
1111
؀ೠఠօഈഥ ૘ޙ֤

Abstract 
The purpose of this study is to improve the problems in Umbrella Arch Method, such as the oxidation, the

difficulties in installation and cutting of the steel pipe. The applicability of the high strength FRP (Fiber-

Reinforced-Plastic) materials composed of glass fiber as a substitute of steel pipe was investigated in this study.

The results of this study show that FRP material is better than steel pipe in work performance and the durability

of material except for its price. From the numerical analysis with various types of FRP, it was evaluated that the

equiangular curve type is more efficient than the flat type developed abroad, and the supporting effect of FRP-

grout mixture is similar to that of steel-grout mixture in results of bending strength test.

Keywords : FRP, Umbrella Arch Method, Bending Strength Test

ਃ ૑
੉ োҳח ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴ҕߨ੄ࢸ஖ ߂ ੺ױ द য۰਑, ࠗ धী ஂডೠ ੼ઁޙ ١ਸ ѐࢶೞؘח ੸੉ݾ ੓ਵݴ, ъҙ

؀नীҊъبਬܻࢻਬ(fiberglass)ܳ ੉ਊೠFRP(Fiberglass Reinforced Plastic)੄੸ਊࢿী؀ೠোҳܳࣻ೯ೞ৓׮. োҳѾҗח

ъҙী࠺ೞৈFRP ࠁъ੤੄оѺ੉֫ӟೞ૑݅दҕ߂ࢿղҳ١ࢿীࢲ਋ࣻೠѪਵ۽౵ঈغ঻׮. ӒܻҊFRP ࠁъ੤੄ഋ࢚ী

ܲٮ ࣻ஖೧ࢳ Ѿҗীחࢲ Ҵ৻ীࢲ ࢚ਊച ػ ౸࢚ഋ ъ੤ࠁ ׮ࠁ ١пҋࢶഋ ъ੤оࠁ ؊ ҳઑ੸ ஏݶীࢲ ബਯ੸੐ਸ ঌ ࣻ ੓঻

೟ ࣿ ֤ ޙ

ఠօࠁъ੤ࢲ۽FRP੤ܐ੄੸ਊࢿѨష

The applicability of FRP material for tunnel support
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ఠօ੄ दҕ ઺ ૑ೞࣻ ਬ୹ী ੄ೠ ૑߈ ஜೞо ৘࢚

Ѣաغ ૑߈੄ ੉৮৔৉੉ և਷ ҃਋ীח ఠօ੄ ҷ଱җ

߽೯ೞৈ੸੺ೠࠁઑҕٜߨਸࢎਊೞҊ੓ਵݴ, ౠ൤ъ

ҙࠁъഋױ׮Ӓۄ਋౴ҕߨҗডঘ઱ੑҕߨ, ഹಫ݂ҕ

ߨ ١੉ օܻ ੸ਊغҊ ੓ߓ)׮ӏ૓ ١, 1998; ೠҴѤࢸ

ӝࣿোҳਗ, 1986; ೠҴѤࢸӝࣿোҳਗ, 1994).

੉ٜ ߨઑҕࠁ ઺ীࢲ ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴ҕߨ

਷ ؀಴੸ਵ۽ ਎૑ೞ୍ࢲ 5-18ҕҳ੄ ೠъೞ੷ ాҗҳ

рীࢲ ডঘ઱ੑҕߨҗ ߽೯ೞৈ ੸ਊغ঻Ҋ, ࠁъബҗ

оഛੋ߄ػ੓ࢲ)׮਎ౠ߹द૑ೞ୍Ѥࠄࢸ ,ࠗ 1997). Ӓ

۞ա ੉ ҕߨ਷ ъҙ੄ ஖ࢸ ߂ ੺ױ द ஂә੉ ਊ੉ೞ૑

ঋҊ, ࠗधী ஂডೠ ੼ٜਸઁޙ о૑Ҋ ੓ӝ ীޙٸ ੉

ী ؀ೠ ѐࢶ੉ ਃҳغҊ ੓ח प੿੉׮. ੉۞ೠ ੄ઁޙ

೧Ѿߑউਵ۽, ৻Ҵীחࢲъҙ؀नীҊъبਬܻࢻਬ

(fiberglass)ܳ ੉ਊೠ FRP (Fiberglass Reinforced

Plastic)ܳ ੸ਊೠ۹ࢎо੓׮(Sireg S.P.A.). 

ਸҴղ੄షߨъҕࠁ߈੉ਊೠ૑ܳܐFRP ੤ࢲۄٮ

ঠী࠙ݾ ੸ਊೞӝ ਤೠ ۽੸ਵݾ ࠄ োҳীחࢲ ਺җ׮

э਷ ਃࣗӝࣿোҳܳ ࣻ೯ೞ৓ݢ .׮੷, ബਊࢿਸ ׮ࠁ

ӓ؀ചदఃӝ ਤೞৈ FRP ࠁъ੤੄ ҳઑ੸ ౠࢿী ؀ೠ

ࣻ஖೧ࢳਸ ࣻ೯ೞ৓׮. ӒܻҊ FRP ߂ ъҙ Ӓۄ਋౟

೤୓ীࠂ ؀ೞৈ ҷҋъبद೷ਸ पदೞ৓Ҋ, FRP ࠁъ

੤੄੸ਊоࢿמਸಣоೞৈࠁও׮. 

