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Abstract 
In this study, numerical analyses on cut-and-cover tunnel linings were performed using different modeling methods

based on both structural and geotechnical engineering. The purposes were to find a relatively more reasonable modeling

method and boundary conditions. The results of the study revealed problems associated with each modeling method and

factors influencing the behavior of cut-and-cover tunnel lining. A method was proposed allowing the simulation of field

condition in a more rational way. It was indicated that, under the given conditions, displacements and member forces

occurring on concrete lining could be different as much as 53% depending on the type of modeling method applied; and

32% depending on the boundary conditions employed. Determination of boundary conditions properly simulating actual

field conditions and verification of prediction based on instrumentation are essential for rational design and analysis.

Keywords : Cut and cover tunnel, Modelling methods, Interface element 
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ۿࢲ .1

1.1 োҳ҃ߓ ߂ ੸ݾ

ѐఠօࠂ ҳઑޛ੄ ׬੉ۄ ೧ࢳ ߂ חदী҅ࢸ ࢚੤ೞ

઺, ష঑, ࣻ ঑, ੗઺, ఠօղࠗ੄Ѥ୷ೞ઺, ৡب߸ച߂

Ѥઑࣻ୷, ૑૓ೞ઺ ١җ э਷ নೠ׮ അ੢ઑѤ ١ਸ Ҋ

۰ೞѱ അ੤ .׮ػ ѐఠօࠂ ੄׬੉ۄ חী҅ࢸ ׬੉ۄ

৮ҕറࢿషݫغחغ਑షகਸೞ઺ਵ࢑۽੿ೞৈ೧ࢳ

ਸ पदೞח ӝߨ, ૊ ҳઑҕ೟੸ ݂؛ݽ ӝߨ੉ о੢ օ

ܻ੸ਊغҊ੓׮.

੉۞ೠ ҳઑҕ೟੸ ݂؛ݽ ਷ߨߑ ѐఠօࠂ ী׬੉ۄ

ੋ੽ೞৈ दҕחغ ҷ଱ݶࢎ੄ ࢎ҃ ߂ ҷ଱಩, അ੢ غ

਑ݫ షக੄ ੄ب૗׮ ৔ೱ, Soil Arching ١җ э਷ ૑

.׮ೞӝীয۰਑੉੓ࢎݽਸࢿҕ೟੸ౠ߈

ҳઑҕחҊ੓غഅ੤օܻ੸ਊחࢲোҳীࠄࢲۄٮ

೟੸ ݂؛ݽ ӝߨҗ ૑߈ҕ೟੸ ݂؛ݽ ӝߨਸ ੉ਊೞৈ

݂؛ݽ ӝߨী ܲٮ ѐఠօࠂ ੄׬੉ۄ Ѣزਸ ೞ৓ࢳ࠙

ਵۄ ,ݴ੉׬ҳࣘઑѤਸݒѐ߸ࣻ۽ೞৈࠂѐఠօۄ੉

.׮৔ೱਸ౵ঈೞ৓ח஖޷ীز੄Ѣ׬

1.2 োҳߨߑ

ࠄ োҳীחࢲ 2ରࢶ ۽ب ѐఠօਸࠂ োҳ؀࢚ਵ۽

ҕ೟੸߈૑ ,ݴ੿ೞ৓ਵࢶ ݂؛ݽ ӝߨীחࢲ ਑ݫغ ష

க਷ಣݶ-߸ഋ؛ݽܫਸ੸ਊೞৈ50cmঀࢿ۽߹҅ױ

షೞח Ѫਵ۽ ݂؛ݽ ೞ৓ژ .׮ೠ ҳઑҕ೟੸ ݂؛ݽ

ӝߨীחࢲ ਑ݫغ షகਸ ো૒ೞ઺ਸ ࢑੿ೞ৓ਵݴ, ࣻ

ਃ ૑
ೠഅ੢ઑѤী؀ೞৈഅ੤օܻੌز ,ҳࣘઑѤ١ਸѨషೞӝਤೞৈ߂ߨߑ݂؛ݽ੄೤ܻ੸ੋ׬੉ۄѐఠօࠂחࢲোҳীࠄ

੸ਊغҊ੓חҳઑҕ೟੸ߨߑ݂؛ݽҗ૑߈ҕ೟੸ߨߑ݂؛ݽਸ੉ਊೞৈ೧ࢳਸपदೞ৓׮. ೧ࢳѾҗࠗ۽ఠпߨߑ݂؛ݽ੄

উਸઁߑחೡࣻ੓݂؛ݽ۽೤ܻ੸ਵ׮ࠁഅ੢ઑѤਸ ,ݴ੗ܳ౵ঈೞ৓ਵੋח஖޷ী৔ೱਸز੄Ѣ׬੉ۄѐఠօࠂ߂੼ઁޙ

दೞ৓׮.

