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Abstract 
    Heavy rainfall frequently occurs in the summer in Taiwan due to the 

effects of the stationary fronts and typhoons. In recent years, the climatic 

anomalies tend to induce more extreme weather.For example, 

record-breaking heavy  rainfall  induced  by  Typhoon  Morakot 

(2009) caused an unprecedented disaster in Taiwan. High flow caused 

scouring of the river bed around the piers, resulting in the exposure of  

the pier foundation and threatening the safety of bridge. To protect the  

bridge foundation,theuse of Ring column groups as a pier scour  

countermeasure is reported. In this study, hydraulic model experiments  

with Ring column groups are carried out to search for the ideal  

arrangements to reduce the bridge scour. It can be served as a reference of  

design for relevant engineers in future.  

    A series of experiment was conducted with uniform sediments under 

the steady flow (V/Vc =0.95) First for six kinds of distance(L/b=1ǵ2ǵ3ǵ

4ǵ5ǵ6)Conducted to discuss the protective effect of pier and elect the best 

protective effect of distance,and then use the best distance analys is four 

different diameters(D/b=0.8ǵ0.9ǵ1ȑthree different heights(H/b=1.08ǵ

1.6ǵ2.4ǵ3ȑto the impact of the bridge pier protection .Investigate the The 

ring columns consisting of cylindrical rubber rings Obscured the vertical 

and horizontal flow of the bridge pier upstream to reduce the impact of 

the bridge pier scour depth. 

    Based on experimental results, when the diameter of the ring 

columns is equal to the pier diameter(D=b), the ring columns could 

disperse the transverse flow when the Ring column groups settings at a 

distance of 5 times the pier diameter, the height of the ring column is 

higher than the  water surface(H/b>2.4). to avoid the overflow of water 

from the top of the ring columns, stabilize the pier upstream flow so that 
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water from the pier two side diversion to avoid the water concentration, 

when the Ring column groups settings at a distance of 6 times the pier 

diameterȐL=5bȑ, Can be measured to a minimum scour depth, which is 

the best set type among the experimental conditions. 

Keywords: Ring column groups, steady flow,Pier scour depth  
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಄ဦ߄ 

಄ ဦ                   ಄ ဦ ᇥ ܴ                  Ӣ ԛ 

       ߯ኧ                                         Ȝɡȝ 

a         ᐏ቞߆Нय़य़ᑈ                              Ȝ 2L ȝ 

B          ෤ၰቨࡋ                                    Ȝ 缘 ȝ 

         ߯ኧ                                         Ȝɡȝ 

b        ᐏ቞߆Нय़ቨࡋ                               Ȝ 缘 ȝ 

d          ᗭಈಈ৩                                    Ȝ 缘 ȝ 
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         നεؑڇుࡋ                                Ȝ 缘 ȝ 

        ѳᑽؑڇుࡋ                                  Ȝ缘 ȝ 

minsd       നλؑڇుࡋ                                Ȝ 缘 ȝ 

D          ᕉ୮୴ޔ৩                                   Ȝ 缘 ȝ 

         ᐏ቞܌՞៾ख़                                Ȝɡȝ 

Fr         ᅽ࿢ኧ(Froude number)                       Ȝɡȝ 

g          ख़Κуೲࡋ                                 Ȝ 2−LT ȝ 

mg         ኳࠠϐख़Κуೲࡋ                           Ȝ 2−LT ȝ

       চࠠϐख़Κуೲࡋ                           Ȝ 2−LT ȝ 
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2g         ᐏ቞ୖރ׎ኧ                                 Ȝɡȝ 

3g  ኧ                                     Ȝɡȝୖݩࢬ        

G          ࣳݝᗭಈܭНύϐԾख़                     Ȝ 2−MLT ȝ 

h          ᕉ୮ࡋࠆ                                      Ȝ缘 ȝ 

H          ᕉ୮೛࿼ଯࡋ                                 Ȝ缘 ȝ 

         ௹౗                                        Ȝɡȝ 

         ᄒຯ                                        Ȝɡȝ 

 অ҅Ӣη                      Ȝɡȝࡋ፦࣬ჹᕫ׉ۭ         

         ࣬ჹНࢬமࡋঅ҅Ӣη                        Ȝɡȝ 

Ȝ                             ࡋϐಉᕫ׉ݞ          TL 3/1− ȝ 

        ᐏ቞ރ׎Ӣηঅ҅߯ኧ                        Ȝɡȝ 

DshK . .         ᐏ቞ރ׎Ӣη                                Ȝɡȝ 

         Нుঅ҅Ӣη                                Ȝɡȝ 

        ࣬ჹНుঅ҅Ӣη                            Ȝɡȝ 

θK        Нفװࢬঅ҅Ӣη                             Ȝɡȝ 

         ኱ྗୃৡঅ҅߯ኧ                            Ȝɡȝ 

缘          ߥៈπຯᐏ቞೛࿼ຯᚆ                        Ȝ 缘 ȝ 

 Ȝ 缘 ȝ                                   ࡋߏ֞ڇؑ         

         ߯ኧ                                         Ȝɡȝ 
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         ߯ኧ                                        Ȝɡȝ 

Ns         ୖࣳݝኧ                                  Ȝ TL 1− ȝ 

p          НᓸΚமࡋ                              Ȝ 21 −− TML ȝ 

         ߯ኧ                                        Ȝɡȝ 

Q ໆ                                      Ȝࢬ          13 −TL ȝ 

        ຾Εؑڇ୔ୱϐ؈ྊᒡଌ౗                  Ȝ 13 −TL ȝ 

ྊᒡଌ౗                  Ȝ؈୔ୱᒡрϐڇؑ         13 −TL ȝ 

1r          ߯ኧ                                        Ȝɡȝ 

S          ࡋڵ                                        Ȝɡȝ 

t          ࢬໆϐᕴۯਔ                                 ȜT ȝ 

 ਔ                                     ȜT ȝۯໆࢬ          

T          ؑڇਔ໔                                     ȜT ȝ 

 ሡਔ໔                            ȜT ȝ܌ѳᑽၲڇؑ         

u          xБӛϐೲࡋ                                Ȝ 1−LT ȝ 

'u          คӢԛϐxБӛೲࡋϩໆ                       Ȝɡȝ 

*u          ᗭಈ୊Κೲࡋ                              Ȝ 1−TL ȝ 

*
cU Ȝ                              ࡋᖏࣚೲ׉ۭ         1−TL ȝ 

ν           y Бӛϐೲࡋ                              Ȝ 1−TL ȝ 

V           ௗࢬ߈ѳ֡ೲࡋ                            Ȝ 1−TL ȝ 
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        ௴୏ࢬೲ                                  Ȝ 1−TL ȝ 

         ֞ቨࡋ                                      Ȝ 缘 ȝ 

X  অ҅Ӣη                                Ȝɡȝڇؑ         

y          Нు                                        Ȝ 缘 ȝ 

z         ׉ݞଯำ                                    Ȝ 缘 ȝ 

α     Нفװࢬ                                    Ȝɡȝ 

ρ     ࢬᡏஏࡋ                                  Ȝ 3−ML ȝ 

Ȝ                                ࡋ፦ஏ׉ۭ          3−ML ȝ 

υ      ၮ୏ᗹᅉ߯ኧ                             Ȝ 12 −TL ȝ 

µ     ୏Κᗹᅉ߯ኧ                            Ȝ 31 −− TML ȝ 

gσ  ፦൳Ֆ኱ྗୃৡ                          Ȝɡȝ׉ۭ       
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1                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ಃ൘കಃ൘കಃ൘കಃ൘ക    ق߻ق߻ق߻ق߻    

 ୏ᐒز୏ᐒࣴز୏ᐒࣴز୏ᐒࣴزࣴ 1.1

಍سчҬ೯ࠄᖄ๎ܭߡΑࣁ໔Ǵޜ೯ၡᆶޑ୏ࢲ႖ΑΓᜪߔοݞ

Ϸݞοٿ۞Γ҇࿶ຩҬࢬǴሡᑫ่ݞၠࡌᄬނ(ӵᐏኺ)аճ೯ՉǶҗ

ረޑϖДԿΐДය໔ǴԖၨӭޑ٥዗஥Ӧ୔ǴӢԜӧ؂ԃܭѠ᡼Տܭ

॥᠍ߟѠ᡼Ǵԃѳ֡फ़2500ၲߘడԯǶߘໆᗨฅᙦ؊Ǵՠӧਔޜ΢ޑ

ϩթߚதόѳ֡Ƕӧ࢏НਔයǴ೷ԋ׉ݞଳ࢏ǵНྍόىǴࣗԿଳᆃǴ

ՠӧᙦНය໔ࠅΞ٬ளݞοНࢬ෱࡚ǵНՏᡂϯ࡚ೲǶӧݞၰᒡࣳໆ

Бय़ΨౢғཱུεᡂϯǴᏤठݞၰۭౢ׉ғቃਗ਼ؑఫᡂϯǴుНݞኲཱུ

ܰᡂ୏Ǵ຾Զ٬ߦᐏ቞୷ᘵࢬѨǴԶӒϷᐏኺӼӄǶԜѦǴӢΓࣁό

྽ห௦ݞၰύࣳޑҡǴઇᚯݞοޑᒡࣳѳᑽǴ೷ԋ׉ݞय़όᘐΠफ़Ǵ

у΢ᐏ቞ߔᛖНࢬ೷ԋֽޑ೽ؑڇǴᏤठᐏ቞୷ᘵᇘ៛Ƕ 

  ؂೹ᇬߘය໔ǴݞοࢬޑໆቃቚǴӆу΢Ѡ᡼Ӧڵ׎फ़εǴ٬ள

Ǵӧᐏ቞ڇؑޑ຾Չᐟਗ਼׉НନΑჹۭࢫޑԶΠǴଯೲࢻН࡚ೲ໼ࢫ

ᇘ៛Ǵӆу΢ޑफ़եǴ೷ԋ୷ኯ׉ൎۭڬǴ٬ᐏ቞ڇൎуೲֽ೽ؑڬ

ٛࣳᡘᆶ׉ڰπޑ೛ࡼǴ٬ளࣳݝคံݤкǴઇᚯᒡࣳѳᑽǴӒϷᐏ

ኺӼӄǶԶҞ߻πำ΢தҔϐх቞܈ೂ᠈πݤǴऩೕჄࡼ܈πό྽Ǵ

ஒ཮ӢᝏߔНࢬ೷ԋᎃٿ߈ᐏ቞ϐ״ᕭਏᔈԶуೲۭ׉ϐؑڇǴ٬ள

୷ᘵߥ܈ៈπઇᚯԶቹៜᐏఉӼӄǶ 

྽ᐏ቞ӢؑڇԶౢғᝄख़ᇘ៛ਔǴࣁΑᐏ቞Ӽӄதӧڬځൎթ࿼

ޑᐏఉᘐय़ೀౢғၨ୲மܭǴڇؑלܢ༧ǵೂ᠈Ǵа׎ៈπǴӵ౦ߥ

ǹϸϐǴڋёа௓ڇᐏ቞ؑ߾ઇᚯਔǴډڙៈቫؒԖߥៈቫǴऩԜߥ

΋ѿᎁڙઇᚯਔǴதத໻ࢌܭ΋ֽ೽ೀౢ܌ғؑڇǴԜֽ೽ઇᚯ׎ԋ
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2                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

΋১य़ǴҗܭНࢬ໣ύܭЬࢬЬుኲǴൂቨࢬໆуεǴНࢬஒҗԜ১

य़໒׎ۈԋቃਗ਼ࠟޑӛؑڇǴԶуቃؑڇుࡋǴౢғӛྍؑୢڇᚒǴ

຾Զ೷ԋᐏఉϐઇᚯǴӵଯࡀεᐏᘐᐏջࣁ΋ᡉ๱ޑਢٯǶ 

ϐख़߻྽ࣁៈπၱԋߥวғǴᐏ቞ុ࡭ΑٛЗᜪ՟ϐᘐᐏ٣ҹࣁ  

ाፐᚒǶҁࣴز୷ܭ᏾ᡏᐏ୷ߥៈӼӄԵໆǴයૈว৖рڀԖٛڋᐏ

቞ؑڇঋڀჴҔ܄ϐཥߥៈπݤǶ 

 ޑҞزࣴޑҞزࣴޑҞزࣴޑҞزࣴ 1.2

Ҟ߻୯ϣѦҔܭᐏ቞ߥៈπݤǴதޑـԖܙҡ௓ݤڋǵ׉ݞ௓ڋ

ᐏ቞ࣁᓬલᗺǴऩ٩ଛ࿼୔ՏёϩځԖ֡ݤǴӚᅿБݤࢬᏤࢬϷНݤ

΢ෞϐᏤݤࢬ(ӵᕉ୮୴)Ǵᐏ቞ҁيϐߥៈπݤ(ӵܙҡπݤ)Ϸᐏ቞

Πෞϐ؈फ़ࣳݝπݤ(ӵ׉ڰπ)Ƕ 

  ᕉ୮ҁᡏڀࣁቸ܄ϣ೽ޜЈϐ༝׎ᐎጤ୮Ǵаၗྍ҉ុճҔᢀᗺ

ԶقǴ҂ٰᕉ୮୴่ᄬނၮҔܭ౜൑ࡼπёҗቲక፺ज฻Ϻฅ׷਑܈

٣཰ቲక׷਑уаᇙբǴၲނډၗӆճҔޑҞ኱Ǵࡼ،٠ှπ׷਑ڗ

ளόܰୢޑᚒǴයૈफ़եࡼπԋҁǴаගٮ࿶ᔮǵჴҔЪ಄ӝၗྍӆ

ճҔޑᐏ቞ؑߥڇៈཥπݤǶ 

  ҁࣴزЬाଞჹόӕϐޔ৩ޑᕉ୮୴Ǵځჹ෧጗ᐏ቞ؑߥޑڇៈ

ਏ݀ǹ٠૸ፕᕉ୮୴ຯᚆᐏ቞ϐࡋߏϷόӕ೛࿼ଯࡋਔǴᐏ቞ڬൎϐ

ֽ೽ؑڇ௃׎Ǵᙖаᕕှᕉ୮୴ߥៈπϐന٫ଛ࿼ǴၲډԖਏ෧጗ؑ

πำ೛ीϐୖԵǴܭᐏ቞ᆅ౛࣬ᜢൂՏٮៈᐏ቞ϐҞ኱Ǵයૈගߥڇ

ዴߥᐏኺϐӼӄǶ 
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3                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