2. FRP ࠁъഋױ׮Ӓۄ਋౴ҕߨ੄ౠࢿ

2.1 FRP ࠁъ੤੄ ౠࢿ ߂ ъҙҗ੄ Ү࠺

FRP Ӓۄ਋౴ҕߨ਷1980֙ ؀઺߈੉റࠗఠ੉ఎܻ

ইীࢲ ࣗѐػ ࢲ۽ਵߨઑҕࠁ नࣗ੤ ъച೐ۄझ౮੄

੤ܐ੸ ౠࢿਸ ఠօ ъ੤ীࠁ ੸೤ೞ۾ب ѐߊೞ৓׮

(Sireg S.P.A.).

Ӓܿ 1਷ FRPܳ ੉ਊೠ Ӓۄ਋౴ ੢஖ܳ दೠب Ѫਵ

੉ ,۽ ੢஖੄ ҳࢿ਷ Ӓۄ਋౟੤੄ ઱ੑਸ ਤೠ ઱ੑҙ,

࢚੤ೞ઺җ ష঑ਸ ࠙࢑·хࣗदఃח FRP ࠁъ੤, FRP

ъ੤੄ࠁ ਤ஖ܳ Ҋ੿दெ઱ח рѺ੤ ١ਵ۽ ҳغࢿয

੓׮.

಴ 1਷ FRP ࠁъ੤੄ ৉೟੸ ౠࢿਸ ৈࠁ ઱ח Ѫਵ

ਬࢻਬܻ ,۽ ೣਬਯ੉ 70%ੋ ਋ݒ Ҋъب ೒ۄझ౮ न

ࣗ੤੉ࢿ۝҃ ,ݴ, ղച೟ࢿ, ղ݃ࢿݽ ١ਸ فݽ ݅઒द

ఆࣻ੓ࠁחъ੤ܐ੉׮(ೠҴѤࢸӝࣿোҳਗ, 1999).

FRP ࠁъഋױ׮Ӓۄ਋౴ҕߨ੄ӝࠄਗܻחъҙࠁ

ъഋҗ ਬࢎೞݴ, ఠօ ҷ଱ ੹ী ъҙ ؀न FRP ࠁъ੤

ܳ੸੺ೠഋ࢚ਵߓ۽ৌ·ࢸ஖ೠ׮. ӒܻҊ઱ੑҙղী

Ҋ, Ӓۄ਋౟ࠂ೤୓ী؀ೠҷҋъبद೷ѾҗীחࢲъҙҗFRP ࠁъ੤੄૑ࠁബҗоਬࢎೠѪਵ۽ಣоغ঻׮.

઱ਃয:FRP, ъҙࠁъഋױ׮Ӓۄ਋౴ҕߨ, ҷҋъبद೷

Ӓܿ 1. FRP ࠁъഋ ױ׮ Ӓۄ਋౴ҕߨ੄ ҳࢿ

࠺ ઺ 1.9 g/cm3 ASTM D 792

fiberglass content 70 %

tensile strength 1,000 MPa ASTM D 3916

bending elastic modulus 40 GPa ASTM D 3916

shear strength 250 MPa

಴ 1. FRP ࠁъ੤੄ ৉೟੸ ౠࢿ
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ಁழܳ ஖ೞৈࢸ Ӓۄ਋౟੤ܳ ઱ੑೣਵॄ۽ ઱ੑ੤ী

੄ೠ૑߈੄ҊѾੋ۽ೞৈFRP ࠁъ੤৬૑߈ਸੌ୓ച

ೠ׮.

ӝઓ੄ ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴ҕߨҗ FRP ࠁъഋ

ױ׮ Ӓۄ਋౴ҕߨী ؀೧ࢲ ੤ܐ੸ ஏݶҗ दҕࢿ ஏݶ

੄࠺Үܳࣻ೯ೞ৓Ҋ, ӒѾҗܳ಴2ীઁदೞ৓׮. 

2.2 FRP ࠁъ੤੄ ѐࢶ

Ҵ৻ীࢲ ѐػߊ FRP ࠁъ੤੄ ݶױ ഋ࢚਷ ੸ਵ߈ੌ

۽ 3ѐ੄ ౸࢚ഋ ъ੤ܳࠁ ਊೞҊࢎ ੓ਵա, ੉ח ઑ݀

റ੄ ੉ݶױ Ү੸࠺ ௼ݴ, Ӓۄ਋౟ ೤୓੄ࠂ ҳઑ੸ ӝ

োࠄࢲۄٮ .׮੉੓ࢿ੄೙ਃࢶѐࣗ׮ٸਸҊ۰ೡמ

ҳীחࢲ ౸࢚ഋ ъ੤੄ࠁ ഋ࢚ਸ ߸ചदெ ъബҗࠁ ߂

दҕࢿਸ֫ੌࣻ੓١۾بпҋࢶഋ(಴ળഋ)җౠࣻҋࢶ

ഋਸѐߊೞ৓Ҋ, ৈ۞о૑ౠٜࢿਸ࢚ഐ࠺Ү·Ѩషೞ

ৈࠁও׮. 

Ӓܿ 2(a), (b)ীח пп ١пҋࢶഋ(಴ળഋ) FRP ࠁ

ъ੤߂ౠࣻҋࢶഋFRP ࠁъ੤੄ѐਃܳبաఋղ঻׮.

