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Abstract 
The abandoned mines causing settlement of the surface above and collapse of the cavities are the major

influencing factor on the stability of the nearby underground structures. To prevent the harmful effect, the

backfill methods are commonly applied to the cavities although the design criteria and the analysis method

are not properly addressed in some cases. An approximate analytical method together with the numerical

technique is considered in this study to simulate the gradual deterioration of the rock masses around the

cavities and, therefore, the influential zone to the underground structures passing through the cavities. Also

considered in this study is the backfill effect on the stability of the rock masses around the cavities.

Specifically, the incomplete backfill effect is compared with that of the idealized backfill method by adopting

elasto-plastic analysis involving a strain softening material law.
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ߨߑ҅ ߂ উ੿ࢿ ೧ߨߑࢳ੉ ൚ೠ޷ प੿੉ࢲۄٮ .׮ ࠄ োҳীחࢲ ತј ١ ૑ೞҕزী ੄ೠ ઱߸૑߈੄ ৔ೱӂਸ ࣻ஖੸ਵ۽

ೞҊࢳ࠙ पઁ ࣻ஖೧ࢳ җ੿ীࢲ ઱߸ ঐ߈੄ ੢ӝѢزਸ Ҋ۰ೡ ࣻ ੓ח উਸߑ ઁदೞ৓׮. ই਎۞ ತј ੋӔ੄ ҳઑ੸ উ੿

ਸࢿ ೱ࢚दఃӝ ਤೞৈ ૑ೞҕزਸ ّ଻਑੤۽ ୽૓ೠ ҃਋, উ੿ࢿ ಣо ߂ ঐ߈੄ Ѣزਸ ࣻ஖੸ਵ۽ ೡࢳ࠙ ࣻ ੓ח ӝߨਸ

ઁदೞ৓ਵݴ ࠛ৮੹ೠ ّ଻਑੤੄ ৔ೱਸ ೣԋ Ҋ۰ೞ৓׮.

઱ਃয :૑ೞҕز, ೣ ّ ,ށ ଻਑

ۿࢲ .1

അ੤Ҵղҟ࢑૑৉ীח଻ҷ઺ੋј߂ب੘স੉ઙܐ

ػ ತјҗ ଻ҷ੸ٜ੉ ࢑੤ೞҊ ੓ਵݴ ੉ٜ ҟ࢑૑৉ਸ

ੋ੽ೞৈ ాҗೞח नӏ ఠօ੄ উ੿ࢿ ഛઁޙࠁо ܂࢜

ѱ Ҋغف؀ ੓׮. Ӓ۞ա ଻ҷ੸ ੉ݶب पઁ ࢚ടҗ ࢚

੉ೞѢա ػۅ־ ҃਋о ઙઙ ੓ਵݴ ࢲۄٮ ੋ੽૑৉੄

૑ೞҳઑޛ Ѥࢸद п߹ೠ ઱੄о ਃ׮ػݎ. ತј ١ ૑

ೞҕزী੄ೞৈחغࢤߊ૑಴ݶ੄ஜೞաತјࠡ١ۅ

੄ അ࢚਷ ੉޷ ੜ ঌ۰૓ ߊҟ࢑ѐ ,ݴप੉ࢎ ૑৉ীࢲ

૑ೞ଻ҷ ੘সਵ۽ ੋೠ ૑಴੄ ਷ށೣ ৻Ҵ ١૑ীחࢲ

য়ې੹ࠗఠҴо੸ੋغف؀۽ઁޙয੉ী؀ೠਗੋӏ

৳যغஜೞmechanismী؀ೠ݆਷োҳо૓೯߂ݺ

੄ۄ਋ܻա .׮ ҃਋ীب ъਗب కߔद ੌ؀ীࢲ ށೣ

߂ ੋ੢Ӑৌ۽ ੋೠ ೖ೧۹ࢎо ػҊࠁ ߄ ੓ਵݴ, ୭Ӕ

ъਗب కߔद ৔ࢶز ୍ঐ৉ ੌ؀ ߂ ૑ೞҟޛ ଻ҷী

੄ೠ ૑߈ஜೞ ਋۰૑৉ীࢲ ੄۽ب·ب୍ উ੿ࢿ ഛࠁ

ܳ ਤೠ ૑߈ উ੿ࢿ ಣоઑࠁ ,ࢎъҕߨ पद҅ࢸ ߂ ࠁ

ъҕࢎоद೯߄ػ੓׮. 

੄৔߈ী੄ೠ઱߸૑زತј١૑ೞҕחࢲোҳীࠄ

ೱӂਸ࠙ࢳೡࣻ੓חӝઓ੄ٜߨߑী؀ೞৈҊ଴ೞ৓

ਵݴ ತј ઱߸ ঐ߈੄ ੢ӝѢزਸ ೡࢎݽ ࣻ ੓ח ߨߑ

ী ؀ೞৈ ࣻ஖੸ਵ۽ Ѩషೞ৓׮. ੉ ীٜߨߑ ۄٮ ৔

ೱӂղܳ ాҗೞח ૑ೞҳઑޛ੄ दҕद ੄ߨઑҕࠁ ଻

ఖৈࠗܳѾ੿ೡࣻ੓ਵݴౠ൤૑߈੄੢ӝѢزਸҊ۰

ೠ উীߑъࠁ ؀ೞৈب ੸ਊೡ ࣻ ੓ژ .׮ೠ ૑ೞҕز

੄ ҳઑ੸ উ੿ࢿਸ ೱ࢚दఃӝ ਤೞৈ ّ଻਑੤۽ ୽૓

ೠ҃਋ী؀ೞৈ૑߈੄Ѣزਸ࠙ࢳೞৈदҕदҊ۰ೡ

೦ীࢎ ؀ೞৈ ֤੄ೞ৓ਵݴ ౠ൤ ࠛ৮੹ೠ ّ଻਑੤੄

৔ೱী؀ೞৈ઺੼੸ਵ۽Ҋ଴ೞ৓׮. 

