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間g．6．82 T鶴tmddof血gぬ托eme誠∬飽1租t  

Fig．6．鑓 Dm靂血gdlぬe感s也∞d也伽血k  

F短．6．糾 散珊鮮8p血d血血血g血  

刑g．6．＄5 PbWer塁阿tmmd亜印1aeem班t  

恥6．鮎 Sぬ脇Ⅰ血eem也tt，feユ亡W虚k  

隅g．7．1ba血喝叩紀和雨也out00ble  

椚g．7．2 Cables叫弧d一句U血ddble8∝donalar飽  

鞄．73 C血1e傭i妙t独d呵血d血Ie8既也○血ar堺  
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CHAPTERS 6～7  

A  ：釘n西山deof田blevあmdon  

B  ：Wid也dbdy  

Cd ：血甘g00e伍dent  

CI ：dymic放00e伍dent  

C， ：nOnN血ensionalpressurecod五cient  

D  ：Cable血mder  

fれ  ：mtml鮎坤en呼d田ble  

L  ：但bleleng也  

m  ：dblema駆pぼ血tleng也  

Pt ：CO□虐¶mdenαgy  

Pp ：血agぬ虻e  

PY ：mputen叩  

R● ：Re卵胞nu皿bα  

S   ：S血血b＝血血ber  

Sc  ：訣：nlbnNu皿ber   

u（り  ：Ydod呼餌dma血nf皿don  

U  ：m飽nWhdvdocity   

U（り ：Whdvd∝卸血ndon  

V  ：Whdvd∝吋  

VI ：rducdwindvdodty  

W  ：血twei由tof由bk  

Y  ：doubleamplitudeof也ble  

β  ：y郡血g皿劇eof飽ble  

∂   ；lo如他山ied珊e丑td蛍ble  

β   ：払dhd弧gkofcable  

〝   ：庵e蝕i呼∝栂践de血  

：血demi呼  

：血em且出だ蛸島00Si呼  

出   ：na血相lc血血殉じency  

Ri ：飯南血g劇usdwi托S  

α  ：rd血ncoe伍dent  

α。 ：血doneo血ientd（温ble  

β   ：α虎p00e伍d丘8t  

β。 ：α既pα〉e伍dentofcユ規e  

∂   ：Spa既betweenw血盟  

∂。 ：Ⅴαヒi飴1曲pl祇ementatC孤terQfc血Ie  

β   ：叫皿如ばs∝ketw姐  

β   

亡  

君  

£  

g  
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：ben血gan癖e  

：S血ofcable  

o ：i血血h血惑ぃガ例b18  

：ela＄dc8血ofeable   

：pl舶dc血ddble  

o ：i出血1das血s血d窃ble   

β   ：出血onanglebetween8∝ketand姐oyc誠t  

J  ：Sせes8mge  

け．  ：血lowablesせess戚封X虫dc08e  

αb  ：8eeOn血ⅣS加持  

J。  ：S仕e880f亡包ble  

α由  ：mean弛飴80fwke  

J． ：仙台鹿Sdsock一式  

α－  ：a血18血Ofcable  

α。 ：ddma短軸g払of血  

α之   ：Stn抱S血血1d血tionof＄OCket  

α■  ：b00pS他Ofsock吐  

けu  ：山肌山岬8u托Of80CketⅡle也l  

α8   ヱhi血油8dcさ国母  

dα  ；払馳鵬血g也d細慮威  

J  ：匹mmetααn加血g血ed印蝕d飽t鱒叫鹿野  
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CHAPTERl INTRODUCTION 

1．1no辞℃8温血Cabl鰯OfCableS叩pO虎d8蕗噛es  

Stmctuz3lmembe柑SuChasdblenaterial＄havebeenusedformanybridgesforalo皿g  

血e．TheBmok如Bddgち00nS加Ctdh1883，WaS也e五指tmOdemsuspensionbridgeto  

ad叩tSted血払ぬ血血bles【1】．Since也也，也eu紀d肉細kls触Ⅰ扇ー鴎h也e  

maizLdble台Ofsus匹nSionbridgesha＄beoomecommon・netendestrengthofthe8ted  

wires usedin cables has notbeenimprovdibr more than a h由fcentury，femainingat  

155－160kgUmtn2（1，520－1．569MPa），AncetheG切rgeWashington Bridgew3SbuiIti・）  

1盟1．Sizeofwぬ血ど血叩親8p弧d皿bd砲塔We托5mmh血虎αh也i塾址e飽叫  

証Ou追払ewod乱 mem皿berBridgち00n血吐血h19軋wb女血ぬs也ela喝飴t鮎血嘩如  

d1410m虹鱒蝕taSSb刑hTablel．1パぬd叔＝池eぱ也細叫1e・InJapm，8t恍Iw払出  

雨也a ten8止e＄せ鴎g血d160k或bm2（1，脚MPa）wereⅥSd血rs恨p也Sion bddges  

M虚血虎由皿也∞mple血nof血eM血miBi誠一知Bddgちb都南喝am血＄p独dll00m，  

h19鍋∽．Pm許蝕虚血t飢8遺e如飽g払d軸血i昏如Ⅶh鞄1・1・   

AsthespaJ18inmse，thedeadImd血gontheBuS匹n9ionstnICttuerisesllmFOYed  

皿水d山岳仕蝕g血isan曲dvewaytor血ce也e血td也胱血hgdeadlo濾魯′急迫dh也払  

re＄peCtthed即ek）pmentOfcal）1ematerial＄withsu匹ー－hightensilestr飽gthwouldbeagr飽t  

8加地㌍．R打払eÅね血Ka卸oBddge，h卯血書am血spmofl鮒Om，也ei虚血d朗i辞  

由皿d如く温血血1e－ペコblesy8t餌n皿de川馳Of卸Ⅵ血d或感W払出ば160蜘血2臥  

M毎鮮血ぬb卯8k飽d餅Otdb也ed餅ebpm咄td8u阿一極金ぬg鴎8tedwむ飽，通d  

l紳k或bm2（1，765MPわW加盟dl血gぬーき血癖か飴飴色ystem細雨a00七色叩也娃  

8血Ctu血ぬ画弧h卯ebe孤d瑚附．取払噸韮鮒k離血£雨ー倒Wαea血pt由  

fort血eJmidble80ftheÅk血iKaikyoBzidge，aJ）diti8SChedutedtDbeconpletedin1998  

闘ぃ羽叩頼地心叩馴嘲胞隠撼闇ble血喝也血吋ぬ＄00虚血ut成仏don鮮血g也e＄p弧d  

紬Spe鮎払nkid音感．   

馳畑飢血感触蠍伽沌細野虻劇痛独適地→或呼感通辞鰭も8邸m血鮎血最dk成仏e  

19打払Itis00m搾は伽dy脚ぬ也忠ぬ伽呼d也88u8押通i孤b如g由一 伽S鵬m8M戚  

取i鞄8聞各地8触m血m磁ぬl針塁画地gち皿或m鵬癒血19弧 ℡熟モT鮎知ぬト且飢髄  

馳Ⅶ血血蛇無感hlお7，雨ぬam血嘗騨助成褒犯皿，蝕戒血脇如かぬ凍坤地感糎  

d即dopn也tOft山8ⅣpeOfbddgL V血8Qble一山ydbdd卵We陀b血tm血相h  

G亡m叩hm也el捕，8b血e197的・鮎血叫beαu舵OfeひnO血c皿d▲飴血e血  

均如掛倒ぬ通関＝画野庖ぬ壷血ぬ側机鵬呵卿鹿沌鴎匪明酎蜘再鹿  
添
還
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cable［12】．Fig・1・2shows the histodcalchangei血Cables dcable－Stayed bridge．The  