Ӓܿ2(a)੄١пҋࢶഋFRP ࠗ ੤ח೒ۄझ౮౵੉೐઱

߸ীੌزೠفԋ৬ਗ઱ܳыחFRP ࠁъ੤ܳࢸ஖ೞח

Ѫ੉Ҋ, Ӓܿ 2(b)੄ ౠࣻҋࢶഋ FRP ࠗ੤ח ԋ৬ف ਗ

઱оੌزೠ2ѐ੄FRP ࠁъ੤ف߂ԋחэਵաਗ઱о

ӟ1ѐ੄FRP ࠁъ੤ܳࢸ஖ೞߨߑחਸաఋմ׮. (b)੄

ౠࣻҋࢶഋ਷ ઱ੑ౵੉೐ী ػ஖ࢸ ҳ੄ࢎ࠙ ਤ஖ա ௼

ӝܳ ೞৈ, ೱറܻ׳ ઱ੑߑೱ੄ ઑ੺ী ਊೡࢎ ࣻ ੓ب

.׮ҊউೠѪ੉۾

಴ 2. ъҙ ߂ FRP ࠁъഋ ױ׮ Ӓۄ਋౴ҕߨ੄ ౠࢿ Ү࠺

ъҙ ъഋࠁ ױ׮ Ӓۄ਋౴ҕߨ FRP ࠁъഋ ױ׮ Ӓۄ਋౴ҕߨ

·ъҙ ઁ੘ ߂ ஂә੉ ਊ੉
·FRP ࠁъ੤ ઺۝੉ ੸਺

੢੼
·FRP ࠁъ੤ী ೧࠺ ъҙ ੤࠺ܐо ੷۴

·ࠗधࢿী ъೣ

੤ܐ੸ ·Ӓۄ਋౟੤੄ ੸੉ݶױ ௼۽޲ ъബҗоࠁ ֫਺

ஏݶ ·ъҙ ੗୓੄ ઺۝੉ ௼۽޲ दҕࢿ Ѿৈ

੼ױ ·ࠗधࢿী ডೣ ·ъҙী ೧࠺ ੤࠺ܐо Ҋо

·ъҙ੄ ੺ױ੉ য۰਑

·FRP ࠁъ੤੄ ੺ױ੉ ਊ੉ೞৈ ҕӝ ୷ױ

·FRP੄ ղച೟ࢿ, ղࠗधࢿ੉ ਋ࣻೣ

·ъҙী ೧࠺ ઺۝੉ ੸ਵ۽޲ ஂә੉ ਊ੉

·ୌҕ ഓ੉ ࠡҦؼ ҃਋, ъҙ੄ ੸੉ݶױ ·рѺ੤ী ੄೧ ઱ੑҙҗ ୌҕ಴ݶ੉ ੌ੿ೠ рѺਸ

੢੼ Ү੸࠺ ੸ӝ ীޙٸ ъҙ੄ ੉ੑࢗ ਊ੉ ਬ૑ೣਵ۽ ҳࢎ࠙ ݄൨੉ ੸਺

दҕࢿ ੄ب߹· ઑ݀ҕ੿ হ੉ ਤױ ъҙٜਸ োѾೞৈ दҕ ·ୌҕ ഓ੄ ઺बী Ӕ੽ೞৈ ઱ੑҙਸ ਤ஖दఆ ࣻ

ஏݶ ੓য Ӓۄ਋౟ ಿ૕੄ ೱ࢚ ബҗ

·FRP੄ ಴ݶ੉ Ѣசয Ӓۄ਋౟৬੄ ࠗ଱ъبо ఀ

·ъҙ ੺ױ੄ য۰਑ਵ۽ ੋ೧ दҕࢿ ੷ೞ ·ୌҕഓ੉ ࠡҦؼ ҃਋, ࠁъ੤੄ ੸੉ݶױ ழࢲ

·ࠗधࢿী ডೣਵॄ۽ ৔ҳ ࢲ۽ъ੤ࠁ Ѿೣ੉ ੓਺ ъ੤ࠁ ੉ੑࢗ য۰਎ ࣻ ੓਺
੼ױ

·૑߈ ࢚క৬ ఠօ ݶױ ௼ӝী ۄٮ ୌҕӡ੉о ӡয૑ݶ ·FRP ࠁъ੤, ઱ੑҙ, োѾ੤ ١ਸ അ੢ীࢲ

ъҙ੄ җ؀ೠ ઺۝ਵ۽ ੋ೧ ୌҕഓ ੉ੑࢗ Ҍۆ ઑ݀ࢎਊೞח ୶о ҕ੿੉ ೙ਃ

Ӓܿ 2. ѐػࢶ FRP ࠁъ੤੄ بݶױ
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3. FRP ࠁъ੤੄୭੸ݶױഋ࢚ Ѿ੿

FRP ࠁъ੤੄ ഋ࢚ীݶױ ؀ೠ ബҗܳ Ѩૐೞӝ ਤೞ

ৈ, ౸࢚ഋ, ١пҋࢶഋ ӒܻҊ ౠࣻҋࢶഋ ١੄ 3о૑

FRP ࠁъ੤ܳ ನೣೞח Ӓۄ਋౟ ೤୓ীࠂ ؀ೠ ࣻ஖೧

ਸࢳ ࣻ೯ೞ৓Ҋ, ࠂ೤୓ղ੄ ҳࢿਃࣗੋ FRP ࠗ੤ ߂

೤୓ীࠂ ੘ਊೞח ਽۱ ૘઺അ࢚ਸ ࢚ഐ·࠺Үೞৈ ࠁ

ও׮.

ࠄ ೧ࢳী ػਊࢎ ೐۽Ӓ۔਷ "Sigma-2D"੉ݴ, ੉ ೐

ੌ ,਷അ੤Ҵղ۔Ӓ۽ ࢎ ,ఠօࢲীۄӝఋ੄ৈ۞աࠄ

ਬೠਃࣗ೧חҊ੓غী݆੉੉ਊࢳ؄١੄೧ ,ҷ଱ ,ݶ

ࢳ ೐۽Ӓ۔ਵࢲ۽ షࢎ, ঐࢳ, ௑௼ܻ౟ ੤ܐ ١੄ ഋࢶ

(linear) ࢶ࠺߂ഋ(nonlinear)Ѣزী؀ೠ೧ࢳ੉оמೠ

೐۽Ӓ۔੉׮. 