2. ૑ೞҕز੄ ഋ࢚ۅࠡ

ತҟ ١੄ ૑ೞҕزী ੄ೠ ૑߈ஜೞ ח۹োҳࢎ ࣁ19

ӝ݈ࠗఠ द੘غয ઱۽ ਬۣ (৔Ҵ, ೐یझ, ֎؏٘ۆ

١) җ޷Ҵ١૑ীࣻࢲ೯غ঻ਵݴஜೞ੉ۿਸ߄ఔਵ۽

ೠ ੉ۿ োҳ৬ ੉ܳ ਽ਊೠ ࣻ஖೧ࢳ੸ োҳ, ӒܻҊ ૑

ஜೞ߈ ૚റܳ ஏ੿ೞৈ ૑࢚ ҳઑޛী ؀ೠ ৔ೱ ߂ ஜ

ೞೠ҅ܳ ӏ੿ೞח ߹۹ࢎ োҳ ١੉ ੓׮. ੉઺ ৔Ҵী

ܳNCB (National Coal Board)חࢲ ઺बਵ޷ ,۽Ҵীࢲ

ח 1977֙ী ػ಴ߊ "Surface Mining Control and

Reclamation"ী੄೧ஜೞোҳоഝߊ൤૓೯߄ػ੓ਵ

ݴ ౠ൤ 1982֙ ૑߈ஜೞ ਕ௼ࢪীחࢲ ஜೞ৘ஏ ࠗ ,࠙

ஜೞ҅ஏ ࠗ ,࠙ ஜೞౠࢿਸ Ҋ۰ೠ ৘ஏ ߂ ҅ஏࠗ ,࠙ ૑

࢚ҳઑޛী޷஖ח৔ೱಣо؀଼ࣻ݀ࠗ࠙١߂ਵ۽ա

 .׮੓߄ػ಴ߊп੸ੋোҳо׮য־

ஜೞ੉ۿ਷ ۽੸ਵ߈ੌ ఍಩੉ ੌ੿ೞҊ ଻ҷ੉ ӏ஗

੸ਵ۽ ੉ܖয૓ ৔Ҵ, ޷Ҵ੄ ࣻಣ఍੹ ૑؀ীࢲ ࠅ ࣻ

੓ח troughഋ ஜೞী ؀ೞৈ ઱۽ ӏغݺয ੓ӝ ޙٸ

ী఍க੄ҳઑоࠂ੟ೞҊ߸ചоबೞৈࠛӏ஗ೠ଻ҷ

੉ ੉ܖয૓ ਋ܻաۄ ఍੹૑؀ীࢲ੄ ஜೞഅ࢚ী ૒੽

੸ਊೞӝীחೠ҅о੓ࠄࢲۄٮ .׮੢ীחࢲഅप੸ਵ

۽ ੸ਊоמೠ ӝߨਸ ઺बਵ۽ ૑ೞҕزী ੄ೠ ৔ೱӂ

.׮উী؀ೞৈҊ଴ೞ৓ߑ੿ࢸ
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2.1 ૑ೞҕ߂ز઱߸੄ࠡۅਬഋ

ۆ੉(subsidence)ށೣ ଻ҷ ١ী ੄೧ ػࢿࢤ ૑ೞҕ

۽ਤز ਽۱੄ ੤࠙ߓҗ੿ী חܰٮ ૑಴ݶ੄ दр੄ઓ

੸ ߸ഋਸ ݈ೠ׮. ೣ חীށ troughഋ ߂ sinkholeഋ ١

ف о૑ ഋకоࢤߊ ੓ਵݴ ۽੸ਵ߈ੌ sinkholeഋ ށೣ

਷ ਗ૑߈, ࢚੤ష੄ ԋف ߂ ౠࢿ, ҷ଱Ө੉, ୌ੿ࠗী

Ѧܻח਽۱࢚క١ী੄೧ࢲ૑؀ࠗ࠙ .׮ػߓ੄಴ݶഋ

కח ਗഋ חژ ఋਗഋ੉Ҋ ୭؀ ҃߈ ߂ Ө੉ח пп

10m ղ૑15m੉ղоੌ߈੸੉׮. 

Singh ١ (1997)ী ੄ೞݶ sinkholeഋ ਷ށೣ ঩਷ Ө

੉੄ ੘সҳ, োডೠ ࢚੤ష ߂ ૑ഋ੸ੋ ࠛোࣘࢿ ١ী

ӝੋೞݴ ࣻ঑, ਋ࣻӝ৬ ૑૓ ١੉ ੄ށೣ ਸࢤߊ ঈച

दఅژ .׮ೠ ૑಴ݶীࢲ ଻ҷ Ө੉о 50mղীࢲ о੢

݆੉ࢤߊೞҊ࢚੤ష੄൘/ঐ߈੄فԋ࠺о0.1ী1.0ࢲ

੉ীࢎ חೞࢤߊ Ѫਵ۽ ঌ۰ઉ ੓ށೣ .׮੄ ୐ ח҅ױ

੹ੋ߂ױ੢roof౵Ҧա؀ࣻகীࢲ੄౵ࣧ؀(fault) ܳ

੄૑૑؀ա߷୓ࢿա੸੺ೠъغա൘੉ਬੑېݽۄٮ

੄ ۽஖ࢸ Ӓ ৔ೱਸ ୭ࣗചೡ ࣻ ੓Ҋ Ӓۄ਋౴੉ա ّ

଻਑੤ܳ ੉ਊೞৈ ತҟਤ੄ ࢚੤షܳ উ੿ചदఆ بࣻ

੓׮.

