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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 



ᕉ୮ߥࢊៈπܭᐏؑݯٛڇϐࣴز 

IV                 ҘεᏢᏢғൔ ePaper (2012 ԃ) 

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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'u          คӢԛϐxБӛೲࡋϩໆ                       Ȝɡȝ 
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µ     Κᗹᅉ߯ኧ                            Ȝ 31 −− TML ȝ 

gσ  ፦൳Ֆྗୃৡ                          Ȝɡȝۭ       
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1                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ಃ൘കಃ൘കಃ൘കಃ൘ക    قققق    

 ᐒزᐒࣴزᐒࣴزᐒࣴزࣴ 1.1

سчҬ೯ࠄᖄ๎ܭߡΑࣁ໔Ǵޜ೯ၡᆶޑࢲ႖ΑΓᜪߔοݞ

Ϸݞοٿ۞Γ҇ຩҬࢬǴሡᑫ่ݞၠࡌᄬނ(ӵᐏኺ)аճ೯ՉǶҗ

ረޑϖДԿΐДය໔ǴԖၨӭޑ٥ӦǴӢԜӧԃܭѠՏܭ

॥᠍ߟѠǴԃѳ֡फ़2500ၲߘడԯǶߘໆᗨฅᙦ؊Ǵՠӧਔޜޑ

ϩթߚதόѳ֡ǶӧНਔයǴԋݞଳǵНྍόىǴࣗԿଳᆃǴ

ՠӧᙦНය໔ࠅΞ٬ளݞοНࢬ࡚ǵНՏᡂϯ࡚ೲǶӧݞၰᒡࣳໆ

Бय़ΨౢғཱུεᡂϯǴᏤठݞၰۭౢғቃਗ਼ؑఫᡂϯǴుНݞኲཱུ

ܰᡂǴԶ٬ߦᐏ୷ᘵࢬѨǴԶӒϷᐏኺӼӄǶԜѦǴӢΓࣁό

ห௦ݞၰύࣳޑҡǴઇᚯݞοޑᒡࣳѳᑽǴԋݞय़όᘐΠफ़Ǵ

уᐏߔᛖНࢬԋֽޑؑڇǴᏤठᐏ୷ᘵᇘ៛Ƕ 

  ᇬߘය໔ǴݞοࢬޑໆቃቚǴӆуѠӦڵफ़εǴ٬ள

ǴӧᐏڇؑޑՉᐟਗ਼НନΑჹۭࢫޑԶΠǴଯೲࢻН࡚ೲࢫ

ᇘ៛Ǵӆуޑफ़եǴԋ୷ኯൎۭڬǴ٬ᐏڇൎуೲֽؑڬ

ٛࣳᡘᆶڰπޑࡼǴ٬ளࣳݝคံݤкǴઇᚯᒡࣳѳᑽǴӒϷᐏ

ኺӼӄǶԶҞπำதҔϐх܈ೂ᠈πݤǴऩೕჄࡼ܈πόǴ

ஒӢᝏߔНࢬԋᎃٿ߈ᐏϐ״ᕭਏᔈԶуೲۭϐؑڇǴ٬ள

୷ᘵߥ܈ៈπઇᚯԶቹៜᐏఉӼӄǶ 

ᐏӢؑڇԶౢғᝄख़ᇘ៛ਔǴࣁΑᐏӼӄதӧڬځൎթ

ޑᐏఉᘐय़ೀౢғၨ୲மܭǴڇؑלܢ༧ǵೂ᠈ǴаៈπǴӵ౦ߥ

ǹϸϐǴڋёаڇᐏؑ߾ઇᚯਔǴډڙៈቫؒԖߥៈቫǴऩԜߥ

ѿᎁڙઇᚯਔǴததࢌܭֽೀౢ܌ғؑڇǴԜֽઇᚯԋ
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2                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

১य़ǴҗܭНࢬύܭЬࢬЬుኲǴൂቨࢬໆуεǴНࢬஒҗԜ১

य़໒ۈԋቃਗ਼ࠟޑӛؑڇǴԶуቃؑڇుࡋǴౢғӛྍؑୢڇᚒǴ

ԶԋᐏఉϐઇᚯǴӵଯࡀεᐏᘐᐏջࣁᡉޑਢٯǶ 

ϐख़ࣁៈπၱԋߥวғǴᐏុΑٛЗᜪ՟ϐᘐᐏ٣ҹࣁ  

ाፐᚒǶҁࣴز୷ܭᡏᐏ୷ߥៈӼӄԵໆǴයૈวрڀԖٛڋᐏ

ؑڇঋڀჴҔ܄ϐཥߥៈπݤǶ 

 ޑҞزࣴޑҞزࣴޑҞزࣴޑҞزࣴ 1.2

Ҟ୯ϣѦҔܭᐏߥៈπݤǴதޑـԖܙҡݤڋǵݞڋ

ᐏࣁᓬલᗺǴऩ٩ଛՏёϩځԖ֡ݤǴӚᅿБݤࢬᏤࢬϷНݤ

ෞϐᏤݤࢬ(ӵᕉ୮୴)Ǵᐏҁيϐߥៈπݤ(ӵܙҡπݤ)Ϸᐏ

Πෞϐ؈फ़ࣳݝπݤ(ӵڰπ)Ƕ 

  ᕉ୮ҁᡏڀࣁቸ܄ϣޜЈϐ༝ᐎጤ୮Ǵаၗྍ҉ុճҔᢀᗺ

ԶقǴ҂ٰᕉ୮୴่ᄬނၮҔܭࡼπёҗቲక፺जϺฅ܈

٣ቲకуаᇙբǴၲނډၗӆճҔޑҞǴࡼ،٠ှπڗ

ளόܰୢޑᚒǴයૈफ़եࡼπԋҁǴаගٮᔮǵჴҔЪ಄ӝၗྍӆ

ճҔޑᐏؑߥڇៈཥπݤǶ 

  ҁࣴزЬाଞჹόӕϐޔ৩ޑᕉ୮୴Ǵځჹ෧ᐏؑߥޑڇៈ

ਏ݀ǹ٠ፕᕉ୮୴ຯᚆᐏϐࡋߏϷόӕଯࡋਔǴᐏڬൎϐ

ֽؑڇǴᙖаᕕှᕉ୮୴ߥៈπϐന٫ଛǴၲډԖਏ෧ؑ

πำीϐୖԵǴܭᐏᆅ࣬ᜢൂՏٮៈᐏϐҞǴයૈගߥڇ

ዴߥᐏኺϐӼӄǶ 
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3                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

1.3 ϣࢎᄬϣࢎᄬϣࢎᄬϣࢎᄬ 

ҁЎӅϩࣁϖঁകǴ٠ஒځകϣεౣϩॊӵΠǺ 

ಃ൘ക ق 

  ཷౣᇥܴҁࣴزϐࣴزᐒǵࣴزҞޑϷϣಔᙃǶ 

ಃມക Ўӣ៝ᆶፕϩ 

  ᙁॊа۳࣬ᜢࣴزǴ٠ଞჹځЎуаǶ٠ᐏڬൎϐ 

Нࠠࢬᄊǵᐏؑڇচ٠தـϐᐏߥៈπݤаϷϟಏҁЎ 

ߥޑៈπǶ 

ಃ㭭ക ၂ᡍഢϷБݤ 

  ᇥܴҁࣴزϐ၂ᡍഢǵ၂ᡍሺᏔϷ၂ᡍྗഢπբǴ٠ 

ඔॊ၂ᡍచҹǵ၂ᡍᡯᆶ၂ᡍၗϐໆෳБݤǶ 

ಃစക ่݀ϩᆶፕ  

  ଞჹӚᅿόӕᕉ୮୴ଛБԄܭᐏϐؑڇᐕำǵؑ  ጄൎϷֽڇ

ؑڇుࡋՉፕᆶϩǴаᕇठుΕϐԋ݀Ƕ 

ಃҴക ่ፕᆶࡌ 

  ஒҁࣴزϐፕϩᆶჴᡍ่݀уаᘜયǴගрനಖϐ่ፕᆶࡌ 

ǴаܴޣزࣴុࡕٮዴϐБӛϷ࣬ᜢπำܭᐏीϐୖԵǶ 
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4                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ಃມകಃມകಃມകಃມക Ўӣ៝ᆶፕϩЎӣ៝ᆶፕϩЎӣ៝ᆶፕϩЎӣ៝ᆶፕϩ 
  ᐏݞܭούǴԋݞၰׯޑݩࢬᡂǴݞၰ೯Нᘐय़ᑈޑ෧

ϿǴԶᐏ໔״ޑᕭؑڇᆶᏞНǴᏤठࢬೲуזǴᒡࣳׯ܄ᡂǶ

ԶقǴᐏఉઇᚯЬाচӢڙࣁНڇిࢬ୷ᘵԋᇘ៛ǴНࢬᐏ 

ጔౢғӛΠࢬϷڬൎϐଭᒙࠠ෮ࢬԶ٬ᐏวғֽؑ

ᆶزϐ࣬ᜢࣴڇᐏؑ܌ΓଞჹزǴԶቹៜᐏӼӄǶҁࣴڇ

 ៈߥ

ჹǶ 

 ᄊϩᜪࠠڇᄊϩᜪؑࠠڇᄊϩᜪؑࠠڇᄊϩᜪؑࠠڇؑ 2.1

  Raudkivi(1986)[50]ϷഌǵଯоӀ(1991)[4]ଞჹڇؑځࣁϩ

ᜪǴ٠ᇡࣁᐏؑڇຝ٩ݩёϩࣁؑڇǵ״ᕭؑڇᆶֽؑ

 Ǵ٩ׇᇥܴӵΠǺڇ

(1) ؑڇ(general scour)Ǻݞၰ҂่ᄬނǴНࢬԋݞӄ

य़܄ଯำΠफ़ǴНុࣳݝ٬ࢬၮǴԶࣳݝቹៜНࢬచҹǴ

 ᄊǶރޑᡂϯុܭឦݞ

ߔਔǴԋނᄬݞၰၠݞǺ(contraction scour)ڇᕭؑ״ (2)