1.3 ϣ৒ࢎᄬϣ৒ࢎᄬϣ৒ࢎᄬϣ৒ࢎᄬ 

ҁЎӅϩࣁϖঁക࿯Ǵ٠ஒځക࿯ϣ৒εౣϩॊӵΠǺ 

ಃ൘ക ق߻ 

  ཷౣᇥܴҁࣴزϐࣴز୏ᐒǵࣴزҞޑϷϣ৒ಔᙃǶ 

ಃມക Ў᝘ӣ៝ᆶ౛ፕϩ݋ 

  ᙁॊа۳࣬ᜢࣴزǴ٠ଞჹځЎ᝘уа௖૸Ƕ٠௖૸ᐏ቞ڬൎϐ 

Нࠠࢬᄊǵᐏ቞ؑڇচ౛٠᏾౛தـϐᐏ቞ߥៈπݤаϷϟಏҁЎ௖ 

૸ߥޑៈπǶ 

ಃ㭭ക ၂ᡍ೛ഢϷБݤ 

  ᇥܴҁࣴزϐ၂ᡍ೛ഢǵ၂ᡍሺᏔϷ၂ᡍྗ߻ഢπբǴ٠຾΋؁ 

ඔॊ၂ᡍచҹǵ၂ᡍ؁ᡯᆶ၂ᡍၗ਑ϐໆෳБݤǶ 

ಃစക ่݀ϩ݋ᆶ૸ፕ  

  ଞჹӚᅿόӕᕉ୮୴ଛ࿼БԄܭᐏ቞ϐؑڇᐕำǵؑ  ጄൎϷֽڇ

೽ؑڇుࡋ຾Չ૸ፕᆶϩ݋ǴаᕇठుΕϐԋ݀Ƕ 

ಃҴക ่ፕᆶࡌ᝼ 

  ஒҁࣴزϐ౛ፕϩ݋ᆶჴᡍ่݀уаᘜયǴගрനಖϐ่ፕᆶࡌ 

᝼ǴаܴޣزࣴុࡕٮዴϐБӛϷ࣬ᜢπำܭᐏ቞೛ीϐୖԵǶ 
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4                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ಃມകಃມകಃມകಃມക Ў᝘ӣ៝ᆶ౛ፕϩ݋Ў᝘ӣ៝ᆶ౛ፕϩ݋Ў᝘ӣ៝ᆶ౛ፕϩ݋Ў᝘ӣ៝ᆶ౛ፕϩ݋ 
  ᐏ቞೛࿼ݞܭούǴ೷ԋݞၰׯޑݩࢬᡂǴݞၰ೯Нᘐय़ᑈޑ෧

ϿǴԶᐏ቞໔״ޑᕭؑڇᆶ቞߻ᏞНǴᏤठࢬೲуזǴᒡࣳ੝ׯ܄ᡂǶ

΋૓ԶقǴᐏఉઇᚯЬाচӢڙࣁНڇిࢬ୷ᘵ೷ԋᇘ៛ǴНࢬ࿶ᐏ 

቞߻ጔ཮ౢғӛΠ৔ࢬϷڬൎϐଭᒙࠠ෮ࢬԶ٬ᐏ቞วғֽ೽ؑ

ᆶزϐ࣬ᜢࣴڇ଺ᐏ቞ؑ܌Γ߻ଞჹزǴ຾Զቹៜᐏ቞ӼӄǶҁࣴڇ

 ៈߥ

ჹ฼Ƕ 

 ᄊϩᜪࠠڇᄊϩᜪؑࠠڇᄊϩᜪؑࠠڇᄊϩᜪؑࠠڇؑ 2.1

  Raudkivi(1986)[50]Ϸഌ੏ǵଯоӀ(1991)[4]ଞჹڇؑځ௃׎଺ࣁϩ

ᜪǴ٠ᇡࣁᐏ቞ؑڇ౜ຝ٩௃ݩёϩࣁ΋૓ؑڇǵ״ᕭؑڇᆶֽ೽ؑ

 Ǵ٩ׇᇥܴӵΠǺڇ

(1) ΋૓ؑڇ(general scour)Ǻݞၰ҂೛࿼่ᄬ߻ނǴНࢬ೷ԋ׉ݞӄ

य़܄ଯำΠफ़ǴНុ࡭ࣳݝ٬ࢬၮ୏ǴԶࣳݝቹៜНࢬచҹǴ

 ᄊǶރޑᡂϯុ࡭ܭឦ׉ݞ

ߔਔǴ೷ԋނᄬ೷ݞၰ೛࿼ၠݞǺ྽(contraction scour)ڇᕭؑ״ (2)

НਏᔈǴᏤठ೯Нᘐय़ᑈ෧ϿǴуזᐏ቞ڬൎࢬೲǴ຾Զ೷ԋ

 Ƕڇؑ

(3) ֽ೽ؑڇ(local scour)ǺݞၰӢНπᄬ೷ޑނӸӧǴНౢࢬғߔᛖ

ᆶυᘋ౜ຝǴԶ٬Нࢬӧ቞߻೷ԋᏞНǴჹࢬܭೲᆶࢬӛޑቃ

ਗ਼ׯᡂǴЇଆ෮کࢬቚம׉य़୊ᔈΚǴ຾Զ೷ԋֽ׉ݞ೽ؑڇ

ᆶଯำΠफ़Ƕ 

Melville and Coleman(2000)[44]߾ᇡݞࣁၰࠠڇؑޑᄊǴࣁ΋૓ؑ

ҢǴаᙶమӚᅿ߄ ౜ຝаკ2-1ڇϐуᕴǴஒᐏ቞ؑڇᆶֽ೽ϯؑڇ



ᕉ୮ߥࢊៈπܭᐏ቞ؑݯٛڇϐࣴز             

5                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

όӕؑڇ౜ຝϐཀ఼ǴᇥܴӵΠǺ 

(1) ΋૓ϯؑڇǺݞࣁၰ΢Πෞᒡࣳໆόѳᑽ܌ठǴߚНπᄬ೷ނϐ

ቹៜǴ٩Нࢬቹៜਔ໔ߏอǴёϩࣁ΋૓ߏයؑ(long-termgeneral 

scour)ᆶ΋૓อයؑڇ(short-term general scour)Ƕ 

(2) ֽ೽ϯؑڇǺ೛࿼Нπᄬ೷ނǴ཮٬НߔډڙࢬᛖǴ೷ԋࢬ൑ׯ

ᡂ׉ۭک୊ᔈΚቚεǴ຾Զቹៜڇؑ׉ݞ౜ຝǴёϩ״ࣁᕭؑڇ

ᆶֽ೽ؑڇǶ 

 

კ2-1 ᐏ቞ؑڇҢཀკ 

2.1.1ᐏ቞ֽ೽ؑڇ੝܄ᐏ቞ֽ೽ؑڇ੝܄ᐏ቞ֽ೽ؑڇ੝܄ᐏ቞ֽ೽ؑڇ੝܄ 

  Ҟޑزࣴڇؑ߻ᒡࣳϦԄፏӵǺEinstein ݤǵMeyer-Peter ݤǴ

֡፾ҔӧѳᑽచҹΠǹֽ೽ؑڇ௃ࠅݩೀܭόѳᑽచҹΠǴНࢬჹ෤

ၰౢғڇؑޑǶLaursen(1962)[37]ᆕӝ೚ӭؑڇ౜ຝගрѤঁ΋૓ϯޑ

 ౛ፕǺڇؑ

(΋) ؑ  ๏౗ৡॶǴٮ୔ڇҗᒡр؇ྊϐૈΚᆶᒡΕԜؑܭ౗฻ڇ

(Β) ࢬ୏ᘐय़ऩӢؑᇑԶᘉεǴڇؑ߾౗཮෧ϿǶ 

(Ο) ჹܭ΋ςޑޕଆۈచҹǴ཮Ԗ΋ཱུज़ڇؑޑጄൎǶ 



ᕉ୮ߥࢊៈπܭᐏ቞ؑݯٛڇϐࣴز             

6                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

(Ѥ) ཱུ ज़ؑڇጄൎᒿਔ໔Զ೴ᅌௗ߈Ƕ 

2.2 ᐏ቞ֽ೽ؑࠠڇᄊᐏ቞ֽ೽ؑࠠڇᄊᐏ቞ֽ೽ؑࠠڇᄊᐏ቞ֽ೽ؑࠠڇᄊ 

ֽ೽ؑڇ౜ຝ٩Ᏽ Laursen(1963)[38]ᢀᗺǴڇؑܭೲ౗฻ܭ຾р

ྊᒡଌ౗ৡॶǴؑ؈୔ୱϐڇؑ ᡏᑈᒿਔ໔ϐᡂϯ౗ёҗᒡࣳೱ֞ڇ

ុБำԄٰ߄ҢǺ 

)()(
)(

SgBg
dt

Bdf −=                                      (2-1)
 

ύǴځ )(Bf Ǻؑڇ୔ᜐࣚϐኧᏢԄǶ 

  dt Ǻ ਔ໔Ƕ 

          )(Bg Ǻؑڇ୔ᒡр؇ྊϐ؇ྊࢬໆǶ 

          )(Sg Ǻؑڇ୔ϐᒡΕ؇ྊࢬໆǶ 

(΋) )(Bg  = )(Sg  = 0ǺคؑڇǶ 

     Ԝਔؑڇ୔ୱࣁ΋ᓉЗރᄊǴคࣳݝ౽୏Ƕ 

(Β) )(Bg  > )(Sg  ≅ 0ǺమНؑ܈ڇᓉᄊؑڇǶ 

మНؑࣁڇНࢬࢬೲλࣳݝܭᖏࣚଆ୏ࢬೲǴЪؑڇ୔΢ෞค

ਔڇǴᒿ๱ؑڇᕭǴԶౢғؑ״ᐏ቞ֽ೽ڙࣁڇᔈǶؑٮྍࣳ

໔ቚуǴᐏ቞ؑ֞ڇ೴ᅌᘉεǴؑ֞ڇుࡋуుǹၲࢌډ΋ؑ

ѳډջၲڇᐏ቞ֽ೽ؑ߾Ǵۓᛙܭ൳Ֆࠠᄊᖿ֞ڇਔ໔Ǵؑڇ

ᑽރᄊǶ 

(Ο) )(Bg  > )(Sg  > 0Ǻ෶Нؑ܈ڇ୏ᄊؑڇǶ 

୏ᄊؑڇคуࣳచҹΠǴНࢬࢬೲεࣳݝܭᖏࣚଆ୏ࢬೲǴؑ

ࡋుڇय़ᡂ୏Ǵᐏ቞ؑ׉׉୔Ǵ೷ԋۭڇΕؑࢬࣳݝ୔΢ෞڇ

ଆҷᡂ୏Ǵѳᑽؑڇుڗࡋᐏ቞ؑڇుࡋѳ֡ॶж߄ǹऩ୏ᄊ

୔ڇуࣳǴ྽ؑុ࡭ڇؑ )(Bg  = )(Sg  > 0ਔǴ߾ᐏ቞ֽ೽ؑ
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7                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ҢǶV܌ ୏Ƕӵკ2-2ࢬϝฅԖ෶НࢂᄊǴՠރѳᑽډջၲڇ Ǻ

НࢬࢬೲǴ cV  Ǻࣳݝᖏࣚଆ୏ࢬೲǴ aV  ǺៈҘೲࡋǴ gσ Ǻ

 ǶࡋНय़ቨ߆൳Ֆ኱ྗୃৡǴbǺᐏ቞ࣳݝ

 

კ2-2 ᐏ቞ֽ೽ؑڇుࡋᆶНࢬமࡋᜢ߯კ 

2.3ᐏ቞ؑڇӢηᐏ቞ؑڇӢηᐏ቞ؑڇӢηᐏ቞ؑڇӢη 

җܭᐏ቞ڬൎֽ೽ؑࣁڇΟᆢϩᚆࢬ൑Ǵऩપᆐа౛ፕϩ݋БԄ

௢؃ᐏ቞ڬൎֽ೽ؑڇుࡋၨ֚ࣁᜤᆶፄᚇǴࡺၸѐεӭၮҔ၂ᡍБ

Ӣηϐ៾ڇǴ٠ᙖа௢Ꮴрቹៜᐏ቞ؑࡋుڇൎֽ೽ؑڬໆෳᐏ቞ݤ

ख़Ϸ࣬ᜢؑڇుࡋϦԄǶ 

2.3.1ᐏ቞ؑڇӢηϐϩᜪᐏ቞ؑڇӢηϐϩᜪᐏ቞ؑڇӢηϐϩᜪᐏ቞ؑڇӢηϐϩᜪ 

    ቹៜᐏ቞ؑڇϐӢηёϩࣁǴᐏ቞܄፦ǵН܄ࢬ፦ǵۭ ǵ܄፦੝׉
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8                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