compansotlbetweenthetwbSyBtem＄isshowniAFig．1．3．TheTataraBridge，theIqgest  

飴ble－St叩dbdd㌍h也ewodd血gam血sp弧Of890m，isnowund打00n＄血Ction弧d  

itis8Cheduledtobecomplddh1999［1乱 丁hed即elopmentofnew－tyPeCablesmakesan  

缶Sen血1con扇b血onto也ea如弧C切1蝕tOfαble一ぬydbdd群数  

constmctedallovertheworld【6，7，8］．Thisbridgetypevariesかomshortspantolongspan  

ontheorderoflOOOm，Whidlistherangeofsuspensionbddges．Td）1el．2showsthelistof  

lo喝田ble－Sbydもddges．Tbe血pmYdt∝山里飴OfshlCt血画Sisusmgcomputem  

wαegeatIy曲ctiveinleJlgtheniJlgbfidgespan，andamongtechnicaldesign血ctorsthe  

血1邸p】ay也em憬t血匝t∫de血Ⅴ巴ylo喝∽ble－Sbydbddges・   

Thecable島ぬr8teelcable－8tayedbridges tlBedtobemo細yb血edco弘zopes．Spiral  

mp偽Wαea血ptd血a鹿w由b王e－ぬyd軸．bJa騨m，此e也eXabuse鮎dge舐td  

h1960，mOS郎lo血d¢○止mp翁W訂eapphd加悦ble－ぬydbI叫gesh也ee祉妙yeam【9】・  

h1970，8bpr血ぬtdp血1dwkes如n血wαeu邑d如也eToyo姐b鮎dge，血ce也弧  

the use of pa血Ielwire stnzlds ha8b∝Ome CDmnOninJapazL［10】・Asfor FreStrWed  

00肥ete蛍bk一鋤ydもdd官邸，匹飴せ鰯hgst恍1me血bぼSSudasst恍Iwむ飴，或ed＄血ds，  

弧d＄tedb鵡Wereb孤iq山yusd．鮎血epr飴加治Sd008α虞e血1e－Sbydb血g尊adoptd  

lα虫d00辻mpes血p訂alldw汝e如md8．   

ne8d∝血nofaQble糎誌血s鴎d印飽d也tO皿也ed飽i騨＝md感onof也e  

cahle－＄tayedbddge．hthedesighOfaGlble－Stayedbridge，iti亀COndぬ・edthatagizd訂be  

dJ8tjcal＆BuPPOrtedbystaycableswh訂亡theyare血d．lnthee訂Iy血ysofロbl亡－8tZLyed  

bridge8，thedblesuppo血ginterdⅥ髄00nSiderab炒long，being30to50mormore・This  

耶tem呵血b地点血曙e如訂8戚皿血ebala曙eb組曲喝mOme血be加een也e  

＄up匹血鳩卵h也姐dala曙e∞ble8∝血n00nS誌血gof色即離1sm山一Sizd鱒■ 払椰  

d恥n伽y b血㈹a g卿ぬ亜dα郡毎飽血相pちW出血呵血a血警e md  

印mp馳鵬由s血d∬eh8ide也e由d邸b8pby如d血也em▲ 血8p弧Sd毘ble－8叫d  

扉dg飴払呼e脇d，也飴edi姐dv弘也g尊h感b珊e騨倒t喝飴‡胎血妙血也e蝕hgp痢Ⅷ陀  

d血皿ymp倒b地色紬．Tb傍epmblem＄00u姐be組付d吋血p血gam山軸Ie一也ue  

野8t麟扇也皿○抄－S触md蛍bl飴，b朋心Seit血相地色血肋whgaか独t咤尊；   

めG録dぽ8∝tぬ瓜Sモ弧bedesi騨dsm址α丑SS叩押通喝血＄b∝Om8＄ 

b）Amo妙一塁血血18狐ed8nOSpl呼貌d戯飴，叫祉血脇㌍8触Gmbe色血p鎚d．   

d触感喝p耶腫dwebe00me＄ mOre成d伐t皿d恍OnOm廟 b∝au8eaS叫dbk血＄O  

SビⅤ既出a輌e陀C鮎n血1e．   

のA弧倒nb蝕g独d00m感聞rp血gwo血色t也e8itec弧be亜血由江a蛍bleぬ亜  

b且lのmion叩t∝dYeby亡r．   

R髄88触 血血g o血 塊e 血αe虫Se血 也モ 8ねk d由ble一喝虚 b撼dg噂，也e  

肌1郎㌻qぬ1e呼さ細雨払mon軒ぬ細助bl鴎血豆00metOもe扇d卸叩頭d鮮○哩d也e  

wQdd如血血r瑚予畠血瓜血払晒血e00脚血desi動感睦e戚b通血gきt也e  

感晦孤W亜ぬ旭也dc相島0皿＄払1l．hJ叩m，姐戚也¢托¢entlo喝飴bl㌣池ydbddg偽  

doptedthissystemu8iJ）gtheDeWlyde▼dopedαhle・thati8・thepre－0姐tedp8ralJd鵬re  

1．2 Caわ1eT押e80fCable一触yedBddges  

Tbe8t町C濾1怨肛eOneOf也emostim卿弧tm融血da00ble一曲yedbddge．h  

mosteas飽，叩血1mpes，l血00血相peS，騨m11dwke亀触m血勤db亜QIwむes旭n由訂e  

used知BtayCablsofcable－8tayedbddges．Theycot19istofcy血drical1yshapedsteelwke9  

withadiazn血approxizn坤5to7mm・A7mndiameterwii8tyPicallyisused血paraJleI  

Wkes蝕m血如也e8也y00blesof由ble一台bydb血ge＄，細山ea5mm血dぼWkei8ⅦSd  

h也em血¢ぬ1esofsⅦ8阿Sion噸・S加地由c地d鵡ー叫血由触也eぬy  

瓜ble＄訂e袷血駄椰S【14】；め∧比由10adb血gハ飴匹dり，b）軸皿dぬblemo血1usof  

d網鮎鉦y，d Hi癖＝如廃駅＝肥壷心血喝．d）0Ⅶ印紙tα闇－SeC血n，匂＆ほein comion  

p咄姐d f〉Ⅰね8eb鮎血g旭dhs也ぬd皿．  

Ⅵ旭呼pi001切〉怯Of瓜bles如rdble－ぬydbddge＄訂eぬm椚g．1、4a岳代辞rdb也倒e  

A画m匹h祖80me血血噛舶a8t呼由ble．Wb軌也ewぬof軸m匹訂e  

上感也11y血d鴎don夢心旭血8b血e伽m匹dn鰯虚d血e8加地dbk鰯画地皿d打也e  

血dhg．F肝他誌代且SOn，也8m虚ulⅥSdd誠dd吋Of88画叩b∝○血鶴u舶也u邑 To  

d血地点曲鴎押倒触血辞ぬvetobe感Ⅴ飽b血iti8舶血 Abutahaげd也e  

breaking8treJ）gthi8geJlerauyuSedbrtheFratretdhghadandtheloAdinghastobekept  

血mの托他紙靭血Ⅶ臨池，血a如血髄fl乳 恥蝕如㌍誓感on冬群e頑，8e守成  

Sp如1mp倒a托bbebu止血dhba相加畑α孔明11祉e8ぬ匹癒也e8il＆ A8pi血相pち  

㍑7mmh戯画i冬也e如騨治tⅦe餅℡心血血ー他山e－§均虚血卸治，hvi喝abr由姐g  

油呵嘘狛腋ぬ血1β00伽fく9卿蜘t蓬倒．Aはwぬ翫鮮血虚血如ー騨触感か纏血t  

明糟払m玉ti温血既払1e印0頑b伽8d也e旭奴・恥垂払e柁血鰯¢h血鵬噸  

如d払i砂地聯飯鮎甜－′葡萄脳 髄馳機1きボ山啓t磯建萄轍繊亡財‘幽挽義感触由感   

由如al眈k威′通釈咽ち也81呼8仕加ニt離d加ぬ誌q血∧也e朗哩e払tbtdき8画  

m匹叫血eou吐血yer00n∃血bdw咄血匹血3u血恥且Z－Sh匹．Al∝kd∞il  

湘鉾淘酎晦牒即相通旭齢ぬ由感軸Ⅷ糾噂画山間．胡適騨翰加ゎ血血g誌曲○醐  

準軒凝血必融卵油ぬ加減血地軸噂側画喝血潮蝕…極地融通頗e  
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弧血0血gpルC血ち血血ⅥSlahdouswo血 Besid缶北山s・SeV打出s触皿d＄h都l反be  

a＄Sembledinto one stay偽ble血 allcables wereinstanedin order to apply  

00正OSion－pmt∝血n虞也es辻ちu8hg叫何丁s也fbl血g，放ea見知a批・   

由longぽdble一曲yd旭dg倒b即e00me b be00mShldd血r∝咄ty飽rS・也e  

mtlld－Cablesystemh舶b∝○皿ePOp血r・Inthemuld－dblesystem，iti8Prehblethat  

eachstaycable00nSistsoEa血glepr由bricatedstnJ）d・thtis・amOnO－StrandcablelI皿the  

de＄ign ofalong血1e－8tayed bridge ofmu旭－Cd）1e typewithJnOnO－Stnnd cahles・a  

血08叶dble逼rq血bpss傍白ab血g＄加血g也ofmore仏祖2・00Otod（19・600kN）・  

htemsofcablelength，theQblelengthshouldbe如ut500mwhenadble－＄tayedbridge  

ぬ8am血sp血Ofl，00Om．恥rexample，也e卸t偽bkof也eTぬraB舶㌍ⅥS  

des卸dbbⅣeabr血g8ぬg也d2，亜0ぬnf（孔別OkN）孤dale喝血of465m・   

R叩i代m飽飴ぬrm¢nO－＄触md偽blesdam血滋一血1e8yStemdalong飴ble－8叫d  

旭dgeぴeh心血誠血址ows；   

a）It8bo山db卯ea晦hbr血g紐eng血d mo托也弧2J氾Oto血（19，600k杓，W址血誌  

ahut3血偽足めα也弧也戒Ofaconv蝕鮎血相匹αS血d，餌血纏al∝kd00n  

mpeora騨亜d血e8ぬd．   

切It血odd如Ⅳeahiめ独dぬbkmo血1usd由s鹿軌 ¢○朋叩叡山y，aqble00m匹Sd  

dp甜畑d血isd出血1e・   

dItsb山dbe卿血b血加d，hdu血gacon髄io正一pmt∝donl町野b亜m血tew。8bn  

匹Ot血gwo廠水仙esi短．   

Howevα，也e00Ⅳenぬ血叩αも血d8b卯e也e血はowhgproblemsbbeapp鮎d加  

皿8nO－S出血d曲ofamdd一血1e野Stem．  

ABforhdically8tnndedrope98uCha”SPirdropeiJldal∝kedcoilrt｝Pe・theyalsohave  

如ぬmen血脚力1伍n，也atぬ，n閻恐＄i伊東匹廠血姐喝【15】・Ev咄ばi卵血g弘也呼WO血d  

notbe叩p拡由b金地野d恥dab喝Cぬlかぬy由b軸b∝a瀞8dlow皿0血h毎d  

軸如軸．In也モde8i伊d8魚ble－8均dbddgち也8S鮎d地色輌eis好餌勒  

血血ue血Cd毎払e皿血山通dd舶追d呼da血Ie始也e8押ninqⅦ怜払 下海・1・5血樽也e  

∞触感如札d払emo血1喩註dd滅郎呼ー血t感ぬ也e侶ぬkl咄g払ぬ細a画地l祉da  

掴軸庚伽山地如＝如如如絢爛頑ぬ〆蝕沌卵細胞臥助は嶋細川画血畑  

山stjdtyispr血blehrastay伯bleofalongcable－Stayedbddge・ThisislnOtJlerreaSOn  
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DeaSuredatanactua1日bIe－Stayedbddgewith a main spaJ10L490EEl【㍊】．The丘ICtOrS  

血喝也sYあm血n，Su血誠S血∝mu如翁S皿d亀血血血血mp血g，訂eem血dby  

u血gwind t皿nd tests aAda叫sis．Itis shownthat therespon8e amplitude can be  

飴dm叡d atⅦdou8dampi喝1eveb．Tbeぬt d也e v隠hdⅦCd扇bm血n on也e  

b威喝血t如es如血g血i亀即血虚血あーぬydbl飴dalo喝C血1e一塁叫dbdd騨雨也am血  

鴎mdl00Om．   

m馳，a画cmea8ur朗ぬーさぬycab】ea騨iがt血db柑do血且托血Ⅴ怨如t威＝膿hg  

Wh止血l皿d t伐短【鋸，5舅．A8感顔d叩血em也鉱e血d out bl町n about也e  

血ma血n且ndb血卯iorofwat鮮血rd由叫成k8血wben血血払no∝u蕗．Amou此  

弧dl血onof血dv血b訂em窃虚批d姐d地軸．Ⅴ濾otlSt怨也und廿8imⅥ1或d  

rainihll訂e Carried outin order toinvesd由te the vibradon色tlPPr尊Sing血 of  

き血e一肌由蝕dロu飴・Ⅴ濾○Ⅶ＄鱒Pdm軌也肛e also血d out co此血g也e  

血血ipbe加茂n也esw如em喝血怯S独da血匹a血e卿pぜ厄飽，8ud＝はdねg如r鴎  

祖d匹尊皇We血扇budomltis匹htdo止血止a＄upePlongcaぬ鋤ydbdd鮮血淵匁a  

例ble hⅣhg not o卸a親p騨，軸hg d熟成血沈血的al珊血喝血化色 Alow血相  

a軸叫S也ble飽ble而也a騨触md8血誌既pdm叫血粥d．叫，b  

血d地血d也ea感y助山並くdl肋血毎銭亀戚也瞼8血恍00嘘糾拍血nof地毛dbk，Ⅶぬ恥  

騨血刑g血倒患怯折紙血細h細心fa軸姐8》払mber開．  

InC輌7，αぬIe鮨地軸飽h触血t肛eぬfa餌pα－b喝血l8崩破門鵬戚‖癒dg¢訂e  

血b威．王ti＄8bown触血合d餅極地、虚血加地血i8ぬ崩ぬbleih od併b  

k嘘也馳abddge8p姐OfasⅦ世知噂馳8p嘲虐あ致極匝円．Ⅵ拇p托冬蝕tぬ伽さば00ue  

細線油単如u血唱導捻el血狙dろ紺地8（x鞘血狼血n蝕虚）ia8WV呼d，祉d  

如触錘戯唖さb岬㈹me訂e匹血tdouL  

t詳乳也er鶴血ob血涙瘍短軸く血腫a托紬血叡山00血血飽g  

撒n摘由椚m血餌L  

Jimitofthe血stlngaflglenotaffectjnguleStatlCPrOLkrtleSis examjTled・Theinfluenceof  

thetwist］ngangleonthetlmedependentcharacterlStlCS・SuChascreepandrelaxat10nOfthe  

pre－COatedparallelwirecable，isalsoinvestlgated［47】・Finally，thetensiletestiscmed  

outbyuslngfull－Sizecablemodels，andstaticcharacterlStlCSOfalarge－SizedprehCOated  

pamllelwirecableareshown［12］・  

InChapter3，theexperimentalstudleSOnthedevelopmentofthesocketforthecableare  

discussed．First，themechanicalpropertleSOflargesockets五11edwithzinc－COpPeralloyare  

studiedbasedontheresults ofthetensiletests and analysIS．The applicadonlimitofthe  

conventlOnaldesignmethodisstudiedbeforeexaminlnganeWmethodins∝k巴tdesignfora  

largecable［22］，Then，hti糾eStrengtharldbendingfatigtleStrengthofasocketarestudied・  

Int山sstudy，thesocketcastbyzinc－COpperailoyandepoxyresinisinvestl節tedinorderto  

improvefatigueresistanceわra s（氾ket［24】．Tensile fatlgue teStS are盈ユsocamed out by  

uslngCablesbeingtwistedbyseveraldiEerentanglestoexaminethein飢1e血C巴Ofthetwistl喝  

angleon thefatigue strengthbr thesocket・NextT bendingfatigue tests2Lre Carried out  

relatlngtOabendingangletoexaminethebendingfatiguestrengththatヒbeeAblepossesses・  

Theeg∝tOftheepoxyresinusedinthes∝ketisanalyzed，thenthebendiElgfatlgtieStrength  

of也epre－COatedparalleユwirecableisevaluated［25L  

InChapter4，Studiesonacorrosionprotec亡ive旦ayer，Whichisanimportanecomponentto  

maintAnthedurabiiityofthec2Lble，arediscussed【12］．Befc・repOlyethy呈eneisappliedastlle  

