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Abstract 
The investigation of the fragmentation of blasted rocks is particularly important because it is a measure of the

blast efficiency. The degree of fragmentation has a major effect on the efficiency of the loading and crushing

operations. Getting such an information on the large pile of blasted rock is not an easy operation. This paper

presents the results of case study to evaluate the performance of two types of tunnel blasting: V-cut and burn cut.

The digital images of muckpiles were analyzed to produce size distribution and it was compared with those of

predictive equations.  

Keywords : Tunnel Blasting, Blasted Rock, Fragmentation, Size Distribution, Image Analysis, V-cut, Burn cut
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౵ೠߊ റ ౵ࣧػ ঐࢳ੄ ౵ࣧחب ౵ബਯਸߊ աఋղח ୋب੄ ೞաࢲ۽ ਸߨߑ౵ߊ ಣоೞח ઱ਃ ੋ੗੉׮. ౵ࣧחب ੸੤
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ۿࢲ .1

ࢲब૑ীب ૑ೞ୍ҕחࢎ ؀ࠗ࠙੄ ҃਋ ঐ߈ਸ ҷ଱

ೞӝਤೠߨߑਵߊ۽౵о೙ࣻ੸ਵ׮ػ߈ࣻ۽. ੋ ੽ೠ

Ѥޛ੉ա ઱Ѣࠂ ,޹ҕ౸ ਤܳ Ҋܻ׳ ੓ח ର۝ ١ਸ ࢤ

пೡٸউ੹ߊ౵ח୭਋ࢶ੸ਵ۽Ҋ۰غযঠೠ׮. ੉ܳ

ਤೞৈ ఠօߊ౵द חೞࢤߊ ୽Ѻ૓زҗ ࣗ਺ਸ ୭ࣗച

ೞӝ ਤೠ ੿ߊ޻౵ о҅ࢸ ೙ਃೞژ ,ݴೠ উ੹ࢿਸ ഛ

ࢲݶೞࠁ ਸࢿઁ҃ ೱ࢚दఃӝ ਤೠ ౵ಁఢਸߊ ୹ೞب

ח Ѫ੉ ઱ਃ җઁ઺ ೞաо ౵ঐ੄ߊ .׮ػ ౵ࣧחب ੸

੤߂਍߈੘সী৔ೱਸ޷஖ݴ੤ഝਊਸਤೠ࠙ࣧ੘স

ীب ௾ ৔ೱਸ ۽࠺੸੤੢ .׮஘޷ ୊ܻೞ૑ ೡޅ ௼ӝ

੄ ౵ࣧঐ੉ ݶೞࢤߊ 2ର ౵ࣧо ೙ਃೞݴ ࠺҃ ૐח؀

ۿޛ ੹ ੘সҕ੿ীب ௾ ৔ೱਸ ஖ѱ޷ ࢲۄٮ .׮ػ ౵

חبࣧ ౵ബਯਸߊ աఋղח ୋب੄ ೞաࢲ۽ ݴغਊࢎ

ਸߨߑ౵ߊ ಣоೞח ઱ਃ ੋ੗੉׮. Ӓ۞ա അ੢ӏ۽ݽ

ऺৈ ੓ח ౵ঐߊ ఠࠗ۽޷؊ ౵ࣧܳب ઑࢎೠח׮ Ѫ਷

ਊ੉ೠ੘স੉ইޙ֤ࠄ .׮פীחࢲఠօߊ౵ߨߑਵ۽

ࢲ ҕਸࢎ҃ ੉ਊೠ Vഋ बࡐӝ৬ ࣻಣҕ ੢ডҕਸޖ ੉

ਊೠ burn बࡐӝ ઺(ӣ੤ӓ,1988)ߨߑ౵ߊ ؊ ബਯ੸ੋ

ਸߨߑ ఖೞӝࢶ ਤೞৈ ౵ঐ੄ߊ ૓ਸࢎ ୫৔ೞৈ ੉޷

૑࠙ࢳਸपदೞҊোҳߊ಴3ػо૑౵ࣧੑب৘ஏधਸ

੉ਊೠ࠙ࢳѾҗ৬࠺Үೞ৓׮. 