НਏᔈǴᏤठ೯Нᘐय़ᑈ෧ϿǴуזᐏڬൎࢬೲǴԶԋ

 Ƕڇؑ

(3) ֽؑڇ(local scour)ǺݞၰӢНπᄬޑނӸӧǴНౢࢬғߔᛖ

ᆶυᘋຝǴԶ٬НࢬӧԋᏞНǴჹࢬܭೲᆶࢬӛޑቃ

ਗ਼ׯᡂǴЇଆ෮کࢬቚமय़ᔈΚǴԶԋֽݞؑڇ

ᆶଯำΠफ़Ƕ 

Melville and Coleman(2000)[44]߾ᇡݞࣁၰࠠڇؑޑᄊǴࣁؑ

ҢǴаᙶమӚᅿ߄ ຝаკ2-1ڇϐуᕴǴஒᐏؑڇᆶֽϯؑڇ
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5                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

όӕؑڇຝϐཀ఼ǴᇥܴӵΠǺ 

(1) ϯؑڇǺݞࣁၰΠෞᒡࣳໆόѳᑽ܌ठǴߚНπᄬނϐ

ቹៜǴ٩Нࢬቹៜਔ໔ߏอǴёϩࣁߏයؑ(long-termgeneral 

scour)ᆶอයؑڇ(short-term general scour)Ƕ 

(2) ֽϯؑڇǺНπᄬނǴ٬НߔډڙࢬᛖǴԋࢬׯ

ᡂۭکᔈΚቚεǴԶቹៜڇؑݞຝǴёϩ״ࣁᕭؑڇ

ᆶֽؑڇǶ 

 

კ2-1 ᐏؑڇҢཀკ 

2.1.1ᐏֽؑڇ܄ᐏֽؑڇ܄ᐏֽؑڇ܄ᐏֽؑڇ܄ 

  ҞޑزࣴڇؑᒡࣳϦԄፏӵǺEinstein ݤǵMeyer-Peter ݤǴ

֡ҔӧѳᑽచҹΠǹֽؑڇࠅݩೀܭόѳᑽచҹΠǴНࢬჹ

ၰౢғڇؑޑǶLaursen(1962)[37]ᆕӝӭؑڇຝගрѤঁϯޑ

 ፕǺڇؑ

() ؑ  ๏ৡॶǴٮڇҗᒡр؇ྊϐૈΚᆶᒡΕԜؑܭڇ

(Β) ࢬᘐय़ऩӢؑᇑԶᘉεǴڇؑ߾෧ϿǶ 

(Ο) ჹܭςޑޕଆۈచҹǴԖཱུज़ڇؑޑጄൎǶ 
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6                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

(Ѥ) ཱུ ज़ؑڇጄൎᒿਔ໔Զᅌௗ߈Ƕ 

2.2 ᐏֽؑࠠڇᄊᐏֽؑࠠڇᄊᐏֽؑࠠڇᄊᐏֽؑࠠڇᄊ 

ֽؑڇຝ٩Ᏽ Laursen(1963)[38]ᢀᗺǴڇؑܭೲܭр

ྊᒡଌৡॶǴؑ؈ୱϐڇؑ ᡏᑈᒿਔ໔ϐᡂϯёҗᒡࣳೱ֞ڇ

ុБำԄٰ߄ҢǺ 

)()(
)(

SgBg
dt

Bdf −=                                      (2-1)
 

ύǴځ )(Bf ǺؑڇᜐࣚϐኧᏢԄǶ 

  dt Ǻ ਔ໔Ƕ 

          )(Bg Ǻؑڇᒡр؇ྊϐ؇ྊࢬໆǶ 

          )(Sg ǺؑڇϐᒡΕ؇ྊࢬໆǶ 

() )(Bg  = )(Sg  = 0ǺคؑڇǶ 

     ԜਔؑڇୱࣁᓉЗރᄊǴคࣳݝ౽Ƕ 

(Β) )(Bg  > )(Sg  ≅ 0ǺమНؑ܈ڇᓉᄊؑڇǶ 

మНؑࣁڇНࢬࢬೲλࣳݝܭᖏࣚଆࢬೲǴЪؑڇෞค

ਔڇǴᒿؑڇᕭǴԶౢғؑ״ᐏֽڙࣁڇᔈǶؑٮྍࣳ

໔ቚуǴᐏؑ֞ڇᅌᘉεǴؑ֞ڇుࡋуుǹၲࢌډؑ

ѳډջၲڇᐏֽؑ߾Ǵۓᛙܭ൳Ֆࠠᄊᖿ֞ڇਔ໔Ǵؑڇ

ᑽރᄊǶ 

(Ο) )(Bg  > )(Sg  > 0ǺНؑ܈ڇᄊؑڇǶ 

ᄊؑڇคуࣳచҹΠǴНࢬࢬೲεࣳݝܭᖏࣚଆࢬೲǴؑ

ࡋుڇय़ᡂǴᐏؑǴԋۭڇΕؑࢬࣳݝෞڇ

ଆҷᡂǴѳᑽؑڇుڗࡋᐏؑڇుࡋѳ֡ॶж߄ǹऩᄊ

ڇуࣳǴؑុڇؑ )(Bg  = )(Sg  > 0ਔǴ߾ᐏֽؑ
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7                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

ҢǶV܌ Ƕӵკ2-2ࢬϝฅԖНࢂᄊǴՠރѳᑽډջၲڇ Ǻ

НࢬࢬೲǴ cV  ǺࣳݝᖏࣚଆࢬೲǴ aV  ǺៈҘೲࡋǴ gσ Ǻ

 ǶࡋНय़ቨ߆൳ՖྗୃৡǴbǺᐏࣳݝ

 

კ2-2 ᐏֽؑڇుࡋᆶНࢬமࡋᜢ߯კ 

2.3ᐏؑڇӢηᐏؑڇӢηᐏؑڇӢηᐏؑڇӢη 

җܭᐏڬൎֽؑࣁڇΟᆢϩᚆࢬǴऩપᆐаፕϩБԄ

ᐏڬൎֽؑڇుࡋၨ֚ࣁᜤᆶፄᚇǴࡺၸѐεӭၮҔ၂ᡍБ

ӢηϐڇǴ٠ᙖаᏤрቹៜᐏؑࡋుڇൎֽؑڬໆෳᐏݤ

ख़Ϸ࣬ᜢؑڇుࡋϦԄǶ 

2.3.1ᐏؑڇӢηϐϩᜪᐏؑڇӢηϐϩᜪᐏؑڇӢηϐϩᜪᐏؑڇӢηϐϩᜪ 

    ቹៜᐏؑڇϐӢηёϩࣁǴᐏ܄፦ǵН܄ࢬ፦ǵۭ ǵ܄፦
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8                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

 ਔ໔ǴԶ೭٤ӢηΞᆶΠӈచҹԖᜢǺڇؑ

() ᐏ܄፦Ǻᐏ߆Нय़ቨࡋ(b )ǵᐏރӢηঅ҅߯ኧ( shK )ǵ

ᐏ߆Нय़य़ᑈ( a )Ƕ  

(Β) Н܄ࢬ፦Ǻࢬᡏஏࡋ( ρ )ǵၮᗹᅉ߯ኧ(ν )ǵѳ֡ࢬೲ(V )ǵ

Нࢬుࡋ(y)ǵख़Κуೲࡋ( g )Ƕ 

(Ο) ۭ )Ǻύॶಈ৩܄፦ 50d )ǵۭ፦൳Ֆྗୃৡ( gσ )ǵۭ

፦ஏࡋ( gρ )ǵࣳݝᖏࣚ௴ࢬೲ( CV )Ƕ 

(Ѥ) ਔ໔Ǻؑڇਔ໔(T )ǵؑၲڇѳᑽ܌ሡਔ໔( eT )Ƕ 

2.3.2ᐏؑڇӢηϐᐏؑڇӢηϐᐏؑڇӢηϐᐏؑڇӢηϐ 

аΠ൩ӚคӢԛୖኧϐނཀကϷځჹᐏֽؑڇϐቹៜϩ

ձуаፕǺ 

() НࢬமࡋȐFlow IntensityǴ cVV / ȑǺ 

  మНؑڇచҹΠǴ֡Ϭࣳݝᆶ֡ߚϬࣳݝวғᐏؑޑڇ

Нࢬமࡋϩձࣁ 1/ <cVV ᆶ ]1/)([ <−− cca VVVV ǹᄊؑ

చҹΠȐ <gσࣳݝǴ֡Ϭڇ 1.3-1.5ȑǴᐏวғؑޑڇНࢬ

மࣁࡋ 1/ >cVV Ǵ֡ߚϬ୴ܭᐏؑߥڇៈϐ၂ᡍࣴࣳݝزచ

ҹΠȐ gσ  >1.3ȑǴࣳݝวғៈҘຝǴؑ֞ڇుࡋᡂλǴ

ӢԜᐏؑڇวғӧ cVV / >1ǹ 1/ <aVV ਔǴᄊؑ֡ߚڇϬ

วғόቹៜុຝڇวғៈҘຝՠؑࣳݝచҹΠǴࣳݝ

 วғǶុࣁຝᇡڇؑڇԶమНؑࡋుڇؑ

(Β) ࣬ჹНࢬుࡋȐFlow ShallownessǴ by / ȑǺ 

  by / КॶǴКॶຫλǴޑࡋНय़ቨ߆ᐏکНుࣁကۓ

НుׯᡂቹៜؑڇుࡋǶКॶຫεǴ߾ᐏ߆Нय़ቨࡋ

ቹៜؑڇుࡋǴԶᆶНుၨคᜢ߯Ƕ 
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9                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

     Neill(1964)[46]ਥᏵΓϐ၂ᡍၗǴගрΑӧۓໆࢬΠǴֽ

ؑڇుࡋჹНుคӢԛϯϐБำԄǺ 

     

7.0

5.1 







=

y

b

y

d s
                                  (2-2) 

ԄύǴ Sd  ৩Ƕޔᐏࣁ Нుǹbࣁ ǹyࡋుڇؑࣁ

  Jain & Fischer(1981) [36]Γ၂ᡍ่ࣴ݀زǴวεӭ

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 ߯ኧϩձᆶᐏރǵНࢬ

ԖᜢǴԶ܄፦Ϸۭفװ rF  & ᅽኧǶMelvilleࣁ߾

Sutherland(1988) [41]ࡰрǴ by /  >1.43ਔᐏֽؑڇుࡋѝ

ᆶᐏ߆Нय़ቨࡋԖᜢǹ by /  < 0.2ਔǴНుቹៜᐏؑ

≥ǹԶ0.2ࡋుڇ by / ≤ 1.43ǴНుϷᐏ߆Нय़ቨࣣࡋቹ

ៜֽؑڇుࡋǶ 

  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

ֽؑڇుࡋຫλǶϸϐۭಈ৩ຫλǴനεؑڇుࡋቚуǶ

ύॶಈ৩ 50d  < 0.6mmਔǴӧۭౢғᅎຝǴԶቹៜ

 Ƕࡋుڇؑ

  ฅԶۭ፦ಉᕫࡋϷНࢬచҹቹៜۭ፦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]ճҔϤᅿᐏޔ৩уٿᅿࣳݝ