protectiveco軸喝Of也epar裏ie呈wⅣeG∋ble，1tS，co汀OSion－prOteC加e匹ぬma血Ce・meCban主血  

prD卿jesaⅢdmanyo血αChamcteds加温甜e主肌朗也gate乱 Theprop感i鵡0ぎa匹1ye払y旦ene  

coat由00blearean幻yzd，弧di血S也1ationcbamcteds也鵡Of血e腿b呈esⅦCbasunごe巴血g姐d  

clamplnga∫eeXamined㍊Sing毎呈j－Sizecab呈em適eヱs・Ⅴ】衰ous鮎臨W地ど那匹C古史omec血誠i撼  

pⅣ野山鮎弧d主ns撼1a由0血Cb弧Ct訂isd鑓Obt以mdby払eexp巴dme打払甜eSbown・  

In Chapとα5，a COlommg me伽d for a押Iyぬy且eg且㌣COated b呈ack00bleis discussed  

【4B，49】．Req血emem仁Sfのrmat巳dalりfcoloでed一皿b王ea陀弧裏yzedin血e触tplace，弧d班e  

r田SOmS払aとa戯uoヱ℃匹見ym甜孟s sei∝ted jsind主題土成・T虫e∬m還t感出田ro洋離ies of斑巳  

鮎oro野Iymer，岱peCially w已athdng dlユ脂bi王iゆ［50］，甜einv鴇鹿ated by usi喝Ⅴ濾ous  

w鮎払d喝teStme血ods。Thewea仏edng虎狼bi臼吋0『出ユe雲uoど0匹iymeris粘血atedus亘mg  

血e王e＄ul臨Obt嘉nedby弧Outdゎorm為亡ばale叩OSばeも萬乞，anaCCeiぼaも感outdoor既押Sばet怨も  

弧d弧aCCde躍tedlaぬmt¢野te沈 F11r払er，StmCtⅥ感chamctedsdぴOf馳ecoloご感鎚bleare  

e㍊m玩ed．‡ti＄SぬりW爵琉3t t血e coユ¢red00bleis appl呈ed not on且y to s短y cabi鴇Ofユor喝  
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1987．  
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馳如e血gRe坤Vd25，1978，pp．王賂一億．  

糾 Y加吋ち T．Su虚吼 S．馳皿qH．0知血 T．H房○ 弧d M．‰，Devebpm弘t d  

F＞dgue－Re9istantSocket占，Nippoz）StedTedhAi瓜IReport．No．19，1982，PP．12l－132．  

脚Y・蝕b血0叫T．Hゆ，T．E騨血弧dM．Ya肋，AStu如OnSe∞画S打倒Smdぬ抜群eL鮎  

hBezldingofAPfe－CoatedCd）1eforCable－StayeaBzidge事，PzDC．OfJSCEVol．446，Ⅰ  

－1乳旭92，pp．215－223．  
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貼i8b皿∝OfC止1esi皿C止1e－SbydBdd脚I，19乳ppユ4－34．  
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PO）Y・貼hinoto aJld H．Takenoudhi，Bendi喝Fhdg11e Te9t Of Bridge Clble8●，Honshi  
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Rank  NameofBddge   Ma血S坪山  Year  

（m）   
Completd   

ロ  触   890  Japan   1999（血d山d）   

2  ● 一■ 刑   860  Fmnce   1995   

3  Yan u   603  C血   1993   
4  M由一Cen血   590   Japan   199¢（銘hd山感）   

5  Sk訂nSundet   530  Nomy   1991   
6  TswumiT8Ⅶbasa   510   J8pan   1995   

7  Ikuc最   490  Jap姐   1991   

＄  EastKd）e   485   ねpa皿   1994   

9  Annac誌   465  伽劇ね   1986   

10  YokobmaB即   460   Japan   1989   
11  SecondHoo】曲1y   457  bdia   1992   
12  SecondSevαn   4】請  U．K．   1996（如Id山d）   

13  RanaⅨ   4試）  仙   1984   

13  D8∬也汀d   4崇）  U．X．   1991   

15  B紅dosdeLum   劇0  S血   1983   
16  R SbdMun   430  HongKong  1997（血ddd）   

17   425  No澗y   1991   

18  Nanpu   423  C血a   1991   

19  Iw油ima   420  Jap弧   1988   
19  地軸払出i血   420   Japan   1988   

M  NameofBddge   M血S匹n  Year  

（m）   
Completd  

－    ○  apan   （血ddd）   

2 GreatBelt 1624  Denmark   1996（血d山d）   

＝ ●   
1410  U．K．   1981   

4   1385  C血姐   1998（∝わd山d）  

T● Ma   1377  HongXong  1997（血ddd）   

V o伽mw8   1298  U．SA．   1964   
GoldGaぬ   1280  U．SA．   1937   

HるⅩusten   1210  Swden   1997匝血由山可）   

Mad血は   1158  U．SA．   1957   

M血miBi毎a且－Seb   1100  Japan   1988   
11  F血S山tanM血d   1090  T血ey   1988  

Bo8n18   1074  T11d【ey   1973   
13  1067  U．SA．   1931   

14  3dKum8最ma   1¢30   Japan   1999（血ddd）   

5  2dX肌S鮎ma   1020   Japan   1999（血d山d）   

25血AⅣil   1013  Po血gal   1g66   
7  For血Road   1（郁  U．K．   1964   

Ki也Bi＄an－Seto   990  Japan   1988   

9  Se   988  U．X．   1986   

20   940   Japan   1988  
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C餌Ytnlio鵬lぐ■bl“  

n●一触MdWh，触   pdld恥紬  仙Wk●0鵬 Lo七kd⊂朝一lO一光   

QbkロⅧ艶亡Iio¶  

NS別Xt  Or（伽■叩両肌賊如い血一  0▼胡叩けyW抽卜如dほ■   

S∝kd  叩y▼¢  飢dhlt十血忙匹仰血◆  

▲llql   叩Xyrdn  

Tmdk■一助Ilh（k扉／mmり  l仰  1‘船  tる5  ほ0  

b丑†／】）  Z5－iO   ▲h川11】  20－ユS  At鷺lⅦl15  

Modul叫○†血如恥什抑血帝  】め，∝旧  加西00   卸．！（泊   18．（伽  

l■＋■nliれ   

C別¶ル○≠  小t瓢l亡）  （■t奮it亡I  

加Iioq   tu血l   

EY■lll■li01l   ○  ム   0   ム   
餌■†l虎仙嶋▲ndlT叩靂pOr－  

io≠  0  0   0   0   

加0l抑ー虎Ilnl■Rd爪亡Id  

wo†l  ○  △   0   ○   

さ叫aue  
13xl∝kd00京m匹或073）  

TheodorHeussBパdge   

＝叫加が■○め7日P■  

S町田血e  
lx Fe－のatd騨柑皿dwi柁劇e（0170）  

Fig．1．4 Characterisdcsofvadousstructuralcables  

ヽ一・■．◆■、＋、・’  －1  

Tatara Bridge 

l  岬  I■  ■  －  一  
柳k叩納（叫   

Fig．1．5 Com騨nSOnOfd鮮血cmodulⅦ8  
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Fig・1・6 Zinc－COpPeralloycastsocket  

Fig.l.8 Plastic covering 

St帥＝）alb＋EpoxyResin十万〔CDust  

Co汀OSionlnhぬi伽唱Compound  

（CモmentM（〉rbr）  

持
盛
儀
済
憫
邁
 
 

P01ye廿l小色noTリbe  P8†由一el肌軒悌  

Fig・1・7Steelb曲andepoxyresiJ）CaStSOCket  

吊g．1．9Con髄ionpmt適onもy匹如也舛飽epipe  
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cHAPTER2 ALARGE－SIZEDFABRICATEDCABLE  

2ユ h廿ducdon  

htheeadyday＄Of飴ble－Stayedbddges，dblesystemswithrehdvelyfewheavystay  

cablesw匂陀u＄uauyuSed・Inthefew－dblesystem，aStayCablehadtobecompsedof  

severalrope＄OrStrands・Foremple・OJleStayCableoftheTheodorHeussBridgeconsi＄ted  

d131∝kd00nm匹8【1】，姐dof也eToyosぬBd砲ち16騨ralldwむes触mdsP】・me  

鎚w－Cablesystemrequiredahrgeandcompぬtedanchonge＄truCturetO丘Ⅹanindivi  

ropeorstrand・AndthetlSeOfheavy・COnCentratedstaycablesrequircdalocdstrengthening  

ofthegirder．1twasalsoneces8arytOa帥StthetensionofeBChropeorstrand血血gthe  

ancho血gpmcedtue，Whichwaslaboriouswork・Beside8anthis，SeVeralstmndshadtobe  

assembledinto one stay cable after an cables wereinstalledin order to apply  

corrosion－PZDteCdonatthesite，uSizlgtemPOrarySCadblding，hkeacatwalk・   

Aslonger cal）le－Stayed bridges haNe COme tO be coJIStnlCted h recent yeBrS・the  

multi一位ble＄yStemhasbecomepop血・hthem血i一也ble＄yStem・itispr血blethat  

eachstay cable consists of且Singleprehbricated stra皿d・thatis・a mOnO－Strand cd）1e・  

RequiremehtSformono－Strandcablesofamuld－Cablesystemofalongcable－Btayedbddge  

are払出catd誠血nows．   

わIt血oddbveabigb吐血gsせ咄g也ofmore也弧2，000to正（19，600姶の，W出血誌  

abut3血供出由訂也皿血tofamv飽血nalro匹OrS旭nd，SⅦ血asal∝kedco色  

相peorapamlldwkest田皿d・   

b）ltshouklhaveahighandぬblemo血IusofehBticity，COnSeqtIently，aCal）lecomposed  

d騨mlld血eisd怨ぬble・   

c）Itshouldbeprehbricated．indudingacDmSion－PrOt∝tionlayer・tOe止血iJuteCOrrOSion  

匹Ot血gwo政at也esiぬ．   

山地止血nち也甘e Wぜe飴w00Ⅳe血血mp穏αさ細d8也at sa血痕由払髄e  

顆l血em印也m喫血nd如Ⅴち也血eitⅦ8且呵tOd餅d叩a且倒Ⅴ切）e戊bk・  

hlthischapter．thebasicstaticchmlerisdcsofanewlydevelo匹dpre－CDatedpara11el  

l戒托蛍ble訂e臆00弱db誠do瓜叩nm8n也18tu亜鶴．   

地鶏也ematdalpmp薗也溶dhw血ぬra匹←00a鹿d匹戚はw由錮ble訂e由8dbd  

弛射鮎脚削血血涙膵加即i8bd鴎血hc血   

A塁Hghttwistis由ventothewireswhenth甲areLhbrided血ordqtoiz坤血etb  
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handleabiltywitl10u†serlOuSly damaging the stmcturalperformance，tilatis a pre－COated  

para】】elw辻ecahle（Photo，2・1）．ThelnnuenCeOfthetwistlngangleisinvestigatedconcerning  

thestAtlCStrength and modulusofelastlCity，andthelimitoftJletWIStlnganglenota∬ectlng  

thestBticprof）ertleSis examined［3】．Thetensiletestis carriedoutby usinglarge－Sized  

cable models，The statlC CharacterlStlCS Of the pre－COated parallelwire cable are shown  

basedont血etestedresults［4L   

Next，thein瓜uenceofcreepandrelaxatlOLllSalsoinvestlgatedfora7mmdiameterwire  

andapre．coatedpara11elwirecable［5］．Acreepandrelaxationtestiscarriedoutusingthe  

samedeviceatthesa皿etlme，Threetwistlngangles areappliedtothetestp把CeS Ofthe  

pre－COatedparal！elwirecableinordertoinvestigatetheeEectofthetwistingan雷鳥eOnCreep  

and relaxation．The test results on time dependent characterlStics such as cTeeP and  