೧ࢳѾҗੌزઑѤೞীߨߑ݂؛ݽࢲীۄٮ௑௼ܻ౟ۄ੉׬ীࢤߊೞח߸ਤࠗ߂੤۱਷ড53%੄ର੉оࢤߊೞݴ, ҳࣘઑ

Ѥ੄ର੉ীۄٮ௑௼ܻ౟ۄ੉׬ীࢤߊೞח߸ਤࠗ߂੤۱਷ড32%੄ର੉оࢤߊೞחѪਵ۽աఋլ׮ࠁࢲۄٮ .׮೤ܻ੸ੋ

҅ࢸ ߂ ೧ࢳਸ ਤೞৈ അ੢ઑѤী חݏ ҳࣘઑѤ Ѿ੿ ߂ അ੢҅ஏ ١ਸ ాೠ ݂؛ݽ ӝߨ੄ ੿ഛࢿ Ѩૐ ١җ э਷ নೠ׮ োҳо

ࣻ೯غযઉঠೡѪਵ۽ .׮ػױ౸

઱ਃয: ࠂѐఠօ, ݂؛ݽӝߨ, ҃ ҅ਃࣗ

಴ 1. п ݂؛ݽ ӝߨ߹ ೧ࢳઑѤ

ҳ ࠙
௑௼ܻ౟ ׬੉ۄ

ೞ ઺ ࠺ Ҋ
૑੼ ҳࣘઑѤ

૑߈ҕ೟੸ ݂؛ݽ ӝߨ
Hinge ߹҅ױ షࢿ

Fix (50cm)
Interface element Ҋ۰

Hinge

Fix ష୓ܳࢿ ࣻ૒ ߂ ష୓੄ࢿ ఍ܳࣻ҅ࢿ ష۽؀
ҳઑҕ೟੸ ݂؛ݽ ӝߨ

Hinge+Spring ࣻಣೞ઺ਵ۽ ݂؛ݽ झ೐݂ъࢿ ࢑੿

Fix+Spring
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ಣߑೱష঑਷੿૑ష঑ઑѤਸӝળਵ࢑۽੿ೞ৓׮.

ѐఠօࠂ ੄׬੉ۄ ૑੼ࠗ ҳࣘઑѤ਷ ૑߈ҕ೟ ߂ ҳ

ઑҕ೟੸ ݂؛ݽ ਸߨߑ ੉ਊೠ ೧ࢳद ൦૑ ߂ Ҋ੿ױ

пп੄҃਋ী؀ೞৈҊ۰ೞ৓ژ .׮ೠҳઑҕ೟੸؛ݽ

݂ ӝߨীחࢲ ਑ݫغ షகҗ ௑௼ܻ౟ ੄׬੉ۄ ࢚ഐ੘

ਊਸѨషೞӝਤೞৈ൦૑+झ೐ ,݂ Ҋ੿ױ+झ೐݂ਸҊ

۰ೞ৓׮. झ೐݂૑੼੄ъࢿ਷ݫغ਑షக੄૑߈఍ࢿ

҅ࣻܳӝળਵ۽Woefler धਸాೞৈ࢑੿ೞ৓׮.

ೠژ ૑߈ҕ೟੸ ݂؛ݽ ӝߨীחࢲ ௑௼ܻ౟ ׬੉ۄ

җݫغ਑షக੄੽ୢݶ੄݃଴۱١ਸҊ۰ೞӝਤೞৈ

҃҅ਃ (ࣗInterface Element)ܳ Ҋ۰ೞ৓׮.

ࢳ੄೧׬੉ۄѐఠօࠂ .2

ѐఠօࠂ 2.1 ੄׬੉ۄ ഋక

߂ਸ੉ਊೞৈјҳࠗ(Open cut)ߨѐఠօ਷ѐ଱ҕࠂ

҅ҋࠗѐ଱ࠗ࠙੉աఠօҗఠօࢎ੉੄ো੢੉ૣইఠ

օ۽ ো੢दఃӝ ਤ೧ ૑߈ਸ ҷ଱ೞҊ ҳઑޛਸ ஖ೠࢸ

റ חѐदఃࠂ ٚݽ ఠօਸ ݈ೠ҅ࢸ .׮द ૑ഋ, ૑૕ઑ

Ѥ, ૑ೞࣻઑѤ, ӝ࢚١੄੗োઑѤҗ޹о, ҳઑޛ੄ਬ

ޖ ١੄ ഥ੸ࢎ ઑѤ, ҃ࢎ੄ উ੿, ಞష঑, ӝ࢚੤೧੄

оࢿמ, ઱߸҃ҙҗ੄ઑച١ਸҊ۰ೞৈঠೠ׮.

١ীо੢ࢸѐఠօ੉૑ೞ୍ѤࠂBOXഋ۽੸ਵ߈ੌ

օܻ ੸ਊغয ৳ਵա, ୭Ӕীח ఠօ۽ب ߂ Ҋ୍ࣘب

ఠօ ١ী ই஖ഋ חژ ਭпഋ ١җ э਷ নೠ׮ ഋక۽

.(Ӓܿ1∼2 ଵઑ)׮Ҋ੓غदҕ҅ࢸ

ѐఠօࠂ 2.2 ੄׬੉ۄ ೧ࢳӝߨ

ѐఠօࠂ ੄׬੉ۄ Ѣز೧ࢳ਷ ૑߈ҕ೟੸ ਸ؛ݽ ੉

ਊೞৈ दҕ۽߹҅ױ ੘ਊೞח ೞ઺ਸ Ҋ۰ೠ ੄׬੉ۄ

Ѣز౵ঈ ߂ ҳઑҕ೟੸ ਸ؛ݽ ੉ਊೠ ੄׬੉ۄ ҳઑ੸

উ੿ࢿ ഛࠁо فݽ ਃҳࠂ ,ݴغѐఠօ ׬੉ۄ ܳ҅ࢸ

ਤೠ೧ࢳҗҙ҅ػղਊਸ੿ܻೞ׮ݶ਺җэ׮.

2.2.1 ૑߈ҕ೟੸؛ݽী੄ೠ2ରਗ೧ࢳ

ѐఠօ੄ࠂ ౠ૚਷ दҕ࢚ߨߑ ਑੉ݫغ ۽੸ਵ҅ױ

૓೯ؽী ۄٮ ਑ݫغ ൘ਸ ನೣೠ ҳઑ୓о ഋݴغࢿ,

п׮݃҅ױೞ઺੉ۄ੉׬ҳઑ୓ী੤ೞח׮ػ੼੉׮.

਑ݫغ ൘җ ௑௼ܻ౟ ੄׬੉ۄ ࢚ഐ੘ਊ੉ חغ߈ࣻ ੉

۞ೠ җ੿ਸ ࣻ஖೧ࢳ੸ਵ۽ ೞӝࢎݽ ਤೞৈ, ࣻ஖೧ࢳ

द ఠօ ୷ী ো૒ੋ ಣݶױݶਸ Ҋ۰ೞݴ, ੉۞ೠ ಣݶ

߸ഋܫ ઑѤ਷ ਑ݫغ ҕ੿੉ ఠօ ୷ਸ ۄٮ ୭ࣗೠ ௑

௼ܻ౟ۄ੉׬੿࢚ө૑ࣻର۹੄੘਷۽҅ױա׊যઉ

Ӓܿ 1. ই஖ഋ ѐఠօࠂ Ӓܿ 2. ਭпഋ ѐఠօࠂ
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ࣻ೯غӝޙٸীఋ׼ೠѪਵ׮ػױ౸۽.