3.1 ೧ࢳઑѤ ߂ ೧؛ݽࢳ

Ӓܿ3ীաఋմח೤୓ࠂ FRPੋ؛ݽ੄؀࢚ࢳ೧ࠄ

৬߄ эҊ, FRP ࠗ ੤ח ઺बਵࠗ۽ఠ29 mm Ѣܻী ਤ

஖ೞҊ ੓Ҋ, ઱ੑ੤੄ ৔৉਷ࢿޛ FRP ࠗ੤੄ ഋ࢚߹

ୌҕ҃җੌزೠΦ100mm۽о੿ೞ৓׮. 

·Case 1 (Ӓܿ 3(a), (b)): Case 1਷ пഋ࢖ ۽೤୓ࠂ

ࢲ ೠੌز ௼ӝ੄ ౸࢚ഋ FRP ࠗ ੤о 3ѐ 1ઑ۽ ҳ

যغࢿ ੓Ҋ, FRP ࠗ੤੄ ઑ݀ ഋకо truss ҳઑ

.׮য੓غ۽

·Case 2 (Ӓܿ 3(c), (d)): Case 2ח ١пҋࢶഋ ೤ࠂ

୓ࢲ۽ ೠੌز ௼ӝ੄ ҋࢶഋ FRP ࠗ੤о 3ѐ 1ઑ

۽ ҳغࢿয ੓Ҋ, FRP ࠗ ੤੄ ઑ݀ ഋకо ਗഋਵ

 .׮য੓غ۽

·Case 3 (Ӓܿ 3(e), (f)): Case 3਷ ౠࣻҋࢶഋ ೤ࠂ

୓ࢲ۽ ҋࢶഋ FRP ࠗ੤о 3ѐ 1ઑ۽ ҳغࢿয ੓

Ҋ, ١пҋࢶഋ FRP ࠗ੤৬ ೠੌز ੸ਸݶױ о૑

Ҋ੓׮. Ӓ۞աCase 2৬ܻ׳FRP ࠗ ੤੄௼ӝо

2ѐח ೞաੌز 1ѐח ࢚੉ೞѱ ҳغࢿয ੓ਵݴ,

੉ח ઱ੑߑೱ ઑ੺(controlled grout)ਸ ਤೞৈ Ҋ

উغয૓Ѫ੉׮.

ӒܻҊ੉࢚੄؛ݽCase 1, Case 2, Case 3ী؀ೞৈ,

ৈ۞ ઑѤٜী ܲٮ ৔ೱਸ ೞҊ੗ࢳ࠙·Ү࠺ ౵ݫۄఠ

೧ࢳਸ ࣻ೯ೞ৓ؘח, Ӑ૕ ࢿߑ١ ૑߈(HIM:

Homogeneous Isotropic Model)੄ ҃਋৬ ࠛোࣘݶਸ

ನೣೞҊ ੓ח ૑߈(HJM: Homogeneous Jointed

Model)ਵ۽ҳ࠙ೞৈ೧ࢳਸࣻ೯ೞ৓׮.

Ӓܿ 3. ࣻ஖೧ࢳਸ ਤೠ FRP-ࠂ೤୓ ੄ٜ؛ݽ ӏѺҗ ౵ݫۄఠ

(a) (b)

(c) (d)

(e) (f)

model FRP types ೤୓ࠂ ഋ࢚ parameter

Case 1 ಣ౸ഋ triangular

Case 2 ١пҋࢶഋ circular
HIM,

Case 3 ౠࣻҋࢶഋ circular
HJM
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3.2 ੑ ஖ࢿޛ۱ ߂ ҃҅ઑѤ

೧؀࢚ࢳ੄ ૑߈਷ ҷ଱ റ ૑૑۱੉ әѺೞѱ ੷ೞغ

ח ೂചঐਵ۽ о੿ೞҊ, ೠҴѤࢸӝࣿোҳਗ(1998)ীࢲ

ઁউೠ ೂചঐ੄ ੸ੋ߈ੌ ஖ܳࢿޛ ੸ਊೞ৓׮. ӒܻҊ

ъഋࠁ FRP੄ ח஖ࢿޛ ೠҴѤ੗੤द೷ࣗী ੄܉ೠ द

೷ࢿ੸ Ѿҗ(఍҅ࢿ )ࣻܳ ಴ ,ݴਊೞ৓ਵࢎ 3ীח ੑ۱

.׮஖ٜਸաఋղ঻ࢿޛ

ࠛোࣘݶ(HJM)ਸ Ҋ۰ೠ ੄؛ݽ ח஖ࢿޛ पઁ അ੢

੗ܳܐҳೡࣻহ঻ӝޙٸীӝઓ੄ࣻ஖೧ࢳোҳ֤ޙ

ী ੸ਊغ঻؍ ஖ܳࢿޛ ੄ݶਊೞ৓Ҋ, ࠛোࣘࢎ ೱ਷ߑ

ড 45°п۽ب FRP ࠂ೤୓ܳ ҙాೞ۾ب .׮ೞ৓݂؛ݽ

ࠄ ೧؀࢚ࢳ੄ ৔৉ࢶ੿਷ ୌҕ҃ਸ ઺बਵ۽ ઝ·਋·

࢚·ೞ пп ୌҕ҃੄ ۽ߓ2.5 ੿ೞ৓Ҋ, FRP ࠗ੤оࢸ

૑಴ݶীࢲ 40 m ೞࠗ੄ ೂചঐ ૑৉ী ਤ஖ೞח Ѫਵ

.׮о੿ೞ৓۽

ӒܻҊ 40 m੄ షೖҊܳ Ҋ۰ೞৈ ૑߈੄ ੗઺ਸ

8 kg/cm2੄ ١࠙ನ ࢚੤ೞ઺ਵ۽ ੸ਊदௌਵݴ,

parameterীࢲ੄ ৻঑(P)੄ ௼ӝח ೤୓ࠂ ೞࠗীࢲ

8 kg/cm2۽ ੸ਊೞ৓׮.