2.2 ૑ೞҕزী ੄ೠ ৔ೱӂ ੿ࢸ ੉ۿ

ӝઓ ತј ߂ ӝఋ ҕز੄ ੋӔਸ ҙాೞח ਍۽࢜ ૑

ೞ ҳઑޛਸ Ѥࢸೞӝ ਤೞৈח ತј੄ ৔ೱӂਸ ࢑੿ೞ

ৈঠ ೠ׮. ৔ೱӂ੄ ࢑੿਷ ҃೷੸ੋ ੉աױ౸ ӝఋ ੉

੸ੋۿ ੽Ӕߨਸ ੸ਊೡ ࣻ ੓ਵݴ ࠄ োҳীחࢲ ৈ۞

੉ۿ੸ੋߨߑ઺౵Ҧ৉೟ਸ੉ਊೠҊ੹੸ੋߨߑҗ఍

ۿࢿ ߂ ࣻ஖೧ࢳ੸ ਸߨߑ ੉ਊೞৈ ਽۱੄ ߸ച୶੉ܳ

Ҋ۰ೞח ਸߨߑ ੸ਊೞ৓ਵݴ ࢲ਺ী׮ рۚ൤ ೞݺࢸ

৓׮. 

৔ೱӂࢸ੿ਸਤೠ୐ߣ૩ߨߑਵ۽ঐ߈੄౵Ҧ৉೟

੉ۿਸ ੸ਊೞח ҃਋, Ӓܿ 1җ э੉ ҕز (cavity)җ ઱

߸ ੺ܻ (joint ഑਷ crack) ࢎ੉੄ ࢚ഐ੘ਊী ؀ೠ ઺୏

ߨ (superposition)ਸ ਺җ׮ਊೞৈࢎ э਷धਵ۽ ਽۱

੄߸ച۝ਸ҅࢑ೡࣻ੓׮.

σb
xx =                [ Ixxy(x, y;̀ c)̀bx`+Ìxxy(x, y;̀ c)̀by ]̀

σb
xy =                [ Ixyx(x, y;̀ c)̀bx`+Ìxyx(x, y;̀ c)̀by ]̀

σb
yy =                [ Iyyx(x, y;̀ c)̀bx`+Ìyyy(x, y;̀ c)̀by ]̀ (1)

ৈӝࢲ x1 = 3 - 4ν1 ੉ҊG1਷ঐ߈੄੹ױ߸ഋ҅ࣻ੉

ݴ Ixxx, ..., Iyyy ח fundamental ೣࣻࢲ۽ Hu &

Kemeny (1994)ܳ ଵઑೡ ࣻ ੓׮. ೠಞ bx ߂ byח ࢚؀

߸ਤ ਃࣗ (dislocation component)ࢲ۽ Dundurs &

Mura (1964) ী աఋա ੓׮. ध (1)җ п ੺ܻр੄ ࢚؀

߸ਤ࠙ನܳ҅࢑ೞࣻݶ஖੸࠙ਸాೞৈ੐੄੄੼ী؀

ೠ਽۱җ߸ਤܳҳೡࣻ੓׮. ੉ߨߑ਷ತј઱߸ҳઑ

ਸޛ ੺ܻ۽ ചೠࣽױ о੿ਸ ۽޲ೞ৓ਵੑب पઁ ૑ೞ

ҳઑޛ੄ ӏݽо ௾ ҃਋, ࠺അप੸ੋ Ѿҗܳ աఋյ ࣻ

੓ਵաತј߂઱߸ҳઑޛ੄࢚ഐ੘ਊী؀ೠ਽۱߸ച

۝ਸ ੿۝੸ਵ۽ ಴അೡ ࣻ ੓ח ੢੼ب ੓׮. ೠಞ, ੉

π(x1+1)
G1

π(x1+1)
G1

π(x1+1)
G1

Ӓܿ 1. ҕزҗ ੺ܻр ࢚ഐ੘ਊ بधݽ
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਷ߨߑ ತј੄ ੋ੢౵Ҧী ؀ೠ ઁೠ੸ੋ ੽Ӕ݅੉ оמ

ೞࣽױݴചೠୡӝ૑঑ઑѤ݅ਸҊ۰ೡࣻ੓ਵ۽޲੿

.׮о੓ܻޖחਊೞӝীࢎীࢳೠ೧޻

ೠಞ ҕزҗ ઱߸ ૑ೞҳઑޛр੄ ࢚ഐ੘ਊ ߂ ৔ೱӂ

ਸࢸ੿ೞӝਤೠܲ׮૑಴ࢲ۽ҕز઱ਤ੄਽۱૘઺҅

ࣻ(Stress Intensity Factor)ܳ Ҋ۰ೡࣻ੓׮. ੉҃਋,

ਗഋ ఠօ ઱߸੄ ੿ഛೠ ਽۱ ߂ ߸ਤח ఍ۿࢿ੄ ಣഋ

੿धߑ ߂ ੸೤ߑ੿धਵࠗ۽ఠ ੸੺ೠ ҃҅ઑѤਸ ؀ੑ

ೞৈ׮਺җэ਷੉ۿधٜਸਬبೡࣻ੓׮. ૊, 

σr =    ̀Pz̀  ̀ (1-k)(1-2    )̀+(1-k )(1-4     +3     cos2θ

σθ=    ̀Pz̀  ̀ (1-k)(1-2    )̀-(1-k )(1+3     ) cos2θ

τrθ=    ̀Pz̀  ̀ -(1-k)(1+2     -3     )̀ sin2θ (2)

ৈӝࢲ, σr, σθ߂ τrθח пп ੐੄੄ ૑੼੄ ,ೱߑ҃߈

ਗ઱ߑೱ߂੹ױ਽۱ਸ੄޷ೞҊkחୡӝࣻ૒૑঑ী

؀ೠ ୡӝ ࣻಣߑೱ ૑঑੄ ૊ ,࠺ ష঑҅ࣻܳ աఋմ׮.