 ਔ໔฻ǴԶ೭٤ӢηΞᆶΠӈచҹԖᜢǺڇؑ

(΋) ᐏ቞܄፦Ǻᐏ቞߆Нय़ቨࡋ(b )ǵᐏ቞ރ׎Ӣηঅ҅߯ኧ( shK )ǵ

ᐏ቞߆Нय़य़ᑈ( a )Ƕ  

(Β) Н܄ࢬ፦Ǻࢬᡏஏࡋ( ρ )ǵၮ୏ᗹᅉ߯ኧ(ν )ǵѳ֡ࢬೲ(V )ǵ

Нࢬుࡋ(y)ǵख़Κуೲࡋ( g )Ƕ 

(Ο) ۭ )Ǻύॶಈ৩܄፦੝׉ 50d )ǵۭ׉፦൳Ֆ኱ྗୃৡ( gσ )ǵۭ׉

፦ஏࡋ( gρ )ǵࣳݝᖏࣚ௴୏ࢬೲ( CV )Ƕ 

(Ѥ) ਔ໔Ǻؑڇਔ໔(T )ǵؑၲڇѳᑽ܌ሡਔ໔( eT )Ƕ 

2.3.2ᐏ቞ؑڇӢηϐ௖૸ᐏ቞ؑڇӢηϐ௖૸ᐏ቞ؑڇӢηϐ௖૸ᐏ቞ؑڇӢηϐ௖૸ 

аΠ൩ӚคӢԛୖኧϐނ౛ཀကϷځჹᐏ቞ֽ೽ؑڇϐቹៜϩ

ձуа૸ፕǺ 

(΋) НࢬமࡋȐFlow IntensityǴ cVV / ȑǺ 

  మНؑڇచҹΠǴ֡Ϭࣳݝᆶ֡ߚϬࣳݝวғᐏ቞ؑޑڇ

Нࢬமࡋϩձࣁ 1/ <cVV ᆶ ]1/)([ <−− cca VVVV ǹ୏ᄊؑ

చҹΠȐ <gσࣳݝǴ֡Ϭڇ 1.3-1.5ȑǴᐏ቞วғؑޑڇНࢬ

மࣁࡋ 1/ >cVV Ǵ֡ߚϬ୴ܭᐏ቞ؑߥڇៈϐ၂ᡍࣴࣳݝزచ

ҹΠȐ gσ  >1.3ȑǴࣳݝ཮วғៈҘ౜ຝǴؑ֞ڇుࡋ཮ᡂλǴ

ӢԜᐏ቞ؑڇวғӧ cVV / >1ǹ྽ 1/ <aVV ਔǴ୏ᄊؑ֡ߚڇϬ

วғόቹៜុ࡭౜ຝ཮ڇวғៈҘ౜ຝՠؑࣳݝచҹΠǴࣳݝ

 วғǶុ࡭཮ࣁ౜ຝ೏ᇡڇؑڇԶమНؑࡋుڇؑ

(Β) ࣬ჹНࢬుࡋȐFlow ShallownessǴ by / ȑǺ 

  by / КॶǴ྽КॶຫλǴޑࡋНय़ቨ߆ᐏ቞کНుࣁကۓ

Нుׯᡂ཮ቹៜؑڇుࡋǶ྽КॶຫεǴ߾ᐏ቞߆Нय़ቨࡋ཮

ቹៜؑڇుࡋǴԶᆶНుၨคᜢ߯Ƕ 
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9                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

     Neill(1964)[46]ਥᏵ߻Γϐ၂ᡍၗ਑ǴගрΑӧۓໆࢬΠǴֽ

೽ؑڇుࡋჹНుคӢԛϯϐБำԄǺ 

     

7.0

5.1 







=

y

b

y

d s
                                  (2-2) 

ԄύǴ Sd  ৩Ƕޔᐏ቞ࣁ Нుǹbࣁ ǹyࡋుڇؑࣁ

  Jain & Fischer(1981) [36]᏾౛߻Γ၂ᡍ่ࣴ݀زǴว౜εӭ

ኧؑڇϦԄё߄ҢӵΠԄǺ 

     ( )
11

1
1

1

1

pr
n

m

s

b

y
BFr

b

y
A

y

d
−








+






=                    (2-3) 

ԄύǴ 1A ǵ 1B ǵ 1m ǵ 1n ǵ 1p ǵ 1r ฻߯ኧϩձᆶᐏ቞ރ׎ǵНࢬ

ԖᜢǴԶ܄፦੝׉Ϸۭفװ rF  & ᅽ࿢ኧǶMelvilleࣁ߾

Sutherland(1988) [41]ࡰрǴ྽ by /  >1.43ਔᐏ቞ֽ೽ؑڇుࡋѝ

ᆶᐏ቞߆Нय़ቨࡋԖᜢǹ྽ by /  < 0.2ਔǴНు཮ቹៜᐏ቞ؑ

≥ǹԶ྽0.2ࡋుڇ by / ≤ 1.43ǴНుϷᐏ቞߆Нय़ቨࣣࡋ཮ቹ

ៜֽ೽ؑڇుࡋǶ 

  Raudkivi & Ettema(1983) [49]ᇡࣁ 4~3/ >by ǴԶ

Melville(1997) [39]ࡰ߾р by /  >1.5 ~ 2ਔǴНుᡂϯჹؑޑڇቹ

ៜёа۹ౣǴԜࣁుНރᄊǹϸϐࣁ߾భНރᄊǶ
 

 (Ο) ۭ׉፦࣬ჹಉᕫࡋȐSediment CoarsenessǴ bd /50 ȑǺ 

  ྽ۭ׉፦ಈ৩ຫεלܢځНૈޑڇؑࢬΚຫமǴ٬ளനε

ֽ೽ؑڇుࡋຫλǶϸϐۭ׉ಈ৩ຫλǴനεؑڇుࡋ཮ቚуǶ

྽ύॶಈ৩ 50d  < 0.6mmਔǴ཮ӧۭౢ׉ғ؅ᅎ౜ຝǴ຾Զቹៜ

 Ƕࡋుڇؑ

  ฅԶۭ׉፦ಉᕫࡋϷНࢬచҹ཮ቹៜۭ׉፦ᖏࣚ௴୏ࢬ
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10                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ೲǶRaudkivi & Ettema(1977)[48]ගр྽ bd /50  < 0.02mmਔࣁಒ

ᗭಈǴؑڇుࡋᆶಈ৩คᜢǹԶ྽ bd /50  > 0.02mmਔǴؑڇ

ుࣁࡋ bd /50 ᒿࡋుڇኧǴЪؑڄޑ bd /50 ϐቚεԶᡂλǶ 

  Raudkivi & Ettem(1983)[49]ճҔϤᅿᐏ቞ޔ৩у΢ٿᅿࣳݝ

ಈ৩຾Չؑڇ၂ᡍǴӆஒ၂ᡍ่݀ಒϩࣁѤᜪǴ (1)
 

≥50/ db 130Ǵಒᗭಈࣳݝǹ(2) 130> 50/ db ≥  30Ǵύᗭಈࣳݝǹ

(3) 30 > 50/ db ≥8Ǵಉᗭಈࣳݝǹ(4) 50/ db ≥20 ~ 25 Ǵεᗭಈ

/ҢǶ྽ 50܌Ǵӵკ2-3ࣳݝ db ≥  20 ~ 25ਔǴѳᑽؑڇుࡋόڙ

 ቹៜǶޑಈ৩ࣳݝ

 

კ2-3 ۭ׉፦࣬ჹಉᕫࡋᆶؑڇుࡋϐᜢ߯კ 

  Melville & Chiew(1999)[43]ගрӧ֡ϬࣳݝਔǴନಉᗭಈѦǴֽ೽

ၗ਑ᡉҢ᧨྽࠻ቹៜǶਥᏵ၂ᡍޑᗭಈελࣳݝڙόࢂࡋుڇؑ

50/ db < 50ਔֽ೽ؑڇుࡋ཮ࣳݝډڙᗭಈελޑቹៜǴӵკ2-4܌

Ңᇭ 
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11                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

  

კ2-4 ࣳݝಈ৩ᆶؑڇుࡋᜢ߯კ 

(Ѥ) ࣳݝ൳Ֆ኱ྗୃৡ᧤Sediment Nonuniformity᧨ gσ ᧥᧶ 

  Ettema(1980) [31]຾Չ֡ߚϬࣳݝమНؑڇ၂ᡍ᧷

Chiew(1984) [25]ᆶBaker(1986)຾Չ֡ߚϬࣳݝ୏ᄊؑڇ၂ᡍǴ૸

ፕᐏ቞ֽ೽ؑڇుࡋᆶࣳݝ൳Ֆୃৡᜢ߯Ƕࣴزว౜Ǵ֡ߚϬ

ڇ൳Ֆ኱ྗୃৡቚεǴֽ೽ؑࣳݝ၂ᡍਔǴڇ຾Չ୏ᄊؑࣳݝ

ుࡋ཮फ़եǶ 

  Raudkivi & Ettema(1977) [48]ࡰрӧమНؑڇਔǴᐏ቞ڬൎ

ֽ೽ؑڇుࡋᒿۭ׉኱ྗୃৡ gσ ቚεԶफ़եǴؑڇుࡋऊࣁ

ᐏ቞߆Нय़ቨࡋϐ0.3 ~ 2.3७᧨Ъӧ 3.1>gσ ਔԖៈҘ౜ຝ

ౢғǴԜਔؑڇుࡋ཮ᒿϐᡂλǶ٠Ъගраޑࣳݝ൳Ֆ኱ྗ

ୃৡٰ௢՗ӧϺฅݞοό֡Ϭࣳݝϐѳᑽؑڇుࡋ sed ϐБำ

ԄǴӵΠ܌ҢǺ 

      

( )
b

d
K

b

d
segse

σ

σ
=                                                            （2-4） 

coarse sediment fine sediment 

~50 

dse/b 

ds= f (d50/b) 

b/d50 

50( )sd f d b≠  
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12                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

Ԅύ᧨ sed ࣳݝϬ֡ࣁ ( )0.1≅gσ ϐѳᑽؑڇుࡋ᧷b ࣁᐏ቞ޔ

৩᧷ σK  ҢǶ܌অ҅ӢηǴӵკ2-5ࣁ

 

კ2-5 ࣳݝ൳Ֆ኱ྗୃৡᆶঅ҅Ӣηϐᜢ߯კ 

Raudkivi & Ettema(1983)[49]ගр྽ۭ׉፦ޑ኱ྗୃৡ gσ 1ࣁ

ਔǴؑڇుࡋऊࣁᐏ቞ޔ৩1.5~1.4ޑ७Ǵӕਔᒿ๱኱ྗୃৡޑ

ᡂεǴؑڇుࡋ཮࣬ჹᡂλǶ٠଑ᘜᕇठคӢԛؑڇుࡋϐी

ᆉ Ϧ Ԅ Ǻ 2
*

*50
1 ln K

bu

V

b

Tu

b

d
K

b

d s +






























=           

(2-5) 

ԄύǴ 1K ᛤᇙᜢ߯Ԕጕϐ௹౗Ǵ܌΢Ԅࣁ 2K  ᄒຯǶࣁ

(ϖ) ਔ໔ޑቹៜȐ eTT / ȑǺ 

ਔ໔Tڇؑ   ᆶѳᑽؑڇਔ໔ eT ϐКॶҭቹៜᐏ቞ֽ೽ؑ

ᒿਔ໔Զ጗ᄌቚуǶӧࡋుڇਔǴֽ೽ؑڇǶӧమНؑࣁՉڇ

֖ྊؑڇਔǴၲډѳᑽؑڇుޑࡋਔ໔ाКమНؑזޑٰڇǹ

ோ֖ྊؑڇϐѳᑽؑڇుࡋ཮Ӣۭ؅׉Ыϐၮ౽ǴԶբόೕ߾

 ᕏǶਁޑ

  Melville & Chiew(1999)[43]ࡰрѳᑽؑڇుࡋ( sed  )Ьा
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ਔڇӧᕴؑࡋుڇቹៜǴؑ܌ኧୖޑނբҔᆶ؇ᑈޑᡏࢬڙࢂ

໔ऊ10ʘਔ൩ёၲډᕴѳᑽؑڇు50ޑࡋɴ80ʘǴ٠ଷ೛ؑڇ

ుࡋӧ24λਔޑቚуໆλ0.05ܭ७ޑᐏ቞ቨࡋਔǴёຎډၲࣁ

ѳᑽؑڇుࡋǶӕਔගрؑၲڇѳᑽ܌ሡਔ໔ޑ௢՗Ϧ

Ȑ 1/ <cVV ǴЪࣁమНؑڇచҹΠȑǺ 

  җ߻Γࣴزᆶ၂ᡍ࠻ၗ਑ว౜Ǵ຾Չᐏ቞మНؑڇ၂ᡍ

ਔǴֽ೽ؑڇుࡋᒿਔ໔ቚуԶቚεǶ୏ᄊؑ׉ۭڙڇᡂ୏ቹ

ៜǴ٬ளᐏ቞ֽ೽ؑڇుࡋᒿਔ໔և౜ଆҷᡂϯǶ୏ᄊؑڇΠǴ

ᐏ቞ֽ೽ؑڇుډၲࡋѳᑽؑڇਔ໔КమНؑڇచҹΠޑѳᑽ

ᜤࡋుڇ၂ᡍǴѳᑽؑڇլܺᐏ቞຾ՉమНؑࣁਔ໔อǶڇؑ

аዴۓǴMelville & Chiew(1999) [43]ගрǺᐏ቞ֽ೽ؑڇుࡋӧ

24λਔϣǴؑڇుࡋቚу౗եܭᐏ቞ޔ৩5ޑʘǴ߾Ԝؑڇుࡋ

ёຎࣁѳᑽؑڇుࡋǴځჹᔈޑਔ໔ຎࣁѳᑽؑڇਔ໔Ƕ 

(Ϥ) Нࢬᅽ࿢ኧȐFroude NumberȑǺ 

Ettema et al.(1998) [32]ࣴزว౜Ǵᐏ቞ѳᑽؑڇϦԄᆶНࢬᅽ࿢

ኧڀԖ nse Fr
y

d ∝ ᜢ߯ԄǶ Ǻᐏ቞ѳᑽؑڇుࡋǴFrǺН

ᅽ࿢ኧǴyǺНుǶBozkus & Yildiz(2004) [20]Ψගрᐏ቞ֽ೽ࢬ

ᆶᅽ࿢ኧᜢ߯ёҔࡋుڇؑ ޔҢǶ bǺᐏ቞߄ 

৩Ǵ sed ǺؑڇుࡋǴ Fr ǺНࢬᅽ࿢ኧǶ 

2.4 ᐏ቞ڬൎϐֽ೽ؑڇᐒڋᐏ቞ڬൎϐֽ೽ؑڇᐒڋᐏ቞ڬൎϐֽ೽ؑڇᐒڋᐏ቞ڬൎϐֽ೽ؑڇᐒڋ 

  ֡Ϭܴ෤Нࢬࢬ࿶ᐏ቞ਔǴҗڙܭᐏ቞υᘋԶ೷ԋНׯݩࢬࢬ

ᡂǴ٬ளࣳݝᒡଌวғᡂϯǴᐏ቞ڬᎁว৖рֽ೽ؑ֞ڇǶҗ߻Γࣴ



ᕉ୮ߥࢊៈπܭᐏ቞ؑݯٛڇϐࣴز             

14                ೹ҘεᏢ e-Theses (100Ꮲԃࡋ) 

 ҢǶ܌ ୏ࠠᄊϩԋǺӵკ2-6ࢬࢬН߈ߕёஒᐏ቞ز

 