Ҵղ੄҃਋೧੷੗ਗઑܳࢎਤ೧೧੷ࢎݶ૓ਸ੉ਊ

ೞৈ Ҧ੄ױрݎ ࠗઓ ܳب޻ ח੿ೞࠁ ۽ਵߨߑ ױрݎ

Ҧ੄ ࠙ನ ౠࢿҗ Ҧ੄ױ ௼ӝ, ഋక࠙ನ৬ ృ੸ޛী ޚ

൦ ੿ܳب োҳೠ ۹оࢎ ੓Ҋ(߅ଲ৔, 1995; ߅ଲ৔৻,

1996), ֢ୌ ଻ҟߊ౵ীࢲ ౵ࣧب ਸࢳ࠙ पदೠ ۹оࢎ

੓ਵա, షݾҕࢎ੢ীࢲ ౵ࣧঐ੄ ௼ӝܳ ੿۝੸ਵ۽ ҅

࢑ೞҊੑ࠙بನܳোҳೠ৘חѢ੄হחप੿੉׮.

2. োҳߨߑ

ఠօߊ౵ীࢲ੄ ౵ࣧঐ੄ بੑ ৘ஏী ҙೠ োҳ؀࢚

૑৉਷؀ҳ૑ೞ୍2ഐࢶҕࢎഅ੢ਵࢲ۽ఠօҷ଱ҕࢎ

ܳਤೠঐߊ߈౵അ੢੉׮. ୨ನبѨചডߨࣘױ١ܨद

೯۸ ઁ 1੢ ઁ 2ઑ 6೦ী ੄ೠ ઁ 1ઙ উࠁ Ѥੋޛ दо

૑੄ ࢚о৬ ઱ఖ ١੉ 21∼24 m ૑੼ী ਤ஖ೞ۽޲ ઱

߸Ѥޛী૓ز·ࣗ਺·ݢ࢑࠺૑ߊ١౵ҕ೧ܳ୭ࣗചೞ

ࢲݶ ୭؀ೠ੄ ࢿઁ҃ ੓ח ౵ࣧܳب Ҋ۰೧ঠ ೠ؀ .׮

࢚ ঐ૕਷ ઺؀ࢤ ঈӝ੄ߔ கҵী־࢚҃ ࣘೞח ృ੸ঐ

Ҋ, ঐഥ࢝ղغܨ࠙۽ঠਘகਵ߈ೞনகҵ઺੄ࢲ۽ܨ

૑ ൓࣓࢝ੌ ߂ ঐ, ठۨ੉౟оࢎ ӝ߈ঐਵ۽ ࠙ನೞҊ

੓ਵࠄ ,ݴ ؀࢚ ঐ୓ח ੺ܻрѺ 20 ∼70 cm, ੌ ୷঑୷

ъب 500∼1,900 kg/cm2 ੿ب੄ ঐాࠁ ղ૑ ҃ঐ੄ ൓

࣓࢝ੌঐ߈ਸ؀࢚ਵ۽ೞৈ૓ز·ࣗ਺·਺঑ਸஏ੿ೞ

ৈ ࢳ࠙ ߂ ৘ஏधبੑ ੸ਊৈࠗ Ѩష, ঐ౵ࣧ ࢚క ઑࢎ

.׮١੄प೷ਸपदೞ৓ࢳ࠙

ػࣧ ঐਸ ૓୫৔ೞৈࢎ ੉޷૑ ਸࢳ࠙ पदೞҊ о૑ݻ ౵ࣧੑب ৘ஏधਸ ੉ਊೠ ࢳ࠙ Ѿҗ৬   .׮Үೞ৓࠺

઱ਃয:ఠօߊ౵, ߊ౵ঐ, ౵ࣧب, ੑ ب ࠙ನ, ৔࢚୊ ,ܻ V-बࡐӝ, Burn बࡐӝ

Ӓܿ 1. োҳ؀࢚૑৉੄ ਤ஖ب
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2.1 ੑ ب ௼ӝ ઑߨߑࢎ