੉חఠօ੄ഋ࢚੉ਗഋ੉Ҋ৻ࠗೞ઺੉ੌ੿ೠ҃਋ী

݅੸ਊ੉оמೞҊӒ੉৻੄҃਋ীࠂח੟ೠ੉ۿध੉

ա ࣻ஖೧ࢳ җ੿ਸ ೞৈঠੑب ೞݴ ଲ࢚߅ ١ (1998)ী

ੜਃডغয੓׮.

2.3 Karfakisী ੄ೠ ష۝ജ࢑҅ࣻ੄ ੸ਊ

Sinkholeഋஜೞ੄৔ೱӂਸ࠙ࢳೞӝਤೠܲ׮૑಴

੉ܳ֫ۅӒܿ2৬э੉sinkholeഋஜೞ੄୭؀ࠡࢲ۽

Ҋ۰ೡ ࣻ ੓׮. ੉ח ష۝ജ࢑҅ࣻ (B, bulking factor)

ܳ ੉ਊೠ ҃೷੸ ࢲ۽ਵߨߑ ష۝ജח࢑҅ࣻ ਺җ׮ э

਷धਵ࢑҅۽ೡࣻ੓׮(Piggott & Eynon, 1977).

B = (3)

ৈӝࢲ, Vo ח Үغۆ૑ ঋ਷ (unbroken strata) ঐ߈

഑਷ ਗ૑߈੄ ୓੸, Vc ח ҮغۆѢա ट೧૓ו ࢚క੄

ঐ߈୓੸ਸաఋմ׮. प۹۽૑ೞҕز੄ਗ୶ഋࠡۅী

؀ೞৈਗ૑߈੄୓੸਷׮਺җэҊ

Vo = (4)

Үػۆঐ߈੄୓੸਷׮਺җэ׮.

Vc= Vo +        t (5)

ৈӝࢲ, H, t ߂ PחппࠡۅҊ߂଻ҷҊ৬଻ҷ಩ਸ

աఋմࢲۄٮ .׮ ష۝ജ࢑҅ࣻ Bܳ ঌҊ ੓ݶ׮ ੉ۅࠡ

ੌযզࣻ੓ח୭؀֫੉׮ח਺धਵ۽಴അೡࣻ੓׮.

H = (6) 

݃ଲо૑۽ ૒ࢎпഋ ࠡҦഋకী ؀ೠ חҊۅࠡ ਺׮

җэ੉҅࢑ೡࣻ੓׮.

H = (7)

1
2 { }

}

a2

γ2

a2

γ2

1
2 { a2

γ2

a4

γ4

}1
2 { a2

γ2

Vc - Vo

Vo

a4

γ4

a4

γ4

πP2

4
H
3

πP2

4

3t
B

t
B

Ӓܿ 2. Sinkholeഋ ஜೞ੄ ੉֫ۅࠡ Ѿ੿
(Piggott & Eynon, 1977)



ೠಞ Ӓܿ 2ীࢲ ঌ ࣻ ੓ח ৬߄ э੉ ઱য૓ ష۝ജ

࢑҅ࣻীחࢲ ਗ୶ഋ ഋకоۅࠡ ઱߸ ҳઑޛী ח஖޷

৔ೱ੉ о੢ ௼ݴ ध (6)җ э੉ ష۝ജ࢑҅ࣻо ੘ਸࣻ

۾ חҊۅࠡ әѺ൤ ૐоೞѱ पઁ .׮ػ ૑ೞҳઑޛ ࢸ

҅ী ੓যחࢲ ಴ળಿࣅ ١ী ಴ӝػ ష۝੄ ߸ചਯࠗ۽

ఠ1ਸхೞৈ҅ࣻܳ҅࢑ೞݴ, ੌ ੸ੋ҃਋োঐ੄ష߈

۝ജߧ 0.5∽ 0.3ח࢑҅ࣻਤী੓חѪਵ۽р઱ೠ׮.   

Ӓܿ 2੄ ୭؀ Ҋܳۅࠡ ష۝ജ࢑҅ࣻо 0.2ੋ ҃਋ী

ݶदೞب Ӓܿ 3җ э׮. Ӓܿ 3ীࢲ ঌ ࣻ ੓ח ৬߄ э

੉଻ҷҊо6mੋ҃਋, ਗ୶ഋࠡۅҊ80חm࢚ܳഥೞ

Ҋ ૒ࢎпഋࠡੋۅ ҃਋ח ড 30m੿بо ਤ೷৔৉੉ۄ

ೡ ࣻ ੓׮. Ӓ۞ա पઁ ী҅ࢸ ੓যחࢲ ݅ࡺҊۅࠡ ই

যܖ੿੉੉ࢸ੄݃଴пਸҊ۰ೠ৔ೱӂ߈അ૑ঐۄפ

ઉঠೞݴ౵ࣧ؀഑਷ੋ੽૑ೞҳઑޛ੄࢚؀੸ੋਤ஖

.׮যঠೠغԋҊ۰ೣب١

਺׮ ੢ীחࢲ ష۝ജ࢑҅ࣻܳ ਽ਊೠ ૑ೞҕز੄

৔ೱӂ ੿ীࢸ ؀ೞৈ ࣻ஖೧ࢳ੸ੋ ਸߨߑ ੸ਊೞ৓

ਵݴ ౠ൤ ߸ഋܫ োചߨ஗੄ ੸ਊоࢿמী ؀ೞৈ Ҋ

଴ೞ৓׮. 