ݫ਑షக੄ష঑੘ਊݫغחࢲীࢳ஖೧ࣻࠄࢲۄٮ

ழ્פਸ ׮ࠁ ੿ഛೞѱ ӏݺೞӝ ਤೞৈ, ݫغ਑ ൘੉

੽ୢೞח ఠօۄ੉׬җ੄ ীݶ҅҃ ҃҅ਃࣗܳ যف ੉

.׮଴۱ਸҊ۰ೞ৓݃חೞࢤߊࢲীݶٜ҅҃

2.2.2 ҳઑҕ೟੸؛ݽী੄ೠ2ରਗ೧ࢳ

ҳઑҕ೟੸ ਸ݂؛ݽ ాೠ ೧ࢳਸ पदೞӝ ਤೞৈ ௑

௼ܻ౟ ׬੉ۄ ஏ߷ࠗ ߂ ࢚ࠗী ਑ݫغ షகਸ ੹୓ ೞ

઺ਵ۽ Ҋ۰ೞৈ ো૒ߑೱ ష঑ਸ ࢑੿ೞ৓ਵݴ, ഫߑೱ

ష঑਷ K0 ઑѤਵ۽ ࢑੿ೞ৓׮. ௑௼ܻ౟ ਷׬੉ۄ ࠁ

(beam)ਃ݂ࣗ؛ݽ۽ೞ৓ਵݴ, ૑੼ઑѤ਷അ੢੄׮ন

ೠઑѤਸҊ۰ೞৈ৮੹Ҋ੿ઑѤ৻ী൦૑ઑѤೣبԋ

Ѩషೞ৓ژ .׮ೠ ઱߸ ૑߈ షীࢿ ܲٮ ҳઑޛҗ ݫغ

਑షகр੄࢚ഐ੘ਊਸ݂؛ݽೞӝਤೞৈझ೐݂૑੼

ਸҊ۰ೞ৓׮.

ѐఠօࠂ 2.3 ী׬੉ۄ ੘ਊೞח ೞ઺

ѐఠօ੄ࠂ חदী҅ࢸ ఠօ੄ ৻ࠗীࢲ ੘ਊೞח ೞ

઺, ੗઺, ఠօ ղࠗ੄ ೞ઺ ߂ ੉۽ ੋ೧ חೞࢤߊ ૑߈

ೞ઺ח੘ਊೞࢲఠօ੄৻ࠗী .׮۱ਸҊ۰ೞৈঠೠ߈

਷ ఠօ ࢚ࠗ੄ ࢚੤ೞ઺, ష঑, ࣻ঑ ١੉ݴ, ఠօ ղࠗ

੄ೞ઺੉ۆఠօղ੄઱೯ೞ઺, ੗زରೞ઺١੉׮. 

ѐఠօ੄ࠂ द҅ࢸ Ҋ۰೧ঠ ೡ ೞ઺ٜਸ ੿ܻೞݶ ׮

਺җэ׮.

䤎࢚੤ೞ઺

䤎ష঑

䤎ࣻ঑

䤎੗઺

䤎ఠօղࠗ੄ೞ઺

䤎ৡب߸ച߂Ѥઑࣻ୷

䤎૑૓ೞ઺

䤎दҕदೞ઺

3. ࣻ ஖೧߂ࢳѾҗ ࢳ࠙

3.1 ೧ࢳઑѤ

ࠄ োҳীחࢲ 2ରࢶ ఠօਸ۽ب ӝࠄ೧ࢳ ۽ਵݶױ

ী੄ೠ2؛ݽҕ೟੸߈૑߂؛ݽ੿ೞৈ, ҳઑҕ೟੸ࢶ

ରਗ ೧ࢳਸ पदೞ৓ژ .׮ೠ ਑ݫغ షக੄ חషҊࢿ

1D(D : ఠօ١оജ࢑૒҃12m)۽о੿ೞ৓׮.

؀ࠗ࠙ ѐఠօࠂ ਷׬੉ۄ दҕद ҷ଱ݶࢎ੉ ੋӔী

ਤ஖ೞݴ, ҷ଱ݶࢎҗݫغ਑షக੄݃଴١ਵੋ۽ೞৈ

ই߸ച߉ಣష঑੉৔ೱਸࣻ߂ো૒חী੘ਊೞ׬੉ۄ

ೞח Ѫਵ۽ ঌ۰ઉ ੓׮. Ӓ۞ա ੉۞ೠ അ੢ઑѤ਷ ҳ

ઑҕ೟੸ ী؛ݽ ੄ೠ ೧ࢳद ೤ܻ੸ਵ۽ ೞӝ݂؛ݽ Ҍ

ࢳҮ࠙࠺ࢲೠઑѤীੌز੄ߨӝࢳ೧فࢲۄٮ .׮ೞۆ

಴ 2. ೧ࢳઑѤ ҳ࠙ ߂ ࠗഐӏড

ҳ࠙ ݂؛ݽ ӝߨ ҳࣘઑѤ ౟ݭݽ ߸ਤ ୷۱

CASE 1 ૑߈ҕ೟੸ ݂؛ݽ Hinge

CASE 2 ૑߈ҕ೟੸ ݂؛ݽ Fix

CASE 3 ҳઑҕ೟੸ ݂؛ݽ Hinge
঑୷ : +

CASE 4 ҳઑҕ೟੸ ݂؛ݽ Fix

CASE 5 ҳઑҕ೟੸ ݂؛ݽ Hinge+Spring

CASE 6 ҳઑҕ೟੸ ݂؛ݽ Fix+Spring
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ਸ ਤೞৈ ૑߈ҕ೟੸ ী؛ݽ ੄ೠ ೧ࢳदীب ҷ଱ݶࢎ

ਸҊ۰ೞ૑ঋও׮. 