კ2-6 ᐏ቞ڬൎНࢬҢཀკ 

(΋) ߄य़෮ࢬȐSurface Rollerȑ 

  Нࢬࢬ࿶Нύ่ᄬނǴ่ᄬ߆ނНय़ӸԖଶᅉᗺ

ȐStagnationPointȑᆶଶᅉࢬጕȐStagnation StreamlineȑǴ٬Н

ጕࢬᏞНȐBow WaveȑǴଶᅉ߻ԋ቞׎୏ૈᙯԋՏૈǴНय़ࢬ

΢БНࢬБӛӛ΢௽ᙯ׎ԋ߄य़෮ࢬǹ߻Γࣴزว౜߄य़෮ࢬ

౛ፕ΢όቹៜᐏ቞ֽ೽ؑڇుࡋǶ 

(Β) ӛΠНࢬȐDownflowȑ 

  ٩ᏵդոճБำԄȐBernoulli Equationȑ۹ౣՏ࿼Нᓐ

ȐElevationHeadȑਏᔈǴว౜࣬ӕࢬጕଶᅉᗺ΢ڙ܍നεᓸΚ

ջࣁଶᅉᓸȐStagnation PressureȑǴԜਔᐏ቞ଶᅉᓸε߈ߕܭ

НᓸǶҗܭНࢬࢬೲϩթҗНय़ӛΠሀ෧ǴೲࡋНᓐȐVelocity 

HeadȑӛΠ෧ϿǴᓸΚНᓐȐPressure HeadȑӛΠቚуЪՏ࿼

НᓐȐElevation Headȑӛ΢ቚεǴзᐏ቞ଶᅉᓸҗНय़ӛΠሀ

෧Ǵᐏ቞߆Нय़วғᓸΚఊࡋȐPressure Gradientȑᡂϯ׎ԋӛ
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ΠНࢬǶӛΠНࢬၮ୏ࠠᄊᜪ՟ޔࠟܭ৔ࢬȐVertical JetȑǴਥ

Ᏽ߻ΓࣴزᇡࣁӛΠНࣁࢬ೷ԋᐏ቞ֽ೽ؑޑڇЬाӢનϐ

΋Ƕ 

(Ο) ଭᒙࠠ෮ࢬȐHorseshoe Vortexȑ 

  ᐏ቞߻ጔڙӛΠНࢬբҔҥڅว৖рؑ֞ڇǴؑ߈ߕ֞ڇ

ӛΠНࢬᆶݞኲНࢬБӛ࣬ϕቹៜǴݮᐏ቞ڬൎว৖рΟᆢ܄

ᖥ௽෮ࢬǴᆀࣁଭᒙࠠ෮ࢬǶଭᒙࠠ෮ࢬҗᐏ቞߆Нय़໒ۈว

ғǴݮ๱ᐏ቞ᜐጔӛΠෞ໺ሀǴ٠ஒؑ۳ࣳݝ֞ڇΠෞᒡଌǶ

ӢԜǴࣴزᇡࣁӛΠНࢬᆶଭᒙࠠ෮ࣁࢬቹៜᐏ቞ֽ೽ؑޑڇ

ЬाӢનǶ 

(Ѥ) ၞ׀෮ࢬȐWake Vortexȑ 

ϩᚆࢬǴᐏ቞Πෞ཮ౢғНࡕ࿶ᐏ቞ࢬࢬНڙࢂࢬ෮ၞ׀  

ᗺȐSeparation PointȑǴࢬೲওय़วғόೱុय़Ꮴठλࠠ෮ࢬ

ȐCast-offVortexȑ׎ԋǶԜ෮ࢬёஒࣳݝ֎ΕǴஒࣳݝ௔۳Н

य़Ǵ٬ᐏ቞ࡕБۭ׉วғ୴ᑈ౜ຝǶ 

2.5 ᐏ቞ߥៈπᐏ቞ߥៈπᐏ቞ߥៈπᐏ቞ߥៈπ 

  ౜Ϟᐏ቞ؑߥڇៈπݤёཷϩܙࣁҡ௓ݤڋǵ׉ݞ௓ݤڋᆶНࢬ

ᏤݤࢬΟεᜪǴ૟ஒӚБݤᇥܴӵΠǺ 

(΋) ܙҡ௓ݤڋǺӧᐏ቞ڬൎ೛࿼Ϻฅ࿗ҡቫȐܙҡቫȑǴ٬ᐏ቞ڬ

ൎ׎ࣳݝԋៈҘ౜ຝȐArmoring PhenomenaȑǴၲڋ׭ډᐏ቞

วғؑڇ౜ຝǶҞ߻Ѡ᡼ݞοᐏ቞ε೽ϩ೛࿼౦׎༧܈௦Ҕೂ

᠈πݤ຾ՉߥៈǴ຾ԶౢғៈҘਏᔈڇؑڋ׭ว৖ǶԜᅿБݤ

നεޑલᗺǴҗܭ౦׎༧ᆶٿࣁ׉ݞᅿόӕϐϟ፦ǴӢԜځค

שៈਏ݀ߥǴᏤठۓ൑Ǵ೷ԋ่ᄬᡏόӼࢬӝǴЪӢυᘋ่ݤ
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෧ԶઇᚯǶ 

(Β) ׉ݞ௓ݤڋǺᐏ቞ؑڇ཮٬ᐏ቞ڬൎۭ׉Πफ़Ǵ೷ԋᐏ቞୷ᘵѦ

៛Ǵׯࣁ๓୷ᘵѦ៛ӒϷᐏኺӼӄǴ೽ϩᐏኺܭᐏ቞Πෞ೛࿼

Ǵफ़׉ݞൎڬफ़Ǵගଯᐏ቞؈ࣳݝೲǴ٬ࢬπǴᙖа෧጗׉ڰ

եᐏ቞ؑڇჹᐏኺӼӄޑቹៜǶ 

(Ο) Н ࢬ Ꮴ ࢬ ݤ Ǻ Ҟ ߻ ୯ Ѧ Ь ा Б ݤ ࣁ Ǻ ඹ ж ܄ ဂ ኯ

ȐSacrificialPilesȑǵ঺ᕉݤȐCollarsȑϷང಻๮Ꮴ݈ࢬȐIowa 

Vanesȑǹ୯ϣࣴزᏤࢬ೛ࣁ߾ࡼǺ໳຾ڷȐ2002ȑගрԋфΓ

πН૛ȐCheng-Kung Artificial Waterweedsȑᆶ໳຾ڷȐ2004ȑ

ࣴග฾ᆛ่ᄬނǶНࢬᏤݤࢬЬाёᗉխНࢬ໣ύǴ܈຾΋؁

ϩණНૈࢬໆǴफ़եНࢬჹᐏ቞ؑૈڇΚǴගଯᐏኺӼӄ܄Ƕ 

2.6 ᕉ୮୴่ᄬߥނៈᐏ቞ϐᐒڋᕉ୮୴่ᄬߥނៈᐏ቞ϐᐒڋᕉ୮୴่ᄬߥނៈᐏ቞ϐᐒڋᕉ୮୴่ᄬߥނៈᐏ቞ϐᐒڋ 

  ҁЎ௖૸ϐᕉ୮୴่ᄬނ(ӵკ2-7܌Ң)߻ࣁ࿼ࠠߥៈπǴаᐎҜ

୮(ӵკ2-8܌Ң)Ϸဂኯ(ӵკ2-9܌Ң)ಔԋǶဂኯϐфҔࣁගٮᕉ୮ࠟ

ӛ౽୏ϐྖॉǴᕉ୮୴೛࿼ܭᐏ቞΢ෞǴаઇᚯ҅ӛНࢬჹܭᐏ቞ޑ

ፂᔐǴܭ٠ᐏ቞߻Бගٮ፿ጨਏҔǴफ़եᐏ቞୷ᘵֽ೽ؑڇుࡋǶᕉ

୮аҬᒱБԄ೛࿼Ǵ٬ளߥៈπ߄य़ࣁ΋όೕ߄ޑ߾य़Ǵ྽Нࢬ೏ߥ

ៈπϩިٿࣁНࢬਔǴӧߥៈπڬൎޑНࢬӢόೕߥޑ߾ៈπ߄य़Ǵ

٬ளНࢬБևόೕ߾ᡂϯǴԶНૈࢬໆҭ೏ߥៈπ੃෧Ƕ೏෧጗ޑН

ߥډΚǴӢԜၲૈޑࣳݝ਀஥ࢬ൑Ǵफ़եНࢬޑԋష໶׎߻ӧᐏ቞ࢬ

ៈᐏ቞ڬൎۭޑ׉ҞޑǶ 
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კ2-7 ᕉ୮୴Ңཀკ 

 

კ2-8 ᐎҜ୮Ңཀკ 
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კ2-9 ဂኯҢཀკ 

 

  Нࢬࢬ࿶೛࿼ᕉ୮୴ߥៈϐᐏ቞Ǵᐏ቞ࢬ߈ߕ൑(ӵკ2-10܌

Ң)Ǵᕉ୮୴่ᄬ߆ނНय़ЬाڙӛΠНࢬᆶଭᒙࠠ෮ࢬբҔǴ߻ᆄ

วғനεؑڇుࡋǴ೽ϩН۳ࢬᕉ୮୴ࢬୁٿ୏ǴࣁΠෞᐏ቞ගٮ፿

ጨᆶᏤࢬբҔǶНࢬ೯ၸᕉ୮ਔǴҗܭᕉ୮ޜࣁЈǴԖ΋೽ҽޑНࢬ

཮࿶җᕉ୮ύ໔ޑϾሜӛΠࢬ୏ǴԶӢࣁᕉ୮ࣁҬΰܫ࿼ǴӢԜНࢬ

ૈໆ཮ӧᕉ୮္೴ᅌ೏੃෧Ǵࣳݝ೏੮ӧᕉ୮໔ޑϾሜύǶ྽Н߾ࢬ

җᕉ୮໔ޑᕳሜࢬрǴНϩη۶Ԝ࿘ናǴ೷ԋНૈࢬໆཞѨǴࣳݝว

ғఫᑈ౜ຝ٠Ъҗᕉ୮୴ࡕБ໒ౢۈғǴុ࡭Կᐏ቞߻БǴံкᐏ቞

 ǶࡋుڇǴफ़եᐏ቞ֽ೽ؑྍٰࣳݝ֞ڇؑ
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კ2-10 ᕉ୮୴่ᄬڬނൎݩࢬҢཀკ 

  ᕉ୮୴ङНय़ᆶᐏ቞߆Нय़໔୔ୱǴӛΠНࢬᆶଭᒙࠠ෮ࢬբҔ

Κեܭᕉ୮୴߻ᆄբҔΚǴफ़եჹᐏ቞߆Нय़ؑڇుޑࡋቹៜǶ၂ᡍ

ᢀჸว౜Ǵ၂ᡍ߃යᕉ୮୴่ᄬނङНय़׉ۭࣳݝ೴ᅌቚଯǴᕉ୮୴

ೲ஥۳ΠෞǴ٬ِࢬ೏НࣳݝǴୁٿԿᐏ቞ុۯǴ٠ྎڇғؑౢୁٿ

ǶԜਔᐏୁٿวғӧᐏ቞ࡋుڇᐏ቞Ǵനεؑޑៈߥނᕉ୮୴่ᄬڙ

቞΢ෞఫᑈ୴ࢬࣳݝΕᐏ቞߆Нय़ؑڇ Ǵ֞ᗨฅᐏ቞߆Нय़ؑ֞ڇు

ǴԶ٬ᐏ቞ୁٿ೏஥۳ᐏ቞ࣳݝጔϐ߻ᒿਔ໔ቚу೴ᅌᡂుǴᐏ቞ࡋ

ံࣳݝ֞ڇНय़ؑ߆ǴோӢᐏ቞߈ᖿࡋుڇϐؑୁٿᆶࡋుڇؑ䷑߻

кٰྍкىǴૈࡺԖਏڋ׭ᐏ቞߆Нय़ؑ֞ڇుޑࡋว৖Զၲߥډៈ

фਏǴගଯᐏఉӼӄ܄Ƕ 

2.6.1 ᕉ୮୴่ᄬނϐ੝܄ᕉ୮୴่ᄬނϐ੝܄ᕉ୮୴่ᄬނϐ੝܄ᕉ୮୴่ᄬނϐ੝܄ 

ҁࣴ܌ز௖૸ᕉ୮୴ߥៈπ੝܄ᇥܴӵΠǺ 

(1) फ़եНࢬჹᐏ቞ޑፂᔐΚ 

ஒߥៈπ೛࿼ӧᐏ቞߻БǴჹܭΠෞᐏ቞ౢғ፿ጨਏ݀Ǵᗉխᐏ

቞҅ډڙӛНޑࢬፂᔐΚǴҗᕉ୮ӃߔᏲಃ΋ݢઇᚯΚǶ 

 

bow wave  

downflow  

horseshoe vortex  

wake vortex  

river bed  

flow  

Ring columns  pier  

water surface  

dune  
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(2) όܰᎁډઇᚯ 

ջ٬ၶډҡᓐ࢏܈ЕޑናᔐǴӢࣁᐎҜᕉ୮܄ࢋࢂπڀݤԖቸ

 ઇᚯǶڙаό৒ܰᎁ܌Ǵ܄

 ೲࢬБӛǴ෧጗ࢬᡂНׯ (3)

җܭᐎҜᕉ୮аҬᒱБԄ೛࿼ǴӢԜНࢬӧࢬ࿶ߥៈπਔǴ཮Ӣ

όೕߥޑ߾ៈπ߄य़٬НࢬБӛᡂԋӭБӛ܄ǴНࢬࢬೲ෧጗Ǵ

फ़եНࢬჹܭᐏ቞ڬൎૈڇؑޑΚǶ 

 ؈Π׎ᐎҜᕉ୮ᒿ๱Ӧޑៈπ΢ߥ (4)

྽ᕉ୮Πቫࣳݝޑ೏ؑڇǴᐎҜᕉ୮཮ᒿ΢ቫख़ΚکӦ֎ЇΚӛ

Π؈Ǵ٩ᙑૈڀԖߥៈޑ׉ݞфਏǶ 

 ඤ৒ܰ׳ (5)