3. ߸ഋܫোചߨ஗ਸ੉ਊೠ৔ೱӂ੄࢑੿

ࠄ ੢ীחࢲ ࣻ஖೧ࢳਸ ాೞৈ খࢲ ӝࣿೠ ૑ೞҕز

ী ؀ೠ ৔ೱӂਸ ੉ܳ .׮ೞ৓ࢳ࠙ ਤೞৈ ఠօҳઑޛ

೧ࢳী ൔ൤ חغਊࢎ FLAC (Fast Lagrangian

Analysis of Continua) ೐۽Ӓ۔ ߂ ߸ഋܫ োചߨ஗ਸ

଻ఖೞৈҕزী੄ೠ౵Ҧഋ࢚߂৔ೱӂਸࢎݽೞ৓׮. 

3.1 ଻ҷ੸ ੋӔী ؀ೠ ஗੄ߨোചࢿࣗ ੸ਊ ৘

৔ೱӂ߂അ࢚ۅ૑ೞ଻ҷ੸ੋӔ੄ࠡחࢲোҳীࠄ

ਸ ೞӝࢎݽ ਤೞৈ ঐ߈ ߂ ష૕৉೟ী ൔ൤ ੸ਊחغ

߸ഋܫোചߨ஗ਸੑبೞ৓׮. पઁ଻ҷ੸ੋӔ੄উ੿

ী؀೧௼ܻ੉೐ա੼߈അ૑ঐחਸಣоೞӝਤೞৈࢿ

ࢿࣗ ഋݽ ١җ э਷ दр ੄ઓ੸ੋ ഋਸݽ ੸ਊೞח Ѫ

੉ۈ߄૒ೞա੉ٜݽഋী੸ਊחغпઙ߸ٜࣻ੄ч੉

അप੸੉Ѣա࠺ ੟ೠࠂ प೷ਸ Ѣ୛ঠ ೞח ١ प૕੸ੋ

ױҮ੸р࠺ࢲۄٮ .׮ܲٮоܻޖחী੸ਊೞӝী҅ࢸ

൤਽ਊೡࣻ੓ࢿࣗחোചߨ஗ਸੌ࢚߈ਊ೐۽Ӓ۔ী

੸ਊೞৈ খࢲ ֤੄ೠ Karfakis੄ ৔ೱӂ ੿ীࢸ ؀ೠ

੉ۿ੄੸ਊࢿਸѨషೞ৓׮.

അ૑ ঐ߈ী؀ೞৈ ஗ਸ੸ਊೞӝਤೞৈߨোചࢿࣗ

ח Ӓܿ 4৬ э੉ ঐ߈੄ ੼଱۱ ഑਷ ղࠗ݃଴пী ؀

ೠ ୡӝч ߂ ਖ਼ܨч (residual value)ਸ Ѿ੿ೞҊ ࢿࣗ

োച ୶ࣁী ؀ೠ ୶ࢶࣁਸ ࣻ೟੸ਵ۽ о੿ೞৈঠ ೠ

ࠄ .׮ োҳীחࢲ ҅࢑੄ рಞೣਸ ਤೞৈ ୡӝ ੼଱۱

Co ৬ ੄ܫഋ߸ࢿࣗ ೣࣻੋ ਖ਼ܨ ੼଱۱ Cr ߂ ૒ࢶഋ

োചߨ஗ਸо੿ೞ৓ਵݴખ ؊ അप੸ੋ ࢿࣗ োചೣࣻ

ח Lee & Pande (1999) ١੄ ૑ࣻഋక ೣࣻա Marino

& Choi (1999) ١ী ੄ೠ җ঑࠺޻(OCR)੄ ۽ࣻೣ ಴അ

ೡࣻ੓׮.
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Ӓܿ 3. ష۝ജ࢑҅ࣻо 0.2ੋ ҃਋, ଻ҷҊ৬ Ҋ੄ۅࠡ ҙ҅
(Karfakis, 1993)



૑ೞҕزী ੄ೠ ૑߈੄ Ѣز ߂ ৔ೱӂਸށೣ ೞࢳ࠙

ӝ ਤೞৈ 2ରਗ ಣݶ߸ഋܫ ਸ؛ݽ ੉ਊೞ৓ਵݴ ૑ೞ

ҕز੄ ௼ӝח ߈ੌ ҟ࢑ਸ ӔѢ۽ 2m಩×3m֫੉ ઁਗ

ਸыח૒ࢎпഋഋకܳ଻ఖೞ৓ҊKarfakis੄଻ҷ۝

ী ܲٮ ੉ܳ֫ށೣ ӝୡ۽ ೞৈ ҕ࢚ࠗز੄ ૑߈Ҋח

18.5m۽ о੿ೞ৓׮. Ӓܿ ח5 ૑ೞҕز੄ ഋ࢚ ߂ ૑߈

ౠࢿਸաఋղҊ੓׮.

૑ೞҕز੄ ઱߸૑߈਷ ೂചঐ ૑க੉ ࠙ನػ Ѫਵ۽

о੿ೞ৓ਵࢎ ,ݴਊػ ೂചঐী ؀ೠ ૑ࢿޛ߈ч਷ ಴ 1

ীաఋղ঻׮. 