௑௼ܻ౟ ׬੉ۄ ୌࠗ۽ࠗױఠ ૐоೞח షೖҊ(Z0)৬

૒ݶױ੄ജ࢑׬੉ۄ (҃D)࠺(Z0/D) ߸ചীܲٮ߸ਤ߂

ࠗ੤۱੄߸ച١ਸѨషೞ৓ਵݴ, п೧ࢳઑѤ߹ҳ࠙җ

೧ࢳѾҗ ௑௼ܻ౟ ী׬੉ۄ חೞࢤߊ ߸ਤ ߂ ࠗ੤۱ী

؀ೠࠗഐӏড਷಴2৬э׮(Ӓܿ3 ଵઑ).

3.2 ૑߈ҕ೟੸ ী؛ݽ ੄ೠ 2ରਗ ೧ࢳ

ࠄ োҳীחࢲ ਑ݫغ షக੄ ߹҅ױ ష৬ࢿ ҃҅ਃࣗ

١ਸҊ۰ೠ૑߈ҕ೟੸ࣻ஖೧ࢳਸपदೞӝਤೞৈ, ਬ

ೠର࠙ߨ(F.D.M) ೧ࢳ೐۽Ӓੋ۔ FLACਸ ੉ਊೞ৓׮.

਑ݫغ ൘਷ 2ରਗ ಣݶਃ ,ࣗ ௑௼ܻ౟ ਷׬੉ۄ ਃࣗ࠿

ױ൦૑ઑѤҗҊ੿ח૑੼ࠗ׬੉ۄ ,ݴೞ৓ਵ݂؛ݽ۽

ઑѤ҃ف਋ী؀ೞৈࣻ஖೧ࢳਸपदೞ৓׮(Ӓܿ4 ଵ

ઑ).

3.3 ҳઑҕ೟੸ ী؛ݽ ੄ೠ 2ରਗ ೧ࢳ

ҳઑҕ೟੸ ਸ݂؛ݽ ాೠ ࣻ஖೧ࢳਸ पदೞӝ ਤೞ

ৈ ௑௼ܻ౟ ׬੉ۄ ஏ߷ࠗ ߂ ࢚ࠗী ਑ݫغ షகਸ ੹

୓ೞ઺ਵ۽Ҋ۰ೞৈࣻ૒ೞ઺җK0 ઑѤਵࣻ۽ಣೞ઺

ਸ࢑੿ೞ৓׮. ௑௼ܻ౟ۄ੉׬਷࠿(Beam)ਃࣗ؛ݽ۽

݂ ೞ৓ਵۄ ,ݴ੉׬ ૑੼ࠗ੄ ҳࣘઑѤ਷ Ҋ੿ױ ߂ ൦

૑ઑѤ੄ ҃਋ী ؀ೞৈ пп ۽ࣻ߸ѐݒ ೞৈ Ѩషೞ৓

௑௼ܻ౟ .׮ җ׬੉ۄ ਑ݫغ షகр੄ ࢚ഐ ੘ਊਸ ݽ

ҳࣘޛҳઑ .׮ೞӝਤೞৈझ೐݂૑੼ਸҊ۰ೞ৓݂؛

ઑѤਸ੿ܻೞݶӒܿ5৬э׮.

ࠄ ೧ࢳীחࢲ ਬೠਃࣗߨ(F.E.M) ೧ࢳ೐۽Ӓੋ۔

SAP 2000ਸ ੉ਊೞ৓ਵݴ, दҕ҅ױ߹ Ѩషܳ ਤೞৈ

௑௼ܻ౟ ׬੉ۄ ୌࠗ۽ࠗױఠ షೖҊо 0∼1Dੋ ҃਋

ী؀ೞৈࣻ஖೧ࢳਸपदೞ৓׮.

Ӓܿ 3. షೖҊ(Z0)৬ ੄׬੉ۄ ജݶױ࢑ ૒ (҃D)࠺(Z0/D)

Ӓܿ 4. ૑߈ҕ೟੸ ਸࢳ೧؛ݽ ਤೠ Mesh ߂ ҳࣘઑѤ

಴ 3. ૑߈ҕ೟੸ ࣻ஖೧ࢳ ݂؛ݽ

ҳ࠙ ݂؛ݽ ਃࣗ ੸ਊ ؛ݽ Ҋ࠺

਑ݫغ ൘ ಣݶ-߸ഋܫ ਃࣗ Mohr-Coulomb

௑௼ܻ౟ ׬੉ۄ Beam ਃࣗ Elastic

಴ 5. ௑௼ܻ౟ ੄׬੉ۄ ੤ਗ

ਤ઺۝ױ ఍ࣻ҅ࢿ ನ৬࣠࠺ ԋف

2.5 t/m2 2.35×106 t/m2 0.2 0.75 m

಴ ਑ݫغ .4 ൘੄ ੑ۱ Parameter

఍ࣻ҅ࢿ
ղࠗ݃଴п ੼଱۱

ਤ઺۝ױ
(ø) (c)

೧ࢳઑѤ

5,000 t/m2 33° 1.0 t/m2 2.1 t/m3 K0 Condition
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௑௼ܻ౟ҳઑޛҗ ਑ݫغ షகр੄ ࢚ഐ ੘ਊਸ ؛ݽ

݂ೞӝ ਤೠ झ೐݂૑੼੄ ъࢿ਷ ૑߈ҕ೟੸ ী݂؛ݽ

੸ਊػ ૑߈఍ܳࣻ҅ࢿ ӔѢ۽ Woeflerҕधਸ ੉ਊೞৈ

࢑੿ೞ৓׮(Ӓܿ6 ଵઑ). ࣻ ஖೧ࢳदझ೐݂૑੼ਸ؛ݽ

݂ ೠ ҃਋ ੋ੢۱੉ חೞࢤߊ झ೐݂਷ ઁѢ റ ੤೧ࢳ

ਸपदೞ৓׮.