2.1.1 ਭউѨߨࢎ

ҕࢎഅ੢ীࢲ ۽੸ਵ߈ੌ ਊೞҊࢎ ੓ח ࢲ۽ਵߨߑ

ਭউ҃߂೷੸ਵ؀ۚ۽੄౵ࣧঐ੄௼ӝ৬নਸ୶੿ೞ

ৈ ਍߈ೞѢա ࢥۊ੉ఊ, ௼ۨ࠳ ١ 2ର ౵ࣧ੄ ҕ੿ী

੸ਊೞҊ ੓ਵݴ, ೦݅ ࢳ݀ݒ ١ ੌ੿ೠ ӏѺ੉ ਃҳؼ

.׮ೠܳࢎѨبੑࣁ೒݂ೞৈ࢚ࢠחٸ

2.1.2 ଻оܴߨ

੄ਊ۝ী੸೤ೠӏࢥۊ௼חਊঐҦܳਃҳೡदࢳࣧ

Ѻ੉ ਃҳחغ ١ ੸ীݾ ੸೤ೠ بੑ ಣоܳ ਤ೧ ౵ࣧ

ঐ੄ ଻оܴ੉ ೙ਃೞ׮. Ӓ۞ա ੄ࢲ౵ীߊ߈ੌ ౵ࣧঐ

਷ ؀୓۽ ૒҃җ ઺۝੉ ਋ݒ ௾ ಞ੉۽޲ ੿۝ചо ݒ

਋Ҍۆೞ׮. 

2.1.3 ੉޷૑࠙ߨࢳ

૓୫৔ೞৈӏѺ߹ं੗৬ࢎणਸݽ౵റ౵ࣧঐ੄ߊ

௼ӝܳ ஹೊఠী ੄೧ ੉޷૑ ਸࢳ࠙ ೠ׮. ੉ ٸ ౵ࣧঐ

੄Ӓܿ੗ী੄ೠࠗ࠙਷Ѩ਷࢝ਵ۽಴ӝೞৈ࠙ࢳীࢲ

ઁ৻ೠ׮.  ੉ ਷ߨࢳ࠙ ীب۲ࣼ ۄٮ য়ରਯਸ ݆੉ ઴

ੌࣻ੓ਵ۽޲ಣӐ౵ࣧੑب৬࠙ನܳب੿۝੸ਵ۽औ

ѱঌࣻ੓ח੢੼੉੓׮. 

ߨࢳ૓࠙ࢎ 2.1.4

੹റઝ਋ ৈ۞ п۽ب ౵ࣧঐਸ ૓ࢎ ୫৔ೞৈ ౵ࣧঐ

ী ؀ೠ ੉޷૑ܳ ੹੗ ಗী ੄೧ ஹೊఠ۽ ੹࣠ೞৈ ࠙

ನܳبஹೊఠী੄೧੗࢑҅زೠ׮. ಞܻೞҊҗ೟੸ੋ

੉૑݅ߨߑ ੸ਊ ৘о ੸Ҋ, ࠙ࢳӝࣿী ۄٮ য়ରਯ੉

௼۽޲ ؊ ݆਷ ۹োҳ৬ࢎ ࢳ࠙ ߂ दझమ ѐߊ੉ ೙ਃ

ೞ׮.

2.1.5 ౵ࣧঐࣻઑߨࢎ

झாੌী ੄೧ ӝળ஖ ੉࢚੄ ౵ࣧঐ݅ਸ ઑࢎೞח р

ಞೞҊօܻࢎਊߨߑחغਵࢲ۽рױ൤੹ࢳ੄ࣻ৬ಣ

Ӑੑبਯਸ ઑࢎೞח ࢲഅ੢ী ,ݴ੉ߨߑ ѐۚ੸ੋ ઑ

.׮ীࣘೠߨߑಣо·ࢎ

2.2 ੑ ৘ஏधب

2.2.1 Kuznetsov੄౵ࣧঐ੄ಣӐੑ੗௼ӝী

ҙೠোҳध

Sav = C·(V/Q)0.8 Q0.167 (1)

ৈӝࢲ, Sav: ಣӐੑ੗௼ӝ(cm)

C: ঐࣻ҅ࢳ

(োঐ10, ాࠁঐ30, ҃ ঐ50∼80)

V: ߊ౵ҕ׼౵Ҧঐࢳ੄୓੸(m3)

Q: ߊ౵ҕ׼TNT੄ন(Kg)

2.2.2 Cunningham੄ ౵ࣧঐ੄ ಣӐੑ੗ ௼ӝী

ҙೠ߸ഋध

Cunningham਷ TNT৻ী ܲ׮ ಩ডਸ ਊೡࢎ ҃਋

ಣӐੑ੗௼ӝ୶੿ী؀೧Kuznetsovधਸ߸ഋೠध(2)

ܳઁউೞ৓׮.