3.3 ೧ࢳ Ѿҗ ߂ ࢳ࠙

3.3.1 Ӑ૕ೠ૑߈(Homogeneous Isotropic

Model: HIM)੄҃ೱ࠙ࢳ

Ӑ૕ೠࢿߑ١૑߈ղী3ࢲо૑Caseী؀ೞৈ఍ࣗ

ࢿ ਬೠਃࣗ೧ࢳਸ ࣻ೯ೠ Ѿҗ, Ӓܿ 4ী աఋդ ৬߄

э੉ٚݽCaseী؀ೞৈ୭؀઱਽۱਷؀ࠗ࠙঑୷ߑೱ

(䥴)੄਽۱੉غࢤߊ঻׮.

пп੄Caseী؀ೞৈ୭؀઱਽۱੄࠙ನ҃ೱਸ׮ࠁ

.׮਺җэ׮ݶೞѱӝࣿೞࣁ࢚

о. Case 1: ౸࢚ഋFRP ࠂ೤୓

Ӓܿ 4(a)৬ э੉ ౸࢚ഋ FRP ࠂ೤୓੄ ҃਋ח ઱۽

ࣻ૒਽۱(σy)ী ੄೧ ࢚ࠗ 2ѐ FRP ࠗ੤ ੉੄ࢎ о਍ؘ

ࠗ࠙ী ୭؀઱਽۱ ૘઺അ࢚੉ ೱীߑೞ৓Ҋ, ೞ઺ࢤߊ

૒пਵ۽ যغৌߓ ੓ח ೞࠗ 1ѐ FRP ࠗ੤ীח ୭؀઱

਽۱ ૘઺੉ ੸ѱ աఋաҊ ੓׮. ੉৬ э੉ ୭؀઱਽۱

੉ ࢚ࠗ 2ѐ FRP ࠗ੤ী ಞ઺חغ ҃ೱ਷ ౸࢚ഋ FRP

ࠗ੤੄૑૑ബҗоܻࠛࣗ׮ೠҳઑ੐ਸաఋղݴ, Ӓۄ

਋౟ࠗ࠙ ߂ ૑࠙ࠗ߈ө૑ և਷ ਤ੄ߧ ਽۱࠙ನо ࢤߊ

Ҋغ ੓য Ӓۄ਋౟੤੄ ౵Ҧо ੌযզ ࣻ ੓ਸ Ѫਵ۽

.׮ػܐࢎ

ա. Case2 : ١пҋࢶഋFRP ࠂ೤୓

(b)ח ١пҋࢶഋ FRP ࠂ೤୓੄ ҃਋ࢲ۽, ઱۽ ࣻ૒

਽۱(σy)ী ੄೧ ࢚ࠗ 2ѐ FRP ࠗ੤੄ ೞ઺୷ ೱҗߑ ಣ

೯ೠ ࠗ࠙ী ୭؀઱਽۱ ૘઺അ࢚੉ ١пҋ ,ೞ৓Ҋࢤߊ

ഋࢶ FRP ࠗ੤੄ ӝೞ೟੸ ഋ࢚ਵ۽ ੋ೧ (a)੄ ౸࢚ഋ

ҳઑ৬ ܻ׳ ೞࠗ 1ѐ੄ FRP ࠗ੤ীب ਽۱੄ ૘઺അ࢚

੉غࢤߊ঻׮. 

಴ 3. ೧؛ݽࢳ੄ ੑ۱߸ࣻ ч unit: kg/cm2

elastic Poisson's unit weight 
cohesion

friction residual residual

modulus ratio (kg/cm3) angle cohesion friction angle

weathered
rock 400 0.33 0.002 1 30° 0.8 20°

grout 2,000 0.25 0.0023 10 36° 5 20°

FRP 250,000 0.25 0.002 50 20° 20 10°

interface interface strength friction angle residual friction angle tensile strength interface thickness
properties 1 15° 1° 0.5 1
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ӒܻҊ Ӓۄ਋౟ࠗ࠙੄ ਽۱૘઺ח׮ࠁ FRP ࠗ੤ী

਽۱૘઺੉ അ੷ೞৈ ੄ࢲ۽ъ੤ࠁ ৉ೡ੉ ୽࠙ೞҊ ژ

ೠ Ӓۄ਋౟੤੄ ౵Ҧ оࢿמ੉ Case 1੄ ҃਋׮ࠁ ੸ਸ

Ѫਵغܐࢎ۽঻׮.