3.4 Ѿҗ࠙ࢳ

3.4.1 േݭݽ౟

(1) ୌࠗױേݭݽ౟

ୌࠗױী חೞࢤߊ Ӓܿ 7җ э੉ േݭݽ౟ח షೖҊ

оծ਷҃਋(Z0/D=0.2 ੉ೞ) ഫߑೱష঑੉ো૒ߑೱష

঑ী ೞৈ࠺ ௼ѱ ੘ਊೞѱ ౟оݭݽ(-ࠗ)  ,۽޲غ ࢤߊ

ೞҊ ੉ റ షೖҊо ૐоೣী ۄٮ ੿(+)ݭݽ౟о ࢤߊ

ೞחѪਵ۽աఋլ׮.

ୌࠗױ േݭݽ౟ח Ӓܿ 8җ э੉ షೖҊо ૐоೣী

ۄٮ ੼ର ૐоೞח ҃ೱਸ աఋղҊ ੓׮. Z0/D࠺о ز

ੌೠ ҃਋ ݂؛ݽ ীߨߑ ۄٮ ୌࠗױ േݭݽ౟ח 17∼

45% ੿ب੄ ର੉о աఋաҊ ੓ਵ݂؛ݽ ,ݴ ੉ߨߑ ز

ੌೠ ҃਋ ೧ࢳद ҳࣘઑѤ੄ ߸ചী ۄٮ 7∼23%੄ ର

੉оࢤߊೞחѪਵ۽աఋլ׮. 

ೠژ షࢿ ୡӝ҅ױীחࢲ Z0/D࠺о 0.3ਵ۽ ૐоೞ

ח ҃਋ ೧ࢳѾҗ ݂؛ݽ ߨߑ ߂ ҳࣘઑѤী ܲٮ ೧ࢳ

Ѿҗ੄ ର੉ח ૐоೞҊ, Z0/D࠺о ૐоೣী ۄٮ ੼ର

хࣗೞח ҃ೱਸ ࢲۄٮ .׮ੋࠁ ୌࠗױ േݭݽ౟ח

Ӓܿ 5. ҳઑ೧ࢳਸ ਤೠ ҳࣘઑѤ

Ӓܿ 7. ௑௼ܻ౟ ׬੉ۄ േݭݽ౟(ҳࣘઑѤ : ൦૑)Ӓܿ 6. Woefler ҕधਸ ੉ਊೠ झ೐݂҅ࣻ ࢑੿

K’=
E 

R

K1 = K’¡¿l1 = K’¡¿l 2

Kx = 0.5(K1 cos θ1 + K2 cos θ2 )

Ky = 0.5(K1 sin θ1 + K2 sin θ2 )

ৈӝࢲ,

K’: ױਤ੽ࢶӡ੉׼૑۱҅ࣻ߈߈

E : ઱߸૑߈੄఍ࣻ҅ࢿ

R : ١оജۄ࢑੉߈׬ (҃  A / π)

l1, l 2 : ࠗ ੤੄ӡ੉

√
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Z0/D࠺о 0.3੉࢚ਵ۽ ૐоೣী ۄٮ ݂؛ݽ ߨߑ ߂ ҳ

ࣘઑѤ੄߸ചী੄ೠ৔ೱ਷хࣗೞחѪਵ׮ػױ౸۽.

(2) ஏ߷ࠗ୭؀േݭݽ౟

ஏ߷ࠗী חೞࢤߊ ୭؀ േݭݽ౟ח Ӓܿ 9৬ э੉ ௑

௼ܻ౟ ੄׬੉ۄ ҳࣘઑѤ ߂ షೖҊ ૐоী ܲٮ ߸ച

ন࢚ীର੉оࢤߊೞחѪਵ۽աఋլ׮. Ҋ੿ױҳࣘઑ

Ѥੋ ҃਋ షೖҊо ծ਷ ҃਋(Z0/D=0.3੉ೞ)ীח ஏ߷

ࠗী ੿(+)ݭݽ౟о о੢ ௼ѱ షೖҊо ,ݴೞࢤߊ ૐо

ೣী ۄٮ ౟оݭݽ(-ࠗ) חೞࢤߊ Ѫਵ۽ աఋաҊ ੓

Ӓ۞ա .׮ ҳࣘઑѤ੉ ൦૑ੋ ҃਋ ஏ߷ࠗী ݭݽ(-ࠗ)

౟о୭؀േݭݽ౟ࢤߊ۽ೞחѪਵ۽աఋլ׮.

ஏ߷ࠗ୭؀േݭݽ౟חZ0/D࠺оੌزೠ҃਋݂؛ݽ

ীߨߑ ۄٮ 19∼39% ੿ب੄ ର੉о աఋաҊ ੓ਵݴ,

ٮदҳࣘઑѤ੄߸ചীࢳೠ҃਋೧ੌز੉ߨߑ݂؛ݽ

.׮աఋլ۽Ѫਵחೞࢤߊ੄ର੉о%20∽1ۄ

ೠژ షࢿ ୡӝ҅ױীחࢲ Z0/D࠺о 0.3ਵ۽ ૐоೞ

ח ҃਋ ೧ࢳѾҗ ݂؛ݽ ߨߑ ߂ ҳࣘઑѤী ܲٮ ೧ࢳ

Ѿҗ੄ ର੉ח хࣗೞҊ, Z0/D࠺о ૐоೣী ۄٮ ૐо

ೞח ҃ೱਸ ࢲۄٮ .׮ੋࠁ ஏ߷ࠗ േݭݽ౟ח Z0/D࠺

о 0.3੉࢚ਵ۽ ૐоೣী ۄٮ ݂؛ݽ ߨߑ ߂ ҳࣘઑѤ

੄߸ചী੄ೠ৔ೱ਷ૐоೞחѪਵ׮ػױ౸۽.