ಈ৩Չؑڇ၂ᡍǴӆஒ၂ᡍ่݀ಒϩࣁѤᜪǴ (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 < 50ਔֽؑڇుࡋࣳݝډڙᗭಈελޑቹៜǴӵკ2-4܌

Ңᇭ 
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კ2-4 ࣳݝಈ৩ᆶؑڇుࡋᜢ߯კ 

(Ѥ) ࣳݝ൳Ֆྗୃৡ᧤Sediment Nonuniformity᧨ gσ ᧥᧶ 

  Ettema(1980) [31]Չ֡ߚϬࣳݝమНؑڇ၂ᡍ᧷

Chiew(1984) [25]ᆶBaker(1986)Չ֡ߚϬࣳݝᄊؑڇ၂ᡍǴ

ፕᐏֽؑڇుࡋᆶࣳݝ൳Ֆୃৡᜢ߯ǶࣴزวǴ֡ߚϬ

ڇ൳ՖྗୃৡቚεǴֽؑࣳݝ၂ᡍਔǴڇՉᄊؑࣳݝ

ుࡋफ़եǶ 

  Raudkivi & Ettema(1977) [48]ࡰрӧమНؑڇਔǴᐏڬൎ

ֽؑڇుࡋᒿۭྗୃৡ gσ ቚεԶफ़եǴؑڇుࡋऊࣁ

ᐏ߆Нय़ቨࡋϐ0.3 ~ 2.3७᧨Ъӧ 3.1>gσ ਔԖៈҘຝ

ౢғǴԜਔؑڇుࡋᒿϐᡂλǶ٠Ъගраޑࣳݝ൳Ֆྗ

ୃৡٰӧϺฅݞοό֡Ϭࣳݝϐѳᑽؑڇుࡋ 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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Ԅύ᧨ sed ࣳݝϬ֡ࣁ ( )0.1≅gσ ϐѳᑽؑڇుࡋ᧷b ࣁᐏޔ

৩᧷ σK  ҢǶ܌অ҅ӢηǴӵკ2-5ࣁ

 

კ2-5 ࣳݝ൳Ֆྗୃৡᆶঅ҅Ӣηϐᜢ߯კ 

Raudkivi & Ettema(1983)[49]ගрۭ፦ޑྗୃৡ gσ 1ࣁ

ਔǴؑڇుࡋऊࣁᐏޔ৩1.5~1.4ޑ७Ǵӕਔᒿྗୃৡޑ

ᡂεǴؑڇుࡋ࣬ჹᡂλǶ٠ᘜᕇठคӢԛؑڇుࡋϐी

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 ϐКॶҭቹៜᐏֽؑ

ᒿਔ໔ԶᄌቚуǶӧࡋుڇਔǴֽؑڇǶӧమНؑࣁՉڇ

֖ྊؑڇਔǴၲډѳᑽؑڇుޑࡋਔ໔ाКమНؑזޑٰڇǹ

ோ֖ྊؑڇϐѳᑽؑڇుࡋӢۭЫϐၮ౽ǴԶբόೕ߾

 ᕏǶਁޑ

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

໔ऊ10ʘਔ൩ёၲډᕴѳᑽؑڇు50ޑࡋɴ80ʘǴ٠ଷؑڇ

ుࡋӧ24λਔޑቚуໆλ0.05ܭ७ޑᐏቨࡋਔǴёຎډၲࣁ

ѳᑽؑڇుࡋǶӕਔගрؑၲڇѳᑽ܌ሡਔ໔ޑϦ

Ȑ 1/ <cVV ǴЪࣁమНؑڇచҹΠȑǺ 

  җΓࣴزᆶ၂ᡍ࠻ၗวǴՉᐏమНؑڇ၂ᡍ

ਔǴֽؑڇుࡋᒿਔ໔ቚуԶቚεǶᄊۭؑڙڇᡂቹ

ៜǴ٬ளᐏֽؑڇుࡋᒿਔ໔ևଆҷᡂϯǶᄊؑڇΠǴ

ᐏֽؑڇుډၲࡋѳᑽؑڇਔ໔КమНؑڇచҹΠޑѳᑽ

ᜤࡋుڇ၂ᡍǴѳᑽؑڇլܺᐏՉమНؑࣁਔ໔อǶڇؑ

аዴۓǴMelville & Chiew(1999) [43]ගрǺᐏֽؑڇుࡋӧ

24λਔϣǴؑڇుࡋቚуեܭᐏޔ৩5ޑʘǴ߾Ԝؑڇుࡋ

ёຎࣁѳᑽؑڇుࡋǴځჹᔈޑਔ໔ຎࣁѳᑽؑڇਔ໔Ƕ 

(Ϥ) НࢬᅽኧȐFroude NumberȑǺ 

Ettema et al.(1998) [32]ࣴزวǴᐏѳᑽؑڇϦԄᆶНࢬᅽ

ኧڀԖ nse Fr
y

d ∝ ᜢ߯ԄǶ ǺᐏѳᑽؑڇుࡋǴFrǺН

ᅽኧǴyǺНుǶBozkus & Yildiz(2004) [20]Ψගрᐏֽࢬ

ᆶᅽኧᜢ߯ёҔࡋుڇؑ ޔҢǶ bǺᐏ߄ 

৩Ǵ sed ǺؑڇుࡋǴ Fr ǺНࢬᅽኧǶ 

2.4 ᐏڬൎϐֽؑڇᐒڋᐏڬൎϐֽؑڇᐒڋᐏڬൎϐֽؑڇᐒڋᐏڬൎϐֽؑڇᐒڋ 

  ֡ϬܴНࢬࢬᐏਔǴҗڙܭᐏυᘋԶԋНׯݩࢬࢬ

ᡂǴ٬ளࣳݝᒡଌวғᡂϯǴᐏڬᎁวрֽؑ֞ڇǶҗΓࣴ
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 ҢǶ܌ ࠠᄊϩԋǺӵკ2-6ࢬࢬН߈ߕёஒᐏز

 

კ2-6 ᐏڬൎНࢬҢཀკ 

() ߄य़෮ࢬȐSurface Rollerȑ 

  НࢬࢬНύ่ᄬނǴ่ᄬ߆ނНय़ӸԖଶᅉᗺ

ȐStagnationPointȑᆶଶᅉࢬጕȐStagnation StreamlineȑǴ٬Н

ጕࢬᏞНȐBow WaveȑǴଶᅉԋૈᙯԋՏૈǴНय़ࢬ

БНࢬБӛӛᙯԋ߄य़෮ࢬǹΓࣴزว߄य़෮ࢬ

ፕόቹៜᐏֽؑڇుࡋǶ 

(Β) ӛΠНࢬȐDownflowȑ 

  ٩ᏵդոճБำԄȐBernoulli Equationȑ۹ౣՏНᓐ

ȐElevationHeadȑਏᔈǴว࣬ӕࢬጕଶᅉᗺڙ܍നεᓸΚ

ջࣁଶᅉᓸȐStagnation PressureȑǴԜਔᐏଶᅉᓸε߈ߕܭ

НᓸǶҗܭНࢬࢬೲϩթҗНय़ӛΠሀ෧ǴೲࡋНᓐȐVelocity 

HeadȑӛΠ෧ϿǴᓸΚНᓐȐPressure HeadȑӛΠቚуЪՏ

НᓐȐElevation HeadȑӛቚεǴзᐏଶᅉᓸҗНय़ӛΠሀ

෧Ǵᐏ߆Нय़วғᓸΚఊࡋȐPressure Gradientȑᡂϯԋӛ
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ΠНࢬǶӛΠНࢬၮࠠᄊᜪ՟ޔࠟܭࢬȐVertical JetȑǴਥ

ᏵΓࣴزᇡࣁӛΠНࣁࢬԋᐏֽؑޑڇЬाӢનϐ

Ƕ 

(Ο) ଭᒙࠠ෮ࢬȐHorseshoe Vortexȑ 

  ᐏጔڙӛΠНࢬբҔҥڅวрؑ֞ڇǴؑ߈ߕ֞ڇ

ӛΠНࢬᆶݞኲНࢬБӛ࣬ϕቹៜǴݮᐏڬൎวрΟᆢ܄

ᖥ෮ࢬǴᆀࣁଭᒙࠠ෮ࢬǶଭᒙࠠ෮ࢬҗᐏ߆Нय़໒ۈว

ғǴݮᐏᜐጔӛΠෞሀǴ٠ஒؑ۳ࣳݝ֞ڇΠෞᒡଌǶ

ӢԜǴࣴزᇡࣁӛΠНࢬᆶଭᒙࠠ෮ࣁࢬቹៜᐏֽؑޑڇ

ЬाӢનǶ 

(Ѥ) ၞ׀෮ࢬȐWake Vortexȑ 

ϩᚆࢬǴᐏΠෞౢғНࡕᐏࢬࢬНڙࢂࢬ෮ၞ׀  

ᗺȐSeparation PointȑǴࢬೲওय़วғόೱុय़Ꮴठλࠠ෮ࢬ

ȐCast-offVortexȑԋǶԜ෮ࢬёஒࣳݝ֎ΕǴஒࣳݝ۳Н

य़Ǵ٬ᐏࡕБۭวғ୴ᑈຝǶ 

2.5 ᐏߥៈπᐏߥៈπᐏߥៈπᐏߥៈπ 

  ϞᐏؑߥڇៈπݤёཷϩܙࣁҡݤڋǵݞݤڋᆶНࢬ

ᏤݤࢬΟεᜪǴஒӚБݤᇥܴӵΠǺ 

() ܙҡݤڋǺӧᐏڬൎϺฅ࿗ҡቫȐܙҡቫȑǴ٬ᐏڬ

ൎࣳݝԋៈҘຝȐArmoring PhenomenaȑǴၲڋډᐏ

วғؑڇຝǶҞѠݞοᐏεϩ౦༧܈௦Ҕೂ

᠈πݤՉߥៈǴԶౢғៈҘਏᔈڇؑڋวǶԜᅿБݤ

നεޑલᗺǴҗܭ౦༧ᆶٿࣁݞᅿόӕϐϟ፦ǴӢԜځค

שៈਏ݀ߥǴᏤठۓǴԋ่ᄬᡏόӼࢬӝǴЪӢυᘋ่ݤ
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෧ԶઇᚯǶ 