੉৬э੉١пҋࢶഋFRP ࠗ ੤੄ӝೞ೟੸ഋ࢚җਗ

ഋী оө਍ ৌীߓ ੄ೞৈ, Y-୷ߑೱ ೞ઺݅ࡺ ইۄפ

যځೠ ೞ઺ߑೱী ؀ೞৈب 3ѐ FRP ࠗ ੤ ীفݽ ਽۱

੄૘઺അ࢚੉৘࢚غযFRP ࠗ ੤੄૑૑ബҗо௾Ѫਵ

.׮ػױ౸۽

೤୓ࠂ ഋFRPࢶCase 3: ౠࣻҋ .׮

Case 2੄ ҃਋৬ ݃ଲо૑۽ ࣻ૒਽۱(σy)ী ੄೧ 3ѐ

FRP ࠗ ੤੄ೞ઺୷ߑೱҗಣ೯ೠࠗ࠙ী୭؀઱਽۱૘

઺അ࢚੉ࢤߊೞ৓Ҋ, ҋࢶഋFRP ࠗ ੤੄ӝೞ೟੸ഋ࢚

ਵੋ۽೧FRP ࠗ ੤ী؀ࠗ࠙੄਽۱૘઺അ࢚੉غࢤߊ

঻׮. ӒܻҊӒۄ਋౟ࠗ࠙੄਽۱૘઺അ࢚੉Case 2ࠁ

ب׮ ੸ѱ ࠙ನೞৈ ౵Ҧ оࢿמ੉ ࣗ׮ ੸਺ਸ ঌ ࣻ ੓

঻׮.

3.3.2 ࠛ োࣘݶਸನೣೠ૑߈(Homogeneous

Jointed Model: HJM)ীࢲ੄҃ೱ࠙ࢳ

ࠛোࣘݶਸ ನೣೞҊ ࢚੤ೞ઺੄ ۽ೱਵߑ؀߈ ৻঑

(P)੉ ੘ਊೞח ҃਋, Ӓܿ 5ী աఋդ ৬߄ э੉ ҕా੸

ਵ۽ ٚݽ Caseী ؀ೞৈ ୭؀઱਽۱੄ ೱ਷ߑ ؀ࠗ࠙

঑୷਽۱(䥴)੉ ਸؽࢤߊ ঌ ࣻ ੓঻׮. пп੄ Caseী

؀ೞৈ ୭؀઱਽۱੄ ࠙ನ ҃ೱਸ ׮ࠁ ೞѱࣁ࢚ ӝࣿೞ

.׮਺җэ׮ݶ

о. Case 1: ౸࢚ഋFRP ࠂ೤୓

Ӓܿ5(a)৬э੉౸࢚ഋFRP ࠂ೤୓੄҃਋חೞ઺୷

ೱҗߑ ಣ೯ೠ ୭؀઱਽۱җ ৻঑(P)੄ ৔ೱਵ۽ ٚݽ

FRP ࠗ ੤ী ਽۱૘઺അ࢚੉ ࢚ ,ೞ৓Ҋࢤߊ ࠗ 2ѐ FRP

ࠗ੤੄҃਋࢚חೞܻࢲݽী਽۱੉૘઺חغഅ࢚ਸࠁ

੉Ҋ ੓য ౸࢚ FRP ࠗ ੤੄ ܿౣ࠺ അ࢚ਸ ৘࢚ೡ ࣻ ੓

঻׮.

ա. Case 2: ١пҋࢶഋFRP ࠂ೤୓

(b)١חпҋࢶഋFRP ࠂ೤୓੄҃਋ࢲ۽, ਽۱࠙ನ੄

҃ೱ਷Case 1җ ਬࢎೞѱٚݽ FRP ࠗ ੤ী਽۱૘઺അ

࢚੉ ೞ৓ਵաࢤߊ ੹୓੸ਵ۽ ਽۱ࣻળ੉ ֫ѱ աఋլ

ೠژ .׮ ઱۽ FRP ࠗ੤ী ୭؀઱਽۱੉ ૘઺غয ੓ਵ

۽޲ Case 1੄ ҃਋ী ೞৈ࠺ Ӓۄ਋౟ࠗ࠙ী ࠙ನػ ਽

ਤоߧ۱ хࣗغয ੐੄੄ ೞ઺ߑೱী ؀೧ ࣗ׮ ਬܻೠ

ӝೞ೟੸ҳઑ੐ਸঌࣻ੓঻׮.

೤୓ࠂ ഋFRPࢶCase 3: ౠࣻҋ .׮

Case 3੄҃਋, ੹୓੸ੋ਽۱ࣻળ਷Case 1ח׮ࠁ௼

Ҋ, Case 2ח׮ࠁ ੸਷ ઺р੿ب੄ ࣻળਸ աఋղҊ ੓

ਵݴ, ਽۱૘઺ അ࢚਷ ৻঑(P)੄ ৔ೱਵ۽ ೞࠗ FRP ࠗ

੤ীೠ੿ೞৈغࢤߊ঻׮.

੉৬э੉ೞࠗFRP ࠗ ੤ী݅਽۱੉૘઺חغഅ࢚ਸ

ਬߊೞѱ ۽޲غ ੐੄੄ ೞ઺ߑೱী ؀೧חࢲ ࣗ׮ ܻࠛ

ೠӝೞ೟੸ҳઑ੐ਸঌࣻ੓঻׮.

੉࢚੄ Ӑ૕ೠ ૑߈ઑѤ ߂ ࠛোࣘݶҗ ৻঑ઑѤ ೞী

୭؀઱਽۱੄࠙ನ৬੉ٜ੄ౠ૚ਸ۽߹пп੄Caseࢲ

ਃডೞݶ಴4ীաఋմ߄৬э׮.