relaxatlOnOfthepre－COatedparallelwh’ecableareindicated．  

rod．   

Paten血gisah飽ttreatmentinwhichthewirerdisisothemauyヒaIISfornedhalead  

bathofapproximatdy5300c血ithasbeenheatedtoappro血ately9600cinarehea血g  

血凪 A80めi始卓也ctl打e血Ⅳ血ga出由du亡鮎呼isob血由血相u由比怯e血飽t胞tme皿t  

岬・m飽也ewker由i＄pi劇d血addb代mOVeSdち祖d也e血mtreatmenti＄  

押血mdhⅣep討認也on血r001d血awhg・   

A h飽トtr％tedwirerodis passed throughthewire－drawing machh蔑Six to亀eVen  

血飴，血和良om13皿hdiameterb6．92mm．As也ednwbgmdoofaw立e血ouldbe  

preEembly75to85％bmthetoughessandhtiguestr飢g也pintofview，thedlaneterof  

也eⅨ迅速紀tbbe13mm・Tbes仕組g仏d也e血糊wむeis塁成b180b195kg蝕皿2  

（1，765－1，912MPa）h∝p∝bdonofaboutlO％deα飽Sein如馳g他紙ぼ酔Ⅳani盆血n．   

bp鱒鮮血血皿血ー廓Ⅴ血＆de卵血g，画血＆Water血血ga刀d蝕Ⅸt托如m即tare  

do血eb也ewむe■ b也e血d匹e田山wkep通uedon，也ewkeis申ppdhbabotzhc  

b也h飽t戚‖b4500candi急血血db7．00m血h＝舷皿et訂．Tbe血cwdg吐血dme貼  

祖du通知mliゆ訂e皿鴎t血p∝也nt血也epmces亀Of虚血i喝．   

叫，aWkeof7mmh血metαismadeh卯hgat弧8辻e8加盟g払出由α仏祖160  

kg紬皿2（1，弛）M瑚弧da多血00a血gd300g血g．As取畑g如髄isr叫血haddi血n  

tostrength，aWrappingteBtandtwistingtestarespeciSed．Furthernore，8traightne鵠is  

8PeCiBedasaspecialrequirementforagalvanizedwireforapazdelwirecable．Table2．2  

軸ows也eq桐山㌢代甲血由最ー血e由lvankdwi代．Tb8a鹿な也e8p∝述偲donぬr也ewi托d  

astaycableof飴ble－Stayedbddge9aZldtoa8Sureahigh1evelofchz3CtedsdcvaltleS，the  

wireisproducedbymodemeqdpmentazldtlP－tO－datetechAiques．Atthesame血e，Clo8e  

qu適吋C皿加1iさpeぬ血ddll血g助血pr昨偽8．  

2．2 MaterialPropertiesofAWireforAPre－CoatedPara主星elWiTeCa百ブ王e  

AbigゎーtemSiongaユⅤ弧kedwi托Ofabout5mmindiameteris usuauyusedfora pamllel  

w正巳sぬndわrsuspeⅢSion brヱdg朗［6］t Tbediamet町が∂g裏Ⅴ甜近東w迂ebasremaindat  

about5mm丘om也ebe誹Iningof也esuspensionb訂旦dge’＄histoⅣupt¢払eÅkashiKむkyo  

Brldge［刀．Tber鮎SOn m盈y bethata d主ameterof5mm bas bee血emlp最cdly considered  

suitabユe鮎mah弧剋軸bi貼年pointofv主甜，鮎peCiamywb孤aa迂笠pinn主瓜gme伽disemployed・   

On也e o洩甜h弧d，a Wばe Of7mm主n diameteris u昆u剋1y us感ぬ∑・a S旭y cable og  

茂ble－S旭yedb王idg鮎［1】．As女〉raS臨y鎚b旦eりf撲b員e－ぬ開か弼概融か鮎Ⅷ蘭画㌣血鮎  

融通mono－Stmndcabまe吋pe，itisd鮎迂abl巳tOuSe盈毘blebav孟夏唱a許飽t甜te孤島iまestrem至極，  

wb主cbc姐re血cetもenumb巳ぞOgS旭y00bl鮎Or也edi送ヱnごとαOfa腿ble，Åw迂eogmore油an  

5mmi凪diame仁訂is陀q正ed b餌uSe Oぎ揖之e e放：王朝Cきrのf豆短SeCdo乃裏芸∬軸，Gene陀11y  

spe孟king，汰ei甜g打抜eくむame乞甜Og a W迂e，仏e罠m昆氾er主モS knsi恩巴Sは弧紳・Then a  

bigh一絶msiom辟呈Ⅴ弧izedvkeof7mm払d孟am巴仁だ，Wh孟cbalmo＄t has double払e s鑑裏0血  

訂鮎COmp盈㌢感to富力atむfo点e5mm，野島SeSSingatems辻es建em農地of160k甜mlm2（1タ569  

MPa），basbeem血provedbeg払出mg転地e197げs，出呈Oug喜1払aも0まabafeWi∬ehasbeenll＄ed  

転rpre弛e温Sedcomげeもesけuctu∫鴇－ Å嗣呈Ⅴ弧iヱedw迂巴Of7mm通d宣遥皿巴と甜WaS鉦s乞昆dop仁ed  

ぬで汰eIwak∬毎血aBddge姐d汰eH主stuisbijimaBddgeimさa卿［8］．   

Åg扇Ⅴ弧近東w迂eis pm如cedたom a p皇祖O W迂e rod by a pat巴血転ng，由滴ng and hot  

g或Ⅴ弧宣血gproc郎S〔軋 丁缶epre－COaとedpam㍊e旦ぬec孟b呈ejscom鱒Sed¢ぎaw迂e¢fg四de  

SWR鎚2Bspec漬dbyJiSG35り2【1軋 Tabk2nlsbows旭ecbeⅡ1ic裏com阿Si払moぎ払ew正巳  

2・3 StaticPropertiesofAhge，Si2：edFabricatedCab互e  

2》3■1SLatfcproped萬Ofapre－COatedp訂正はwirecabIe   

Thestmctureofapre－COatedpa毘11elwirecableisthesameasthatofapureparallel  

Wkest柑nd巴ⅩCepttbat也ewires aresugb出y帥isted・The加Sbngpitch of也ecableis  

d∝iddj毘Ordertom加越n払esamemech胡iQiprope元日aSthoseofapamlはwires加止  

Thepre－COated parallelwirecableconsists ofparailelgalvanizedsteelwires of7mmin  

diameter・Thecabl巴isrK）iye也ylene臍COatedasacorrosionprotectlVelayerinthehctory，  

and then provided with sockets at both ends・Fig・2・1shows a externalview of仏e  

覇
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obtahedbytheexperinentshowasomewhatgreaterdedineinmodulusofelasddtythaJlthe  

血∞r虚位lv血u飴・Wkn血e伽is血gan由eisl飴S也姐4■，bowev訂，也e甲血entd  

lowersidevaluesshownear＆thesametendencyasthetheoredcalvalues．Besides，within  

thisrange，themod血sofda＄dcitYOfthepre－COatedpar311elwirecableiswe止血ovethe  

designmo血1u島Ofelastidtyofapa血Ielwirestrand，namdy20，000kg匝Im2（196GPa）．  

Theqebre，inpmcdcalde毎ign，themoddusofdastidtyofthepre－CO或edpanllelwirecable  

8mbere夢rddas也e＄ame誠也atofapⅦ・epぴalldwkes短md．   

Ba8d onl血e鱒匹血相血1Ⅶ山田Of也e t飢S鮎sヒ蝕g血弧d血Oddus of das血卸  

mentiondabvちaS血d祉d加速血gangleof3．500rl飴Sぬsbe飽田也姐8bd血ー血ede金i伊  

ofthepre－COatedp3ranelwirecable，withinwhichthedeterioz3donofthosechazncterisdcsis  

ne廓由ble．   

Wit上atwisteddble，arOtationaltorqtJeO∝uZSWheJltenSjonisappLiedtothecable．The  

Ⅳねd血叫ueiき血r細感服ー仏祖t由t ofcommo五島出払dd wi陀武野田，butit血dly  

hすe弧鴨南仏弧hcre独叫gCablediame鹿・AI血d血b呵ueC弧地色1cd虹dby也e  

血肋whg印Ⅶad叱  

pre．coatedparal1elwirecable・   

Generallyspeaking，thetwistedwireropeis di∬erent丘－Oma parallelwirestrandofthe  

same CrOSSrSeChonalareain tensile strength，mOdulus of elasdcityand other mechanical  

propertleS．Thisismainlyduetotムeinteract10nbetweencontactwiresatthecrossingpoints  

［11］．Thedi茸eTenCeinlaystnlCturebetweenthepre－COatedpara11elwirecableandaspiral  

ropeisshowninFig－2・2・Thepre－COatedparallelwirecableistwIStedwiththesamepitch，  

while a spiralropeis twIStedwith the sa皿e angle．Consequently，aSfor the pre－COated  

parallelwirecable，auWueSneVerCrOSSOVerandstayparal1eltotheneighboringwiresalong  

theendrelength，thoughinaspiralropeallwireshavecrossingpoints．ThislaystruCtureis  

considered to be the most important factor in contributing to static performance of the 

Pre－COatedparallelwirecable．   

Fig．2．3showstheresultsofastatictensiletestconductedonthepre－COatedpara虫elwire  

毘bleatdifferenttwistingangles［3］．Itc弧beseenthatyieldstrengthandbreakingstrength  

decreaseasthetwistlngangleexceeds40，Whiletheyremainalmostunchangedwhenthe  

twistlJ］gangleisless than40．In thelattercase，the breakingloadis high訂払an the  

spec抗edone．Ontheoulerhand，aSSumhgthateachindividualwireissubjecttoan equal  

brce，therateofdecreasein thebreakingstreLlgthofaheljca】rope，d，C諷betheorebcally  

calculatedbythefouowingequation［12】：  

J＝（叩）∑nl・Ri・由＝＝  
（2）  

Whe陀，J：rObdon山叫ue  

T：tenS辻eload  

N：bt血numberofwぬ  

Ri：W辻etwis血gm血s  

Fig・2・5showstheresultsofanexperimentcarridoutonthepre－COatdparaJlelwむe  

C3ble’storqueproperty・Itisde訂丘om也is五gurethatthecalculatedvaluesag既Wenwith  

也etestd血h・mema辞itudeof也is叫Ⅶeisa血ncd皿Of血ecab王e＄血e皿d也e叩頭d  

ten由onload匹1・Fig・2・6sbow8也e感心onbe加e租也et蝕8払ebad孤dm也dq血叫ue  

血】atd血ra鈷wdM偽Of也e匹℃一00atd画el血e00bla あmel丑e禍We昏，血du血g  

theres血tofrotationaltorqueatthesoCket，havetobethkenaccordingtotheten急迫ek）ad  

血血g㈹血エ．  

23ヱT嚇立et喀tdl昭一S近d飴bl顔   

恥eぬbl¢血m血b誠加働血涙也山地血g血g也d由ue－＄叫dbridgesh托¢ent  

y恥・nehrgt5tCablesizeuseduptothepr5eJILi8COmP”edof499gaIYanizedsteel  

W訪独，7mh曲meter．T鹿s押亜d血gb感d也e血ueis3，071t朗正（3鋸1鋸即）．  

d＝1－∑ni・COSα1／N  
（1）  

Where，  N：tOtalnumberof  

ai：twistingangleofwiresofトthlayer  

ni：numberofwireswhosetwisbngangleis a  

Asforthepre－COatedparal1elwirecableconsistlngOf127wiresof7mmindiameter，the  

valueofdisO．1％whenthetwis也ngangleais3．5D，andonlyaboutO．7％evenwhenaislO0．  

On ule basis of this calculation，COupled w氾1the test results，it ca皿be said that the  

pre－COatedparallelwirecablehasabreakingstrengthcomparableto thatofapara11elwire  

strandwhenthetwistmgangleis4D orless．   

Fig．2．4shows therest11ts ofan experimentcarriedouton thepre－COated paral1elwire  

Cable’s elasdc；tyincomparisonwiththerelevanttLex）reticalvaluesobtainedbyF．SchleLcher  

and R．H．KJlaPp【13】．Itcanbeseenthattheexperimentalvalueis oflituedifEerencefrom  

the t血eoredcaZ values of Schleich訂aLld Xnapp aDd that the decrease of the modulus of  

elasticltylS aboutO．5％when the twisting angleis4O．on the otherhand，the values  

触
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InacreepteSt【乱a00nS血tk“山es仕尊SOf64k釘血m2（628Mpa）ⅥSappudb也e  

testpi∝ewithalengthof955mm・Elongadon・ALo・betweenthegaugelength・Lo＝362  

m叫Wa＄n髄Wddl血gl・00Obou指Ⅵnder也et弧pem血eof21±10c・lnare血血）n  

test，thesaJneinitiallodCro）of2，463kgf（24，152N）・inidalstressof64kgU血m2・ⅦS  

app止edtothesaLZneteStPiecewithalengthof955mm・Deqenseofthek＞ad（ATo）was  
measured血血gl，000hotxrs皿derthetemperatureof21±10c皿d60±10c，eXPeC血g  