ᐎҜᕉ୮ёаຎሡाόᘐ঺᠄ӧဂኯ΢ǴӢԜ൩ᆉࢂᕉ୮ӛΠ؈

 Ƕࡋሡଯ܌ઇᚯǴϝёቚуᕉ୮Կډᎁࢂ܈
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ಃಃಃಃ㭭㭭㭭㭭കകകക    ၂ᡍ೛ഢϷБݤ၂ᡍ೛ഢϷБݤ၂ᡍ೛ഢϷБݤ၂ᡍ೛ഢϷБݤ    

  җܭᐏ቞ϐֽ೽ؑڇឦܭΟᆢୢᚒǴЪӢߥៈπϷᐏ቞υᘋԶ٬

НݩࢬࢬᡂளΜϩፄᚇǴऩճҔપ౛ፕБय़ჹؑڇՉࣁբඔॊ࣬྽֚

ᜤǴࡺ໪ճҔНπኳࠠ၂ᡍуаϩ݋Ϸᡍ᛾Ƕ 

  ҁࣴزᙖҗКၨ೛࿼ᕉ୮୴่ᄬߥނៈ௛ࡕ߻ࡼᐏ቞ڬൎϐؑ

ៈԋߥޑڇჹᐏ቞ؑނᕉ୮୴่ᄬޑ৩ޔǴ௖૸όӕᕉ୮୴׎௃ڇ

ਏǹ٠ଞჹᕉ୮୴่ᄬނຯᚆᐏ቞όӕՏ࿼ǵόӕᕉ୮୴೛࿼ଯࡋ฻

ख़ाୖኧуаϩزࣴ݋Ǵයૈஒ่݀ග࣬ٮᜢൂՏᔈҔϐୖԵǶ 

3.1    ၂ᡍ೛ഢᆶ၂ᡍ೛ഢᆶ၂ᡍ೛ഢᆶ၂ᡍ೛ഢᆶթթթթ࿼࿼࿼࿼    

  ҁࣴ٬܌زҔϐ೛ഢՏܭ೹ҘεᏢНճπำᆶၗྍػߥᏢسН

π၂ᡍ࠻Ǵ၂ᡍ෤ኲࣁύࠠൻᕉ࣒ዟ෤ኲǴаΠ൩ൻᕉ෤ኲǵᐏ቞ኳ

ࠠǵᕉ୮ࢊኳࠠϷ࣬ᜢߕឦ೛ഢ฻ೕ਱ᇥܴϐǶ 

3.1.1    ၂ᡍ෤ኲ၂ᡍ෤ኲ၂ᡍ෤ኲ၂ᡍ෤ኲ 

  ၂ᡍ෤ኲӵკ3-1܌ҢǴ࣬ځᜢၗ਑ӵΠǺ 

(΋) ၂ᡍ෤ኲǺ෤ኲӄ13.6ߏmǵቨ0.5 mǵు0.75mǴ෤ኲୁᏛϐ׷፦

׀ᆄԖ΋׀ჴᡍ຾ՉਔϐᢀෳǶ෤ኲܭமϯ೸ܴ࣒ዟǴаճࣁ

Н႔ߐ(tailwater gate)ǴҔа௓ڋ၂ᡍНుǴ෤ኲΠБԖ΋ଭၲ

ёܩϲࡕ߻෤ኲϐଯำǴ຾Զ௓ࡋڵڋǶ 

(Β) ٮНس಍Ǻа15HP(Horse Power)ϐܜНଭၲவᆽНԣύܜНǴ࿶

җ๏НᆅଌԿۓНᓐНጃǴٮᔈНໆԿ෤ኲύǶНࢬ࿶෤ኲࡕ

಍ǶسНൻᕉٮԋ΋׎຾ᆽНԣǴࢬНԣǴӆ࿶җ௨Нၰ׀Εࢬ

ԶۓНᓐНጃ΢ጔԖ΋ྈࢬᆅǴёஒӭᎩϐНໆᒡଌԿ׀НԣǶ 

(Ο) ࢬໆ௓ڋǺۓНᓐНጃԿ෤ኲ໔೛ԖᡉҢԄᆅၡЋ୏ં׎႔
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ሚǴё௓ࢬڋໆࢬԿ෤ኲύǶ 

 

 

(a) ഗຎკ(plan view) 

 

(b) ୁຎკ(side view) 

კ3-1၂ᡍ෤ኲଛ࿼კ 

3.1.2    ၂ᡍᐏ቞၂ᡍᐏ቞၂ᡍᐏ቞၂ᡍᐏ቞    

  ҁࣴزᙖҗНπ၂ᡍ௖૸όӕᕉ୮ࢊဂଛ࿼ჹᐏ቞ؑڇϐቹ

ៜǴࣁΑ௨ନ״ᕭਏᔈჹؑڇుޑࡋቹៜǴҁࣴزᒧۓᐏ቞ޔ৩ࣁ෤

 ׉   ۓ ׉   ۓ

0.75m
 

ϲफ़ື܍ 

ᐏ቞ 60ࡋ V ࠠ൓ 

閘
閥 

尾
水
池 

ᕉ୮୴ 

௨Нၰ ๏Нᆅ 

動 

床 

0.5m 

13.6m 

斜
升
坡 

᏾ࢬᏔ 

15HP 
 Нଭၲܜ
ᆽНԣ 

8m 

   

尾
水
池 

Нۓ

ᓐ         

Нጃ 

Нࢬ 

Бӛ 
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ၰቨࡋϐ1/10Ǵջ5Ϧϩϐ֡Ϭᐏ቞຾Չ၂ᡍǶԶ׷፦ࣁ߾ύޜ೸ܴ

ᓸլΚ(acrylic)ᆅ܌ᇙԋǴа٬ߡҔӀᠼຎ᜔࿼Εᢀෳᐏ቞ؑڇ౜

ຝǶ 

3.1.3 ၂ᡍሺᏔ၂ᡍሺᏔ၂ᡍሺᏔ၂ᡍሺᏔ 

(1) Βᆢႝᅶࢬೲी(ྣТ3-1):ໆ ෳᐏ቞΢ෞ1mೀϐௗࢬ߈ೲࡋǴ௦ൂ

ᗺໆෳȐ0.6७Нుȑϐѳ֡ࢬೲǶ 

(2) ႜ৔ෳຯሺ(ྣТ3-2)ǺҔаໆෳߥៈπϷᐏ቞֞ڇؑ߈ߕుکࡋ

ጄൎǴΑှᐏ቞ڬൎؑఫϐϩթ௃׎Ƕ 

(3) Ӏᠼຎ᜔(ྣТ3-3)Ǻໆෳᐏ቞ϐؑڇుࡋᆶᢀჸؑڇᐕำǴёଛ

ӝኧՏឪቹᐒܡឪǶ 

(4) ᡉҢԄᆅၡЋ୏ં׎႔ሚ(ྣТ3-4)Ǻё௓ڋ၂ᡍࢬໆۓࣁໆ܈ࢬ

ᡂໆࢬǴᓬᗺࢬࣁໆёҗኧӷᡉҢሚٰ௓ڋǴԶኧӷᡉҢሚ΢Π

໒12000~0ࡋኧӷǴค໔ሜᇤৡǴёዴჴၲډ၂ᡍచҹޑ೛ۓᆶჴ

ሞݩރϐሡ؃Ƕ 

(5) ႝ တǺᓯӸ၂ᡍၗ਑Ǵаճࣴزϩ٠݋෧ϿΓࣁᒱᇤǶ 

(6) ឪቹᐒǵྣ࣬ᐒǺᒵቹܡ܈ឪؑڇ၂ᡍϐᐕำǴᙖаᕕှᐏ቞ڬ

ൎࢬ൑ϐݩࢬᆶࣳݝၮ౽ϐ௃׎Ƕ 

(7) ᕉ୮ǺѦ৩1.8Ϧϩǵϣ৩1.2Ϧϩǵቨ0.6ࡋϦϩϐᐎጤ୮Ƕ 

(8) ᐏ቞ኳࠠǺᓸլΚ׷፦Ѧ৩5Ϧϩǵ2ࡋࠆడԯϐ೸ܴޜЈᆅǶ 

    

ྣТ3-1 ΒᆢႝᅶԄࢬೲी        ྣТ3-2 ႜ৔ෳຯሺ 
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     ྣТ3-3 Ӏᠼຎ᜔      ྣТ3-4 ᡉҢԄᆅၡЋ୏ં׎႔ሚ 

3.2    ၂ᡍೕჄ၂ᡍೕჄ၂ᡍೕჄ၂ᡍೕჄ    

׉ݞሡӃ຾Չ(1)߻၂ᡍܭΑ٬၂ᡍૈ୼໩ճ຾Չ෧ϿᇤৡǴࣁ

፦ϩࢬ(2)݋ໆ౗(3)ۓ࣬ჹНࢬம(4)ࡋֹӄว৖ࢤϐᒧۓǶ 

3.2.1၂၂၂၂ᡍۭ׉፦ᡍۭ׉፦ᡍۭ׉፦ᡍۭ׉፦    

ుڇϐԋਏǴᗉխե՗ᐏ቞ֽ೽ؑڇៈπٛЗᐏ቞ؑߥᕕှࣁ  

෤ኲύᎎܭǴҁ၂ᡍ܄όྗዴޑࡋుڇ೷ԋؑ܌Ǵ෧ϿӢៈҘբҔࡋ

೛35cmࠆϐຫࣳޖࠄǴԶ׉ݞ፦ಈ৩Ҕ#20ǵ#30ǵ#40 ဦᑔ܌ᑔр

ϐΟᅿࣳݝಈ৩уаషکǴύॶಈ৩ 50d 0.62mmǴ኱ྗୃৡ gσࣁ ऊ

 ҢǶ܌Ǵಈ৩ϩթӵკ3-2ࣳݝϬ֡ܭ1.29Ǵឦࣁ
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კ3-2 ၂ᡍࣳݝಈ৩ϩթԔጕ 

3.2.2၂ᡍࢬໆ၂ᡍࢬໆ၂ᡍࢬໆ၂ᡍࢬໆ    

  ҁ၂ᡍϐࢬໆǴҗ๏Нᆅ΢ϐ႔ሚ܌௓ڋǴНࢬவۓНᓐНጃ࿶

җ๏Нᆅᒡଌډ෤ኲύǴӆࢬԿVࠠ൓ೀǶVࠠ൓ϐࢬໆ౗ۓԔጕӵ

კ3-3Ǵ࿶଑ᘜளԄ3-1Ƕ 

Q=0.00004 2y -0.0003y+0.001                            (3-1) 

ԄύǴQ=ࢬໆ(cms)ǵ y=Vࠠ൓ྈࢬНు(cm)  

0 4 8 12 16

0

0.001

0.002

0.003

0.004

0.005

0.006

 

კ3-3 Vࠠ൓ࢬໆ౗ۓԔጕ 
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3.2.3࣬ჹНࢬம࣬ࡋჹНࢬம࣬ࡋჹНࢬம࣬ࡋჹНࢬமࡋ    

(΋) ࢬໆ௓ڋ႔ሚ΢ǵΠज़ύҺཀᒧڗ΋ࢬໆǴځࡑᛙࡕۓǴஒࢬ

ೲीܫԿܭᐏ቞΢ෞऊ1mೀໆෳࢬೲǶ 

(Β) җςޕНుyϷۭ׉ύॶಈ৩ 50d ǴၮҔΠӈϦԄ՗ᆉۭ׉፦ᖏ

ࣚ௴୏ೲࡋVcǶ 

c

c

u

V

*

=5.75× log 








50

53.5
d

y
                                  (3-2) 

    ΢Ԅύ   1
50

5.0
50*

4.1
50*

0065.00305.0

0125.000115.0
−−=

+=

ddu

du

c

c

 mmdmm

mmdmm

1001

11.0

50

50

<<
<<

 

(Ο) ၮҔࢬೲीෳள΢ෞѳ֡ࢬೲVǴԶճҔ΢၂؃ளۭ׉፦ᖏࣚ

௴୏ೲࡋ cVǴջё؃ள࣬ჹНࢬமࡋ( cVV / )Ƕೲࡋ cVǴջё؃

ள࣬ჹНࢬமࡋ( cVV / )Ƕ 

(Ѥ) ၮҔࢬໆ௓ڋ႔ሚፓ᏾ελǴԶள܌ډሡ࣬ჹНࢬமࡋǶ 

3.2.4    ၂ᡍНు၂ᡍНు၂ᡍНు၂ᡍНు    

  Melville & Sutherland(1988)[41]ࡰрǴ྽ by / >1.43ਔᐏ቞ֽ೽ؑ

زҁࣴࡺǴࡋుڇԖᜢǴջНుόቹៜؑࡋНय़ቨ߆ѝᆶᐏ቞ࡋుڇ

ᒧۓНు1.5ࣁ ७ᐏ቞ޔ৩ǴԶࣁΑ௨ନ״ᕭਏᔈჹؑڇుޑࡋቹ

ៜǴҁࣴزᒧۓᐏ቞ޔ৩ࣁ෤ၰቨࡋϐ1/105ࣁϦϩǴԶНు8ࣁ߾Ϧ

ϩǶ 

    ၂ᡍਔ໔ڇ၂ᡍਔ໔ؑڇ၂ᡍਔ໔ؑڇ၂ᡍਔ໔ؑڇؑ 3.2.5

  ҁࣴزӧ၂ᡍ߻Ǵϩձ຾Չ೛࿼ߥៈπᆶ҂೛࿼ߥៈπޑᐏ

቞ֽ೽ؑۯڇਔϐႣഢ၂ᡍǴ೛࿼ߥៈπޑଛ࿼ࣁᕉ୮ࢊဂ೛࿼ܭຯ

ᚆᐏ቞ޔ৩ΐ७ೀ(ջL=45 cm)Ǵᕉ୮ۭࢊ೽ᆶࣳय़ሸѳǶ҂೛࿼ߥ

ៈπ16ܭλਔԿ40λਔϐؑڇుࡋᡂ୏ໆλ2.5ܭ mmȐᐏ቞ޔ৩ϐ

5%ȑǴ಄ӝMelville(1999) [43]ѳᑽؑڇచҹǴҗԜё40ܭޕλਔਔς
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ၲѳᑽؑڇਔ໔Ǵ၁ӵკ3-4܌ҢǶҗკёޕ྽ೱុؑ10ڇλਔϐᐏ