೧؛ݽࢳ਷ ૑ೞҕز੄ ۅࠡ ߂ ਽۱߸ച۝ਸ അप੸

ਵࢳ࠙۽ೞӝਤೞৈفо૑੄҃਋ܳ੉ਊೞ৓ਵݴ, ҳ

୓੸ਵ۽੹ഋ੸ੋ৮੹఍ࣗࢿѢز੄Mohr- Coulomb

೦ࣻೣࠂ৬, ੢ӝѢز੄ ബҗܳ Ҋ۰ೞӝ ਤೠ োചࢿࣗ

؛ݽোചࢿ৬э੉ࣗ߄੄ೠ֤ࢲখ .׮ਸ੸ਊೞ৓؛ݽ

਷ࣗࢿ߸ഋܫ੉ࢤߊೞ৓ਸ҃਋, ੼଱۱੉ࢶഋ੸ਵ۽

хࣗೞৈ ਖ਼ܨ ੼଱۱ਵ۽ ࢚ઓೠ׮Ҋ о੿ೞ৓׮. ೧ࢳ

दݽഋ਷4,331ѐ੄੺੼җ4,200ѐ੄ಣݶ߸ഋܫਃࣗ

਷੗઺ী੄زୡӝѢ ,ݴਸ৘ஏೞ৓ਵزೡೞৈѢ࠙۽

ೠୡӝ਽۱੉੘ਊೞחѪਵ۽р઱ೞҊஏ঑҅ࣻ1.0ח

ਵ۽о੿ೞ৓׮. 

੹ഋ੸ੋ Mohr-Coulomb ؛ݽ ߂ ৮੹ࣗࢿ ഋਸݽ

੉ਊೠ ҃਋ী ؀ೠ ೧ࢳѾҗח Ӓܿ 6(a)ী աఋղ঻׮.

Ӓܿীࢲঌࣻ੓٠੉ࣗࢤߊࢿ৔৉਷਽۱૘઺੉חغ

ҕز੄ ীܻࢲݽ ࠙ನೞח ҃ೱਸ ৈ઱Ҋࠁ ੓ਵա दр

҃җীࢿࣗܲٮ৔৉੄੹౵ա৔ೱӂࢸ੿ਸਤೠӝୡ

੗ࢎ۽ܐਊೞӝীחೠ҅о੓׮. ೠಞदр҃җীܲٮ

ঐ߈ъب੄ ࣗपബҗܳ ೞӝࢳ࠙ ਤೞৈ ҕز ઱߸ ҃߈

3mী Ѧ୛ ੼଱۱੉ 1.2 t/m2۽ хࣗೠ ҃਋, ೧ࢳѾҗ

.׮दೞ৓بӒܿ6(b)ীח

Ӓܿ 6ীࢲ ঌ ࣻ ੓ח ৬߄ э੉ ਖ਼ܨ ੼଱۱ਸ ੸ਊ

ೠ ҃਋, ૑ೞҕز ۽ਵױ࢚ ࠙ࠗ׼࢚ ୭ࣗ ઱਽۱੉ ੉

৮غҊ ੓਺ਸ ঌ ࣻ ੓ਵա ਖ਼ܨ ੼଱۱੄ ੸ਊ ਤߧ ߂

௼ӝীۄٮ਽۱੉߸ചೞݴୡӝ੼଱۱ਸ੸ਊೠ৔৉

ী ੓যחࢲ ৔৉੉ࢿࣗ ೞ૑ࢤߊ ঋࢲۄٮ .׮ח ખ ؊

അप੸ੋ ೧ࢳਸ ਤೞৈח োചࢿࣗ ഋਸݽ ੸ਊೡ ೙ਃ

о੓׮. 

Ӓܿ 7਷ োചࢿࣗ ഋਸݽ ੸ਊೠ ҃਋ী ؀ೠ Ѿҗܳ

աఋղҊ ੓׮. ੉ ҃਋ীب খࢲ৬ ݃ଲо૑۽ ਖ਼ܨ ੼

଱۱਷ 1.2 t/m2 ࢲ۽ ୡӝ ੼଱۱ਵࠗ۽ఠ ۽ഋ੸ਵࢶ

хࣗೠ׮Ҋ о੿ೞ৓׮. ਋ࢶ ୭ࣗ ઱਽۱੄ ߸ച ন࢚
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Ӓܿ 4. ੼଱۱ী ؀ೠ ஗੄ߨোചࢿࣗ ੸ਊ

Ӓܿ 5. ૑ೞҕز੄ ഋ࢚ ߂ ૑ഋ

18.5m

0.0m

-6.0m

CL ૑߈Ҋ

18.5m

0.0m

-6.0m

૑ೞҕز(2mx3m)

CL ૑߈Ҋ

಴ 1. ࣻ஖೧ࢳী ੉ਊػ ૑߈੄ чࢿޛ

ҳ࠙ ನই࣠࠺ ੼଱۱ Co

(t/m2)
ղࠗ݃଴п

φ(⁜)

ೂചঐ 1.9 5,000 0.35 6.0 30

఍ࣻ҅ࢿ
(t/m2)

ਤ઺۝ױ
(t/m3)
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਷ Ӓܿ 7(a)ী աఋա ੓ਵݴ ҕز ֫੉੄ ড ߓ5 ੉࢚

਽۱੉ ੉৮غҊ ੓਺ਸ ঌ ࣻ ੓׮. ੉ ٸ ੼଱۱੄ ߸

ച ಁఢ਷ Ӓܿ 7(b)ী যغदب ੓ਵݴ ੉ী ࢚਽ೞח

ҕز ઱߸੄ ࢿࣗ ੹ױ߸ഋܫ਷ Ӓܿ 7(c)ী ಴ӝೞ৓׮.

Ӓܿীࢲ ঌ ࣻ ੓ח ৬߄ э੉ ੹ױ߸ഋܫ੄ ਷׳ߊ ҕ

੄ز ۽࢚ࠗ 45°+ φ/2 ੋ ۽ೱਵߑ60° ૓೯غ঻Ҋ ੢द

р੉ ҃җೠ റীب ؊ ੉࢚੄ ૓੹਷ হח Ѫਵ۽ ױ౸

ೠಞ .׮ػ ҕز઱߸੄ ࢿࣗ ৔৉਷ Ӓܿ 7(d)ী աఋղ

঻ਵݴ ઱۽ ੹ױী ੄ೠ ࢿࣗ ߸ഋܫ੉ ೞҊࢤߊ ੓਺

ਸঌࣻ੓׮.