Sav =C·(V/Q)0.8 Q0.167 (E/115)-0.63 (2)

ৈӝࢲ,  E: पઁࢎਊ಩ড੄ъب(ANFO 100)

2.2.3 Lundborg & Lasson੄౵ࣧঐ੄

৘ஏधبੑ

K50 = S×(1+4.67×(h/H)2.5 ) 

×exp0.29×ln(V2 E/V/1.25)

-1.18×ln(q/C)-0.82                                  (3)
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ৈӝࢲ,  S : ߊ౵࢚ࣻ

(0.6ࢳъೠঐ ,0.4ࢳӐ૕ೠঐ ,0.5ాࠁ)

h : ੹࢝ӡ੉(m)

H : ҕӡ੉(m)

V : ੷೦ࢶ(m)

E : ҕрѺ(m)

q : ࠺੢ড۝(kg/m3)

C : ঐࣻ҅ࢳ(kg/m3)

3. द೷ߊ౵߂Ѿҗ

द೷ߊ౵द ୌҕ਷ ౟૒҃ࡁ 38 mm੄ ଱ঐӝ۽ पद

ೞ৓Ҋ, ୌҕ੢਷1.3mੌز۽ೞѱೞҊ, ୌҕࣻ߂बࡐ

ӝ ਸߨߑ ೡܻ׳ ٸ ػ࢑ࢤ ౵ࣧঐ੄ ௼ӝ৬ ૓ز·ࣗ

਺·਺঑੄௼ӝܳઑࢎೞ৓׮.

3.1 द೷ߊ౵ ߨߑ

োҳ؀࢚ ఠօߊ౵੄ ಁఢ਷ ఠօ ௼ӝ о۽ 6.272m,

֫੉6.872m੄݃ઁഋ੹ݶױ઺࢚ࠗ3.685m੄ݶױ߈

ਸ؀࢚ਵ۽ೞ৓׮. Ӓܿ2חఠօ੹ݶױ੄ഋ࢚ਵࢲ۽

࢚ࠗಁఢ਷burn-cut बࡐӝߨਵغ҅ࢸ۽য੓׮. 

द೷ߊ౵ ઁਗ਷ ಴ 1җ эݢ .׮੷ ੢ড߂ ಁఢ࢚కܳ

ഛੋೠറburn-cut बࡐӝߨߑਸ੉ਊೠ୨64ҕਸ1ର

ࢲݶ౵ೞߊ 21∼24 m ڄয૓ ࢲѤীޛউࠁ ૓ز ·ࣗ

਺·਺঑ਸ ஏ੿ೞ৓ਵ2 ,ݴର ח౵ߊ V-cut बࡐӝ ߑ

ਸߨ ੉ਊೠ ୨84ҕ੄ߊ౵ী ؀೧21∼24 m ڄয૓ ࠁ

উޛѤীࢲ ૓ز ·ࣗ਺·਺঑ਸ ஏ੿ೞ৓׮. ӒܻҊ ఠ

օղࠗܳ ୽࠙൤ ജӝदఅ റ ౵ࣧػ ؀࢚ ঐ؊޷ী ؀೧

ৈ۞ п۽ب ૓୫৔ਸࢎ ೞ৓ਵݴ, पઁ ౵ࣧঐী ؀೧ࢲ

ੋ ,ݴ৬पஏਸೞ৓ਵࢎਭউઑب ചറ౵ࣧঐ੄ӏѺ߹

ं੗৬ ௼ӝ ١ਸ ੉޷૑ ۽ਵߨࢳ࠙ ೞҊࢳ࠙ ౵ࣧੑب

৘ஏधਸ੉ਊೞৈ҅࢑ೠ৘ஏੑب৬࠺Ү࠙ࢳೞ৓׮.

3.2 ૓ز·ࣗ਺·਺঑ ஏ੿ Ѿҗ

ఠࠗ۽౵അ੢ਵߊ ૒ࢶѢܻ۽ 21∼24 m ڄয૓ ઱ਬ

,ࣗ ࢚ о, ই౵౟١ীࢲஏ੿ػѾҗ஖ח಴2৬ эਵݴ,

ஏ੿ػ ૓ز੗ܳܐ ഥӈ ೠࢳ࠙ Ѿҗח V=82.0(SD)-1.067

੉঻׮. 