鴫かtemp血∬ere由飽水也es辻e・   

取om也e t飴td r飴dt或仰椚1血∴円g．2．8，也em如od呼Ofc陀ep（dLoル0×100％）  

occurredbyd）Out600hotlrS，afterthatthecreepincr飽SeSSlighdy・Theamotntofc陀ep  

aLt訂1，000hourscameuptod）OutO・005％・Thei血ialdasdcstrainde血血gthatapplied  

sヒ怨S，糾kg血皿ヱ（628M馳），isbbediv姐dby也em血1u80fdasdd吋Of也ewke，礼00O  

k多血m2（196GPa），becomes3，200×10‾6・Whenthecreep，0・005％・isexpre∬edbythe  
d最siondα眈p8血by由8血s触れ血eamou止Of也eQ駕epb∝OmeSl・溺乳 Reh温血n  
（ATo／roXlOO㈲obtainedbythetestisさhowninFig2・9・Tbemホrityofrehxation  

∝（ユuTdbyabo此600bou指hd也αtem画，祉d也eamo皿tOfitGmeupbl・73％  

皿d2．01％r出p∝伽dy血1，000址旭胤T蝕td血也血名辞打払kdwkeof7mmin  

diamet訂is血m00t也esa皿eaS也atofone5m皿血d血脈t邸．  

2．4．2Creepandrdaxadontestofapre－COatedparallelwirecable   

Threete＄tpieceswereusedinordertoinv飴dgatetheefFectofthetwi金血ga皿由eoJl  

血e血pendentpIりp句点蝕Of也edble・n甲Weremadeof55w毎朝Of7m血hdameter  

bvi喝a雨s血gangleofOO（p咄p∬姐d），3・50姐d70・net飴tpiec倒We代蝕由by  

the sod（et∃at tDth ends．in order to emie the q・∝p at the8OCkets during the tesL  

he－00m匹飴Sbnloadof140tod（1，372kN）wasa押hdb也es∝k由如r30m血t萬・Tbe  

te8t¢On亜donis血ownhⅢ1e2．5．   

Itisd逓culttoconductseparatdycreeptestandreIaxadontestushgala咤C－Sizeddble  

b∝au紀Of也er田扇c血皿dt鰯t血d陶αt鴎tp血．m面姐御血亀山prhdple  

8JldaJlalyticaJmethd［14】．thtwasdevisedtome9Sureq：eePaJldrela沿tionatthesane  

血e，職app塩ed．AstempeねttUeCOndidoJl伽thete8tal鴎thete＄tpiece，induding  

test血dity，Weref血cedintheconsta血tempemttqerooJn・D感晦thetegt，tenSionofthe  

頗胡恥也tりf撼p押騨Vdu¢蝕m也eso血塊8出血d也e冬毛ed扉匹d也¢如揖吋弧d  

吻叩印加rewe怜meaSWd．1乱edet虚kd瑠画飯山pねd画e狐d弧a匝d皿e也d  

We托魯也tdhR吐【1胡，孤db訂e也em血匹ht誌餌mm由da包血追ows・   

T血ede騨姐d餞tpル画hd血g00bleandめC鹿t恕modd虚血血e訂扇s00uS  

由s晒，aSぬm h椚g且10．T鮎ー由血瓜S軸dさぬ αc b8血 g亡∽n b8  

varioustensiletestswe陀made血rparanelwkestra皿dsandpre－COatedparallelwke  

dbl飴00m匹蛤dofaboutl00wむ怯Of7mmin血me鹿・皿d也血br血gs仕鴎g也皿d  

md山闇dd舶dd吋弧do也訂p叩頭怨WαeOb血d・Ⅶe也ns鮎t蕾treSultsofp狼md  

w如s也皿d8血匹e一問td匹mud血色ble8訂e由代nhTable2・3・M血r弧血d  

uELdearaboutthestrengthchanctehs血sofIargecables・Whichhavpヰto5timeshigher  

breakiJlg8trengththaA也atofustlaldbles・Thu8，tenSneteStSWenさCarri由out血gthe  

匹e－00a血p打出dwke血1ecomF旭dd彪1wぬd7mmindia血政弘mepre－00a融  

parandwirecdblebeingtens辻e－tededisshowninPhoto・2・2・Thetensnetestwasmainly  

de8卸dbde血e也esぬg也dl訂捉触感虚血of也elarge一曲d血l倒，hdu血g也e  

mdtllusofehsddty、≠・正e strcss distributionand breakingslrt吋h・TJleSPCCime皿ⅥS  

about4nlongand6ttdwithsod（etSatbothends・Thetensiletestwasconductedona  

帥00tonf（78，400kN）t改組eteB血gnachineatNippnSteelCorporadon・   

Tbble2．48howsthet怯tedr怯dts．Themodulusofeh＄塩dtyofthete5tedcableⅦS  

app戚ma叫2・02×104k威血m2（198GPa）弧dw誠出由α也止血edesi騨dv血eof  
2．00×104kgqhm2（196GPa）．Thestres＄distribudonofthewiresintheouterzz108tlayq  
is8b刑hFig且7．neぬe弘Ⅴ血山地yin也ewぬⅦSle弘也皿也edes卸血dv血eof  

倒血弧d也αeWaSpmCddly弧叩dsせe防臆扇b鵬om mebr血glo細d也e飴ble  

欄Su伍den咄山由ぎ血n也atof也esp∝追dⅦ1ue・職ed∝血ein也e吐血gs仕組g也  

虚d改印WaS Vαy弧札atlt02乳 ≠e do正夢血n of也eαbleat血ctu托ⅥS  

叩騨血m址dy5％弧dⅥ＄叩db也戒d払出血血wぬItwas00血d也tぬ血  

d∬ad融点岱皿derdesi伊loa札Su血禍md血会Of由sdd軌b血gs仕eng也of也ecable  

and8treSBdistributionofwire＄，Were＄inLazItOtho紀Ofusualcablesconsis血gofaboutlOO  

wire8。f5mmin血meten Thesepro画ie＄arenOtCOn＄ideredtode駅怠Sewiththe  

血cre誠eOf由以esおe叩bab血甜Owぬ・  

、
 

2AC代光p独dRekmtion馳叫闇鹿島戚A恥←加edMelⅦ托飴ue  

2．4．1（加巳印弧d血t飴tdawむe   

≠eα恍pand血血騨Opαd髄dastdw血訂e曲ctdbycbe血血＝血叫肌他出・  

b顔t仕組血蝕tandpm怯S∞nぷ血血g・恥野訂ealsoa触tdbyexpd皿飽血00ndidons  

sw血誠ini血細Ort孤匹m血托戚awke【11l・Ⅵ蛤騨e－00atd騨alld血飽b18血  

00ml溺edofadeofgmdeSWRSS2B叩∝迫dbyJISG3502・1lotstretrhingorbIucingis  

JlOtdoJ）etOthewireinthemaJltthcturingp潤，butthetiEnedependentpmpertyofthe  

雨陀誌血匹0Vd吋廓Ⅷ血h払W出血b鵜a感血ぬー曲虎as仙血g・  
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wbere， ど8：S血of也estedpipe  

∠1：S止ppageamount仕ombo也sod【etS  

L：C油1ele喝也  

Coe伍dentα 姐dβ訂edd血dby也eequadon＄（4）弧d（6）hordertosa均飴血  

otherusingtheleastsquare＄method．Bothcoe6cients a andβincludethe amountof  

suppage丘oJn thesocket．Therebre，itis necessazy to exclude the eiftctofthe socket  

po血ninordertoemiethe血edependentpropertyofthecableitsdl   

Creepcoef6cientβ，a＄Bhown血theequation（8），isconsideredbbether3doofthe  

initialdozlgadonofthete＄tPiece∠11co totheelongadon AIc，Where Al仁Oismadeby  

boththeanountOfhitials昆ppage血znthe＄∝ket A．o andtheelaBdcebzlgationoEthe  

cable∠卜L。．  

』1t＝（β－1）』1to＝（β－1）（polノE亡A。＋d．0）  鰐）  

Theelongation Aleisconsideredtobethesumoftheelongationbythecreepatthe  

Cable portion andtheamountofslippageforn thesodet．Creep coe伍cie皿tOfthecable  

done，β，Gmk既pr飴Sdby也equadon（の．  

既pre∬dby也e明u血on（3）・  

αt＋A伊E＝El（e。＋〝E e）  

Whαら  〝＝E2／押  

入＝（El＋E2y）7  

・：h心血g血伽弧血瓜Ic血sopembr00ne血g也me  

Cabletension飴nbeexpre出edbytheequation（4）．  

P（t）＝Po［α＋（1－α）既〆－ズt）］  

（3）  

（4）  

where， Po：init立1tensionofthecable  

a：relaxationcoe伍cient  

X：COntrO11hgparameteroftimedependentproperty  

Basedontheequations（3）and（4），itisTleCeSSarytOCOnductstmiE〔（t）．UsingshaiD  

ofthesteelpipee s（t）andstrain E亡（t），theequation（5）canbefound．  

βc三＝（1＋dl。′／∠L．）芸1＋（∠1いd。y∠L．  
（9）   

（勾   e量（t）＋ E c（り＝COnSbnt  

N叫rd血0皿d也e00blealoneisd飴dbd．F畑m也ede血ition ofrel鑑a也on，也e  

SumOf也ed狽厄c8血皿dpb＄血sぬim誌k印teOnS也止もanditi机叩血b也ei血血1eb＄dc  

8血【15】．  

LAplacetmnsforma皿dinverseLAplacetransformareappliedtotheequation（1）to（3），e  

仁（t）isindicatedbytheequation（6）．  

£○＋e o′ ＝ど00  

W血e陀， ど．：d猥tks血  

£－′：pla忠心cs血  

ど．8：血i血1da5tk8血  

（10）   
（6）   亡。（り＝ e。0【β＋（1－β）exp（－ズt）］  

where，8co：Strmiofthecableundertheinitialtension  

β：αeepCOe伍cient  

E cA c：S血essofthecable  
Tbe印血加（11）cazlbeobtmieddi胞en血血gtheequation（10），Where8。isacquired  

bydihentialcalculationoE（12）．thatissimihrtotheequadoJl（6）．  
TherelatlOnbetweentensileloadandmeasunngdme，me弧IngrelaLXation，isobtainedby  

thetest．TherelationbetweensmiaJldmeasurizlgtimeisexpressedbytheequation（7）・  
（dαβt）／E。＋gt－≡O  

g．（t）＝ど川【β’＋（1－β′）伐〆一方′り】  

（乃  £亡（t）＝ ど5（t）＋』も（t）几  
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IntegratlOnisdoneaftersubstitu血gtheequatlOn（12）intotheequatlOn（11）・Thestress  

