿ೠѾҗܳߨ

օীࢲ द୶ೠ ௏যܳ ੉ਊೞৈ ୡӝ਽۱ਸ ஏ੿ೞ৓׮.

द୶ೠ௏যܳӡ੉о૒҃੄2ߓ੉࢚੉غѱࢿഋೠ׮

਺ Ӓܿ 6(b)৬ э਷ ۽ਵߨߑ пп 5ഥ੄ ೞ઺ਸࠂ߈ о

ೞ৓׮. A ఠօীࢲ ঳਷ दחܐ ૒҃ 47 mm੄ ചъঐ

ਵ۽ बחب 120.4∼172.6 m੉ݴ द୶ 6ѐਘ റী प೷

ਸपदೞ৓׮. B ఠօীࢲ঳਷द124.7∽105.7חܐ m

ীࢲद୶ೠѪਵ۽૒҃47 mm੄ୌݒঐ(phyllite)੉ݴ

द୶5ѐਘറীप೷ਸपदೞ৓׮. 

4. प೷Ѿҗ

4.1 ૑োदр੉ ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱ

૑োदр੉ ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱਸ ӝࠁಝ࢓

ਤೞৈ 20 MPa੄ ೯਽۱ਸࢶ оೠ ਺׮ 1दр, 1ੌ , 1઱
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Ӓܿ ೯਽۱੄ࢶ .8 Ѿ੿(૑োदр: 1 ,ੌ G-49)

(a) AE (b) DRA

Ӓܿ ೯਽۱੄ࢶ .9 Ѿ੿(૑োदр: 1઱ ,ੌ G-45)

(a) AE

Ӓܿ ೯਽۱੄ࢶ .10 Ѿ੿(૑োदр: 1ѐਘ, G-39)

(a) AE (b) DRA
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,ੌ 1ѐਘ റী ೞ઺ਸࠂ߈ оೞৈ ೯਽۱ਸࢶ Ѿ੿ೞ৓

Ӓܿ .׮ 7ࠗ ఠ Ӓܿ 10਷ ૑োदр੉ пп 1दр, 1ੌ , 1

઱ ,ੌ 1ѐਘੋ दܐী ؀೧ AE৬ DRAܳ ੉ਊೞৈ ೯ࢶ

਽۱ਸѾ੿ೞݽחणਸաఋմѪ੉׮. Ӓܿ7਷૑োद

р੉ 1दрੋ दܐী ؀ೠ Ѿҗܳ աఋմ Ѫਵ۽ (a)ীࢲ

ח 19.4 MPaীࢲ ਍׮݂ ஠਍౟৬ ীց૑о әѺೞѱ

ૐоೞҊ (b)ীחࢲ 18.6 MPaীࢲ ߸ഋܫରೣࣻ Ӓې೐

੄ӝ਎ӝоনীࢲ਺ਵ۽߸ೞחѪਸࣻࠅ੓׮. Ӓܿ

11ীࢲ ঌ ࣻ ੓٠੉ ૑োदр੉ ӡয૗ী ۄٮ য়ରо

ডрঀ ૐоೞח ҃ೱ੉ աఋլਵա ૑োदр੉ 1ѐਘੋ

दܐ੄ ҃਋ۄ ೡ૑بۄ AEܳ ੉ਊೡ ҃਋ 9.50±

6.00%, DRAܳ ੉ਊೡ҃਋6.70±5.08%੄য়ରߧਤղ

ীࢶࢲ೯਽۱ਸѾ੿ೡࣻ੓঻׮. ૑োदр਷ࢶ೯਽۱

ਸѾ੿ೞؘח௾৔ೱਸ઱૑ঋਵݴब૑য2֙ ੉҃җ

ೠ दۄܐ ೡ૑بۄ ±10%੄ য়ରߧਤ ղীࢲ ೯਽۱ࢶ

ਸѾ੿ೡࣻ੓ח׮োҳѾҗ (ٜSeto et al., 1996; Seto

et al., 1997; Seto et al., 1998; Seto et al., 1999)ਸ ࢓

ಝٸࠅ୶о੸ੋোҳо೙ਃೞ׮Ҋ౸׮ػױ. 