(Β) ݞݤڋǺᐏؑڇ٬ᐏڬൎۭΠफ़Ǵԋᐏ୷ᘵѦ

៛Ǵׯࣁ๓୷ᘵѦ៛ӒϷᐏኺӼӄǴϩᐏኺܭᐏΠෞ

Ǵफ़ݞൎڬफ़Ǵගଯᐏ؈ࣳݝೲǴ٬ࢬπǴᙖа෧ڰ

եᐏؑڇჹᐏኺӼӄޑቹៜǶ 

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

ȐSacrificialPilesȑǵᕉݤȐCollarsȑϷངᏤ݈ࢬȐIowa 

Vanesȑǹ୯ϣࣴزᏤࢬࣁ߾ࡼǺڷȐ2002ȑගрԋфΓ

πНȐCheng-Kung Artificial WaterweedsȑᆶڷȐ2004ȑ

ࣴගᆛ่ᄬނǶНࢬᏤݤࢬЬाёᗉխНࢬύǴ܈

ϩණНૈࢬໆǴफ़եНࢬჹᐏؑૈڇΚǴගଯᐏኺӼӄ܄Ƕ 

2.6 ᕉ୮୴่ᄬߥނៈᐏϐᐒڋᕉ୮୴่ᄬߥނៈᐏϐᐒڋᕉ୮୴่ᄬߥނៈᐏϐᐒڋᕉ୮୴่ᄬߥނៈᐏϐᐒڋ 

  ҁЎϐᕉ୮୴่ᄬނ(ӵკ2-7܌Ң)ࣁࠠߥៈπǴаᐎҜ

୮(ӵკ2-8܌Ң)Ϸဂኯ(ӵკ2-9܌Ң)ಔԋǶဂኯϐфҔࣁගٮᕉ୮ࠟ

ӛ౽ϐྖॉǴᕉ୮୴ܭᐏෞǴаઇᚯ҅ӛНࢬჹܭᐏޑ

ፂᔐǴܭ٠ᐏБගٮጨਏҔǴफ़եᐏ୷ᘵֽؑڇుࡋǶᕉ

୮аҬᒱБԄǴ٬ளߥៈπ߄य़ࣁόೕ߄ޑ߾य़ǴНࢬߥ

ៈπϩިٿࣁНࢬਔǴӧߥៈπڬൎޑНࢬӢόೕߥޑ߾ៈπ߄य़Ǵ

٬ளНࢬБևόೕ߾ᡂϯǴԶНૈࢬໆҭߥៈπ෧Ƕ෧ޑН

ߥډΚǴӢԜၲૈޑࣳݝࢬǴफ़եНࢬޑԋషӧᐏࢬ

ៈᐏڬൎۭޑҞޑǶ 
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კ2-7 ᕉ୮୴Ңཀკ 

 

კ2-8 ᐎҜ୮Ңཀკ 
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კ2-9 ဂኯҢཀკ 

 

  Нࢬࢬᕉ୮୴ߥៈϐᐏǴᐏࢬ߈ߕ(ӵკ2-10܌

Ң)Ǵᕉ୮୴่ᄬ߆ނНय़ЬाڙӛΠНࢬᆶଭᒙࠠ෮ࢬբҔǴᆄ

วғനεؑڇుࡋǴϩН۳ࢬᕉ୮୴ࢬୁٿǴࣁΠෞᐏගٮ

ጨᆶᏤࢬբҔǶНࢬ೯ၸᕉ୮ਔǴҗܭᕉ୮ޜࣁЈǴԖҽޑНࢬ

җᕉ୮ύ໔ޑϾሜӛΠࢬǴԶӢࣁᕉ୮ࣁҬΰܫǴӢԜНࢬ

ૈໆӧᕉ୮္ᅌ෧Ǵࣳݝ੮ӧᕉ୮໔ޑϾሜύǶН߾ࢬ

җᕉ୮໔ޑᕳሜࢬрǴНϩη۶Ԝ࿘ናǴԋНૈࢬໆཞѨǴࣳݝว

ғఫᑈຝ٠Ъҗᕉ୮୴ࡕБ໒ౢۈғǴុԿᐏБǴံкᐏ

 ǶࡋుڇǴफ़եᐏֽؑྍٰࣳݝ֞ڇؑ
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კ2-10 ᕉ୮୴่ᄬڬނൎݩࢬҢཀკ 

  ᕉ୮୴ङНय़ᆶᐏ߆Нय़໔ୱǴӛΠНࢬᆶଭᒙࠠ෮ࢬբҔ

Κեܭᕉ୮୴ᆄբҔΚǴफ़եჹᐏ߆Нय़ؑڇుޑࡋቹៜǶ၂ᡍ

ᢀჸวǴ၂ᡍ߃යᕉ୮୴่ᄬނङНय़ۭࣳݝᅌቚଯǴᕉ୮୴

ೲ۳ΠෞǴ٬ِࢬНࣳݝǴୁٿԿᐏុۯǴ٠ྎڇғؑౢୁٿ

ǶԜਔᐏୁٿวғӧᐏࡋుڇᐏǴനεؑޑៈߥނᕉ୮୴่ᄬڙ

ෞఫᑈ୴ࢬࣳݝΕᐏ߆Нय़ؑڇ Ǵ֞ᗨฅᐏ߆Нय़ؑ֞ڇు

ǴԶ٬ᐏୁٿ۳ᐏࣳݝጔϐᒿਔ໔ቚуᅌᡂుǴᐏࡋ

ံࣳݝ֞ڇНय़ؑ߆ǴோӢᐏ߈ᖿࡋుڇϐؑୁٿᆶࡋుڇؑ䷑

кٰྍкىǴૈࡺԖਏڋᐏ߆Нय़ؑ֞ڇుޑࡋวԶၲߥډៈ

фਏǴගଯᐏఉӼӄ܄Ƕ 

2.6.1 ᕉ୮୴่ᄬނϐ܄ᕉ୮୴่ᄬނϐ܄ᕉ୮୴่ᄬނϐ܄ᕉ୮୴่ᄬނϐ܄ 

ҁࣴ܌زᕉ୮୴ߥៈπ܄ᇥܴӵΠǺ 

(1) फ़եНࢬჹᐏޑፂᔐΚ 

ஒߥៈπӧᐏБǴჹܭΠෞᐏౢғጨਏ݀Ǵᗉխᐏ

҅ډڙӛНޑࢬፂᔐΚǴҗᕉ୮ӃߔᏲಃݢઇᚯΚǶ 

 

bow wave  

downflow  

horseshoe vortex  

wake vortex  

river bed  

flow  

Ring columns  pier  

water surface  

dune  
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(2) όܰᎁډઇᚯ 

ջ٬ၶډҡᓐ܈ЕޑናᔐǴӢࣁᐎҜᕉ୮܄ࢋࢂπڀݤԖቸ

 ઇᚯǶڙаόܰᎁ܌Ǵ܄

 ೲࢬБӛǴ෧ࢬᡂНׯ (3)

җܭᐎҜᕉ୮аҬᒱБԄǴӢԜНࢬӧࢬߥៈπਔǴӢ

όೕߥޑ߾ៈπ߄य़٬НࢬБӛᡂԋӭБӛ܄ǴНࢬࢬೲ෧Ǵ

फ़եНࢬჹܭᐏڬൎૈڇؑޑΚǶ 

 ؈ΠᐎҜᕉ୮ᒿӦޑៈπߥ (4)

ᕉ୮ΠቫࣳݝޑؑڇǴᐎҜᕉ୮ᒿቫख़ΚکӦ֎ЇΚӛ

Π؈Ǵ٩ᙑૈڀԖߥៈޑݞфਏǶ 

 ඤܰ׳ (5)

ᐎҜᕉ୮ёаຎሡाόᘐ᠄ӧဂኯǴӢԜ൩ᆉࢂᕉ୮ӛΠ؈

 Ƕࡋሡଯ܌ઇᚯǴϝёቚуᕉ୮Կډᎁࢂ܈
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ಃಃಃಃ㭭㭭㭭㭭കകകക    ၂ᡍഢϷБݤ၂ᡍഢϷБݤ၂ᡍഢϷБݤ၂ᡍഢϷБݤ    

  җܭᐏϐֽؑڇឦܭΟᆢୢᚒǴЪӢߥៈπϷᐏυᘋԶ٬

НݩࢬࢬᡂளΜϩፄᚇǴऩճҔપፕБय़ჹؑڇՉࣁբඔॊ֚࣬

ᜤǴࡺճҔНπኳࠠ၂ᡍуаϩϷᡍǶ 

  ҁࣴزᙖҗКၨᕉ୮୴่ᄬߥނៈࡕࡼᐏڬൎϐؑ

ៈԋߥޑڇჹᐏؑނᕉ୮୴่ᄬޑ৩ޔǴόӕᕉ୮୴ڇ

ਏǹ٠ଞჹᕉ୮୴่ᄬނຯᚆᐏόӕՏǵόӕᕉ୮୴ଯࡋ

ख़ाୖኧуаϩزࣴǴයૈஒ่݀ග࣬ٮᜢൂՏᔈҔϐୖԵǶ 

3.1    ၂ᡍഢᆶ၂ᡍഢᆶ၂ᡍഢᆶ၂ᡍഢᆶթթթթ    

  ҁࣴ٬܌زҔϐഢՏܭҘεᏢНճπำᆶၗྍػߥᏢسН

π၂ᡍ࠻Ǵ၂ᡍኲࣁύࠠൻᕉ࣒ዟኲǴаΠ൩ൻᕉኲǵᐏኳ

ࠠǵᕉ୮ࢊኳࠠϷ࣬ᜢߕឦഢೕᇥܴϐǶ 

3.1.1    ၂ᡍኲ၂ᡍኲ၂ᡍኲ၂ᡍኲ 

  ၂ᡍኲӵკ3-1܌ҢǴ࣬ځᜢၗӵΠǺ 

() ၂ᡍኲǺኲӄ13.6ߏmǵቨ0.5 mǵు0.75mǴኲୁᏛϐ፦

׀ᆄԖ׀ჴᡍՉਔϐᢀෳǶኲܭዟǴаճ࣒மϯܴࣁ

Н႔ߐ(tailwater gate)ǴҔаڋ၂ᡍНుǴኲΠБԖଭၲ

ёܩϲࡕኲϐଯำǴԶࡋڵڋǶ 

(Β) ٮНسǺа15HP(Horse Power)ϐܜНଭၲவᆽНԣύܜНǴ

җ๏НᆅଌԿۓНᓐНጃǴٮᔈНໆԿኲύǶНࢬኲࡕ

ǶسНൻᕉٮԋᆽНԣǴࢬНԣǴӆҗ௨Нၰ׀Εࢬ

ԶۓНᓐНጃጔԖྈࢬᆅǴёஒӭᎩϐНໆᒡଌԿ׀НԣǶ 

(Ο) ࢬໆڋǺۓНᓐНጃԿኲ໔ԖᡉҢԄᆅၡЋં႔
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ሚǴёࢬڋໆࢬԿኲύǶ 