቞ؑڇుၲࡋѳᑽؑڇుࡋϐ90.41ʘǴςёкϩ֞ڇؑၲ߄੝܄Ǵ

Զ೛࿼ߥៈπӧಃ8ঁλਔޑനεؑڇుࡋς࿶ᛙۓǴӢҁࣴزԑӧ

௖૸೛࿼όӕଛ࿼ϐߥៈπჹᐏ቞ؑߥޑڇៈਏ Ǵ݀Զߚ௖૸ᐏ቞ѳ

ᑽؑࡋڇǴࡺҁ၂ᡍ௦Ҕೱុؑ8ڇλਔࣁ၂ᡍਔ໔Ƕ 

 

კ3-4 ᐏ቞ؑڇుࡋᐕำᡂϯ 

3.2.6ֹӄว৖ࢤ 

  ೲࡋϩթБำԄϐ୷ҁଷ೛֡ࣁϬࢬǴԶӧۘݩࢬ҂ֹӄว৖ޑ

௃ݩΠ܌ໆෳޑၗ਑Ǵ٠ό፾Ҕܭϩ݋Ƕࡺӧᒧۓ၂ᡍࢤՏ࿼ϐ߻Ǵ

໪Ӄዴᇡ၂ᡍ୔ࢤϐֹࣁݩࢬӄว৖(fully development)ݩࢬǶ 

  Զჹֹܭӄว৖ݩࢬϐᔠᡍǴதҔޑБݤԖаΠѤᅿǺ 

(΋) ෤ቨ،ۓໆෳᗺՏ࿼Ƕ 

(Β) ᜐࣚቫ౛ፕ،ۓໆෳᗺՏ࿼Ƕ 

(Ο) Нు،ۓໆෳՏ࿼Ƕ 

(Ѥ) ೲࡋওय़߈՟Ƕ 
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  Ӣҁࣴزϐ၂ᡍНుၨեǴӵ݀аࢬೲওय़،ֹۓӄว৖ࢤၨࣁ

֚ᜤǴࡺճҔ၂ᡍ୔ӚࢤНుٰ،ֹۓӄว৖ࢤǶֹӄว৖ࢤᒧۓϐ

ጄൎࢂճҔѳ֡ࢬೲVᆶࣳݝᖏࣚ௴୏ೲࡋ cV ϐКॶǴջ cVV / 0.95ࣁ

Ǵҁ၂ᡍϐֹӄว่݀݋ΠໆෳНుǴεऊ8ϦϩǶ࿶၂ᡍϩݩ௃ޑ

৖୔ࢤՏܭຯΕࢬαऊ7.00m ~9.30mϐ໔ǴӢԜҁࣴز೛ीᐏ቞ပ቞

 Ǵ၁ӵკ3-5Ƕࢤ୔׉α8.5mೀϐ୏ࢬຯΕܭ

 

კ3-5 ֹӄว৖୔ࢤᒧۓጄൎ 

3.3    ၂ᡍϣ৒၂ᡍϣ৒၂ᡍϣ৒၂ᡍϣ৒    

  ቹៜᕉ୮୴ჹᐏ቞ߥៈਏ݀ޑӢનЬाԖǺȐ1ȑᕉ୮୴೛࿼ຯ

ᚆǵȐ2ȑᕉ୮୴ޔ৩ǵȐ3ȑᕉ୮୴೛࿼ଯࡋǶҁࣴزЬाଞჹѤᅿ

ቹៜӢનϩձ຾Չ၂ᡍǴӵ܌ 3-1߄ҢǴයૈගрᕉ୮୴่ᄬނჹᐏ

቞ؑߥڇៈޑന٫ଛ࿼ࠠԄǶ 
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 ၂ᡍಔձނᕉ୮୴่ᄬ 3-1߄

ಔձ ೛࿼ຯᚆ(L/b) ޔ৩ᡂϯ(D/b) ଯࡋᡂϯ(H/b) 
A1 คߥៈπჹྣಔ 
B1 1 1 3 
B2 2 1 3 
B3 3 1 3 
B4 4 1 3 
B5 5 1 3 
B6 6 1 3 
C1 5 1 3 
C2 5 0.9 3 
C3 5 0.8 3 
D1 5 1 3 
D2 5 1 2.4 
D3 5 1 1.6 
D4 5 1 1.08 

3.3.1 ᕉ୮୴೛࿼ຯᚆǵᕉ୮୴ޔ৩ᆶᕉ୮୴ଯࡋ 

  ᕉ୮୴่ᄬނගٮᐏ቞ؑߥڇៈޑЬाբҔࣁ፿ጨǵᏤࢬᆶ੃ૈ

ΟεբҔǶᕉ୮୴ЬाᙖҗНૈࢬໆ੃ණǴ຾Զ෧጗НૈڇؑࢬΚǴ

٬ᐏ቞߻БౢғࣳݝఫᑈԖਏफ़եᐏ቞ؑڇుࡋǴၲ фޑៈᐏ቞ߥډ

ਏǶ 

  ቹៜᕉ୮୴่ᄬނჹᐏ቞ߥៈਏ݀ޑӢનࣁǺ(΋)ᕉ୮୴೛࿼ຯ

ᚆǵ(Β)ᕉ୮୴೛࿼ଯࡋǵ(Ο)ᕉ୮୴ޔ৩Ƕ૟ϩॊӵΠǺ 

(΋) ᕉ୮୴೛࿼ຯᚆ 

ᕉ୮୴่ᄬނ೛࿼ܭᐏ቞߻БǴૈڋ׭ᐏ቞ؑ֞ڇుࡋว৖Ƕ྽

೛࿼ຯᚆຬၸᖏࣚॶǴᕉ୮୴ߥៈπޑ੃ૈᏤࢬᆶ፿ጨբҔǴஒ

คݤวචфਏǶ 

(Β) ᕉ୮୴่ᄬނ೛࿼ଯࡋ 

ޑࢬБӛΠ৔߻፿ጨբҔǴ٬ளᐏ቞ޑࢬௗቹៜᕉ୮୴ᕵӛНޔ
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ૈໆౢғᡂϯǶ 

(Ο) ᕉ୮୴ޔ৩ 

ቹៜᕉ୮୴่ᄬނගٮᐏ቞ᐉӛНࢬ፿ጨբҔϐख़ाӢનǶ 

3.3.2    ᕉ୮୴೛࿼ଯࡋᕉ୮୴೛࿼ଯࡋᕉ୮୴೛࿼ଯࡋᕉ୮୴೛࿼ଯࡋ    

  ᕉ୮୴่ᄬނ࿼ܭന٫೛࿼ຯᚆਔǴӢࣁᕉ୮୴཮ᒿۭڇؑ׉Զ

Ӣનϐޑࡋుڇቹៜᐏ቞ؑࣁǴёຎࡋफ़Ǵᕉ୮୴ँр၂ᡍࣳय़ଯ؈

΋Ƕᕉ୮୴ڀԖ੃ૈᆶᏤࢬфਏǴऩᕉ୮୴ૈஒᐏ቞΢ෞНૈࢬໆ੃

෧߾ёफ़եᐏ቞ؑڇుࡋǶ 

3.4၂ᡍ؁ᡯ၂ᡍ؁ᡯ၂ᡍ؁ᡯ၂ᡍ؁ᡯ    

3.4.1၂ᡍᐏ቞Ϸᕉ୮୴Ӽ࿼ᆶۭ׉፦ᎎ೛၂ᡍᐏ቞Ϸᕉ୮୴Ӽ࿼ᆶۭ׉፦ᎎ೛၂ᡍᐏ቞Ϸᕉ୮୴Ӽ࿼ᆶۭ׉፦ᎎ೛၂ᡍᐏ቞Ϸᕉ୮୴Ӽ࿼ᆶۭ׉፦ᎎ೛    

  ӧ຾Չؑڇ၂ᡍ߻ǴӃஒ၂ᡍҔᐏ቞Ϸဂኯ࿼ܭ෤ኲ୏׉၂ᡍ

ႉ࡭ߥ၂ᡍҔᐏ቞ϷဂኯۓᜐᏛ฻ຯᚆǴ٠ዴୁٿᆶ෤ኲځǴ٬ࢤ

ࠟǶ၂ᡍ܌ᒧҔϐۭ׉፦ЬाࣁຫࣳޖࠄǴឦ֡ܭϬಈ৩Ƕࣁዴߥჴ

ᡍྗޑዴ܄Ǵӧ؂΋ԛ၂ᡍ֡߻ஒۭ׉፦кϩᠳ٠֡܏Ϭᎎ೛ܭ෤ኲ

ύǴӆаЕ݈᏾ѳǶ᏾ѳֹԋࡕǴӆճҔຬॣݢওय़ໆෳሺໆෳۭ׉

ওय़Ǵዴ׉ۭۓѳ᏾܄Ƕ 

3.4.2၂ᡍࢬໆ௓ڋ 

  ճҔᡉҢԄᆅၡЋ୏ં׎႔ሚ௓ࢬڋໆӧࣴ܌زሡ cVV / =0.95

ϣǴѺ໒ܜНଭၲࡕǴ໒ۈीਔǴӕਔӃ໒௴٤༾ࢬໆǴډޔНѳय़

ᆶࡕБ׀Н݈฻ଯϐࡕǴᄌᄌуεԿ၂ᡍࢬໆǴԜਔऊ2ࣁϩដǴӧ

໒ۈෳໆಃ΋ԛኧᏵǴӧ٩ೕۓਔ໔૶ᒵΠٰǴዴۓ၂ᡍ୔ࢤНుࣁ

8 cmǶډޔ၂ᡍֹԋǴӆஒ႔ሚ௓ڋᜢഈǶ၂ᡍ୔׀ࢤᆄ೛࿼0.5 cm

ଯϐᓸլΚ׀Н݈ǴᙖаܩϲНՏᆶٛЗࢬࣳݝΕ׀НԣǶ 

    ওय़ໆෳ׉ݞᆶࡋుڇওय़ໆෳؑ׉ݞᆶࡋుڇওय़ໆෳؑ׉ݞᆶࡋుڇওय़ໆෳؑ׉ݞᆶࡋుڇ3.4.3ؑ

  ҁ၂ᡍЬाࢂӧؑڇԿനεؑڇుࡋਔϐਔ໔ϣǴճҔӀᠼຎ᜔
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٬НߐН႔׀Ǵᜢഈࡕ״ᐕਔ่ܭǴ٠ࡋుڇਔ໔ᢀෳ΋ԛؑۓೕܭ

ᏞଯǴՠሡ጗ᄌᜢഈᗉխ೷ԋჴᡍᇤৡǶ 

3.4.4၂ᡍᏹբำׇ၂ᡍᏹբำׇ၂ᡍᏹբำׇ၂ᡍᏹբำׇ 

ҁࣴز၂ᡍำׇӵΠǴࢬำҢӵკ3-6Ƕ 

(1) း࿼၂ᡍሺᏔǶ 

(2) Ӽ࿼ᐏ቞ኳࠠܭ෤ኲϣǶ 

(3) ᕉ୮ࢊ೛࿼ܭ၂ᡍႣۓՏ࿼Ƕ 

(4) ᎎ೛၂ᡍ׉ݞ፦ܭ෤ኲϣ٠֡Ϭ᏾ѳǶ 

(5) ໒௴ۓНᓐНጃϐ຾Н႔ሚԿ၂ᡍ܌ሡࢬໆQǴ16߻ϩដ؂ϩដ

ᢀෳ΋ԛ٠૶ᒵǴ16Կ30ϩដ؂2ϩដᢀෳ٠૶ᒵϐǴ30Կ60ϩ

ដ؂5ϩដᢀෳ٠૶ᒵǴ60Կ180ϩដ؂10ϩដᢀෳ٠૶ᒵǴ180

 480ϩϐ໔؂ъλਔᢀჸ٠૶ᒵǶډ

НǴޑࢤଳ၂ᡍܜНଭၲǴܜǴᜢഈࡕ״ਔ໔ၲ8ঁλਔ่ڇؑࡑ (6)

٬෤ၰค֖НރᄊǴаႜ৔ෳຯሺໆෳ׉ݞওय़ଯำǶ 

ᡂόӕଛ࿼Ǵ٠ख़ፄ؁ᡯ(3)~(6)Ƕׯ (7)
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໒ۈ  

 

း࿼၂ᡍሺᏔ  

 

Ӽ࿼ᐏ቞ኳࠠϷᕉ୮୴୷ᘵܭ෤ኲϣ  

 

ᎎ೛၂ᡍ׉ݞ፦ܭ෤ኲϣ٠᏾ѳ  

 

঺᠄ᕉ୮୴  

 

໒௴၂ᡍ܌ሡࢬໆQ  

 

٩၂ᡍਔ໔ໆෳؑڇుࡋ  

                                                    

 ״ਔ໔่ڇؑ

    

ᜢഈܜНଭၲϷܜଳ၂ᡍࢤН٠ໆෳ׉ݞሥय़ଯำ  

     ց                      ࢂ                            

Ϥᅿ೛࿼ຯᚆֹԋ                     

     ց                      ࢂ                            

Οᅿᕉ୮୴ޔ৩ֹԋ 

    ց                      ࢂ                            

Ѥᅿᕉ୮୴ଯֹࡋԋ 
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   ״่                         

კ3-6 ᕉ୮୴ܭᐏ቞ؑڇϐ၂ᡍࢬำკ 
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ಃစകಃစകಃစകಃစക ่݀ϩ݋ᆶ૸ፕ่݀ϩ݋ᆶ૸ፕ่݀ϩ݋ᆶ૸ፕ่݀ϩ݋ᆶ૸ፕ 