ofthecableisgivenbyLheequaL（On（13），Where（70meanS theinitialstress c・Ethecabk  

Therelaxat10nCOef6cient a。CaneXpreSSedbytheequadon（14）．  

Wberら  dc：amOu此Ofcreepof也ecablealone  

dl：且mO皿tOfs均）押ge血）m也esodet  

A氏訂ge地場也e amou止dc陀印加也e cめ1e，rda沿don c弧be c山c山atd by也e  

句u適0皿S（11）弧d（12）．Pow町St印nOf也e印加皿（11）iscoⅣ訂gdhbヱぱ0濾訂along  

pddぱ血ち也弘也eamoⅧtOf血donbe00meS也esameas也ecre印amOunL An  

供血nadonofαeepand血血nism濾eぬra腿blebavhgaleng紐ofl（氾m，200n弧d  

400叫uSing也e00nd氾onof且S触Sd64蜘mヱ（62SMPa）弧dpre8SWed4．5k如皿2  

（44MPa）．me曲ctof也eamou正成畠山ppage血m也es∝k吐becomessm姐℡aS也ecable  

l印g也蝕S，b亀uSe蝕＝地坪geprOp叫isdm鴎t00nS也皿tr嘩河畑鹿紐Of也ecablelen月払．  

Whenthecablelengthis400m，theaznoqntofcreepandrehndoniBeStimatedbetweez11．2  

bl．9％ー飴p細加ゎ．  

け（t）＝E。とeo（1－β′）［1一班p（－ズ′t）］＋αD  

α。＝（け0一 け）／ロ0   

ltis con丘med that thevalue ofthe relaxation coe疏cient a cis almostthe samewhen  

usingtムecoef6cjentobtained丘・Omtheexperimentalanalysjsorthetestedresu比ofaw汀e，  

thoughcoe蝕：ient xisdifFerentfromthecoe瓜＝ientindicatedintheequation（4）or（6）ina  

strictsense．   

Thetestresultsontimedependentpropertiesofthecableareshowni血Fig．2．11to2．13  

andTable2．6．CreepandrehxationofthetestpleCeNo．1b弧IleO．93％，Whilethoseoft上e  

wirewerel．6％andl．7％respectively．Thisisconsideringthataconst皿tStreSSCOndition  

caLlnOt be kept during the test period，thereLore causlng a de汀eaSe Of the cable stress  

comparedtothatofthewire，becausethecreepandrelaxatlOnPrOpertiesweretestedbythe  

samedeviceatthesametlme．Fl上王‾肋er，αeePandrelax血onpropertleSOfthewirearenot  

alwaysthesameasthatofacableconsistlngOf55wires・   

Then，therelative comparison ofthetimedependentproperties amongthese three test  

pleCeSisshowninFig・2・14・Thecablehavingatwistingangleof3・5P hadtheequaltime  

dependingpropertyast旭ofoDeWithatwistlngangleofOD・Tbeamou蓑tOfcreepand  

relaxationincr飽Sednpidlyandb∝amedoubled when thetwistingang旦ewas beyond7O・  

Accordingto ReL［16］，theamountofcreepofalockedcoilropeis about4血6％，thatmeans  

αeepOfalockedco己ropei＄5timesasl甜geaS也atof也epre－COatedpび細且elwirecable，  

bavj喝誠司ujYaユe皿tt雨sdngang王etotbete＄tpieceNo．2・   

Creeppropertyofthecas血gmaterial，aZinc－COPPeralloy，Ofthesocketis a∬ectedby  

也epressuでeinside也e＄OCket・Rdationbe細eenthepr田Su∫eandcreeps血nspedwas  

experiment亜ye腿【nined，thepressureof5kgUmm2（49MPa）wasconsideredtobecreep  

l血itfor也ezinc－COpperdloyat仏eteInpemtureOf勤O c・   

Creepof也epre－COaぬIp打出ldwⅣeCabiecanbee＄dmatedby也eequation（15），bαe  

A亡isglVenbythetestedresultof汰ecable，0．9％，Orthatofthewire，1．6％d  

αeepamOu血＝（2∠h＋∠亡ydL8  （15）  
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2．5 Conch血n  

TheresultsobtalnedbythestudyinChapter2aresummarlZedasfouows・  

（1）A newly developed cable，the pre－COated pamllelwlre Cable，had the sa皿e Static  

propertleSaStJlOSeOfapamllelwlreStnnd・Thepre－COatedparallelw江eCableisdi茸erent  

fromconvendonauytwistedwirerope，SuChasalockedcoilrope・initslaystructure・The  

cable has no crossing pointsin the wiresalong the entjrelength，thislay structureis  

consideredtobethekeypoILltincoTltrlbu血gtostBdcperfonnanceofthepre－COatedparallel  

wirecable．Andatthesametime，aSlightlaygiventothecableimproveshandleAn1itysuch  

asreelingonthedrumwithoutseriouslydamagingthestruct11ralperbmancev   

（2）Thebreaking strength and modulus of elasticitywere tested for the cabie having  

vanous twistlngangles．Itwas con且rmed expenmentally and analyticaユiy thatthese stabc  

properties ofthecableremained unchangedfrom thedesignatedvaluewhen the twisthg  

anglewaslessthan3・5O・ThebreAkingstrengthofthecableiscons主deredtobeequalto  

thatoftheassembledwげeShavingthesamenumber．Andthemodulusofelasdcityof也e  

cabユel柑SmOrethanthedesignatedvalueof20，000kg甑1m2（196GPa），bei昭thesameas  

也atofanindividuaユw辻e．   

（3）Therotationaltorqueofthepre－COatedpara11eiw正eca恥isfarsmB11erthanthatof  

common stmndedwireropes，butitis bettertot濾esomemesasures富orestrainitduring  

erectユOn．   

（4）Tbeamou乃tOfcreepandrdaxatlOnOfa宮山vanizedwkeof7mmim剋ametだWaSl鳥％  

andl．7％respecdvely，underthedesignstressconditlOnOf64k甜mm2（628MPa）and認t  

normaltempemture・Tbeprope珪yor遠野ivanizedw正eof7亘nm山越ameterwas且血ost也e  

sameasthatofome5mmindiamet巳ど．   

（5）Theamount of汀eep弧d rd弧a血且0ぎ汰e pre－COatd pammeまw迂e cablebecame  

abouと1％respec裏veユy，a此e smajler也弧払at ofa wire由 Examimmg也e e茸鑑t Oftbe  

知istlng弧g王eontbe打eepandrdax通日onpmp感i鮎Of血≡鎚ble，呈tWaS CO血ed也ata  

知isbnga皿gleof3・5¢ぬー也ecabledidmota鮎c‖加圧血e鹿pendentcb甜aCterlS長cs▲   

（6）Tbeamountof∝eep弧drelaxadonofslippage立om也es∝ketwas血Ⅴ鶴山野t感at也e  

same t血e．Tak払glntO COnSidだation tbe creep and relaxadon prope血es of払e casbng  
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was considered as the sum of a component due to the deformation of the socket and a 

componentduetothecompressivedeformationofthezinc－COpPera1loycone・InFig・33，A  

D，nisthechangeiJltheme皿dia皿eterOfthezinc－COpperalloyconeinaglVenPOSltion，A  

Rmisthecha皿geintheme封1diameterOf也es∝ketinthesameposldon，aZld Oisthe  

taperangleoftheinsidewallofthesockeL Theanalyzedresultscloselyagreedwiththetest  

resultsasshowninFig3．42Lndco血edbeingeffectlVetOCalculatetheslippageaccordingto  

the丑owindicatedFig33．   

ThetheoreticalanalysisresultsofthreetypesofsocketsareshowninFig3．5．Withthe  

socket materialtlSedin the tensile test，it can be estimated that the slippage of the  

zinc－COPPeralloyconesteeplyincrease＄2Lndthebreakingstrengthef6ciencyofthecable  

decreaseswheJ］SOCketrigidity（tmのm）ofthefront－bearingsocketfal1sbelowO・22toO．23．  

Thetmn）n ratioisO．165for仕ont－bearingsocketinCasesland2inthetensiletest．This  

Lne弧Sthatthebreakingstrengthe瓜ciencyofthecablehrgelydependsuponsocketrigidity，  

andthattheconvendonalelasticdesignmethoddidnotstlfBceforlargαSOCkets．   

There好一bearlL）gOfasockethadas皿allzinc－COpPeralloyslippageinthesamewayas  

in the tensile test and was sensitive to the relationship between the s∝ket dgidityand  

血c－COPPeraBoys毎page．Theback一血ed socketwasloweri皿rigiditythanthatofthe  

仕ont－bearingtype，aLnddidnotappreciablydeclineinzinc－COpperalloy slippage・Thisis  

probabJybecausethere訂－bearizlgtyPeOfsockethaszx）Sitjveaxia）andhoopstress，being  

血voz3bleyieldconditoncomparedwiththe丘onトbemgsockeL Consequentlydeformation  

ofthesocketissmalL  

3．2．4 Anewdesignmethodforalarge－Sizedsocket   

Theanalyzedresultsi皿dicatethatitis particularlyLmPOrtanttOdesignthesocketwith  

adequaterigiditywhenthefront－bearingtypeSOCketisused［6］・UaconveLltioLlal皿ethodof  

theallowablestress agalnStthe designload aloneis applied tothatofalarge socket，the  

breakingstrengthe伍ciencyofthecabIedecreaseasnotedabove・Thus，itisnecessaryto  

introduceanewdesignmethodthatc弧eStimatetheultimatestateofthesocketconsidering  

theslippageofazinc－COpPeralloyconeandsocketdeformationunderthebreakingloadof  

也ecable．   

Anewproposed methodofdesignforsocketconerequues two steps ofveri右cation・  

buowing a）and b），tO OVerCOmethelimitation associatedwith theconventionaldesign  

methodpreviouslymentioned・lJlthisnewmethod，thelengthofthealloyconeiscalculated  

bytheconventionalme也od．Anewmethodisshownasbuows：  

わCb∝血g也e8仕鰯at也e飴blede色ignload   

nembled飴i辞lodm飽nS也eloadob血d吋mul叫y血g也eα鴨S一塁∝don扇町飴Of  

也e飴bleby也e血b抑止Ies触SOfea血wke．W旭ea00nVemdonddesignme也odconside指  

0山y也eb∞pSむ尊S，也is且eWme他山t虚偽血ba∝Ou此也ea裏山sせess，也era血1s鹿  

occurrnginthesocketandthehoopBtreBS，aSShowninFig．3．6，thu8血eckingthecombined  

8血・穏8咽hg也e叫協dom（4）弧d（乳  

（4）  1  

けeq＝有  
（咋－け0）2＋（α0－けz）望＋（ロZ－αr）℡  

Whe代， α－：血8ヒ飴S  

グ＝b00pS仕飴S  

J馨；亀鹿Sin也e血d血血n  

α．q≦ αa  

Wもαe， α．：劇加耶血1e8触8d也esock或COne   

（句   

b）Checkingthesocketrigidityattheu虹matestrength   

The ultimate strength means the condition dehed by the spec追ed value ofthe cable  

breakingload・InordertorestricttheamountofsllPPagei皿thezinc－COPPeralloyconeat  

theu山matestrengthtoasmal1value，theconceptofsocketrigiditytm／D。isiJltrOduced．  

ThischeckcanbedoneusingFig3．7，Whichisobtainedbytheanalysis．Andthesocket  

rigidityshouldnot鮎Ibelowtherequiredvalueattheyieldstress（speci鮎dvalue）oft血e  

SOCketmaterials．  

3・3 FatigueStrengthofANewFatigue－ResistantSocket  

33・1Fatiguestrengthofa7mmgalvanizedwire   

Toexaminethe鮎gueproperdesofgalvanizedwiresof7mmindiameter，血tiguetests  

WerecazTiedoutusizlgthewiresspeci6edbYHBS，havizlgatenSjlestreT）gthof160kg紬1m2  

（1・569MPa）［11］・Fig・3・8showstypicaltestresultsforthewiresvaryingthestressratio（R＝  

LJmEn／cLmr），thehjghαthestressratio，thelowerthestressr迎ge．   

Referringtothisfigure，itcazlbeconsideredthatendurancehdguelimitofthewireis  

ZZ）Oreth祖about40kgUmm2（392MPa）．itthestressrat；0，R，isless仏aLlO．7．Underthe  

－ 60 －   
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e蝕toftem坤aS＄bownhng3．13．   