 

 

(a) ഗຎკ(plan view) 

 

(b) ୁຎკ(side view) 

კ3-1၂ᡍኲଛკ 

3.1.2    ၂ᡍᐏ၂ᡍᐏ၂ᡍᐏ၂ᡍᐏ    

  ҁࣴزᙖҗНπ၂ᡍόӕᕉ୮ࢊဂଛჹᐏؑڇϐቹ

ៜǴࣁΑ௨ନ״ᕭਏᔈჹؑڇుޑࡋቹៜǴҁࣴزᒧۓᐏޔ৩ࣁ

    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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ၰቨࡋϐ1/10Ǵջ5Ϧϩϐ֡ϬᐏՉ၂ᡍǶԶ፦ࣁ߾ύޜܴ

ᓸլΚ(acrylic)ᆅ܌ᇙԋǴа٬ߡҔӀᠼຎ᜔Εᢀෳᐏؑڇ

ຝǶ 

3.1.3 ၂ᡍሺᏔ၂ᡍሺᏔ၂ᡍሺᏔ၂ᡍሺᏔ 

(1) Βᆢႝᅶࢬೲी(ྣТ3-1):ໆ ෳᐏෞ1mೀϐௗࢬ߈ೲࡋǴ௦ൂ

ᗺໆෳȐ0.6७Нుȑϐѳ֡ࢬೲǶ 

(2) ႜෳຯሺ(ྣТ3-2)ǺҔаໆෳߥៈπϷᐏ֞ڇؑ߈ߕుکࡋ

ጄൎǴΑှᐏڬൎؑఫϐϩթǶ 

(3) Ӏᠼຎ᜔(ྣТ3-3)ǺໆෳᐏϐؑڇుࡋᆶᢀჸؑڇᐕำǴёଛ

ӝኧՏឪቹᐒܡឪǶ 

(4) ᡉҢԄᆅၡЋં႔ሚ(ྣТ3-4)Ǻёڋ၂ᡍࢬໆۓࣁໆ܈ࢬ

ᡂໆࢬǴᓬᗺࢬࣁໆёҗኧӷᡉҢሚٰڋǴԶኧӷᡉҢሚΠ

໒12000~0ࡋኧӷǴค໔ሜᇤৡǴёዴჴၲډ၂ᡍచҹޑۓᆶჴ

ሞݩރϐሡǶ 

(5) ႝ တǺᓯӸ၂ᡍၗǴаճࣴزϩ٠෧ϿΓࣁᒱᇤǶ 

(6) ឪቹᐒǵྣ࣬ᐒǺᒵቹܡ܈ឪؑڇ၂ᡍϐᐕำǴᙖаᕕှᐏڬ

ൎࢬϐݩࢬᆶࣳݝၮ౽ϐǶ 

(7) ᕉ୮ǺѦ৩1.8Ϧϩǵϣ৩1.2Ϧϩǵቨ0.6ࡋϦϩϐᐎጤ୮Ƕ 

(8) ᐏኳࠠǺᓸլΚ፦Ѧ৩5Ϧϩǵ2ࡋࠆడԯϐܴޜЈᆅǶ 

    

ྣТ3-1 ΒᆢႝᅶԄࢬೲी        ྣТ3-2 ႜෳຯሺ 



ᕉ୮ߥࢊៈπܭᐏؑݯٛڇϐࣴز               

24                ҘεᏢ e-Theses (100Ꮲԃࡋ) 

 

 

     ྣТ3-3 Ӏᠼຎ᜔      ྣТ3-4 ᡉҢԄᆅၡЋં႔ሚ 

3.2    ၂ᡍೕჄ၂ᡍೕჄ၂ᡍೕჄ၂ᡍೕჄ    

ݞሡӃՉ(1)၂ᡍܭΑ٬၂ᡍૈճՉ෧ϿᇤৡǴࣁ

፦ϩࢬ(2)ໆ(3)ۓ࣬ჹНࢬம(4)ࡋֹӄวࢤϐᒧۓǶ 

3.2.1၂၂၂၂ᡍۭ፦ᡍۭ፦ᡍۭ፦ᡍۭ፦    

ుڇϐԋਏǴᗉխեᐏֽؑڇៈπٛЗᐏؑߥᕕှࣁ  

ኲύᎎܭǴҁ၂ᡍ܄όྗዴޑࡋుڇԋؑ܌Ǵ෧ϿӢៈҘբҔࡋ

35cmࠆϐຫࣳޖࠄǴԶݞ፦ಈ৩Ҕ#20ǵ#30ǵ#40 ဦᑔ܌ᑔр

ϐΟᅿࣳݝಈ৩уаషکǴύॶಈ৩ 50d 0.62mmǴྗୃৡ gσࣁ ऊ

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

3.2.2၂ᡍࢬໆ၂ᡍࢬໆ၂ᡍࢬໆ၂ᡍࢬໆ    

  ҁ၂ᡍϐࢬໆǴҗ๏Нᆅϐ႔ሚ܌ڋǴНࢬவۓНᓐНጃ

җ๏НᆅᒡଌډኲύǴӆࢬԿVࠠೀǶVࠠϐࢬໆۓԔጕӵ

კ3-3ǴᘜளԄ3-1Ƕ 

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

ԄύǴQ=ࢬໆ(cms)ǵ y=VࠠྈࢬНు(cm)  

0 4 8 12 16

0

0.001

0.002

0.003

0.004

0.005

0.006

 

კ3-3 VࠠࢬໆۓԔጕ 
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3.2.3࣬ჹНࢬம࣬ࡋჹНࢬம࣬ࡋჹНࢬம࣬ࡋჹНࢬமࡋ    

() ࢬໆڋ႔ሚǵΠज़ύҺཀᒧڗࢬໆǴځࡑᛙࡕۓǴஒࢬ

ೲीܫԿܭᐏෞऊ1mೀໆෳࢬೲǶ 

(Β) җςޕНుyϷۭύॶಈ৩ 50d ǴၮҔΠӈϦԄᆉۭ፦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) ၮҔࢬೲीෳளෞѳ֡ࢬೲVǴԶճҔ၂ளۭ፦ᖏࣚ

௴ೲࡋ cVǴջёள࣬ჹНࢬமࡋ( cVV / )Ƕೲࡋ cVǴջё

ள࣬ჹНࢬமࡋ( cVV / )Ƕ 

(Ѥ) ၮҔࢬໆڋ႔ሚፓελǴԶள܌ډሡ࣬ჹНࢬமࡋǶ 

3.2.4    ၂ᡍНు၂ᡍНు၂ᡍНు၂ᡍНు    

  Melville & Sutherland(1988)[41]ࡰрǴ by / >1.43ਔᐏֽؑ

زҁࣴࡺǴࡋుڇԖᜢǴջНుόቹៜؑࡋНय़ቨ߆ѝᆶᐏࡋుڇ

ᒧۓНు1.5ࣁ ७ᐏޔ৩ǴԶࣁΑ௨ନ״ᕭਏᔈჹؑڇుޑࡋቹ

ៜǴҁࣴزᒧۓᐏޔ৩ࣁၰቨࡋϐ1/105ࣁϦϩǴԶНు8ࣁ߾Ϧ

ϩǶ 

    ၂ᡍਔ໔ڇ၂ᡍਔ໔ؑڇ၂ᡍਔ໔ؑڇ၂ᡍਔ໔ؑڇؑ 3.2.5

  ҁࣴزӧ၂ᡍǴϩձՉߥៈπᆶ҂ߥៈπޑᐏ

ֽؑۯڇਔϐႣഢ၂ᡍǴߥៈπޑଛࣁᕉ୮ࢊဂܭຯ

ᚆᐏޔ৩ΐ७ೀ(ջL=45 cm)Ǵᕉ୮ۭࢊᆶࣳय़ሸѳǶ҂ߥ

ៈπ16ܭλਔԿ40λਔϐؑڇుࡋᡂໆλ2.5ܭ mmȐᐏޔ৩ϐ

5%ȑǴ಄ӝMelville(1999) [43]ѳᑽؑڇచҹǴҗԜё40ܭޕλਔਔς
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ၲѳᑽؑڇਔ໔Ǵ၁ӵკ3-4܌ҢǶҗკёޕೱុؑ10ڇλਔϐᐏ

ؑڇుၲࡋѳᑽؑڇుࡋϐ90.41ʘǴςёкϩ֞ڇؑၲ߄܄Ǵ

Զߥៈπӧಃ8ঁλਔޑനεؑڇుࡋςᛙۓǴӢҁࣴزԑӧ

όӕଛϐߥៈπჹᐏؑߥޑڇៈਏ Ǵ݀Զߚᐏѳ

ᑽؑࡋڇǴࡺҁ၂ᡍ௦Ҕೱុؑ8ڇλਔࣁ၂ᡍਔ໔Ƕ 

 

კ3-4 ᐏؑڇుࡋᐕำᡂϯ 

3.2.6ֹӄวࢤ 

  ೲࡋϩթБำԄϐ୷ҁଷ֡ࣁϬࢬǴԶӧۘݩࢬ҂ֹӄวޑ

ݩΠ܌ໆෳޑၗǴ٠όҔܭϩǶࡺӧᒧۓ၂ᡍࢤՏϐǴ

Ӄዴᇡ၂ᡍࢤϐֹࣁݩࢬӄว(fully development)ݩࢬǶ 

  ԶჹֹܭӄวݩࢬϐᔠᡍǴதҔޑБݤԖаΠѤᅿǺ 

() ቨ،ۓໆෳᗺՏǶ 

(Β) ᜐࣚቫፕ،ۓໆෳᗺՏǶ 

(Ο) Нు،ۓໆෳՏǶ 

(Ѥ) ೲࡋওय़߈՟Ƕ 
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  Ӣҁࣴزϐ၂ᡍНుၨեǴӵ݀аࢬೲওय़،ֹۓӄวࢤၨࣁ