(a) Case 1 (b) Case 2 (c) Case 3

Ӓܿ 4. Ӑ૕ೠ ૑߈ ղীࢲ੄ ୭؀઱਽۱ ࠙ನ(HIM)
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಴ 4. п ഋ࢚߹ ࣻ஖೧ࢳ੄ Ѿҗ੄ ਃড

Parameter ਽۱૘઺ ࠗ੤ ਽۱૘઺ ਤߧ ౠ ૚ ҳઑ੸ উ੿ࢿ

Case 1 ࢚ࠗ 2ѐ FRP ࠗ ੤ FRP ߂ Ӓۄ਋౟ ౣ࠺ - ,ܿ ࠙ ܻഅ࢚ ৘࢚ △

HIM Case 2 3ѐ FRP ࠗ ੤ FRP ߂ Ӓۄ਋౟ - ੐੄ ೞ઺ߑೱী ਬܻ ○

Case 3 3ѐ FRP ࠗ ੤ ઱۽ FRP ࠗ ੤ - ੐੄ ೞ઺ߑೱী ਬܻ ○

Case 1 ٚݽ FRP ࠗ ੤ FRP ߂ Ӓۄ਋౟
ܿౣ࠺ - അ࢚ ৘࢚

△
HJM - ੐੄ ೞ઺ߑೱী ਬܻ

Case 2 ٚݽ FRP ࠗ ੤ ઱۽ FRP ࠗ ੤ - ੐੄ ೞ઺ߑೱী ਬܻ ○

Case 3 ೞࠗ 1ѐ FRP ࠗ ੤} ઱۽ FRP ࠗ ੤ - ੐੄ ೞ઺ߑೱী ܻࠛ △

4. FRP-Ӓۄ਋౟ࠂ೤୓੄ҷҋъبౠࢿ ࢳ࠙

ࠄ ੢ীחࢲ FRP-Ӓۄ਋౟ ೤୓৬ࠂ ъҙ Ӓۄ਋౟

೤୓੄ࠂ ҷҋъܳب ࢚؀ Үೞӝ࠺ ਤ೧ KS F 2407 ӏ

੿ীۄٮपղҷҋъبप೷ਸࣻ೯ೞ৓׮.

4.1 प೷ߨߑ ߂ दઁܐ੘

Ӓܿ 6਷ 3੼ ੤ೞप೷੄ ѐਃب੉ࠄ ,ݴ प೷ীחࢲ

FRP৬ ъҙਸ ਊೞৈࢎ ઁ੘ػ Ӓۄ਋౟ ೤୓੄ࠂ ӡ੉

दஏزೱ઺ঔী૘઺ೞ઺ਸ੘ਊदெೞ઺җ߸ਤܳߑ

੿ೞ৓׮. ೞ઺੤ೞࣘ1חب mm/min۽ೞ৓ਵݴ, ૑р

р੄Ѣܻ450ח mm੉׮.

प೷Ѿҗח Ӓۄ਋౟ ೤୓ীࠂ ੤ೞחغ ୭؀ೞ઺ਸ

ೞ઺-߸ਤҋࢶਵࠗ۽ఠ࢑୹ೞҊ, ইېध1ࠗ۽ఠпद

ಞ੄ҷҋъب(M)ਸ࠺Ү·࠙ࢳೞ৓׮.

M=                                                                     (1)

ৈӝࢲM: ҷҋъب(kg/cm2)

p : ୭؀ೞ઺(kg)

l : ૑рӡ੉(cm)

b : दಞ੄ಣӐց࠺(cm)

d : दಞ੄ಣӐفԋ(cm) 

2bd2

3pl

(a) Case 1 (b) Case 2 (c) Case 3

Ӓܿ 5. ࠛোࣘݶਸ ನೣೠ ૑߈ীࢲ੄ ୭؀઱਽۱ ࠙ನ(HJM)

Ӓܿ 6. ҷҋъبद೷੄ ѐਃ
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Ӓۄ਋౟੤੄ ח࠺೤ߓ Ҵղ੄ ఠօഅ੢ীࢲ օܻ ࢎ

ਊغҊ੓ߓח೤࠺઺࢚ࠗೞ઺ী؀ೞৈ૑૑۱੉о੢

௾ߓ೤۽࠺दಞਸઁ੘ೞ৓׮. ಴5חҴղఠօഅ੢ী

ࢲ Ҋغਊࢎ ੓ח Ӓۄ਋౟੤ ੄࠺೤ߓ ೠ ৘੉ࠄ ,ݴ प

೷ীࢶࢲ੿ೠߓ೤ߓ 1ח࠺೤੉׮.

Ӓۄ਋౟੤ࢎחп٘ށউীъҙחژFRP ࠁъ੤ܳ

஖ೠࢸ റ, Ӓۄ਋౟੤ܳ ী٘ށ ଻ਛਵݴ, दಞ਷ Ӓܿ

7(a), (b)ীࢲ חࠁ ৬߄ э੉ 150×150×500 mmੋ ੿

 .׮੘ೞ৓ઁ۽ਵݶױпഋࢎ

Ӓۄ਋౟੤ܳ׮଻਍റ48दр҃җറী٘ށীࢲ

ܻ࠙ೞৈ7ੌ  .׮ೞ৓ࢤউࣻ઺নز

4.2 प೷ Ѿҗ ߂ ࢳ࠙

Ӓܿ8਷пӒۄ਋౟ࠂ೤୓ী؀ೠҷҋъبप೷Ѿ

җܳ दೠب Ѫ੉ݴ, FRP-Ӓۄ਋౟ ೤୓੄ࠂ ҷҋъب

ౠࢿ੉ ഋకীݶױ ۄٮ ର੉о ੓਺ਸ ঌ ࣻ ੓١ .׮п

ҋࢶഋ FRP੄ ҷҋъחب 30.3 kg/cm2ਵ۽ ъҙ ҷҋ

ъب੄ ড 81% ੿ܳب աఋղ঻ਵա, ౸࢚ഋ FRP੄ ҷ

ҋъחب 17.1 kg/cm2۽ ড 45.7%ܳ աఋղ঻׮. ੉ח

ࣻ஖೧ࢳѾҗীࢲ੉޷঱әೠ߄৬э੉ࠁъ੤੄ഋ࢚

(a) steel pipe-grout
Ӓܿ 8. п Ӓۄ਋౟ ೤୓੄ࠂ ҷҋъبद೷ Ѿҗ

Ӓܿ 9. FRP-Ӓۄ਋౟ ೤୓੄ࠂ ౵Ҧഋ࢚

(b) FRP-grout

Ӓܿ 7. दܐ੄ ӏѺ

1,000ℓ per BATCH

cement(kg) water(ℓ)