Ӓܿ 2. ఠօഋ࢚ ߂ ౵ಁఢߊ

ಁఢҳ࠙ 1ର ౵ߊ 2ର ౵ߊ

౵ઁਗߊ (Burn-cut) (V-cut)

ୌҕ҃ 38 mm 38 mm

ୌҕ੢ 1.3 m 1.3 m

੹࢝੢ 0.556 m 0.550 m

੷೦ࢶ, рѺ 0.6∼0.7 m 0.6∼0.7 m

ҕ׼੢ড۝ 0.325∼0.4125 kg 0.25∼0.5 kg

૑׼ߊ੢ড۝ 0.375∼0.825 kg 0.25∼0.5 kg

1ഥߊ౵ҕࣻ
64ҕ

84ҕ
੢ডҕޖ+) 2ҕ)

ਊ಩ডࢎ ীݣય, ੿޻಩ড ীݣય, ੿޻಩ড

ਊֱҙࢎ MSD, DSD MSD, DSD

୨ചড۝ 23.725 kg 34.10 kg

੢ড۝࠺ 0.67 kg/m3 0.72 kg/m3

಴ 1. द೷ߊ౵੄ ઁਗ
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3.3 ౵ࣧঐ੄ بੑ ৘ஏ஖৬ पஏѾҗ

౵ߊ ౵ࣧঐ੄ ಣӐੑب ௼ӝח ੹ӝೠ ৘ஏبੑ ੉ۿ

ध (1), (2), (3)ਸ ੸ਊೞৈ ҅࢑ೠ Ѿҗ (1), (2)ध਷ पஏ

஖ী ೧࠺ ৘ஏ஖о ড ߓ10 ੉࢚ ௼۽޲ Ҵղী ੸ਊೞ

ӝਤ೧ࠁחࢲ੿஖ী؀ೠোҳоदәೠѪਵغױ౸۽

঻Ҋ, (3)ध਷ ৘ஏ஖ ӝળ पஏ஖ী ؀ೠ য়ରਯ੉ +20

∼-12.5%৓׮.

੉޷૑࠙ࢳӒܿ਷Ӓܿ3җэਵݴ౵ࣧ௼ӝ߹ѐࣻ

.׮੸਷಴3җэݶ߂

1ର ౵ঐ੄ߊ ҃਋ 5 cm ੉ೞ੄ חبੑ ୨ 96ѐ઺ 46

ѐࢲ۽ 47.92%ܳ ର૑ೞ৓Ҋ, 5∼10 cm੄ חبੑ 30ѐ

ࢲ۽ 31.25%ܳ ର૑ೞ৓Ҋ, 10∼15 cm੄ חبੑ 10ѐ۽

ࢲ 10.42%੉঻Ҋ, 15∼20 cm੄ חبੑ 9ѐࢲ۽ 9.38%

ܳର૑ೞৈ98.97%о20 cm ੉ೞ੄ੑبী೧׼ೞ৓ਵ

 .׮cm੉঻ 6.0חبಣӐੑݴ

2ରߊ౵ঐ੄҃਋୨200ѐ઺136ѐо5cm ੉ೞ੄

ࢲ۽بੑ 68%ܳ ର૑ೞ৓Ҋ, 5∼10 cm ੑחب 53ѐ۽

ೞৈ౵׼ী೧ب95%о10 cm ੉ೞ੄ੑ .׮੉঻%27ࢲ

ࣧঐ੄ࣗೡ࢚కоݒ਋Ӑ ,ੌ নഐೞ৓ਵݴಣӐੑחب

4.2 cm੉঻׮. 

಴4৬эҊ, ৘ஏ஖৬ח৘ஏधী੄ೠ҅࢑Ѿҗبੑ

पஏ஖੄࠺Ү಴ח಴5৬э׮.

ҳ࠙بੑ 1ର ౵ঐߊ 2ର ౵ঐߊ

بੑ ҳ࠙بੑ ҳ࠙рѺ߹ ҳ࠙рѺ߹ ҳ࠙рѺ߹ҳ࠙рѺ߹

No. (cm) іࣻ % ੸ݶ % іࣻ % ੸ݶ %

1 0∼5 46 47.92 490 14 136 68 525 15

2 5∼10 30 31.25 1015 29 53 27 1645 47

3 10∼15 10 10.42 665 19 8 4 805 23

4 15∼20 9 9.38 700 20 3 2 525 15

5 20∼25 0 0.00 0 0 0 0 0 0

6 25∼30 1 1.04 630 18 0 0 0 0

೤҅ 96 100 3500 100 200100 3500100

಴ 3. ౵ࣧঐ ௼ӝ߹ ѐࣻ ߂ ੸ݶ

ઁ উ ध 1ର ౵ঐߊ 2ର ౵ঐߊ

(1) Kuznetsov ध 58.07 cm 58.07 cm

(2) Kuznetsov 61.50 cm 61.50 cm
& Cunningham ध

(3) Lundborg 5.00 cm 4.80 cm 
& Lasson ध

಴ ৘ஏधীبੑ .4 ੄ೠ ҅࢑ Ѿҗ

ஏ੿
ஏ੿ਤ஖ Ѣܻ ૓ز஖ ౵਺ߊ ஏ੿ӝӝݺ

ഥࣻ

઺ঔࠗࢲ
21 m 0.17 cm/s 69.0 dB(A)