֚ᜤǴࡺճҔ၂ᡍӚࢤНుٰ،ֹۓӄวࢤǶֹӄวࢤᒧۓϐ

ጄൎࢂճҔѳ֡ࢬೲVᆶࣳݝᖏࣚ௴ೲࡋ cV ϐКॶǴջ cVV / 0.95ࣁ

Ǵҁ၂ᡍϐֹӄว่݀ΠໆෳНుǴεऊ8ϦϩǶ၂ᡍϩݩޑ

ࢤՏܭຯΕࢬαऊ7.00m ~9.30mϐ໔ǴӢԜҁࣴزीᐏပ

 Ǵ၁ӵკ3-5Ƕࢤα8.5mೀϐࢬຯΕܭ

 

კ3-5 ֹӄวࢤᒧۓጄൎ 

3.3    ၂ᡍϣ၂ᡍϣ၂ᡍϣ၂ᡍϣ    

  ቹៜᕉ୮୴ჹᐏߥៈਏ݀ޑӢનЬाԖǺȐ1ȑᕉ୮୴ຯ

ᚆǵȐ2ȑᕉ୮୴ޔ৩ǵȐ3ȑᕉ୮୴ଯࡋǶҁࣴزЬाଞჹѤᅿ

ቹៜӢનϩձՉ၂ᡍǴӵ܌ 3-1߄ҢǴයૈගрᕉ୮୴่ᄬނჹᐏ

ؑߥڇៈޑന٫ଛࠠԄǶ 
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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 ᕉ୮୴ຯᚆǵᕉ୮୴ޔ৩ᆶᕉ୮୴ଯࡋ 

  ᕉ୮୴่ᄬނගٮᐏؑߥڇៈޑЬाբҔࣁጨǵᏤࢬᆶૈ

ΟεբҔǶᕉ୮୴ЬाᙖҗНૈࢬໆණǴԶ෧НૈڇؑࢬΚǴ

٬ᐏБౢғࣳݝఫᑈԖਏफ़եᐏؑڇుࡋǴၲ фޑៈᐏߥډ

ਏǶ 

  ቹៜᕉ୮୴่ᄬނჹᐏߥៈਏ݀ޑӢનࣁǺ()ᕉ୮୴ຯ

ᚆǵ(Β)ᕉ୮୴ଯࡋǵ(Ο)ᕉ୮୴ޔ৩ǶϩॊӵΠǺ 

() ᕉ୮୴ຯᚆ 

ᕉ୮୴่ᄬނܭᐏБǴૈڋᐏؑ֞ڇుࡋวǶ

ຯᚆຬၸᖏࣚॶǴᕉ୮୴ߥៈπޑૈᏤࢬᆶጨբҔǴஒ

คݤวචфਏǶ 

(Β) ᕉ୮୴่ᄬނଯࡋ 

ޑࢬБӛΠጨբҔǴ٬ளᐏޑࢬௗቹៜᕉ୮୴ᕵӛНޔ
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ૈໆౢғᡂϯǶ 

(Ο) ᕉ୮୴ޔ৩ 

ቹៜᕉ୮୴่ᄬނගٮᐏᐉӛНࢬጨբҔϐख़ाӢનǶ 

3.3.2    ᕉ୮୴ଯࡋᕉ୮୴ଯࡋᕉ୮୴ଯࡋᕉ୮୴ଯࡋ    

  ᕉ୮୴่ᄬނܭന٫ຯᚆਔǴӢࣁᕉ୮୴ᒿۭڇؑԶ

ӢનϐޑࡋుڇቹៜᐏؑࣁǴёຎࡋफ़Ǵᕉ୮୴ँр၂ᡍࣳय़ଯ؈

Ƕᕉ୮୴ڀԖૈᆶᏤࢬфਏǴऩᕉ୮୴ૈஒᐏෞНૈࢬໆ

෧߾ёफ़եᐏؑڇుࡋǶ 

3.4၂ᡍᡯ၂ᡍᡯ၂ᡍᡯ၂ᡍᡯ    

3.4.1၂ᡍᐏϷᕉ୮୴Ӽᆶۭ፦ᎎ၂ᡍᐏϷᕉ୮୴Ӽᆶۭ፦ᎎ၂ᡍᐏϷᕉ୮୴Ӽᆶۭ፦ᎎ၂ᡍᐏϷᕉ୮୴Ӽᆶۭ፦ᎎ    

  ӧՉؑڇ၂ᡍǴӃஒ၂ᡍҔᐏϷဂኯܭኲ၂ᡍ

ႉߥ၂ᡍҔᐏϷဂኯۓᜐᏛຯᚆǴ٠ዴୁٿᆶኲځǴ٬ࢤ

ࠟǶ၂ᡍ܌ᒧҔϐۭ፦ЬाࣁຫࣳޖࠄǴឦ֡ܭϬಈ৩Ƕࣁዴߥჴ

ᡍྗޑዴ܄Ǵӧԛ၂ᡍ֡ஒۭ፦кϩᠳ٠֡Ϭᎎܭኲ

ύǴӆаЕ݈ѳǶѳֹԋࡕǴӆճҔຬॣݢওय़ໆෳሺໆෳۭ

ওय़Ǵዴۭۓѳ܄Ƕ 

3.4.2၂ᡍࢬໆڋ 

  ճҔᡉҢԄᆅၡЋં႔ሚࢬڋໆӧࣴ܌زሡ cVV / =0.95

ϣǴѺ໒ܜНଭၲࡕǴ໒ۈीਔǴӕਔӃ໒௴٤༾ࢬໆǴډޔНѳय़

ᆶࡕБ׀Н݈ଯϐࡕǴᄌᄌуεԿ၂ᡍࢬໆǴԜਔऊ2ࣁϩដǴӧ

໒ۈෳໆಃԛኧᏵǴӧ٩ೕۓਔ໔ᒵΠٰǴዴۓ၂ᡍࢤНుࣁ

8 cmǶډޔ၂ᡍֹԋǴӆஒ႔ሚڋᜢഈǶ၂ᡍ׀ࢤᆄ0.5 cm

ଯϐᓸլΚ׀Н݈ǴᙖаܩϲНՏᆶٛЗࢬࣳݝΕ׀НԣǶ 

    ওय़ໆෳݞᆶࡋుڇওय़ໆෳؑݞᆶࡋుڇওय़ໆෳؑݞᆶࡋుڇওय़ໆෳؑݞᆶࡋుڇ3.4.3ؑ

  ҁ၂ᡍЬाࢂӧؑڇԿനεؑڇుࡋਔϐਔ໔ϣǴճҔӀᠼຎ᜔
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٬НߐН႔׀Ǵᜢഈࡕ״ᐕਔ่ܭǴ٠ࡋుڇਔ໔ᢀෳԛؑۓೕܭ

ᏞଯǴՠሡᄌᜢഈᗉխԋჴᡍᇤৡǶ 

3.4.4၂ᡍᏹբำׇ၂ᡍᏹբำׇ၂ᡍᏹբำׇ၂ᡍᏹբำׇ 

ҁࣴز၂ᡍำׇӵΠǴࢬำҢӵკ3-6Ƕ 

(1) း၂ᡍሺᏔǶ 

(2) ӼᐏኳࠠܭኲϣǶ 

(3) ᕉ୮ࢊܭ၂ᡍႣۓՏǶ 

(4) ᎎ၂ᡍݞ፦ܭኲϣ٠֡ϬѳǶ 

(5) ໒௴ۓНᓐНጃϐН႔ሚԿ၂ᡍ܌ሡࢬໆQǴ16ϩដϩដ

ᢀෳԛ٠ᒵǴ16Կ30ϩដ2ϩដᢀෳ٠ᒵϐǴ30Կ60ϩ

ដ5ϩដᢀෳ٠ᒵǴ60Կ180ϩដ10ϩដᢀෳ٠ᒵǴ180

 480ϩϐ໔ъλਔᢀჸ٠ᒵǶډ

НǴޑࢤଳ၂ᡍܜНଭၲǴܜǴᜢഈࡕ״ਔ໔ၲ8ঁλਔ่ڇؑࡑ (6)

٬ၰค֖НރᄊǴаႜෳຯሺໆෳݞওय़ଯำǶ 

ᡂόӕଛǴ٠ख़ፄᡯ(3)~(6)Ƕׯ (7)
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໒ۈ  

 

း၂ᡍሺᏔ  

 

ӼᐏኳࠠϷᕉ୮୴୷ᘵܭኲϣ  

 

ᎎ၂ᡍݞ፦ܭኲϣ٠ѳ  

 

᠄ᕉ୮୴  

 

໒௴၂ᡍ܌ሡࢬໆQ  

 

٩၂ᡍਔ໔ໆෳؑڇుࡋ  

                                                    

 ״ਔ໔่ڇؑ

    

ᜢഈܜНଭၲϷܜଳ၂ᡍࢤН٠ໆෳݞሥय़ଯำ  

     ց                      ࢂ                            

Ϥᅿຯᚆֹԋ                     

     ց                      ࢂ                            

Οᅿᕉ୮୴ޔ৩ֹԋ 

    ց                      ࢂ                            

Ѥᅿᕉ୮୴ଯֹࡋԋ 
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   ״่                         

კ3-6 ᕉ୮୴ܭᐏؑڇϐ၂ᡍࢬำკ 
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ಃစകಃစകಃစകಃစക ่݀ϩᆶፕ่݀ϩᆶፕ่݀ϩᆶፕ่݀ϩᆶፕ 