੄׬੉ۄ ૑੼ࠗ ҳࣘઑѤ੉ Ҋ੿ױ੉Ҋ Z0/D࠺о

0.3੉ೞ۽ షೖҊо ծ਷ ҃਋, ೧ࢳѾҗ ੿(+)ݭݽ౟о

୭؀േݭݽ౟ࢤߊ۽ೞחѪਵ۽աఋլ׮. ੉ח૑੼ࠗ

ীҳࣘઑѤ৔ೱ١ਵੋ۽ೞৈஏ߷ࠗ׮ࠁ௾േݭݽ౟

о ೞҊ, झ೐݂ࢤߊ ૑੼ਸ Ҋ۰ೠ ҃਋ ஏ߷ࠗ ߸ਤઁ

যബҗ١ਵੋ۽ೠѪਵ׮ػױ౸۽.

3.4.2 ୷۱

௑௼ܻ౟ ী׬੉ۄ חೞࢤߊ ୭؀୷۱਷ Ӓܿ 10җ э

੉ షೖҊо ૐоೣী ۄٮ ۽ഋ੸ਵࢶ ૐоೞח Ѫਵ۽

աఋաҊ ੓׮. ୭؀୷۱਷ ௑௼ܻ౟ ׬੉ۄ ૑੼ࠗীࢲ

ೞҊ, ҳࣘઑѤࢤߊ ߸ചী ۄٮ ௾ ৔ೱ਷ হח Ѫਵ۽

աఋաҊ੓ਵݴ, ҳઑҕ೟੸ߨߑ݂؛ݽী੄ೠ೧ࢳѾ

җо૑߈ҕ೟੸ߨߑ݂؛ݽী੄ೠ೧ࢳѾҗী࠺೧ಣ

Ӑ ড 29%੿ب ௼ѱ חೞࢤߊ Ѫਵ۽ աఋաҊ ੓׮(Ӓ

ܿ11 ଵઑ). 

ী׬੉ۄ חೞࢤߊ ୷۱਷ ࣻಣߑೱ ೞ઺ী ੄ೠ ৔ೱ

ח׮ࠁ ࣻ૒ߑೱ ೞ઺ী ۄٮ ௼ѱ ߸ചೞࢲۄٮ ,ݴ ࣻ

૒ߑೱೞ઺਷૑߈ҕ೟੸ߨߑ݂؛ݽী੄ೠ೧ࢳदҳ

ઑҕ೟੸೧ࢳী࠺ೞৈ੘ѱ੘ਊೞӝੋޙٸѪਵ۽౸

ݶ੉੽ୢࢎ਑షகݫغҗ׬੉ۄ௑௼ܻ౟ח੉ .׮ػױ

ী ೠ݂؛ݽ ҃҅ਃ (ࣗInterface Element) ߂ ਑ݫغ ష

கղࠗ੄Soil Arching ١ী੄ೠ৔ೱਵੋ۽ೞৈ࢚ࠗ

షೖҊী ੄ೠ ࣻ૒ೞ઺੉ хࣗೞӝ ੋޙٸ Ѫਵ۽ ױ౸

Ӓܿ 8. ୌࠗױ േݭݽ౟ ߸ച Ӓܿ 9. ஏ߷ࠗ ୭؀ േݭݽ౟ ߸ച
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3.4.3 ߸ਤ

(1) ୌࠗױ߸ਤ

ୌࠗױ ߸ਤח Ӓܿ 12৬ э੉ ݂؛ݽ ӝߨ חژ ҳࣘ

ઑѤীࣗ׮ۄٮର੉оࢤߊೞաషೖҊоૐоೣীٮ

ۄ ૐоೞח Ѫਵ۽ աఋաҊ ੓׮. ૑߈ҕ೟੸ ݂؛ݽ

ਸߨߑ ੉ਊೠ ࣻ஖೧ࢳীࢲ ૑੼ࠗ ҳࣘઑѤ ߸ചী ੄

ೠ৔ೱ਷షೖҊоૐоೣীۄٮ೧ࢳѾҗ੄ର੉ח୭

؀ ড 32%ীࢲ ۽2% ੼ର хࣗೞݴ, ҳઑҕ೟੸ ݂؛ݽ

झ߂૑੼ࠗҳࣘઑѤ߸ചࢲীࢳਸ੉ਊೠࣻ஖೧ߨߑ

೐݂૑੼Ҋ۰ৈࠗী੄ೠ৔ೱ਷షೖҊоૐоೣীٮ

ۄ ೧ࢳѾҗ੄ ର੉ח ୭؀ ড 20%ীࢲ ۽10% ੼ର х

ࣗೞח Ѫਵ۽ աఋլژ .׮ೠ ҳࣘઑѤ੉ ൦૑ חژ Ҋ

੿҃ੋױ਋ߨߑ݂؛ݽী51∽22ۄٮ%੄ର੉оࢤߊ

ೞחѪਵ۽աఋլ׮. 