঑੉ࠉ 4.2 ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱ

ࣻಣ਽۱੉ ࣻ૒਽۱ Ѿ੿ী ח஖޷ ৔ೱਸ ӝࠁಝ࢓

ਤೞৈ 15 MPa੄ ୷ߑೱ ೯਽۱݅ਸࢶ оೠ दܐ৬ 15

MPa੄ ୷ߑೱ ೯਽۱җࢶ 30 MPa੄ ঑ਸࠉ فݽ оೠ

दܐী द׮ ୷ߑೱ ೞ઺ਸࠂ߈ оೞৈ AE৬ DRAܳ ੉

ਊೞৈ ୷ߑೱ ೯਽۱ਸࢶ Ѿ੿ೞ৓ࢶ .׮೯਽۱਷ 10ഥ

ঀо೮ਵࠂ߈ݴೞ઺ਸоೞಁחఢ਷Ӓܿ6(b)৬э׮.

Ӓܿ ח12 AE৬ DRAܳ ੉ਊೞৈ ୷ߑೱ ೯਽۱җࢶ ࠉ

঑ਸ Ѿ੿ೞח णਸݽ աఋմ Ѫ੉ݴ ੉ۧѱ Ѿ੿ೠ 5ѐ

੄ दܐী ؀ೠ Ѿҗܳ ಴ 2ী ੿ܻೞ৓׮. ୷ߑೱ ೯ࢶ

਽۱݅ਸ оೠ ҃਋ AEܳ ੉ਊೞݶ 5.78±2.89%, DRA

Ӓܿ 12. ୷ߑೱ ೯਽۱җࢶ ঑੄ࠉ Ѿ੿ (T-03)

(a) AE (b) DRA

Ӓܿ 11. AE৬ DRAܳ ੉ਊೞৈ Ѿ੿ೠ ೯਽۱җࢶ
૑োदр੄ ҙ҅
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ܳ ੉ਊೞݶ 2.60±1.29%੄ য়ରߧਤ ղীࢲ ୷ߑೱ ࢶ