Fbmthementionedabove，htigue－reSistantsocketswererequiredtohavethefo1lowing  

characterisdcs，aJld the composite－5ner type socket shownin Fig3．14wasfound to be  

劇感服軋 Tbemah細田訂eaS血nows；   

1）ne釦血gm血sbou凪bebigbb血et血g00mionr鴎ist皿Ce．血e阿re血d  

g∞dc弘也最中WaSSdectd＄0也虞即独仏een血nceof也esodetw池onlysm山sp征伐  

betweenthewire＄COuldbe丘nedwiththeresin．   

かBy血αeaShg也e血usd脚a血eof也ew血盟h血eent柑皿CeOf也es∝keち＄仕翁8  

concentrationonthewire＄Shoddbepreventedand，atthesame血e，Sidepressureshould  

berdqcd．   

3）Theinfluenceoftem阿atⅦ陀Shouldbeavoidedattheentnnceofthesocketwhichis  

8u旬∝tdb也es仕e∬00nCe血a也onof也ew址飴．   

4）Thewires should be丘tted bythe convendonalzinc－COpPerauOy，bemu8eitis a  

r曲Iematαi由judgbg血ロm也eapplidr田山也．  

333 Anewd怯ignmethod血ra血tigue－reSistantsodket  

lndesigningthiscomposite－61l℡tyPeSOCket，itisn∝飴Sary鉦stto血danequa血nof  

血e00虚釘m鮎皿，皿d也蝕b de血e也em血s ofcl旺Vatu托Of也e咄也e s囲Ce  

betweenthewires，uSingthis eqtlation【3】．Therebre，thefollowrizlgeXmia也on9anbe  

COndⅦCtd．  

（1）EqⅥ癒io皿Ofwむeeo虚騨Im也on   

ThecurvattJreOfthe wireBin thesod（etW温B騨Ⅴ飽uSingtwofomingplateB．The  

印u鵬onofw立econ丘gu掲出o止血ー也ew血盟benta＄追憶地h椚g3．15，isか蝕誠buow8．  

conditionofminimumstressof5Okgt／mm2（490MPa），endurancestressa皿plitude，Au，is  

about42kgUmm2（412MPa）．I亡isindlCa〔edthatthebt）gt．eStrengthofagajvanizedwlreOf  

7mmindiameterhasthesamefatlgt）eStrengthasthatofone5mmindia皿eter．   

In order to compare HBS with the actuaZ bt）gue Strength of ulewire，the Goodman  

Diagramis shownin Fig．3．9．From the五gure，itis recognized that the actualwireis  

expectedtoexhibi［amuchhigherLatjguestrengththan侵Iedefinedone．  

33．2 Fa亡iguestrengthofzinc－CaStSOCkets   

Zinc－COpperCaStS∝ketsarewidelyusedforparallelwirestrandsofsuspensionbridges  

and Lor oth訂rOPeS SuCh aslocked coilropes and helically stmDded ropes［10］．A  

Zinc－COPperalloylSuSedastheca血ngmaterialbecausethealloylSCOnSideredmostsuitable  

ぬ【也e女〉1lowingrea50nS；1）Itjs既Ceue皿tincreepand爪∝b姐i毘ユproper己es，2）Itbasgood  

adhesiontosteelwires，and3）1tisrelativelyeasytocast，butitsmeldng匹intishigh．   

Fadgue ofsockets me弧S that the cable has beeLISutづected to a certBin凱1Ctuation of  

StreSS［1，12，13］，the cable undergoesた山gue failure at the sockeL Asa result of the  

fundamentalrese訂Ch sofarcBrried out，thefo1lowing血1dings havebeen obtained as tothe  

hctorsofthefatigueofsockets．These缶ctorsareconsideredcorrelated，   

a）Ⅰ適uenceof育et血gco汀OSion   

Frettingcomsionisaspecialfrictionalphenomenonthatoccu指inareasundergol血gVery  

SmaureCIPrOCadngfrictionorarepe邑tionof餌ctionwhenametalsuriaceispressedaga血St  

anothermetalornonmetalsurface．CorTOSionoccursandoxidemetalpowderadherestothe  

COntaCt Surhces．Further，fadgue缶ilures may occur under some stress conditions．Side  

PreSSureS aCtOn the＆ontsideofthesocketdueto thebendingofthewires，andfretting  

COrrOSion occtJrS between the wires or between the wires and the cast metal［14］．This  

reducesfadguestrength（seeFig．3．10，3．11and3．12）．   

b）In且uenceofbending   

Theresultsofthefatiguetestsrevealthatwirebreakageoccti汀edmainlyinthebendsof  

the wires at the entrance of the socket．The fadgue strength decreased as the bendimg  

cumatureofthewirebec弧IeSmaller，andmanywiresbrokewhentheradiuscurvatureofthe  

Wkewas250mmorless（imtbecaseofawkeof5mmimdiameter）．SecondaⅣS吐出SWaS  

genemtedin thewires dueto bending，and the side pressureincreased．The decreasein  

畠山卯eSヒeng旭wascomsi（ie陀dtobecausedby也郎er飽SOmS．   

C）Infhenceoftempemとばe   

Cashngwascarriedoutatatempemtureof46OOc±10Ocinordertocastthea1loy  

intosmallspacesbetweenthewiresinthesocket，thatdecreasedfatlgueStrengthdueto払e  

Cumture，y＝＝ClX3J6＋C2Ⅹ2＋C3Ⅹ＋C4  

SpanEtDF  SpaJ）FtoG   

Xl＝＝O and yl＝0  Ⅹ2零O and y2己∂   

Ⅹl＝O a皿d yl′ ＝0  Ⅹ2芸b and y2亡∂   

Ⅹl＝a 乱鵬 yl＝∂  Ⅹ2＝…b and y2’ヒO  

G祖血Ⅵ皿SCOndidon   

Xl＝ち Ⅹ2＝O a血 yl′ コy2′   

Ⅹlコ＝a，Ⅹ2＝0 独d yl′ 冥y2′  

（6）   
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β）馳血sofcwvatu代ユt也een出血比d8∝ket   

Theradiu＄OfcuzvattLreis m血malattheentmnceofthes∝ket（starhgpointof  

kn血由．馳mx＝0，  

Ff。mtheab。Ve，theequationofwireconBguntionbetweenEandFisgivenby  

㌍㌶忘（3帥－‡く帥〕Ⅹ2  

（乃  

（12）  a2（飴＋亜）  
R。＝   

6さ（飴＋2b）   

（2）RadiusofcllⅣatureOfwire  

TheradiuBOfcurvatureofthewireisdetemined丘om（l）above・  （4）Ⅹ－C00血ate血gana血叫n血sofcuⅣatばe   