Instantel

઱ਬࣗ DS-677

1ର ઺ঔࠗࢲ
21 m 0.17 cm/s 97.7 dB(L)

Thomas

౵ߊ ઱ਬࣗ VMS-200s

LG੹੗
24 m 0.16 cm/s 101.2 dB(L)

Thomas

೐ۄ੗ VMS-100s

ҟ੢
21 m 0.156 cm/s 66.8 dB(A)

Instantel

ࣻ৔੢ DS-677

2ର ҟ੢
21 m

नഐࠛੌ஖۽ Thomas

౵ߊ ࣻ৔੢ ஏ੿޷ VMS-200s

ҟ੢ఋ਍
24 m 0.09 cm/s 98.5 dB(L)

Thomas

ੑҳ VMS-100s

಴ 2. ૓ز·ࣗ਺·਺঑ஏ੿ Ѿҗ

a) 1ର ౵ߊ (Burn-cut)         b) 2ର ౵ߊ (V-cut)

Ӓܿ 3. ౵ࣧঐ੄ ੉޷૑ ࢳ࠙ Ѿҗ

ߊ ౵ ҕ ߨ (बࡐӝ)

Burn-cut V-cut

৘ஏ౵ࣧ௼ӝ(cm) 5.00 4.80

पஏ౵ࣧ௼ӝ(cm) 6.00 4.20

য় ର ਯ +20 % -12.5 %

಴ 5. L&L੄ ౵ࣧঐ ৘ஏ஖৬ ੉޷૑࠙ࢳ पஏ஖
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4. ѾҗҊ଴