compound 1 500 841

compound 2 450 857

compound 3 400 873

compound 4 350 889

಴ 5. दܐ ઁ੘ਸ ਤೠ ೤୓੄ࠂ ഒ೤࠺
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ীܲٮ૑ࠁബҗ੄৔ೱਵ׮ػܐࢎ۽. 

ӒܻҊदܐ੄౵Ҧഋ࢚ਸ࢓ಝݶࠁъҙ੄҃਋, Ӑৌ

੉दܐ੄ೞࠗࠗ۽ఠ׳ߊೞҊъҙী׳بೠറ੽ୢݶ

җ੄ Ѿ೤۱ਸ ࢚पೞৈ Ӓۄ਋౟੤৬ ъҙ੉ ৮੹ೞѱ

חغܻ࠙ ҃ೱਸ Ӓ۞ա .׮৓ࠁ ١пҋࢶഋ ߂ ౸࢚ഋ

FRP-ࠂ೤୓੄ ҃਋ীח Ӓܿ 9ীࢲ חࠁ ৬߄ э੉ ୭

ઙ ౵Ҧ ੉റীب Ӓۄ਋౟੤৬ FRP ࠗ ੤৬੄ ܻ࠙അ࢚

੉ъҙী࠺ೞৈ੸঻׮.

ౠ൤ ١пҋࢶഋ FRP੄ ҃਋ח ъҙ Ӓۄ਋౴ ҕߨҗ

ਬࢎೠ ҷҋъܳب ೞҊൃߊ ੓ࢲۄٮ .׮ ੸੺ೠ FRP

੤ܐ੄ ੿җࢶ ೣԋ ୭੸੄ о҅ࢸݶױ ੉ܖয૓ݶ׮ ఠ

օҷ଱ ॄ۽ਵߨઑҕࠁ ъҙਸ חਊೞࢎ Ӓۄ਋౴ ҕߨ

җਬࢎೠബҗܳӝ؀ೡࣻ੓ਸѪ੉׮.

5. Ѿۿ

োডೠ୽੸షக੉աషܳࢎನೣೠೂചঐகীࢲ੄ఠ

օҷ଱द ૑ೞࣻ ൒ܴਸ ରױೞҊ, ૑߈੄ ૑૑۱ਸ ೱ࢚

दఃӝਤೠݾ੸ਵ۽FRP ࠁъഋױ׮Ӓۄ਋౴ҕߨ੄

੸ਊࢿѨషܳࣻ೯ೠѾҗ׮ח਺җэ׮. 

ъҙ ױ׮ Ӓۄ਋౴ ҕߨ੄ ੤ܐ੸ ੼җઁޙ दҕ࢚੄

੼ٜਸઁޙ ೞҊࢳ࠙·Ү࠺ ੉ী ؀ೠ ѐߨߑࢶਵࢲ۽

FRPܳ ੉ਊೠ Ӓۄ਋౴ ҕߨਸ ѐߊೞ৓ਵݴ, ౠ൤ ղച

೟߂ࢿղࠗधࢿ, ੷઺۝, FRP ࠁъ੤৬Ӓۄ਋౟੤৬੄

ࠗ଱ъ١بী׮ࠁࢲബਯࢿ੉֫਷Ѫਵغࢳ࠙۽঻׮.

FRP ࠁъ੤੄ ѐػࢶ ഋకٜীݶױ ؀ೞৈ ъബҗࠁ

ܳࣻ஖೧ࢳ੸ߨߑਵ࠺۽ҮೠѾҗ, ١пҋࢶഋݶױ੉

౸࢚ഋݶױী࠺ೞৈ׮নೠ઱߸ઑѤٜী؀ೞৈ࠺Ү

੸উ੿ػӝೞ೟੸ҳઑ੐ਸഛੋೡࣻ੓঻׮.

ъҙҗ FRP-Ӓۄ਋౟ ೤୓ীࠂ ؀ೠ ҷҋъبप೷ਸ

ࣻ೯ೠ Ѿҗ, ١пҋࢶഋ FRP ࠁъ੤੄ ҃਋ח ౸࢚ഋ

FRPী ೧࠺ ҷҋъبо ب੿ߓ2 ૐоػ Ѿҗܳ ঳঻׮.

ӒܻҊ ъҙ੄ ҃਋৬ Үೡ࠺ بীٸ 80%੉࢚੄ ҷҋъ

 .׮঻غൃߊоب

੉۞ೠ Ѿҗח FRP ࠁъ੤੄ ഋకীݶױ ؀ೠ ਬೠਃ

ࣗ೧ࢳ Ѿҗ৬ ੌ஖ೞח Ѫਵ۽ ੸੺ೠ FRP ੤ࢶܐ੿җ

ೣԋ ୭੸੄ о҅ࢸݶױ ੉ܖয૓ݶ׮ ఠօҷ଱ ઑҕࠁ

ॄ۽ਵߨ ъҙਸ חਊೞࢎ Ӓۄ਋౴ ҕߨҗ ਬࢎೠ ബҗ

ܳӝ؀ೡࣻ੓ਸѪ੉׮.
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