Ӓܿ 7(a)੄ ਽۱ ੉৮ ಁఢ਷ Ӓܿ 2੄ Ҋ৬ۅࠡ োҙ

ೞৈҊ۰ೡࣻ੓׮. ૊, Ӓܿ2੄ࠡۅন࢚઺Ӓܿ7੄

਽۱੉৮ ಁఢҗ ਬࢎೠ ఋਗഋ ഋకܳۅࠡ ஂೞҊ ೂച

ঐ੄ష۝ജ࢑҅ࣻо0.3 ੿ੋب੼ਸхউೞৈࠡٸࠅ

੉ۅ оמೠ ֫੉ח ଻ҷҊ੄ ড ߓ5 ੿بо Ҋغ ੉ח

.׮ೠѾҗܳաఋմࢎਬ୶ೠѾҗ৬ਬࢲীࢳ஖೧ࣻࠄ

Ӓ۞ա ਖ਼ܨ ੼଱۱੉ ࠄ োҳীࢲ о੿ೠ ч׮ࠁ ௾ ҃

਋ীח ਽۱ ੉৮੉ ؏ ੌযաѱ Ҋغ ੘਷ ҃਋ীח

sinkholeഋ ஜೞഋకܳ աఋղѱ ࢲۄٮ .׮ػ ୶റ ੉

ী ؀ೠ ѐݒ ߸ࣻ ೧ࢳ੉ա ੉ۿ੸ੋ ੽Ӕ੉ ೙ਃೡ Ѫ

ਵ׮ػױ౸۽.

(b) ਖ਼ܨ ੼଱۱ ߂ ৮੹ࣗࢿ ഋݽ

(a) ୭ࣗ ઱਽۱੄ ߸ച (b) ੼଱۱੄ ߸ച

(a) ৮੹ࣗࢿ ഋݽ

Ӓܿ 6. ৮੹ࣗࢿ Mohr-Coulomb ೦ܳࣻೣࠂ ੉ਊೠ ҕز઱߸ ਽۱೧ࢳ Ѿҗ
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3.2 ّ ଻਑੤੄৔ೱ࠙ࢳ

ࠄ ੺ীחࢲ ૑ೞҕز ઱߸ ҳઑޛ੄ উ੿ࢿਸ ഛࠁೞ

ӝ ਤೠ ۽উਵߑ؀଼ ઱۽ ੉ਊחغ ୽૓੤(backfill)ী

؀ೠ ৔ೱਸ ݴೞ৓ਵࢳ࠙ ౠ൤ ૑ೞҕزਸ ୽૓੤۽ ৮

੹൤ݫغ਑ೠ҃਋৬ҕز੄ୌࠗױо঑١޻ী੄ೞৈ

৮੹޻ತغ૑ঋ҃ח਋ೣبԋҊ۰ೞৈ೧ࢳী߈৔ೞ

৓׮. 

ҕز ղࠗী ੸ਊೞח ଻਑੤੄ ஖ܳࢿޛ ח੿ೞӝࢶ

Ҵ੄੗৻۽޲઒ೠप੿੉ࠗبܐҴղ੗ݴ਋য۰਋ݒ

١ Scoble۽ӝୡܳܐ (1987) ੉pencel Pressuremeter

ܳ੉ਊೞৈ଻਑੤੄఍߂ࣻ҅ࢿ੹ܳࣻ҅ױ୶੿ೠѾ

җܳ ੋਊೞ৓׮. ৈӝীחࢲ ҟ޷(tailing)ܳ ੉ਊೞৈ

ّ଻਑ೞҊ दݭ౟ܳ ୎ࠗೞৈ חपदః޻ ਸߨߑ о੿

ೞ৓ਵݴ఍3,000ࣻ҅ࢿt/m2, ੹1,100ࣻ҅ױt/m2ਸо

੿ೞৈ੸ਊೞ৓׮. ೧؛ݽࢳ਷খ੺ীࢲ৬ੌزೞѱࣗ

োചࢿ ഋਸݽ ੉ਊೞ৓ਵݴ ّ଻਑੤੄ Ѣز਷ ఍ࢿѢ

 .׮ীҴೠೞ৓ز

(c) ࣗࢿ ੹ױ߸ഋܫ੄ җ੿׳ߊ

Ӓܿ োചࢿࣗ .7 ഋਸݽ ੉ਊೠ ҕز઱߸ ਽۱೧ࢳ Ѿҗ

(d) ࣗࢿ ৔৉

(a) ৮੹ ತ੄޻ ҃਋

Ӓܿ 8. ّ଻਑੤੄ ৔ೱ ࢳ࠙

(b) ࠛ৮੹ೠ ತ੄޻ ҃਋
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਋୭ࣗ઱਽۱੄࠙ನܳӒܿ8(a)҃ػ੷৮੹୽૓ݢ