4.1 ૓ز·ࣗ਺ ·਺঑ ஏ੿஖੄ Ѿҗࢳ࠙

1ର burn-cut बࡐӝ ౵ಁఢ੄ߊ ҃਋ ۽౵૑੼ਵߊ

ࠗఠ 21 m ڄয૓ ઱ਬࣗ খীࢲ ஏ੿ػ ૓ز஖ח 0.17

cm/secࢲ۽ ૓زউ੹ӝળ஖ 0.5 cm/sec ࠺؀ 34%੉঻

ਵݴ, ࣗ ਺஖69.0ח dB(A)ࣗࢲ۽਺ӝળ஖80 dB(A) ؀

࠺ 86.25%੉঻Ҋ, ਺঑஖ח 97.7 dB(L)ࢲ۽ ਺঑ӝળ஖

120 dB(L) ࠺؀ 81.42%੉঻׮. ੉ ٸ ೠੌز ૑੼ীࢲ

ஏ੿ػ ࣗ਺җ ਺঑੄ ח࠺ ࢲ۽69.0/97.7 1/1.416੉঻

Ҋ, ઱઱౵ࣻ27∼64 Hz ߧਤীࢲ਺঑੉ࣗ਺28.7׮ࠁ

dB੉ ֫ই ੉ۿ Ү஖ী࠺ Ӕ੽೮ژ .׮ೠ 24 m ڄয૓

੹੗೐ۄ੗࢚оখীࢲ૓ز਷0.16 cm/secࢲ۽૓زউ

੹ӝળ஖32%࠺؀੉঻Ҋ, ਺঑਷101.2 dB(L)ࢲ۽਺঑

ӝળ஖ ࠺؀ 84.33%੉঻ਵ۽޲ ઱߸ ҳઑޛী Ӑৌࢤߊ

 .׮঻غױ౸۽Ѫਵחহח੸ੋೖ೧ܻޛ١

2ରV-cut बࡐӝߊ౵ಁఢ੄҃਋ߊ౵૑੼ਵࠗ۽ఠ

21 m ڄয૓ ࣻ৔੢ খীࢲ ஏ੿ػ ૓ز஖ח 0.156

cm/secਵࢲ۽ ૓زউ੹ ӝળ஖࠺؀ 31.2%੉঻ਵݴ ࣗ

਺஖66.8ח dB(A)ࣗࢲ۽਺ӝળ஖80 dB(A) 83.5%࠺؀

੉঻Ҋ, 24 m ڄয૓ ҟ੢ఋ਍ খীࢲ ஏ੿ػ ૓ز஖ח

0.09 cm/secࢲ۽૓زӝળ஖18%࠺؀੉঻ਵݴ, ਺঑஖

 .׮82.08%੉঻࠺਺঑ӝળ஖؀ࢲ۽dB(L) 98.5ח

Ӓ۞۽޲ burn-cut बࡐӝ ীߨ౵ߊ ೧࠺ ૓ز஖ח

؀୓۽ 2.8∼14%о хࣗೞ৓Ҋ, ࣗ਺஖ח 2.75%о х

ࣗೞ৓ਵݴ, ਺঑஖ח 2.25%о хࣗೞ৓ਵ۽޲ ઱߸ ҳ

ઑޛী Ӑৌ ١ࢤߊ ੸ੋܻޛ ೖ೧ח burn-cut बࡐӝ

׮ࠁߨߑ V-Cut बࡐӝ ੉ߨߑ ૓ز·ࣗ਺·਺঑੉ ؊

੸਷Ѫਵغݺ౸۽঻׮.

૓زஏ੿ѾҗחDS550 ೐۽Ӓ۔ਵ۽ഥӈ࠙ࢳೠѾ

җ V=82.0(SD)-1.067 ੉঻׮. ੉ٸ৘ஏध੄੸೤ܳب

աఋղח Ѿ੿҅ (ࣻcoefficient of determination)ח

0.671੉঻ਵ҅ݴஏ੗ࣻܐ੄ઁೠਵੋ۽೧੸೤֫חب

૑ ঋ਷ ಞ੉঻׮.(উ2000 ,ࢳݺ; Konya & Walter,

1990; Ryu & Sunwoo, 1999)

4.2 ౵ࣧঐ੄ بੑ ௼ӝ ৘ஏ஖৬ पஏѾҗ Ү࠺
ࢳ࠙

L&L੄ ౵ࣧঐ੄ੑب ৘ஏधী੄ೠ ҅࢑Ѿҗ৬पஏ

Ѿҗܳ Ү࠺ ݶೞࢳ࠙ 1ର burn-cut बࡐӝ ౵ಁఢ੄ߊ

҃਋ ৘ஏ ౵ࣧঐ੄ بੑ ௼ӝח 5.0 cm੉঻ਵݴ, पஏ

౵ࣧঐ੄ ಣӐ بੑ ௼ӝח 6.0 cmࢲ۽ ৘ஏ஖ ӝળ য়

ରਯ਷+20%੉঻׮.

2ର V-cut बࡐӝ ౵ಁఢ੄ߊ ҃਋ ৘ஏ ౵ࣧঐ੄ ੑ

ب ௼ӝח 4.8 cm੉঻ਵݴ पஏ ౵ࣧঐ੄ ಣӐ بੑ ௼

ӝ4.2ח cmࢲ۽৘ஏ஖ӝળয়ରਯ਷-12.5%੉঻׮.

5. Ѿۿ

ࠄ חࢲীޙ֤ ࢲ۽۹োҳࢎ ૑ೞ୍ ҕࢎ੢ীࢲ ੋӔ

Ѥޛী ؀ೠ উ੹ب৬ ਸࢿജ҃·ࢿઁ҃ ೱ࢚दఃӝ ਤ

೧ఠօߊ౵ߨߑ઺؀಴੸ੋबࡐӝੋߨߑಣഋҕޖ੢

ডҕਸ ੉ਊೠ burn-cut बࡐӝ৬ ҕਸࢎ҃ ੉ਊೠ V-

cut बࡐӝ ف о૑ ਸߨߑ ੸ਊೞৈ द೷ߊ౵ܳ पदೞ

Ҋ૓ࣗ߂ز਺ਸ҅ஏೞ৓ਵݴ౵ࣧঐ੄ੑ࠙بನܳ৘

ஏधҗपஏ੗ࠗ۽ܐఠ࠺ҮѨషೞৈಣоೞ৓׮. ઱ਃ

Ѿҗܳਃড, ੿ܻೞ׮ݶ਺җэ׮. 