షೖҊо ծ਷ ҃਋(Z0/D=0.1 ੉ೞ)ীח ୌࠗױীח

࢚ೱ ߸ਤо ೞҊࢤߊ ੉ח ௑௼ܻ౟ ী׬੉ۄ ੘ਊೞח

ࣻ૒ೞ઺ী ೞৈ࠺ ࣻಣೞ઺੉ ௼ѱ ੘ਊೞӝ ,ݴ੉ޙٸ

షೖҊо ૐо۽ ੋೠ ࣻ૒ೞ઺੄ ૐо۽ ੋೞৈ ୌࠗױ

.׮աఋլ۽Ѫਵחೞࢤߊೞೱ߸ਤоח

(2) ஏ߷ࠗ߸ਤ

ஏ߷ࠗীࢤߊೞח߸ਤחӒܿ13җэ੉݂؛ݽӝߨ

ೞաషೖҊоૐࢤߊର੉оࣗ׮ۄٮҳࣘઑѤীחژ

оೣীۄٮૐоೞחѪਵ۽աఋաҊ੓׮. ૑߈ҕ೟੸

݂؛ݽ ਸߨߑ ੉ਊೠ ࣻ஖೧ࢳীࢲ ૑੼ࠗ ҳࣘઑѤ ߸

ചী੄ೠ৔ೱ਷షೖҊоૐоೣীۄٮ೧ࢳѾҗ੄ର

੉ח ୭؀ ড 27%ীࢲ ۽14% ੼ର хࣗೞݴ, ҳઑҕ೟

੸ ݂؛ݽ ਸߨߑ ੉ਊೠ ࣻ஖೧ࢳীࢲ ૑੼ࠗ ҳࣘઑѤ

߸ച ߂ झ೐݂ ૑੼ Ҋ۰ৈࠗী ੄ೠ ৔ೱ਷ షೖҊо

ૐоೣীۄٮ೧ࢳѾҗ੄ର੉ח୭؀ড31%ী23ࢲ%

۽ хࣗೞח Ѫਵ۽ աఋլژ .׮ೠ ҳࣘઑѤ੉ ൦૑ ژ

ח Ҋ੿ੋױ ҃਋ ݂؛ݽ ীߨߑ ۄٮ 32∼52%੄ ର੉

оࢤߊೞחѪਵ۽աఋլ׮. 

Z0/D੄࠺о0.2∼0.3ੋ షೖҊоծ਷҃਋ஏ߷ࠗী

ח ׬੉ۄ ղஏߑೱ ߸ਤо חೞҊ, ੉ࢤߊ ௑௼ܻ౟ ۄ

੉׬ী ੘ਊೞח ࣻ૒ೞ઺ী ೞৈ࠺ ࣻಣೞ઺੉ ௼ѱ ੘

ਊೞӝ ૒ೞ઺੉ࣻ ,ݴ੉ޙٸ ૐоೣী ۄٮ ࣻಣೞ઺੉

ૐоೞৈ ఠօ ஏ߷ࠗীח ׬੉ۄ ৻ஏߑೱ ߸ਤо ࢤߊ

ೞחѪਵ۽աఋլ׮.

షೖҊо ծ਷ ҳр(Z0/D = 0.3 ੉ೞ)ীࢲ ୌࠗױ ߂

ஏ߷ࠗ߸ਤחো૒ష঑ী࠺೧ഫߑೱష঑੉௼ѱ੘ਊ

ೞ۽޲ ׬੉ۄ ৻ஏ ߂ ղஏ੄ ߸ਤо ࠺ೞա, Z0/Dࢤߊ

Ӓܿ 10. షೖҊ ૐоী ܲٮ ୭؀୷۱ Ӓܿ 11. ૑߈ҕ೟੸ ߂ ҳઑҕ೟੸ ݂؛ݽ ೧ࢳѾҗ
(୷۱, CASE 2 vs. CASE 3)
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оૐоೣীࢶۄٮഋ੸ਵ۽߸ചೞחѪਵ۽աఋլ׮.

ୌࠗױ ߂ ஏ߷ࠗ ߸ਤח ೧ࢳѾҗ CASE 2੄ ҃਋ ୭

ࣗ ߸ਤо חೞࢤߊ Ѫਵ۽ աఋլ׮. ੉ח Ҋ੿ױ ૑੼

੄ ߸ਤ ઁয ߂ ਑ݫغ షகҗ җ੄׬੉ۄ ࢚ഐ Ѣزী

੄ೠ ߸ਤ ઁযബҗী ੄ೠ Ѫਵ۽ ୭؀ ,ݴغױ౸ ߸ਤ

о חೞࢤߊ Ѫਵ۽ աఋդ CASE 3੄ ҃਋ ׬੉ۄ ૑੼

ࠗ੄ ҳࣘઑѤ੉ ൦૑੉۽޲ Ҋ੿ױ ૑੼җ ܻ׳ ૑੼ࠗ

੄߸ਤઁযബҗоաఋա૑ঋਵݴ, ҳઑҕ೟੸݂؛ݽ

਑షக੹୓ܳೞ઺ਸ࢑੿ೞӝݫغ੄о੿ઑѤੋߨߑ

 .׮ػױ౸۽Ѫਵੋޙٸ

۽੸ਵ߈ੌ Ҵղীࢲ ѐఠօ੄ࠂ ௑௼ܻ౟ ׬੉ۄ ݽ

द݂؛ ૑੼ࠗ ҳࣘઑѤ਷ ഛೠݺ ӝળী ੄Ѣೞৈ ੿೧

૑૑ח ঋਵա, ௑௼ܻ౟ ׬੉ۄ ೞࠗ૑߈੉ ҃ঐ ١җ

э਷ ѼҊೠ ૑߈ীחࢲ Ҋ੿ױ૑੼ਵ۽ ೂ ,ݴೞ݂؛ݽ

ചঐ١ীחࢲ൦૑૑੼ਵ݂؛ݽ۽ೞ҃חೱ੉੓׮. Ӓ

۞ա, Ҋ੿ױ ૑੼ਵ۽ ೠ݂؛ݽ ҃਋ ൦૑૑੼ী ೧࠺

ୌࠗױ േݭݽ౟ח ಣӐ 6.2%, ஏ߷ࠗ ୭؀ േݭݽ౟ח

ಣӐ22.5%, ୌࠗױ߸ਤחಣӐ8.1%, ஏ߷ࠗ߸ਤחಣ

Ӑ 14.8% ੿ب ௼ѱ חೞࢤߊ Ѫਵ۽ աఋաҊ ੓ٮ .׮

ࢲۄ ೤ܻ੸੉Ҋ ҃ઁ੸ੋ ѐఠօࠂ ௑௼ܻ౟ ׬੉ۄ ࢸ

҅ܳ ਤ೧חࢲ ࣻ஖೧ࢳद അ੢ઑѤী חݏ ҳࣘઑѤਸ

੿ೞৈঠࢶ ೞݴ, ੉ܳ Ѩૐೞӝ ਤೠ അ੢҅ஏ ١੄ ҙ

۲োҳоࣻ೯غযઉঠೡѪਵ׮ػױ౸۽.