ী աఋղ঻׮. ҕزਸ ୽૓दః૑ ঋওਸ ҃਋ী ؀ೠ

Ӓܿ7(a)੄਽۱࠙ನী࠺೧അ੷ೠର੉ܳࠁ੉ݴҕز

઱߸੄ ੌࠗ ੉৮ ৔৉ਸ ઁ৻ೞҊח ੹୓੸ਵ۽ উ੿ػ

ন࢚ਸ ೠಞ .׮ੋࠁ ҕز ୌࠗױ ড 30cm ী Ѧ୛ ತ޻

૑غ ঋ਷ ҃਋ܳ Ү೧࠺ ݶࠁ Ӓܿ 8(b)৬ э੉ ҕز ࢚

ࢲীױ ਽۱੉ ੉৮غয ੄ۅࠡ ਤ೷੉ ੓਺ਸ ঌ ࣻ ੓

ਵݴ੉ܳ׮द࠺োࣘ୓৉೟ীӝୡೠࣻ஖೧ࢳਸपद

ೞח ҃਋ ׼࢚ ࠗ࠙ ੉ۅࠡ ੌযզ ࣻ ੓ח ѐোࢿਸ ղ

ನೞҊ ੓׮. ѾҴ ૑ೞҕز੄ ّ଻਑ী ੓যࢲ ৮੹൤

ತदఆ޻ ࣻ ੓ח ҕߨ੄ ੿੉ࢶ ઱߸ ҳઑޛ੄ ੢ӝ੸

উ੿ࢿ ഛܳࠁ ਤ೧ ઺ਃೣਸ ࣻ஖೧ࢳਸ ాೞৈ ੑૐೡ

ࣻ੓׮.

ೠಞࠄোҳীחࢲ૑ೞҕز੄ҷ଱റୡӝ҅ױীࢲ

ّ଻਑ਸ ೞח ҃਋ী Ҵೠೞৈ ࣻ஖೧ࢳਸ पदೞ৓׮.

Ӓ۞աয়ػېತјҗэ੉࢚׼ೠदр੉҃җೞৈ઱߸

ঐ߈੄ࢿޛ੉അ੷൤߸ചೠറّ଻਑ਸೞ৓ݶ׮Ӓܿ

8੄ ਽۱࠙ನ৬ח ࢚੉ೠ Ѿҗܳ ੌࠁ ࣻ ੓ਵա, ੉ ҃

਋ীب ࣻ஖೧ࢳ Ѿҗח ّ଻਑੄ ತৈࠗо޻ ઱߸ ঐ߈

੄ উ੿ࢿী ઱ਃೠ ҙѤ੉ ਸؽ ঌ ࣻ ੓ਵݴ ੗ࣁೠ ࣻ

஖೧ࢳѾҗܲ׮חҔীࢲష੄ೞӝ۽ೠ׮.

4. Ѿۿ

ࠄ োҳীחࢲ ૑ೞҕزী ੄ೠ ઱߸૑߈੄ ੼૓੸ ࣚ

࢚ী ؀ೞৈ ࣻ஖೧ࢳ੸ਵ۽ ೠژ .׮ೞ৓ࢳ࠙ ૑ೞҕز

ী Ӕ੽ೞח ҳઑޛ੄ উ੿ࢿਸ ഛࠁೞӝ ਤೞৈ ّ଻਑

੤ࠁ۽ъೠ҃਋ী؀ೠ૑߈Ѣزਸ࠙ࢳೠѾҗ׮਺җ

э਷Ѿۿਸਬ୶ೞ৓׮.

䤎࢚ਊ ೐۽Ӓ۔੄ োചࢿࣗ ഋ઺ݽ ਖ਼ܨ ੼଱۱ਸ

੉ਊೠ ҃਋, Karfakis੄ ҕز ৔ೱӂਸ Ү੸࠺ ੿

ഛ൤ࢎݽೡࣻ੓޻ࣁࢲۄٮ .׮ೠࣻ஖೧١ࢳ੉

ਃҳغ૑ ঋח ҃਋ী ੓যחࢲ Ӓܿ 2੄ ಴ܳب

੉ਊೞৈ ૑ೞҕز੄ ৔ೱӂਸ ೡࢳ࠙ ࣻ ੓ਵݴ,

੉ח ੢ӝ੸ੋ উ੿ࢿ بীઁޙ ੸ਊೡ ࣻ ੓׮Ҋ

.׮ػױ౸

䤎઱߸ ૑߈ ߂ Ӕ੽ҳઑޛ੄ ҳઑ੸ উ੿ࢿਸ ഛࠁೞ

ӝ ਤೞৈ ّ଻਑੤۽ ತदఅ޻ ҃਋, ঐ߈੉৮ ৔

৉੉ അ੷൤ хࣗೞա, दҕद ঑޻ ١ী ੄ೞৈ ௼

਍ࠗীۄ ҕӓ੉ חೞࢤߊ ҃਋ীח ࢚ࠗ ৔৉ী ਽

۱੄ ੉৮੉ ݴೞࢤߊ दр҃җী ۄٮ ੼૓੸ੋ ೣ

ਸށ ঠӝदఆ оࢿמ੉ ௼ח׮ Ѫਸ ঌ ࣻ ੓ਵݴ

੉ܳࣻ஖೧ࢳ੸ਵ۽ӏݺೞ৓׮.

ೠಞ Karfakis੄ ৔ೱӂ ੉ۿਸ ৉ਵ۽ ੉ਊೞݶ ࠄ

োҳীࢲ Ҋ۰ೠ োചࢿࣗ ഋ੄ݽ ਖ਼ܨ ੼଱۱ਸ ҅࢑ೡ

ࣻ ੓ਵࢲۄٮ ,ݴ Ӕ੽ ૑ೞҳઑޛ ١ী ؀ೠ ੢ӝ੸ੋ

উ੿ࢿഛܳࠁਤೠ੿޻ೠҳઑ೧ࢳ੉оמೡѪਵ۽౸

ೠژ .׮ػױ पઁ sinkholeഋ ੉աۅࠡ ૑ೞ ଻ҷ੸੄

അ࢚ۅࠡ ١ਸ Ҋ۰ೞݶ ࣻ஖೧ࢳী ೙ਃೠ ّ଻਑੤੄

੸ਊदӝ ١ਸ ৘ஏೡ ࣻ ੓ਵݴ ೱറ ੉ী ؀ೠ ୶о੸

ੋোҳо੉য૕৘੿੉׮.
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