1) द೷؀࢚ ૑৉਷ ؀ҳ૑৉੄ ੹ഋ੸ੋ ృ੸ঐ઺ ࠺

Ү੸ ъبо ъೠ ঐഥ࢝ ղ૑ ഑࢝ ࣓ ,ੌ ठۨ੉౟

૕ ঐ߈ਵࢲ۽ द೷ߊ౵ೠ Ѿҗ 21∼24 m ڄয૓

Ѥޛীࢲ ஏ੿ػ ૓ز஖ח 0.09∼0.17 cm/secࢲ۽

૓زӝળ஖ 0.5 cm/sec ࠺؀ 18∼34%੉঻Ҋ, ࣗ਺

஖ח 66.8∼69.0 dB(A)ࢲ۽ ࣗ਺ӝળ஖ 80 dB(A)

101.2∽97.7ח਺঑஖ ,ݴ86.25%੉঻ਵ∽83.5࠺؀
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dB(L)ࢲ۽ ਺঑ӝળ஖ 120 dB(L) ࠺؀ 81.42∼

ࢲ۽84.33% ੋӔ Ѥޛী Ӑৌࢤߊ ١੄ ೖ೧ח হ

 .׮ળ੉঻ࣻח

2) ౵ࣧঐ੄ بੑ ௼ӝ ৘ஏߨߑਵ۽ ઁউػ 3о૑ ध

઺ীࢲ Lundborg & Lasson੄ ৘ஏधਸ ੸ਊೞ৓

ਸ ٸ burn-cut बࡐӝ ੄ߨߑ౵ߊ ҃਋ 20 cm ੉

ೞ੄ ౵ࣧঐ੉ 98.97%੉঻Ҋ, ৘ஏ بੑ ಣӐ ௼ӝ

۽cm 6.0חಣӐ௼ӝبcm੉঻ਵաपஏੑ 5.0ח

ࢲ ৘ஏ஖ӝળ য়ରਯ਷+20%੉঻ژ .׮ೠV-cut

बࡐӝ ੄ߨ౵ߊ ҃਋ 10 cm ੉ೞ੄ ౵ࣧঐ੉ 95%

੉঻ਵݴ, ৘ஏ بੑ ಣӐ௼ӝח 4.8 cm੉঻ਵա

पஏ بੑ ಣӐ௼ӝח 4.2 cmࢲ۽ ৘ஏ஖ ӝળ য়

ରਯ਷-12.5%੉঻׮. 

౵ಁఢ਷ߊӝࡐо૑੄बفػਊࢎ౵ীߊद೷ࠄ (3

୭੸ച Ҋ׮঻غ חӝࠁ য۵Ҋ ೠژ Ӓ Ѿҗח അ

੢ઑѤীۄ׳ۄٮ૕ࣻ੓ਵ߈ੌ۽޲੸ੋѾۿਸ

୹ೡب חࣻ হਵա ׼ അ੢੄ ઁೠػ ઑѤ ೞীࢲ

द೷ೠ Ѿҗ ف о૑ ಁఢ઺ V-cut੄ ҃਋о ૓ز,

ࣗ਺, ਺঑੄ ӏઁ஖ܳ ݅઒ೞࢲݶ ؊ ա਷ ࢿઁ҃

ਸࠁ੉חѪਵ۽աఋլ׮.  

۽਋઺ਃೠਃࣗݒ਷ࢿউ੹ࢲ౵ীߊब૑ఠօب (4

ࢲ दҕ઺ ૓ز·ࣗ਺·਺঑੄ ୍੷ೠ ҅ஏҙܻܳ

ాೞৈ द೷ߊ౵द ಣоೠ ੗ܐ੄ ఋࢿ׼ਸ Ѩૐೞ

Ҋ ೙ਃद ࣻ੿ ৮ਸࠁ ೞৈ ؀୊ߑউਸ ъҳೡ ೙

ਃо ੓ਵژ ,ݴೠ җࢿઁ҃ ҙ۲ػ ౵ࣧঐ੄ بੑ

௼ӝ ৘ஏӝࣿਸ Ҋبചೞӝ ਤೞৈ ҅ஏӝࣿ੄ ೱ

࢚җ׮নೠഅ੢੄݆਷҅ஏ੗ࠗ۽ܐఠҴղী੸

೤ೠࠁ੿஖ܳب୹ೞӝਤೠ֢۱੉૑ࣘغযঠೡ

Ѫ੉׮.
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