4. Ѿۿ

ࢳೠ೧מद੸ਊо҅ࢸ੄׬੉ۄѐఠօࠂחোҳࠄ

ӝٜߨਸ੉ਊೞৈпઑѤ߸ചীࠂܲٮѐఠօۄ੉׬

੄ Ѣزਸ Ӓ ,ݴೞ৓ਵࢳ࠙ Ѿҗ ਺җ׮ э਷ Ѿۿਸ ঳

঻׮.

1) ௑௼ܻ౟ ׬੉ۄ ݂؛ݽ ীߨߑ ۄٮ ী׬੉ۄ ࢤߊ

ೞח߸ਤࠗ߂੤۱਷୭؀ড53% ੿ب੄௾ର੉

ܳ ੌز ,ݴ੉ࠁ ݂؛ݽ ӝߨ ੸ਊद ҳࣘઑѤ ۄٮ

ী׬੉ۄ חೞࢤߊ ߸ਤ ߂ ࠗ੤۱ب ୭؀ ড 32%

੉࢚੄ ର੉о חೞࢤߊ Ѫਵ۽ աఋլࢲۄٮ .׮

௑௼ܻ౟ۄ੉׬ীࢤߊೞח߸ਤࠗ߂੤۱਷ҳࣘ

ઑѤ ח׮ࠁ ݂؛ݽ ীߨߑ ؊ ௾ ৔ೱਸ ח߉ Ѫਵ

۽ ੉۞ೠ ,ݴغױ౸ ݂؛ݽ ীߨߑ ܲٮ ী׬੉ۄ

חೞࢤߊ ߸ਤ ߂ ࠗ੤۱਷ ର੉ח ઱۽ ਑ݫغ ష

கղࠗ੄Soil Archingҗ௑௼ܻ౟ۄ੉ݫغ߂׬

਑ షக੄ Interaction ١੄ ৔ೱਵ۽ ੋ೧ ೞࢤߊ

 .׮ػױ౸۽Ѫਵח

ف (2 ੄؛ݽ ೧ࢳѾҗח ѐఠօࠂ ੋӔী ਤ஖ೠ ҷ଱

֫ ,಩ ,ࢎ੄҃ݶࢎ ੉৬૑࢚߈క١җэ਷അ੢ઑ

ѤਸҊ۰ೞ૑ঋ਷Ѿҗ੉۽޲, ҷ଱ݶࢎҗݫغ਑

షக੄ ݃଴ ١ ҷ଱ݶࢎ੄ ৔ೱਸ ݶ׮৔ೠ߈ ف

੄؛ݽ ೧ࢳѾҗо ؊ ௾ ର੉ܳ աఋյ Ѫਵ۽ ౸

Ӓܿ 12. షೖҊ ૐоী ܲٮ ୌࠗױ ߸ਤ Ӓܿ 13. షೖҊ ૐоী ܲٮ ஏ߷ࠗ ߸ਤ
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߈੄ӝೞ೟੸ੋઑѤҗ૑ݶࢎҷ଱ࢲۄٮ .׮ػױ

ઑѤ੉ ח஖޷ ৔ೱ ౵ঈҗ ೣԋ ߂ ਑ݫغ షக੄

૑߈ҕ೟੸ ౠࢿӏۄ ,ݺ੉׬җ ૑߈җ੄ Interac-

tion ઁޙ ١੄ റࣘ োҳо ࣻ೯غযঠ ೡ Ѫਵ۽

.׮ػױ౸

4) ҳઑҕ೟੸ ݂؛ݽ ӝߨਵח۽ ਑ݫغ షக ੹୓ܳ

ࣻ૒ࣻ߂ಣೞ઺ਵ۽о੿ೞࠂ ,۽޲ѐఠօۄ੉׬

ী ੋ੽ೞৈ दҕחغ ҷ଱ݶࢎ੄ ࢎ҃ ߂ ҷ଱಩,

അ੢ ਑ݫغ షக੄ ੄ب૗׮ ৔ೱ, Soil Arching

١җ э਷ ૑߈ҕ೟੸ ౠࢿਸ ೞӝী݂؛ݽ য۰਑

੉ ੓ਸ Ѫਵ۽ ࢲۄٮ .׮ػױ౸ ѐఠօࠂ ׬੉ۄ

חदী҅ࢸ ૑߈ઑѤ੄ ߸ച৬ ҷ଱ݶױ੄ ߸ചо

௼ѢաࠂѐबبоӨ਷҃਋١૑߈ҕ೟੸߸ࣻо

݆਷ ҃਋ח ҳઑҕ೟੸ ী৻݂؛ݽ ୶о੸ਵ۽ ૑

Ѩషо߽ࢿ੄੸೤ࢳਸాೠ೧݂؛ݽҕ೟੸ੋ߈

೯غযঠೡѪਵ׮ػױ౸۽.

ࠄ (5 োҳীחࢲ ׬੉ۄ ૑੼ࠗ੄ ҳࣘઑѤ੉ ೧ࢳѾ

җী ೠ׼࢚ ৔ೱਸ ח஖޷ Ѫਵ۽ աఋաҊ ੓য

׮ࠁ ೤ܻ੸੉Ҋ ҃ઁ੸ੋ ѐఠօࠂ ௑௼ܻ౟ ੉ۄ

৔߈ઑѤ١ਸ߈द૑ࢳ஖೧ࣻחࢲਤ೧ܳ҅ࢸ׬

ೠ ҳࣘઑѤ੄ Ѿ੿੉ ੉ܖযઉঠ ೞݴ, ੉ܳ ਤೞ

ৈ ૑߈ઑѤ߹ ࠗࣁ ӝળ োҳо ࣻ೯غযঠ ೡ Ѫ

ਵ׮ػױ౸۽.
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