  ҁࣴزճҔኳࠠኳᔕН܄ᕉ୮ࢊဂߥៈπ֡ܭϬᐏ

ෞǴڬځൎݞϐؑఫᡂϯǶؑڇၸำύճҔӀᠼຎ᜔Ǵӕᢀෳᐏ

БؑڇుࡋǴࡕ״่ڇؑܭ٠ໆෳᐏڬൎؑڇుࡋǴϩؑځ

ៈਏ݀ՉߥޑԖڀǴჹᐏނǶଞჹόӕຯᚆϐᕉ୮୴่ᄬ܄ڇ

ፕǴᒧрനߥ٫ៈਏ݀ޑᕉ୮୴่ᄬނຯᚆǴௗаന٫ຯᚆ่ᄬ

ቹៜǹ٠Ъᡂϯᕉ୮୴ଯޑៈߥ৩ჹᐏޔᕉ୮୴ϩނ

ڇჹ෧ϿᐏؑࢬጨᐏෞᕵӛǵᐉӛНނǴᕉ୮୴่ᄬࡋ

ుޑࡋቹៜǶ  

4.1 ᕉ୮୴ຯᚆჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ຯᚆჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ຯᚆჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ຯᚆჹ෧Ͽᐏؑڇϐቹៜ 

  җܭᕉ୮୴่ᄬނܭᐏБՏόӕǴቹៜᕉ୮୴่ᄬ

ނՉϤಔᕉ୮୴่ᄬނៈԋਏǶӢԜǴᒧന٫ᕉ୮୴่ᄬߥޑނ

ຯᚆزࣴޑǴפૈځрന٫ຯᚆǴ٬ᕉ୮୴่ᄬૈނкϩว

චߥៈфਏǴफ़եᐏؑڇుࡋǶ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.1.1

  җკ4-1ё࣮рǴӚ၂ᡍಔӧؑ߃ڇයؑڇుזࡋೲቚуǴೱុ

ᄌቚуǴࡋుڇѳǴᐏؑܭᐕำԔጕ௹ᖿڇǴؑࡕ3λਔڇؑ

ࡋుڇǶԶ၂ᡍวᐏؑࡋుڇѳᑽؑډǴᅌၲࡕ6.5λਔܭ

کៈਏ݀ߥᕉ୮୴ຯᚆቹៜǴวӧL/b=5७ຯᚆਔԖന٫ڙ

L/b=1७ޑਏ݀ऊౣ࣬ӕǴՠӧკύ࣮ډL/b=1७ຯᚆԖܴᡉӣఫޑ

ຝౢғǴӧऊ2λਔъΨԖܴᡉӣఫຝǴځᇡࢂࣁᐏߥکៈπ

ຯᚆ߈ǴᏤठߥៈπࡕБזೲఫᑈϐࡕวғಃΒԛ༥ԿᐏǴԶ

L/b=3ᆶL/b=1җܭᐏӛΠНૈࢬໆλߥܭៈπࡕБϲૈࢬ
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ໆǴߥៈπࡕБఫᑈ୴ၲཱུज़ਔ߾༥ǴԶL/b=2ࣁՖคԜݩރǴ

ෳࢂᐏӛΠࢬᆶᐏࡕБϲࢬНុࢬаᛙރۓᄊࢬǶ 

(0.3)

(0.1)

0.1 

0.3 

0.5 

0.7 

0.9 
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კ 4-1όӕᕉ୮୴ຯᚆϐᐏؑڇᐕำᡂϯ 

 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇؑ    4.1.2

  ᢀჸϤಔ၂ᡍၗวӚಔӧᕉ୮୴่ᄬࡕނБวрঁ

ૈࢬ೯ၸᕉ୮୴ਔǴНࢬఫᑈ୴ǴёкϩܴНޑБԿᐏុۯ

ໆԖཞѨวғǴ٬ளࣳݝวғఫᑈຝǶL/b=5کL/b=6җߥܭៈ

πᆶᐏຯᚆᇻǴ٬НૈࢬໆӧޣٿύૈໆණᡂλǴ܌аߥៈπᆶ

ᐏࡕБࣣԖఫᑈ୴ޑݩวғǶவL/b=6ޑఫᑈ୴ڇؑکుٰࡋ

࣮ǴߥៈπаϷᐏޣٿςёаຎঁঁٿࣁᡏǴฅԶL/b=5ೀܭᖏ

ࣚຯᚆޑݩԶၲډၨߥޑ٫ៈᐏਏ݀Ƕӵკ4-2܌ҢǶ 



ᕉ୮ߥࢊៈπܭᐏؑݯٛڇϐࣴز               

35                ҘεᏢᏢғൔ ePaper (2012 ԃ) 
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კ 4-2όӕᕉ୮୴ຯᚆϐݞᕵᘐय़ᡂϯ 

4.1.3    λ่λ่λ่λ่ 

ᄊΨคރۓᡂϯεǴᛙࢬࢬύ໔НځǴ߈ៈπᆶᐏຯᚆຫߥ  

ྗዴ܄ёղᘐǶᕉ୮ࢊຯᚆ5ࣁ७ᐏޔ৩(L=5b)Ǵёளന٫

ϐߥៈਏ݀ǴL=6bਔǴౢғനᝄख़ؑڇǶӧ5७ຯᚆਔǴय़45

ϩដ҅ࣁதؑڇǴ50ϩដਔБఫᑈ୴Εᐏؑ֞ڇǴၲߥډ

ៈਏ݀ǶL=6bਔǴय़ؑڇుࡋε5ܭ७Ǵၲѳᑽਔ໔ϐؑڇుࡋΨ

К5७εǴL>6bਔߥځៈຫٰຫৡǶ 

 ៈਏ݀ߥޑόӕᕉ୮୴ຯᚆჹᐏ୷ᘵౢғ 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 ᕉ୮୴ޔ৩ჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ޔ৩ჹ෧Ͽᐏؑڇϐቹៜ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.2.1

  კ4-3ࣁόӕᕉ୮୴ޔ৩చҹΠϐᐏനεؑڇᐕำᡂϯკǴᢀ

ჸวόӕᕉ୮୴ޔ৩ਔǴᐏനεؑڇుډၲૈࣣࡋၨλॶǴؑ

6.5λڇቚуᄌǴೱុؑࡋుڇᐕำԔጕ௹ၨѳǴᐏؑڇ

ਔǴᐏؑڇుࡋևрѳᑽؑࠠڇᄊǴؑڇుࡋᖿܭ߈ۓڰॶǶ

၂ᡍϩࡕวᐏؑڇుڙࡋᕉ୮୴ޔ৩ቹៜǴᕉ୮୴ޔ৩ຫ

λǴᐏؑߥڇៈਏ݀ຫৡǶᕉ୮୴ޔ৩ᆶᐏޔ৩࣬ӕਔǴӧೱុ

ೲᖿِࡋుڇೲวǴᐏؑזᐕำڇਔ໔ϣǴᐏؑޑ3λਔڇؑ

 Ƕࡋుۓڰܭ߈

  D/b=0.8ӧ1λਔъਔǴԖӣఫຝౢғǴΨࢂӢߥࣁៈπࡕБఫ

ᑈ୴ပԿᐏǶޔ৩ᡂϯѝӧܭௗНࢬਔ୴ᑈय़ᑈᕭλǴቹៜ

ᐉӛНࢬᡂ౦ၨࠟޔНܴࢬᡉǴҗკ4-3ё࣮рD/b=1ǵ0.9ǵ0.8ჴሞ

 ଛǶޑၨ٫ࣁৡ౦όεǴՠD/b=1ϝࡋుڇؑ
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კ4-3όӕᕉ୮୴ޔ৩ϐᐏؑڇᐕำᡂϯ 
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 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇ4.2.2ؑ

  җკ4-4ёޕǴคፕᕉ୮୴ޔ৩ᡂϯǴᕉ୮୴่ᄬނჹᐏ୷ᘵ

ԖૈǵጨᆶᏤࢬਏ݀วғǴ෧ϿᐏനεؑڇుǴᐏ߆Н

य़ϷङНय़ۭଯำ֡ࣳݝڙఫᑈቹៜǴ٠Ъِೲܭࡕวғఫᑈ

ຝǶᕉ୮ޔ৩ᅌᕭλǴᕉ୮୴่ᄬނคݤஒᐏෞНֹࢬӄ

ጨǴаठܭᐏӛΠНૈࢬໆණόܴᡉǴᐏ୷ᘵߥៈਏ݀ၨόᡉ

Ƕᕉ୮୴ޔ৩ᆶᐏޔ৩࣬ӕǴᕉ୮୴่ᄬֹૈނӄጨᐏ

ෞᐉӛНࢬǴ٬НૈࢬໆණǴߥࡺៈਏ݀ၲډനރ٫ᄊǶ 

-2

-1

0

1

2

-10 -5 0 5 10 15 20

z/
b

L/b

no protection

D/b=1.0

D/b=0.9

D/b=0.8

НࢬБӛ 橋
墩

 

კ 4-4 όӕᕉ୮୴ޔ৩ϐݞᕵᘐय़ᡂϯ 

4.2.3 λ่λ่λ่λ่ 

  ӧ࣬ӕຯᚆǵଯࡋᆶ၂ᡍచҹΠǴᕉ୮୴่ᄬޔނ৩ᆶ

ᐏޔ৩࣬ӕਔǴ߾ᐏ୷ᘵڙനߥ٫ៈਏ݀Ƕᕉ୮୴ޔ৩ࣁᐏޔ

৩0.8ޑਔǴᐏ୷ᘵߥៈਏ݀җ19.7ʘफ़եԿ18.2ʘǴߥៈਏ݀ऊౣ

෧եǹᕉ୮୴ޔ৩ࣁᐏޔ৩0.9ޑਔǴᐏ୷ᘵߥៈਏ݀ΨѝԖ18.2

ʘǶҗԜёޕᕉ୮୴ޔ৩ᡂϯჹܭᐏֽؑڇቹៜࣗλǴᕉ୮୴
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ࢬǴᡣНࢬጨᐏෞНૈނ৩࣬ӕਔǴᕉ୮୴่ᄬޔ৩ᆶᐏޔ

ૈໆණǴ٠٬ϩН۳ࢬᕉ୮୴ୁٿᏤࢬǴᕉ୮୴่ᄬߥނៈфਏ

ёวචǴӢԶᐏ୷ᘵᕇளനߥ٫ៈਏ݀Ƕ4-1߄ӈрόӕᕉ୮୴ޔ

৩ჹᐏ୷ᘵߥޑៈਏ݀Ƕ 

 ៈਏ݀ߥޑ৩ჹᐏ୷ᘵౢғޔόӕᕉ୮୴ 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 ᕉ୮୴ଯࡋჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ଯࡋჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ଯࡋჹ෧Ͽᐏؑڇϐቹៜᕉ୮୴ଯࡋჹ෧Ͽᐏؑڇϐቹៜ 