  ҁࣴزճҔኳࠠኳᔕ೸Н܄ᕉ୮ࢊဂߥៈπ೛࿼֡ܭϬᐏ቞΢

ෞǴڬځൎ׉ݞϐؑఫᡂϯǶؑڇၸำύճҔӀᠼຎ᜔Ǵӕ؁ᢀෳᐏ

቞߻БؑڇుࡋǴࡕ״่ڇؑܭ٠ໆෳᐏ቞ڬൎؑڇుࡋǴϩؑځ݋

ៈਏ݀຾ՉߥޑԖڀǴჹᐏ቞ނǶଞჹόӕຯᚆϐᕉ୮୴่ᄬ܄੝ڇ

૸ፕǴᒧрനߥ٫ៈਏ݀ޑᕉ୮୴่ᄬނຯᚆǴௗ๱аന٫ຯᚆ่ᄬ

ቹៜǹ٠Ъᡂϯᕉ୮୴೛࿼ଯޑៈߥ৩ჹᐏ቞ޔᕉ୮୴೛࿼݋ϩނ

ڇჹ෧Ͽᐏ቞ؑࢬ፿ጨᐏ቞΢ෞᕵӛǵᐉӛНނǴ௖૸ᕉ୮୴่ᄬࡋ

ుޑࡋቹៜǶ  

4.1 ᕉ୮୴೛࿼ຯᚆჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ຯᚆჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ຯᚆჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ຯᚆჹ෧Ͽᐏ቞ؑڇϐቹៜ 

  җܭᕉ୮୴่ᄬނ೛࿼ܭᐏ቞߻БՏ࿼όӕǴ཮ቹៜᕉ୮୴่ᄬ

ނ຾ՉϤಔᕉ୮୴่ᄬނៈԋਏǶӢԜǴᒧ᏷ന٫ᕉ୮୴่ᄬߥޑނ

೛࿼ຯᚆزࣴޑǴפૈځрന٫೛࿼ຯᚆǴ٬ᕉ୮୴่ᄬૈނкϩว

චߥៈфਏǴफ़եᐏ቞ؑڇుࡋǶ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.1.1

  җკ4-1ё࣮рǴӚ၂ᡍಔӧؑ߃ڇයؑڇుזࡋೲቚуǴೱុ

጗ᄌቚуǴࡋుڇѳ጗Ǵᐏ቞ؑܭᐕำԔጕ௹౗ᖿڇǴؑࡕ3λਔڇؑ

ࡋుڇǶԶ࿶၂ᡍว౜ᐏ቞ؑࡋుڇѳᑽؑډǴ೴ᅌၲࡕ6.5λਔܭ

کៈਏ݀ߥᕉ୮୴೛࿼ຯᚆቹៜǴว౜ӧL/b=5७ຯᚆਔԖന٫ڙ

L/b=1७ޑਏ݀ऊౣ࣬ӕǴՠӧკύ࣮ډL/b=1७ຯᚆ཮Ԗܴᡉӣఫޑ

౜ຝౢғǴӧऊ2λਔъΨԖܴᡉӣఫ౜ຝǴځᇡࢂࣁᐏ቞ߥکៈπ

ຯᚆ߈ǴᏤठߥៈπࡕБזೲఫᑈϐࡕวғಃΒԛ஝༥Կᐏ቞߻ǴԶ

L/b=3ᆶL/b=1җܭᐏ቞߻ӛΠНૈࢬໆλߥܭៈπࡕБ΢ϲૈࢬ
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ໆǴ྽ߥៈπࡕБఫᑈ୴ၲཱུज़ਔ߾஝༥ǴԶL/b=2ࣁՖคԜݩރǴ

௢ෳࢂᐏ቞߻ӛΠࢬᆶᐏ቞ࡕБ΢ϲࢬНុ࡭ࢬаᛙރۓᄊࢬ୏Ƕ 

(0.3)

(0.1)

0.1 

0.3 

0.5 

0.7 

0.9 

1.1 

1.3 

1.5 

0.0 0.2 0.4 0.6 0.8 1.0 

ds
/b

 

ti/t

no protection

L/b=1

L/b=2

L/b=3

L/b=4

L/b=5

L/b=6

   

კ 4-1όӕᕉ୮୴೛࿼ຯᚆϐᐏ቞ؑڇᐕำᡂϯ 

 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇؑ    4.1.2

  ᢀჸϤಔ၂ᡍၗ਑ว౜Ӛಔ೿ӧᕉ୮୴่ᄬࡕނБว৖р΋ঁ

ૈࢬ೯ၸᕉ୮୴ਔǴНࢬఫᑈ୴Ǵёкϩ᛾ܴ྽НޑБ߻Կᐏ቞ុۯ

ໆԖཞѨ௃׎วғǴ٬ளࣳݝวғఫᑈ౜ຝǶL/b=5کL/b=6җߥܭៈ

πᆶᐏ቞ຯᚆᇻǴ٬Нૈࢬໆӧޣٿύૈໆ੃ණᡂλǴ܌аߥៈπᆶ

ᐏ቞ࡕБࣣԖఫᑈ୴ޑ௃ݩวғǶவL/b=6ޑఫᑈ୴ڇؑکుٰࡋ

࣮ǴߥៈπаϷᐏ቞ޣٿς࿶ёаຎঁঁٿࣁᡏǴฅԶL/b=5ೀܭᖏ

ࣚຯᚆޑ௃ݩԶၲډၨߥޑ٫ៈᐏ቞ਏ݀Ƕӵკ4-2܌ҢǶ 
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-2.5, -0.8

-2

-1

0

1

2

-10 -5 0 5 10 15 20

z/
b

L/b

no protection
L/b=1
L/b=2
L/b=3
L/b=4
L/b=5
L/b=6

НࢬБӛ
橋
墩

 

კ 4-2όӕᕉ୮୴೛࿼ຯᚆϐ׉ݞᕵᘐय़ᡂϯ 

4.1.3    λ่λ่λ่λ่ 

ᄊΨคރۓ୏ᡂϯεǴᛙࢬࢬύ໔НځǴ߈ៈπᆶᐏ቞ຯᚆຫߥ  

ྗዴ܄ёղᘐǶ྽ᕉ୮ࢊ೛࿼ຯᚆ5ࣁ७ᐏ቞ޔ৩(L=5b)Ǵёளന٫

ϐߥៈਏ݀Ǵ྽L=6bਔǴ཮ౢғനᝄख़ؑڇǶӧ5७ຯᚆਔǴ߻य़45

ϩដ҅ࣁதؑڇǴ྽50ϩដਔ߻Бఫᑈ୴཮௞Εᐏ቞ؑ֞ڇǴၲߥډ

ៈਏ݀ǶL=6bਔǴ߻य़ؑڇుࡋε5ܭ७Ǵၲѳᑽਔ໔ϐؑڇుࡋΨ

К5७εǴ௢՗྽L>6bਔߥځៈຫٰຫৡǶ 

 ៈਏ݀ߥޑόӕᕉ୮୴ຯᚆჹᐏ቞୷ᘵౢғ 4-1߄

ಔձ ຯᚆ(L/b) നεؑڇుࡋ ds(cm) ෧Ͽؑڇ౗(%) 

A1 คߥៈπ 6.6  
D1 1 5.4 18.2 
D2 2 5.7 13.6 
D3 3 5.6 15.2 
D4 4 6.0 9.1 
D5 5 5.3 19.7 
D6 6 5.8 12.1 
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4.2 ᕉ୮୴ޔ৩ჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏ቞ؑڇϐቹៜ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.2.1

  კ4-3ࣁόӕᕉ୮୴ޔ৩చҹΠϐᐏ቞നεؑڇᐕำᡂϯკǴᢀ

ჸ཮ว౜όӕᕉ୮୴ޔ৩ਔǴᐏ቞നεؑڇుډၲૈࣣࡋၨλॶǴؑ

6.5λڇቚу጗ᄌǴ྽ೱុؑࡋుڇᐕำԔጕ௹౗ၨѳ጗Ǵᐏ቞ؑڇ

ਔǴᐏ቞ؑڇుࡋև౜рѳᑽؑࠠڇᄊǴؑڇుࡋᖿܭ߈΋ۓڰॶǶ

࿶၂ᡍϩࡕ݋ว౜ᐏ቞ؑڇుڙࡋᕉ୮୴ޔ৩ቹៜǴᕉ୮୴ޔ৩ຫ

λǴᐏ቞ؑߥڇៈਏ݀ຫৡǶᕉ୮୴ޔ৩ᆶᐏ቞ޔ৩࣬ӕਔǴӧೱុ

ೲᖿِࡋుڇೲว৖Ǵᐏ቞ؑזᐕำڇਔ໔ϣǴᐏ቞ؑޑ3λਔڇؑ

 Ƕࡋుۓڰܭ߈

  D/b=0.8ӧ1λਔъਔǴԖӣఫ౜ຝౢғǴΨࢂӢߥࣁៈπࡕБఫ

ᑈ୴஝ပԿᐏ቞߻Ƕޔ৩ᡂϯѝӧܭௗ᝻Нࢬਔ୴ᑈय़ᑈᕭλǴቹៜ

ᐉӛНࢬᡂ౦ၨࠟޔНܴࢬᡉǴҗკ4-3ё࣮рD/b=1ǵ0.9ǵ0.8ჴሞ

 ଛ࿼Ƕޑၨ٫ࣁৡ౦όεǴՠD/b=1ϝࡋుڇؑ

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

0.0 0.2 0.4 0.6 0.8 1.0 

ds
/b

 

ti/t

no protection

D/b=1

D/b=0.9

D/b=0.8

 

კ4-3όӕᕉ୮୴೛࿼ޔ৩ϐᐏ቞ؑڇᐕำᡂϯ 
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 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇ4.2.2ؑ

  җკ4-4ёޕǴคፕᕉ୮୴ޔ৩ᡂϯǴᕉ୮୴่ᄬނჹᐏ቞୷ᘵ

೿཮Ԗ੃ૈǵ፿ጨᆶᏤࢬਏ݀วғǴ෧Ͽᐏ቞നεؑڇుǴᐏ቞߆Н

य़ϷङНय़ۭ׉ଯำ֡ࣳݝڙఫᑈቹៜǴ٠Ъِೲܭ቞ࡕวғఫᑈ౜

ຝǶ྽ᕉ୮ޔ৩೴ᅌᕭλǴᕉ୮୴่ᄬނคݤஒᐏ቞΢ෞНֹࢬӄ፿

ጨǴаठܭᐏ቞ӛΠНૈࢬໆ੃ණόܴᡉǴᐏ቞୷ᘵߥៈਏ݀ၨόᡉ

๱Ƕ྽ᕉ୮୴ޔ৩ᆶᐏ቞ޔ৩࣬ӕǴᕉ୮୴่ᄬֹૈނӄ፿ጨᐏ቞΢

ෞᐉӛНࢬǴ٬Нૈࢬໆ੃ණǴߥࡺៈਏ݀ၲډനރ٫ᄊǶ 

-2
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-10 -5 0 5 10 15 20
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b
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墩

 

კ 4-4 όӕᕉ୮୴೛࿼ޔ৩ϐ׉ݞᕵᘐय़ᡂϯ 

4.2.3 λ่λ่λ่λ่ 

  ӧ࣬ӕ೛࿼ຯᚆǵ೛࿼ଯࡋᆶ၂ᡍచҹΠǴᕉ୮୴่ᄬޔނ৩ᆶ

ᐏ቞ޔ৩࣬ӕਔǴ߾ᐏ቞୷ᘵڙനߥ٫ៈਏ݀Ƕᕉ୮୴ޔ৩ࣁᐏ቞ޔ

৩0.8ޑਔǴᐏ቞୷ᘵߥៈਏ݀җ19.7ʘफ़եԿ18.2ʘǴߥៈਏ݀ऊౣ

෧եǹᕉ୮୴ޔ৩ࣁᐏ቞ޔ৩0.9ޑਔǴᐏ቞୷ᘵߥៈਏ݀ΨѝԖ18.2

ʘǶҗԜёޕᕉ୮୴ޔ৩ᡂϯჹܭᐏ቞ֽ೽ؑڇቹៜࣗλǴ྽ᕉ୮୴
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ࢬǴᡣНࢬ፿ጨᐏ቞΢ෞНૈނ৩࣬ӕਔǴᕉ୮୴่ᄬޔ৩ᆶᐏ቞ޔ

ૈໆ੃ණǴ٠٬೽ϩН۳ࢬᕉ୮୴ୁٿᏤࢬǴᕉ୮୴่ᄬߥނៈфਏ

ёวචǴӢԶᐏ቞୷ᘵᕇளനߥ٫ៈਏ݀Ƕ4-1߄ӈрόӕᕉ୮୴ޔ

৩ჹᐏ቞୷ᘵߥޑៈਏ݀Ƕ 

 ៈਏ݀ߥޑ৩ჹᐏ቞୷ᘵౢғޔόӕᕉ୮୴ 4-2߄

ಔձ ޔ৩(D/b) നεؑڇుࡋds(cm) ෧Ͽؑڇ౗(%) 
A1 คߥៈπ 6.6  
C3 1 5.3 19.7 
C4 0.9 5.4 18.2 
C5 0.8 5.4 18.2 

4.3 ᕉ୮୴೛࿼ଯࡋჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ଯࡋჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ଯࡋჹ෧Ͽᐏ቞ؑڇϐቹៜᕉ୮୴೛࿼ଯࡋჹ෧Ͽᐏ቞ؑڇϐቹៜ 

  җܭᕉ୮୴่ᄬނ཮ᒿۭڇؑ׉Զ؈फ़Ǵᕉ୮୴ଯࡋȐHȑࢂց

ᆶ၂ᡍНుȐyȑ࣬ӕǴᕉ୮୴ଯࢂࡋցቹៜᕉ୮୴่ᄬނჹᐏ቞୷

ᘵߥޑៈਏ݀Ǵࣁҁ࿯၂ᡍࣴޑزख़ᗺǶ௦ҔѤಔόӕᕉ୮୴ଯࡋ

Ȑ15cmǵ12cmǵ8cmǵ5.4cmȑǴ຾Չᐏ቞ؑڇਏ݀زࣴޑǶ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.3.1