೯਽۱ਸ Ѿ੿ೡ ࣻ ੓঻ਵݴ ୷ߑೱ ೯਽۱җࢶ ঑ਸࠉ

оೠ҃਋AEܳفݽ ੉ਊೞ7.79±9.33ݶ%, DRAܳ੉

ਊೞݶ 6.40±7.31%੄ য়ରߧਤ ղীࢲ ୷ߑೱ ೯਽ࢶ

۱ਸ Ѿ੿ೡ ࣻ ੓঻׮. Ӓ۞ա ഫߑೱ ਽۱੉ ୷ߑೱ ਽

۱ Ѿ੿ী ৔ೱਸ ઱૑ ঋח׮ח োҳѾҗ(Seto et al.,

1996; Utagawa et al., 1997)о ػ಴ߊ ߄ ੓ӝ ীޙٸ

੉ী؀ೠ୶о੸ੋোҳо೙ਃೞ׮Ҋ౸׮ػױ. ୷ߑೱ

೯਽۱ࢶ ݅ࡺ ইۄפ ঑੄ࠉ ௼ӝب AEܳ ੉ਊೡ ҃਋

4.67±5.92%, DRAܳ ੉ਊೡ ҃਋ 6.33±5.86%੄ য়ର

.׮Ѿ੿ೡࣻ੓঻ࢲਤղীߧ

4.3 അ੢दܳܐ ੉ਊೠ ୡӝ਽۱੄ ஏ੿

AE৬ DRAܳ ੉ਊೠ ୡӝ਽۱ ஏ੿ߨ੄ അ੢ ੸ਊࢿ

ਸ࢓ಝࠁӝਤೞৈఠօഅ੢ীࢲद୶ೠ௏যܳ੉ਊೞ

ৈୡӝ਽۱ਸѾ੿ೞ৓ਵݴӒѾҗܳӒܿ13ীաఋղ

঻׮. ఠօഅ੢ীࢲद୶ೠ௏যܳࢎਊೞৈୡӝ਽۱ਸ

ஏ੿ೠѾҗAE৬DRAݒח਋ਬࢎೠ Ѿҗܳաఋղ঻

ਵաࣻ঑౵ࣧߨী੄ೠѾҗ؀ח׮ࠁ୓۽੘਷чਸы

ח Ѫਵ۽ աఋլ׮. ࣻಣߑೱ ୭؀઱਽۱੄ ҃਋ AEܳ

੉ਊೠ ҃਋о ࣻ঑౵ࣧߨী ੄ೠ Ѿҗ׮ࠁ A ఠօ੄ ҃

਋ ড 8%, B ఠօ੄ ҃਋ ড 17% ੘ѱ ಣоغ঻׮. Ӓܿ

١੉ઁदೠ ఠօഅ੢੄ୡӝ਽۱ਸHoek(1980)فח14

ध, Lim(1991) ١੉ ઁदೠ धҗ Үೠ࠺ Ѫ੉ف .׮ ఠօ

അ੢੄Kч਷1.3فݽীࢎ 2.5ࢲ੉੄чਸыחѪਵ۽

աఋլ׮.

5. Ѿۿ

.׮਺җэ׮਷ۿোҳܳాೞৈ঳਷Ѿࠄ

಴ 2. AE৬ DRAܳ ੉ਊೞৈ Ѿ੿ೠ ୷ߑೱ ೯਽۱җࢶ ೱߑ঑(୷ࠉ (঑: 30 MPaࠉ ,೯਽۱: 15 MPaࢶ

AE DRA

Axial Confining AE Confining

Result

(MPa)

Mean 16.0 28.8 14.1 28.4

S. D. 1.57 1.95 1.18 2.10

Ӓܿ 13. AE, DRA ߂ ࣻ঑౵ࣧߨী ੄೧ ஏ੿ೠ ୡӝ਽۱ Ӓܿ 14. बبী ܲٮ ஏ঑҅ (ࣻK)੄ ߸ച



1) ૑োदр੉ ೯਽۱ࢶ Ѿ੿ী ח஖޷ ৔ೱਸ ࠄಝ࢓

Ѿҗ ૑োदр੉ ӡয૗ী ۄٮ য়ରо ডрঀ ૐо

ೞח ҃ೱ੉ աఋլ׮. Ӓ۞ա ૑োदр੉ 1ѐਘੋ

दܐ੄ ҃਋ۄ ೡ૑بۄ AEܳ ੉ਊೡ ҃਋ 9.50±

6.00%, DRAܳ ੉ਊೡ ҃਋ 6.70±5.08%੄ য়ରߧ

ਤղীࢶࢲ೯਽۱ਸѾ੿ೡࣻ੓঻׮.

2) ୷ߑೱ ೯਽۱݅ਸࢶ оೠ ҃਋ AEܳ ੉ਊೞݶ

5.78±2.89%, DRAܳ ੉ਊೞݶ 2.60±1.29%੄ য়

ରߧਤղীࢲ୷ߑೱࢶ೯਽۱ਸѾ੿ೡࣻ੓঻ਵ

ݴ ୷ߑೱ ೯਽۱җࢶ ঑ਸࠉ فݽ оೠ ҃਋ AEܳ

੉ਊೞݶ 9.33±7.79%, DRAܳ ੉ਊೞݶ 6.40±

7.31%੄ য়ରߧਤ ղীࢲ ୷ߑೱ ೯਽۱ਸࢶ Ѿ੿

ೡ ࣻ ੓঻׮. ୷ߑೱ ೯਽۱ࢶ ݅ࡺ ইۄפ ঑੄ࠉ

௼ӝب AEܳ ੉ਊೡ ҃਋ 4.67±5.92%, DRAܳ ੉

ਊೡ ҃਋ 6.33±5.86%੄ য়ରߧਤ ղীࢲ Ѿ੿ೡ

ࣻ੓঻׮. 

3) ఠօ അ੢ীࢲ द୶ೠ ௏যܳ ਊೞৈࢎ AE৬ DRA

ܳా೧ୡӝ਽۱ਸஏ੿ೠѾҗAE৬DRAݒח਋

ਬࢎೠ Ѿҗחաఋղ঻ਵաࣻ঑౵ࣧߨী੄ೠѾ

җח׮ࠁ ؀୓۽ ੘਷ чਸ ыח Ѫਵ۽ աఋլ׮.

ࣻಣߑೱ ୭؀઱਽۱੄ ҃਋ AEܳ ੉ਊೠ ҃਋о

ࣻ঑౵ࣧߨী ੄ೠ Ѿҗ׮ࠁ A ఠօ੄ ҃਋ ড 8%,

B ఠօ੄҃਋ড17% ੘ѱಣоغ঻׮. 
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