  җܭᕉ୮୴่ᄬނᒿۭڇؑԶ؈फ़Ǵᕉ୮୴ଯࡋȐHȑࢂց

ᆶ၂ᡍНుȐyȑ࣬ӕǴᕉ୮୴ଯࢂࡋցቹៜᕉ୮୴่ᄬނჹᐏ୷

ᘵߥޑៈਏ݀Ǵࣁҁ၂ᡍࣴޑزख़ᗺǶ௦ҔѤಔόӕᕉ୮୴ଯࡋ

Ȑ15cmǵ12cmǵ8cmǵ5.4cmȑǴՉᐏؑڇਏ݀زࣴޑǶ 

 ᐕำڇᐕำؑڇᐕำؑڇᐕำؑڇؑ 4.3.1

  җკ4-5ёޕǴᕉ୮୴ଯࡋեܭ၂ᡍНుH/b<1.6ਔǴؑܭ

ᆶНుሸѳਔǴೱࡋջܴᡉቚуǹᕉ୮୴ଯࡋుڇයǴؑ߃ڇ

೯ၸᕉ୮୴БǴࢬफ़ǴН؈ᕉ୮୴ᒿۭܭǴҗࡕ1λਔڇؑុ

Զ٬ᐏӆࡋӛΠڇుǶH/b=2.4ёຎࣁH/b=3ǴନΑځፂڇᐕำ࣬՟

ϐѦǴؑڇుࡋᆶওय़კऊౣ࣬ӕǴࣣޣٿёֹӄጨᄟෞН

ъλਔᆶH/b=3࣬ǶH/b=1.6ࢬ ՟ǴЬाচӢࢂԖጨᐏෞН

य़βࣳΠफ़Ǵԋᕉ୮߄ᕉ୮Ӣࡕៈਏ݀ǴԶၸΑъλਔϐߥډၲࢬ

༈Πफ़Ǵ٬ᕉ୮ଯࡋեܭНय़ԶคݤጨෞНࢬǴԋؑڇу

ೲǴߥ٬ៈਏ݀όᄆǶH/b=1.08Ӣᕉ୮ଯࡋեܭНय़Ǵคֹݤӄጨ
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ෞНࢬǴߥځ٬ៈਏ݀ό٫ǴځԛҗܭБߥៈπؑڇໆλǴԶ٬

Ǵόૈևىβࣳໆό֞ڇБఫᑈ୴ໆΨϿǴပԿᐏؑࡕៈπߥ

рߥៈਏ݀Ƕ 
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კ 4-5όӕᕉ୮୴ଯࡋϐᐏؑڇᐕำᡂϯ 

 ᆶఫᑈ୴ϐᕵᘐय़ᡂϯ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇᆶఫᑈ୴ϐᕵᘐय़ᡂϯؑ֞ڇؑ 4.3.2

  җკ4-6ёޕǴᕉ୮୴ଯࡋλܭНుਔǴҗܭࡋଯࡋ

วචጨᆶૈфҔǴ٬ளݤаค܌ៈǴߥډڙ٠คࢬНࢤНय़೭ډ

ᐏڙӛΠНࢬቹៜౢғၨεϐؑڇుࡋǶᕉ୮୴ଯࡋλܭН

ుਔǴᐏࡕБϐఫᑈ୴ၨεǶࣴղځচӢࣁૈբҔၨ১Ǵࣳݝ٬

คܭݤఫᑈǴԶНࢬԿᐏࡕБ܌ठǶH/b=1.08ᜪ՟ܭНύ

εҡᓐǴߔᏲНࢬਏ݀όεǴӢࢬࣁೲຫௗݞ߈य़ຫλǴૈໆΨຫ

λǶ܌аቫНؒࢬԖډڙҺՖߔᏲࢂᐏؑڇᄊکคߥៈπࠠᄊ

࣬՟Ƕ 
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墩

 

კ 4-6όӕᕉ୮୴ଯࡋϐݞᕵᘐय़ᡂϯ 

4.3.3 λ่λ่λ่λ่ 

  ၂ᡍวǴऩᐏෞᕉ୮୴่ᄬނଯࡋεܭ၂ᡍНుǴ

٠Ъӧ၂ᡍය໔Ǵᕉ୮୴ϐഗᆄࣣӧНय़ϐǴНࢬคݤҗᕉ୮୴ഗ

ᆄྈࢬǴ߾ᕉ୮୴่ᄬֹૈނӄጨᐏෞНࢬǴЪᕉ୮୴่ᄬނ

ჹᐏ୷ᘵߥޑៈਏ݀ૈวචрനεਏҔǶҗԜ၂ᡍၗᘐۓǴऩᐏ

ෞНֹࢬӄ೯ၸᕉ୮୴่ᄬނǴቹៜᐏؑޑڇӛΠНૈࢬໆஒ

෧১Ǵ٬ளᐏനεؑڇుࡋफ़եǴၲߥډៈᐏ୷ᘵޑਏ݀Ƕ

ᕉ୮୴ଯࡋλܭ၂ᡍНుǴځჹᐏගߥޑٮៈਏ݀ό٫Ǵ4-3߄

 ҢǶ܌

 ៈਏ݀ߥޑჹᐏ୷ᘵౢғࡋόӕᕉ୮୴ଯ 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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ҴҴҴҴǵǵǵǵ่ፕᆶࡌ่ፕᆶࡌ่ፕᆶࡌ่ፕᆶࡌ 
  ҁࣴزЬाа࠻ϣНπ၂ᡍኳᔕۓໆݩࢬࢬΠǴᕉ୮ࢊܭᐏ

ෞǴᕉ୮ߥࢊៈπჹᐏؑڇϐ෧ਏ݀Ǵܭ٠НࢬӢન(࣬ჹ

Нࢬமࡋ cVV / =0.95ǵ࣬ჹНࢬుࡋ by / =1.5)ᆶݞॶۭ)܄ॶ

࣬ჹᕫࡋ 50/ db =81ǵݝ൳Ֆྗୃৡ gσ =1.24)Չ࣬ᜢ၂ᡍǶ

ၸׯᡂᕉ୮ޑࢊຯᚆǵᕉ୮ޔࢊ৩ǵᕉ୮่ࢊᄬނଯࡋచҹ

Չ၂ᡍǴᙖаᕕှόӕଛϐᕉ୮ߥࢊៈπჹᐏؑڇుࡋϐቹៜǶ

җ၂ᡍၸำǵ၂ᡍᢀჸϷ၂ᡍϩёаளډΠӈ่ፕᆶࡌǶ 

5.1 ่ፕ่ፕ่ፕ่ፕ 

1. Ӛᅿᕉ୮ࢊଛࠠԄϐᐏനεؑڇు֡ࡋวғӧᐏෞ

ጔǴᕉ୮ߥࢊៈπϐؑڇు֡ࡋၨ҂ߥៈπਔλǶ 

2. ᕉ୮ࢊဂܭᐏෞϐຯᚆ5ࣁ७ᐏޔ৩( bL / =5)ਔࣁ

ᖏࣚനεॶǴᐏؑڇ෧ऊ19.7%Ƕคፕຯᚆᡂ܈߈ᡂ

ᇻǴځ෧ᐏؑڇుࡋਏ݀֡ᅌԛᡂৡǶќѦǴຯᚆ

bL / =4ਔǴᕉ୮ࢊဂߥៈπߺ෧НࢬૈϐਏᔈคݤᘉϷܭ

 ѝഭ9.1%Ƕڇ෧ਏ݀ǴӢԜǴ෧ᐏؑߺǴԖֽ

3. ᕉ୮୴ଯࡋȐ 4.2/ >bH ȑڀԖጨᐏෞНޑࢬਏ݀Ǵᕉ

୮୴่ᄬނଯࡋᔈεܭ၂ᡍНుᆶ၂ᡍՉύᕉ୮୴Πफ़

ϐଯࡋᕴکǴёᗉխНࢬҗᕉ୮୴่ᄬނഗᆄྈࢬǴᛙۓᐏ

ෞН٬ࢬНࢬҗᐏୁٿᏤࢬᗉխНࢬύຝǶ 

4. ᕉ୮ࢊคݤӵႣයᒿӦ༈Զ؈फ़ǴฅԶᕉ୮ࢊϝԖᏤࢬਏ݀Ǵ

ோځૈਏ݀෧ϿӭǶԶᕉ୮ۭࢊӢؑڇϐؑ֞ڇᆶۭ

ԖࢤຯᚆࡕǴۭНࢬΞ໒ڇؑۈǴԋڇؑుࡋуుǶ 



ᕉ୮ߥࢊៈπܭᐏؑݯٛڇϐࣴز               

42                ҘεᏢᏢғൔ ePaper (2012 ԃ) 

5. ᕉ୮୴่ᄬނຯᚆ௦Ҕ5७ᐏޔ৩ȐL=5bȑǴᕉ୮ޔ৩

ᆶᐏޔ৩࣬ӕਔ(D=b)Ǵᕉ୮୴่ᄬނଯࡋεܭ၂ᡍНు
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 ࡌࡌࡌࡌ 5.2

1. ҁࣴزଞჹНѳڵफ़ϐమНؑڇ၂ᡍǴҗܭѠӦឦڵଥࢬ

࡚Ǵᆶݞο܄όϼठǴ҂ٰёଞჹόӕࡋڵՉ၂ᡍǶ 

2. ҁࣴޑزНుۓࣁॶǴёᙖҗόӕНుՉ၂ᡍǴۯ՜Нు

ჹᐏؑߥڇៈਏ݀ϐቹៜǶ 

3. ၂ᡍၸำύวᕉ୮ૈࢊ෧НࢬமࡋǴ٠ӧ༝ౢࡕࢊғఫᑈ

୴ǴᡉҢڀԖౢڇؑלܢғఫᑈϐਏ݀Ǵёஒᕉ୮ࢊ၂Ҕܭ

ၰϐؑݯٛڇǶ 

4. ҁࣴࢬۓڰࣁزໆǴёଞჹόӕࢬໆՉ၂ᡍǴǴፕόӕࢬໆ

ჹᐏؑߥڇៈਏ݀ϐቹៜǶ 

5. ाஒኧᏵᘜϩǴࣴزрᡍБำԄǴගٮаࡕᏢୖޣ

Ե٬ҔǶ 
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