  җკ4-5ёޕǴ྽ᕉ୮୴೛࿼ଯࡋեܭ၂ᡍНుH/b<1.6ਔǴؑܭ

ᆶНుሸѳਔǴೱࡋջܴᡉቚуǹ྽ᕉ୮୴೛࿼ଯࡋుڇයǴؑ߃ڇ

೯ၸᕉ୮୴΢БǴࢬफ़ǴН؈׉ᕉ୮୴཮ᒿۭܭǴҗࡕ1λਔڇؑុ

Զ٬ᐏ቞ӆࡋӛΠڇుǶH/b=2.4ёຎࣁH/b=3ǴନΑځፂڇᐕำ࣬՟

ϐѦǴؑڇుࡋᆶওय़კऊౣ࣬ӕǴࣣޣٿёֹӄ፿ጨᄟ቞΢ෞН

ъλਔᆶH/b=3࣬߻Ƕ྽H/b=1.6ࢬ ՟ǴЬाচӢࢂԖ፿ጨᐏ቞΢ෞН

य़βࣳΠफ़Ǵ೷ԋᕉ୮߄ᕉ୮Ӣࡕៈਏ݀ǴԶၸΑъλਔϐߥډၲࢬ

໩༈Πफ़Ǵ٬ᕉ୮ଯࡋեܭНय़Զคݤ፿ጨ΢ෞНࢬǴ೷ԋؑڇу

ೲǴߥ٬ៈਏ݀όᄆǶH/b=1.08Ӣᕉ୮ଯࡋեܭНय़Ǵคֹݤӄ፿ጨ
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΢ෞНࢬǴߥځ٬ៈਏ݀ό٫Ǵځԛҗ߻ܭБߥៈπؑڇໆλǴԶ٬

Ǵόૈև౜ىβࣳໆό֞ڇБఫᑈ୴ໆΨϿǴ஝ပԿᐏ቞ؑࡕៈπߥ

рߥៈਏ݀Ƕ 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

0.0 0.2 0.4 0.6 0.8 1.0 

ds
/b

 

ti/t 

no protection

H/b=1.08

H/b=1.6

H/b=2.4

H/b=3

 
კ 4-5όӕᕉ୮୴೛࿼ଯࡋϐᐏ቞ؑڇᐕำᡂϯ 

 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇؑ 4.3.2

  җკ4-6ёޕǴ྽ᕉ୮୴೛࿼ଯࡋλܭНుਔǴҗܭ೛࿼ࡋଯࡋ

วච፿ጨᆶ੃ૈфҔǴ٬ளݤаค܌ៈǴߥډڙ٠คࢬНࢤНय़೭ډ

ᐏ቞ڙӛΠНࢬቹៜౢғၨεϐؑڇుࡋǶ྽ᕉ୮୴೛࿼ଯࡋλܭН

ుਔǴᐏ቞ࡕБϐఫᑈ୴ၨεǶࣴղځচӢࣁ੃ૈբҔၨ১Ǵࣳݝ٬

คܭݤ቞߻ఫᑈǴԶ೏Нࢬ஥Կᐏ቞ࡕБ܌ठǶH/b=1.08ᜪ՟ܭНύ

εҡᓐǴߔᏲНࢬਏ݀όεǴӢࢬࣁೲຫௗ׉ݞ߈य़ຫλǴૈໆΨຫ

λǶ܌а΢ቫНؒࢬԖډڙҺՖߔᏲࢂᐏ቞ؑ׎ڇᄊکคߥៈπࠠᄊ

࣬՟Ƕ 
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墩

 

კ 4-6όӕᕉ୮୴೛࿼ଯࡋϐ׉ݞᕵᘐय़ᡂϯ 

4.3.3 λ่λ่λ่λ่ 

  ࿶၂ᡍว౜Ǵऩᐏ቞΢ෞᕉ୮୴่ᄬނ೛࿼ଯࡋεܭ၂ᡍНుǴ

٠Ъӧ၂ᡍය໔Ǵᕉ୮୴ϐഗᆄࣣӧНय़ϐ΢ǴНࢬคݤҗᕉ୮୴ഗ

ᆄྈࢬǴ߾ᕉ୮୴่ᄬֹૈނӄ፿ጨᐏ቞΢ෞНࢬǴЪᕉ୮୴่ᄬނ

ჹᐏ቞୷ᘵߥޑៈਏ݀ૈวචрനεਏҔǶҗԜ၂ᡍၗ਑ᘐۓǴऩᐏ

቞΢ෞНֹࢬӄ೯ၸᕉ୮୴่ᄬނǴቹៜᐏ቞ؑޑڇӛΠНૈࢬໆஒ

೏෧১Ǵ٬ளᐏ቞നεؑڇుࡋफ़եǴၲߥډៈᐏ቞୷ᘵޑਏ݀Ƕ྽

ᕉ୮୴೛࿼ଯࡋλܭ၂ᡍНుǴځჹᐏ቞ගߥޑٮៈਏ݀ό٫Ǵ4-3߄

 ҢǶ܌

 ៈਏ݀ߥޑჹᐏ቞୷ᘵౢғࡋόӕᕉ୮୴ଯ 4-3߄

ಔձ ଯࡋ(H/b) നεؑڇుࡋ ds(cm) ෧Ͽؑڇ౗(%) 
A1 คߥៈπ 6.6   
D1 3 5.3 19.7 
D2 2.4 5.1 22.7 
D3 1.6 5.9 10.6 
D4 1.08 6.2 6.06 
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ҴҴҴҴǵǵǵǵ่ፕᆶࡌ᝼่ፕᆶࡌ᝼่ፕᆶࡌ᝼่ፕᆶࡌ᝼ 
  ҁࣴزЬाа࠻ϣНπ၂ᡍኳᔕۓໆݩࢬࢬΠǴ྽ᕉ୮ࢊ೛ܭᐏ

቞΢ෞǴᕉ୮ߥࢊៈπჹᐏ቞ؑڇϐ෧጗ਏ݀Ǵܭ٠НࢬӢન(࣬ჹ

Нࢬமࡋ cVV / =0.95ǵ࣬ჹНࢬుࡋ by / =1.5)ᆶ׉ݞॶ੝׉ۭ)܄ॶ

࣬ჹᕫࡋ 50/ db =81ǵ؅ݝ൳Ֆ኱ྗୃৡ gσ =1.24)຾Չ࣬ᜢ၂ᡍǶ೸

ၸׯᡂᕉ୮ޑࢊ೛࿼ຯᚆǵᕉ୮ޔࢊ৩ǵᕉ୮่ࢊᄬނଯࡋ฻చҹ຾

Չ၂ᡍǴᙖаᕕှόӕଛ࿼ϐᕉ୮ߥࢊៈπჹᐏ቞ؑڇుࡋϐቹៜǶ

җ၂ᡍၸำǵ၂ᡍᢀჸϷ၂ᡍϩ݋ёаளډΠӈ่ፕᆶࡌ᝼Ƕ 

5.1 ่ፕ่ፕ่ፕ่ፕ 

1. Ӛᅿᕉ୮ࢊଛ࿼ࠠԄϐᐏ቞നεؑڇు֡ࡋวғӧᐏ቞΢ෞ߻

ጔǴ೛࿼ᕉ୮ߥࢊៈπϐؑڇు֡ࡋၨ҂೛࿼ߥៈπਔλǶ 

2. ᕉ୮ࢊဂ೛࿼ܭᐏ቞΢ෞϐຯᚆ5ࣁ७቞ᐏ቞ޔ৩( bL / =5)ਔࣁ

ᖏࣚനεॶǴᐏ቞ؑڇ෧጗౗ऊ19.7%Ƕคፕ೛࿼ຯᚆᡂ܈߈ᡂ

ᇻǴځ෧጗ᐏ቞ؑڇుࡋਏ݀֡ᅌԛᡂৡǶќѦǴ྽೛࿼ຯᚆ

bL / =4ਔǴᕉ୮ࢊဂߥៈπߺ෧Нࢬ୏ૈϐਏᔈคݤᘉϷܭ቞

 ౗ѝഭ9.1%Ƕڇ෧ਏ݀ǴӢԜǴ෧጗ᐏ቞ؑߺǴ໻Ԗֽ೽߻

3. ᕉ୮୴೛࿼ଯࡋȐ 4.2/ >bH ȑڀԖ፿ጨᐏ቞΢ෞНޑࢬਏ݀Ǵᕉ

୮୴่ᄬނ೛࿼ଯࡋᔈεܭ၂ᡍНుᆶ၂ᡍ຾Չύᕉ୮୴Πफ़

ϐଯࡋᕴکǴёᗉխНࢬҗᕉ୮୴่ᄬނഗᆄྈࢬǴᛙۓᐏ቞΢

ෞН٬ࢬНࢬҗᐏ቞ୁٿᏤࢬᗉխНࢬ໣ύ౜ຝǶ 

4. ྽ᕉ୮ࢊคݤӵႣයᒿӦ༈Զ؈फ़ǴฅԶᕉ୮ࢊϝԖᏤࢬਏ݀Ǵ

ோځ੃ૈਏ݀཮෧Ͽ೚ӭǶԶᕉ୮ۭࢊ೽Ӣؑڇϐؑ֞ڇᆶۭ׉

ԖࢤຯᚆࡕǴۭ೽НࢬΞ཮໒ڇؑۈǴ೷ԋ቞ڇؑ߻ుࡋуుǶ 
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5. ྽ᕉ୮୴่ᄬނ೛࿼ຯᚆ௦Ҕ5७ᐏ቞ޔ৩ȐL=5bȑǴᕉ୮ޔ৩

ᆶᐏ቞ޔ৩࣬ӕਔ(D=b)Ǵᕉ୮୴่ᄬނ೛࿼ଯࡋεܭ၂ᡍНు

(H>b)Ǵჹܭᐏ቞ϐؑڇ෧጗౗ёၲ19.7%Ǵࣁҁࣴز၂ᡍచҹύ

ന٫ଛ࿼ࠠԄǶ 

 ᝼᝼᝼᝼ࡌࡌࡌࡌ 5.2

1. ҁࣴزଞჹНѳڵफ़ϐమНؑڇ၂ᡍǴҗܭѠ᡼Ӧ׎ឦڵଥࢬ

࡚Ǵᆶ΋૓ݞο੝܄όϼ΋ठǴ҂ٰёଞჹόӕࡋڵ຾Չ၂ᡍǶ 

2. ҁࣴޑزНుۓࣁॶǴёᙖҗόӕНు຾Չ၂ᡍǴۯ՜௖૸Нు

ჹᐏ቞ؑߥڇៈਏ݀ϐቹៜǶ 

3. ၂ᡍၸำύว౜ᕉ୮ૈࢊ෧጗НࢬமࡋǴ٠ӧ༝ౢࡕࢊғఫᑈ

୴ǴᡉҢڀԖౢڇؑלܢғఫᑈϐਏ݀Ǵёஒᕉ୮ࢊ჋၂Ҕܭ៻

ၰϐؑݯٛڇǶ 

4. ҁࣴࢬۓڰࣁزໆǴёଞჹόӕࢬໆ຾Չ၂ᡍǴǴ૸ፕόӕࢬໆ

ჹᐏ቞ؑߥڇៈਏ݀ϐቹៜǶ 

5. ౛྽ाஒኧᏵ଑ᘜϩ݋Ǵࣴزр΋࿶ᡍБำԄǴගٮаࡕᏢୖޣ

Ե٬ҔǶ 
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ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘    

1. ҖߕሎǴ2002ǴȨᐏ቞ֽ೽ؑڙڇᐏ቞΢ᏤࢬϷ੃ૈး࿼ϐቹ

ៜȩǴ೹ҘεᏢβЕϷНճπำࣴ܌زᅺγፕЎǶ 

2. ֆहٓǴ2005ǴȨ฾ᆛ่ᄬނჹᐏ቞ؑߥڇៈϐࣴزȩǴԋфε

ᏢНճϷੇࢩπำࣴ܌زᅺγፕЎǶ 

ȩǴύزናᔐΚ੃ૈϐࣴࢬ਑ჹβҡ׷ᒸ੏Ǵ2004ǴȨቲ፺जࢤ .3

๮Нβ࡭ߥᏢൔǴಃ35ڔಃΒයǴ 151-163।Ƕ 

4. ഌ੏ǵଯоӀǴ1991ǴȨᐏఉНΚᏢȩǴΓ҇Ҭ೯рޗހǴಃ167 

।Կಃ184।Ƕ 

5. ഋݚᒸǴ2008ǴȨۓໆݩࢬࢬΠНుჹ֡ߚϬᐏ቞ֽ೽ؑڇቹៜ

ϐࣴزȩǴ೹ҘεᏢНճπำᆶၗྍػߥᏢسᅺγ੤ᅺγፕЎǶ 

6. ำгԁǴ2003ǴȨ঺ᕉߥៈπݤჹ෧Ͽᐏ቞ֽ೽ؑڇϐࣴزȩǴ

ύѧεᏢβЕπำࣴ܌زᅺγፕЎǶ 

7. ഡৎඦǴ2006ǴȨ฾ᆛ่ᄬނӧόӕНفװࢬჹᐏ቞ؑߥڇៈϐ

ቹៜȩǴԋфεᏢНճϷੇࢩπำࣴ܌زᅺγፕЎǶ 

8. ൹ε໢Ǵ2007ǴȨ܄ࢋယТᕉ୮୴ჹᐏ቞ڇؑלਏ݀ϐჴᡍࣴ

 ᅺγፕЎǶ܌زπำࣴࢩȩǴԋфεᏢНճϷੇز

9. ໳ߪണǴ2008ǴȨ฾ᆛဂࡋفᡂϯჹӦ׎ᡂ୏ϐቹៜȩǴԋфε

ᏢНճϷੇࢩπำࣴ܌زᅺγፕЎǶ 

10. ໳܃ϘǴ2009ǴȨޔ௨฾ᆛဂኯܭ෤ၰύϐؑఫ౜ຝȩǴԋфε

ᏢНճϷੇࢩπำࣴ܌زᅺγፕЎǶ 

11. ஭Ϙ◖Ǵ2010ǴȨᕉ୮ܭࢊᐏ቞ؑߥڇៈϐࣴزȩǴ೹ҘεᏢН

ճπำᆶၗྍػߥᏢسᅺγ੤ᅺγፕЎǶ 

ȩǴԋ݋ϩ܄൑੝ࢬϣ೽ځϷ߈ߕނ଻Ǵ2006ǴȨ೸Н่ᄬדླྀ .12

фεᏢНճϷੇࢩπำࣴ܌زᅺγፕЎǶ 
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13. ᎄΓᇬǴ2007ǴȨᡂໆݩࢬࢬΠߚӕЈ༝ࠠࢊᐏ቞ֽ೽ؑڇϐࣴ

 ᅺγ੤ᅺγፕЎǶسᏢػߥȩǴ೹ҘεᏢНճπำᆶၗྍز

14. ᎄᖃߞǴ2007ǴȨᐏ቞ؑߥڇៈᐒᄬϐ౜Ӧჴᡍᆶ௖૸ȩǴԋф
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