ThepoBidoninthex－COOrdinatehavinganad）i呵radiusofctmtureisdeteminedby  

so血g也eぬuowhgquation：  

卜（怠）2（く如針‡（抽閏／2  

‡（3a＋b）Ⅹ）ト  －Rel志（卸b）一  

豊＝㌫（ （3a・2b卜‡く3a＋b）Ⅹ）Ⅹ  

慧＝志（ （帥…（3a十b）x）  

（13）   

The socketleJ）gth and eJX＞Xy－51ledlength c封1be caJculated using these equations  

discussedabove，fonowingstepsareadopted；1）Calcuhtethesocketlengthusingcondi血n  

ofstrength，2）ChecktheconBgurationofwireswhidlhavethenetspacesJnOrethanl・5  

皿，弧d 3）Cb∝k也em血sofcwa旭eat也ee押野一皿d両独   

Thecastlengthisdet血edbycalculatioJlOfthe8触SOfthecastmetal・andthen・the  

netspacesbetweenwrires，Ay，迅emiedbycalctllaboJlOfthewireconSguration・Here  

thenarrowestspacebetweenwiresthatpe皿itssl血cientpeJletrationofzinc－COPperaby  

皿densw鴎Su丘dentbondisemp出血けSetatl．5mmormo托．Tbee匹Ⅸyr朗his餌d  

intothere由on Aybeingl．5皿mOrle払・Next，theepoxy一皿edlengthi＄Ch∝kedby  

detemigapo＄idonthatsatis丘estheradiusofcuⅣature，R，attheentranceofthesocket・  

Fromthert5ultsoffuJ）da皿eJltalexpe血eJ）tS．theradiu90fcurvatureattheentraJICeOfthe  

s∝女鴎Ro，孤d也atofe押野一血ch皿daⅣ画Rりばe蝕d誠餌lowさ：  

Theradiusofcmture，R，isglVenby  

Ⅹ ）2Ⅹ2］3／2  
【1・（志）2（（卸2b）－‡く3a＋b）   

R＝  

l㌫（卸b）－‡（3a＋b）Ⅹ）  

Fbmdy2伽2＝0，theinfl∝血1POintisgivenbythefo1lowizlgequation：  

Ro〟≧100  

R．用≧ 200  

wh打ち R：花心usof¢11Ⅳ血℃毎血）  

d：d血n成αOfぬe（mm）  

aく蝕＋払）  

－ 6ヰ ー   ー 63 －  



3AIkn血増Fαd卯eStreng也ofANewFad即e－Resistant餌ket  

3．4．10u血eof也ebe血g血d糾et怨t   

Toe9Caninethebendinghdgueproperdesofthepre－00atedparallelwirecablewiththe  

newsocket，bezlding色dguetestswerecardedout．TheBPeCimens usedforthetestare  

shown h Fig3．17and Td）1e3．5．The composite－iller80Ckets，C3St ePOXy re血and  

血e－∝甲p旺1仙叩，W訂e丘Ⅹ感to也e飢d ofau飴bles，e虻eptぬrs匹dm弧No．9．U血g  

sp監im蝕No．9，血臨d也eqの叩re血h也es∝keton也e邑eCO血aⅣSせ伐S弧dbendhg  

蝕卸es咄Wぼehv萬也騨td，也亀OneSideⅦS也1dwi也0山y也e加一00pper血by．   

lnthetestingproce氾，thestningaugeswereattachedtothes血eofthecableinordα  

bmeおWeS餌On血ⅣS鹿追Of也ewk飴毘uSd毎kn血gd感）m濾on，a虚aぬdcb蝕dhg  

teBtWaS COnducted before the bending htigue test．W旭e thecd）1e tension was glVen  

最叫，也e se00n血Ⅳ＄h鴎S弧d ve鵬瓜1亜splaceme血Of也e dble by也e bendhg  

d血madon were me誠tJred during the t鴨t．The relatioJIShip between the vertical  

曲pbcementand也ebn血g弧由eⅥⅦ＄d血das也en∝t叫旭丘on．Tllebe血g細密此  

testcon蛍donsaresbmin取出e3．6．  

3．3．4 F鵬guestrengthoEanewhdgue－reSistantsocket   

Someねctozs，SuChas血tsoEw正e80Cke血g，wirebu皿d血gandwirelezlgthe2TOrS，Can  

beconsideredtoreducethehdgues仕engthofacable［13，14】．Amozlgthem，Wiresocke血g  

isconsid由比e騨eat飴t血cbr血g也e血喝卯e8ぬg也da毘ue．To血e也e  

血d卯eS正也g也of也ecom匹扇te一丘uαSO血塊也etens止e鋸如et朗怨We托00nduddu血g  

thepre－COatedpardeZwizecableofvazioussizes，izldudiJlgPurelypazdeloz）eS．Tbe皿血  

tested result＄are8hownin Table3．4．Alltested data areindicatedin Fig3．16，Where  

non一血既＄io止血＄他m8gちS，i8uきd【17】．Sis感Ⅴ蝕お血山○Ⅵ唱：  

S＝（α／αu）（1－（αm／α。）2）  

Wbe代， J：8加盟きmge  

αu：山血ates仕eng也  

α爪：皿eanSぬ  

Thetestedresults eqJain the血uowiJlg伽ぬ1ePrOPerd飴Ofthesocket．First，血tigue  

＄反吐g也of也esockeち一dα，C弧bees正mat由良りm20b30k威血m2（196－294MPa），  

being abotJt a hauof that d a galvanized wi喝 however，it was higher thaJlthat of  

COnVemional＄QCket．SecondJy，ruPtured parts of thewires we托nOt COnCentrated at the  

emtz温血Cedthesocketbutscatteredalongtheportionwherewrireswereparallelinthecable．  

Thechancesofthe丘指twireruptureCnO∝Wequ坤bothinthecableandizlthes∝ket  

S∝扇叫．心s皿e弧Stbt也es∝kets∝don b臨a血d辞1e8せeng也noless也弧仙atd也e  

Cablesecdon．TheTeWaShtde血toftwistingandeonthe血tigue＄trengthofthecable  

Wh也itisle∽也弧4d呼e怨．   

An卸血gthedataofthebstwirenlptureaZldthatofnon－ruPture，S－Ncl虻Veforthe  

80CketcaJlbedescribedbythefonowingequations：  

∂b＝b皿‾1（∂。ペL。β）〉  
（19）  

Wbe代， βb：bendhgan由e  

6c：VerticaldisplacemeJltatthecenterofthecable  

Lc：StlppOrtedspaJllengthofthecable  

3．4．2 S∝Ond狐ySbessof也ecable   

When verdcaldisplacementisgiven to acable，aXialstre∬by axialforce o∝trrS，and  

慮d血血a裏山如蝕Sbyvぜ也血d拘ゎcement，ab蝕di喝S鹿抱by也e飴ble’sben血gandby  

wire’sbendi喝inthe毘bleo∝tU［11，18，19］．ThetotdsmiwasneBSured，Whichconsisted  

Ofaboveme止血nedcomponents．Thestningenemtedbyadditionaltensionisconsideredto  

beanavcmgestmiinthecable．hthiste＄t，S∝Ondarystresswa＄由1culatedbymultiplying  

也e馳encebe加e咄也eave相野S血oftbe飽bleob血d嘘αbend血gand也eup阿Or  

lαⅣerSidestraiJ”fthecabkbymoduIt180fehsticityofthewire，20，000極地m2（196GPa）．  

臥treさ血d油翁SCauSdbywなe£鉱ppa騨血也eb仙血g00blewasne劇ectd．   

Tbe8∝On血ysk鶴8曲dbu血ab増血e飴bkis血）WnhF短3．18．The叩代＄h  

iELthesockethadag飽tinhenceonthese肋Jldarystressofthecable．WhenasocketⅥS  

Suedwiththeq氾XyreSin，themaxiJntlmSeCOndazystres＄OCCuZredattheentrazLCeOf也e  

bgN＝10ぷ－335・1喝∠庸   （N≦1．鵬×10¢）  

』J＝22．4  （N＞1．鴨×108）   

Consequently，theh卸eendurancelimitforthesocket，Aq，Canbeestinatedat22．4  

kgbm2（220MPa）．Andbasedonthetestedresults，5％probal）nityofnlPtureforthe  

s∝ketc弧be血c山水d31．3k虚血m2（307MPa），Wbi血誌00舶id色℃d8u伍dent如ma  

pmc也Ql卯血tofview．  
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3．4．3 Ben血g餌糾eSヒ蝕g也of也es∝虫或   

ThebendinghdguetestresultsareshowninFig3・21・Fm皿the丘gure，thecablewith  

s∝ketsc3LnbeeBtinatedtohaveabcndingfadguestreJlgthof±0・60attwotothree  

m址oncydes．   

TheS－NctmeぬrthesocketisindicatdinFig3．22，（noJl－dinensionalstressnngeS  

i＄uSed），becausetheinflu飢CeOftheinitialtens縫estre＄SCanbeeliminated・Inthe丘卯re，  

也esamed血i血nisusd誠血tof也e血S止e餌卯et翁te肛eptぬr也ed血domof  

鮒emge油田S，αn，甲田怠hg血esumof也e出血1ten＄弘e成代郎＝姐dad血dondt蝕S辻e  

s仕儀虐WbenbenL   

Thebendi8g鮎gueendtLrnCe止mitofthesocketbecameO・180fthenon－dimensional  

stre田range．T最8isjustbetweentheSvalueofO・131andO・225，WhicharesimikLrreSub  

tothetensilehtiguetestofthesocket・Thebending血dguestrezlgthofthesocketseem＄tO  

be related to the ten＄ile htigtle Strength．A htthq＄tudyis required to disctlSS the  

coITdadonbetwee皿也em．   

A丘α也e b血g如卸e t飴ち也e br血g卯血tof也e蛍bleⅥは引田喝破LI旭  

8pedJnenSNo・2and5，thewirebzDkeatthec飢terOfthecahle，（dampingpoint）・Whnefor  

the other＄it峨Tedin＄ide the80Cket．1t was coz18idered tbt uluSualside presstue  

舶也edamf血g匹i鴫W出血GmSd也ew立ebr飽kagehる匹dm蝕SNb2皿d5・h也e  

caseofthetensile餌guetest，wiresruPtureds侃tteredalongthe飽bleen血dy・but血rthe  

ben血g血d糾et伐ちmptu血gwas00∝弘也tdhs追e也e80Ckeちb血g20b50mm如m  

theen血CeOfthesocket．Tbewirebreakageo∝∬edmainlyattheupperandk｝WerSide  

of the cable s戚on．ThewireruPturing wa＄00nCentrated at the boundary of the  

血c－00ppera山野，Wb訂e也e皿感mums∝0皿d孤ySヒ怨Sh也ewi陀○∝ll汀d・   

In血ebend血g鮎糾eteSt也em血u皿る∝On虫Ⅳ血餞持OCCu∬d血ide血es∝ketne訂  

也e飢血Ce，W姐ein也eぬdcb8nd血gt∝屯辻∝ell血at也et泊皿daⅣd也e血c－00p匹r  

dloy．Thereasonforthisdiぬcnceisconsideredas血uow8・ThecableJl飴rthes∝ketwas  

鮎tend皿d代金血d坤a匹1ye叫蝕e00血g，塾W餌beme血dh地色n僧正dはpter・  

WheJ）repeateddisphcenentwasgiY也tOthecable・theteJZLPmtLLreOEthe匹1yethyIeJ）e  

00血gon也ed鹿虻畑鱒頑い到頭gadmse血也e血s血喝払拭eh血e匹吋e也ylene  

血g．血ar怨咄也em血u血色叫S地顔血血血e間代温血h扇de血e  

socket．whichbdahighermodulus oEeh9ddty．Thereladonship betve咄thebreaking  

匹血tand也eplacewb∝e也e血叩8∝OndaⅣ島地9血was弧画u血g也e  

触ElementMe触れpmv血g也et飽tdr怯dL  

80deも弧ditd把e且Sdas如舛脈拍血d也eb皿d叩Of也e血c－00pper山野・In也ecase  

ofas∝ketwi伽ute岬ー伐れ也em血mnⅡlSe00血血ys鹿0∝血at血et氾皿血yd  

也e血c－00p押通叩・A血也em血m皿S鹿島h也ecableⅦ町騨如訂仙弧也虞d也e  

仰山ds∝枇飯豊叫pleitw払aboutl・4血窃誠m血誠也ton血ee阿血done・  

ThisrcasonⅥSthttheeFK＞XyreSinintJleS（rketwasconsidenYltobesupFX）rtedelastjca11y  

bythewiredi＄Placenent・Itmsfoundthatthe＄∝Ondazystressinthecahleatadistanceof  

lmfmm也e8∝k成心s叩p甜姐a血itcouldben喝Iectd・   

恥er由don各軸ktwe瓜也e8eのn血ysせe鋳出dben血ganかis血刑hmg・3・19・  

ⅧeさeC皿血y如即d血atd血m也eWy此me血塊代ga血gadbleasam皿d血，近  

か鴎吋也e叩adon¢0）．血d如m也e叩慮on血d吋ale誠tS岬me也odbasd  

。n也ete8tdI切山也，也es∝皿血Ⅳ細e油Cmbe叩窃Sd吋也e叩a鮎皿（21）・  

dコ2∂bJ盲冨丁   

wbぼち  αb：＄e00ndaⅣS仕飴＄  

8b：bendjJlgaJlgle（md）  

E：mdulusofdasdd吋：20，00Okg紬1m2（196G瑚  

げt：血Isせes8  

け己19．2・βb  

Wb灯ら  αb：8e00曲げS鹿8  

βb：bend血gangle（md）  

me8∝On血ⅣS蝕血btd血m也e叩癒ぬ（21）由代冬aI如山江Sm劇上嶋血e  
叩由b也戚d也e叫血on（卿・Itロ8be伐p血das旭叩S・Theq血on（20）  

re鮮血acahleasaroundbarthatAegLects血e鑓ppage・butinanactud飴ble，itannotbe  

画∝叫．弧d也奴也ebo皿血呼∞8胱bmd也e叫u血n問）i包出払弧t血om也e由dc  

叫〉卵塊u毛細e卿憎h・Ⅵ旭e叩適on（21）iも00n8i血ぬトb be如飽無血鉦ー也e  

匹一皿td叩－1dwi代dble正也山el》m【腿ite丘11ers∝kethmapnぐ血l匹into【Tiew・   

Fig3．20BhowstherelationshipbetweenmeasqredatldcalculatedYaluesofthecable  
Y血血印加加匂止血Ⅴ血us也b輸血旭血Ⅶe血肉C触由比Of蝕由blew誠祉由yzd  
闇血g也e血血血血也叩・Ⅵ蛤b咄血gdg畑野d也e由blewas血y血out15b  

20％d触da畑皿d血加血g也e8a血8脇m血．  
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3．5 Coneh畠ion  

TheresultBObtainedbythe＄tudyinChapter3areSu皿marizedas血Ilows．  

（1）A new design methodfor alarge－Sized socket was developed．When a socket  

be00meS血苫erh sizち血e d飴ign皿e也d applid b a00nV蝕扇ond80慮et00meS b be  

hsd鮎i蝕もbequsev狂io偶如臨S00n血doms弧d也eri虚心呼Of也esod【d00皿e訂emOt也ken  

hba∝Ou血Itis呵血b00皿gider也eco皿bhds毎払SSudlaき也e感＄胞皿d也e  

radialstressinadditioJltOtheh00p＄1re＄S，弧dtoch∝kthesocketrigidityattheul血ate  

S加皿g也血ordern虎bdecn泣Se也eぬkhgsh弧g血戯d叫d也e田ble．   

（2）met改組etestwa8Caddout血ga鹿町皇逸ddbleconsis血gd彪1血of7  

皿血血et訂bem血e也ed感知血e也od ner田山tof也etens辺etes也00血m由比at  

thelarge－SizedcahlehadthesaLnebreakinge銀ciencyatthesodketa8thesmallotle8had，  

When也e皿eWde琴iきP皿血dⅥ職adoptd．Tbuき，也enewde＄ign皿e血涙hMdeit匹SSあ1eto  

putahrge－Sizedcablewithasockethavingabreakhg＄trengthofmorethan3，000tonf  

β9，400kN）b脚戒適h紙   

Cl）AJleWhtigue－reSistantsockethavingacomposite－GIIerconsis血gofanepoxyresin  

迎d血c－∝脚WaS devdopd．Itwぉr叫血b00n加1也ewむe（泊伽donh也e  

も∝ketandb血l辻wi也ag餌dc脹也b通年皿tdalhodαbdiminate也e血g血cb持  

也履td肌Se也e蝕i即eS加増也d也e00nVen血由1s耽keらも吐血㌍i嘘u蝕CeOf如血＆  

b穏ndhg孤d00急血gtemp姐t肛e   

（㊥Tbe ten濾e軸e t穏b were00nductd b e払mhe也e血d糾eぬ℃1唱也of也e  

pre－COatedpanllelwire瓜blewiththenewsocket，indudhgptげelyp猥11dones．Itw恕  

fouldthatthe的dkethadahigherb6gue白trengthof血t25k或血m2（245MPh），andthat  

也e代ⅥⅦ烏払出eh鮎飽CeOf也e血心血gan盛eon也e鋸如es触ng払d也ecableⅥ血enitⅦ帽虐  

1e弘也孤35d喝陀鴎．   

6）Itwasbundthatas∝ketu貞血ganep卿f威血had也eぬtofdec悶虚hgthe  

も∝OndaⅣ8血鴎8鈍也e血eeof也e亀∝k成00mp訂dwi血也祉d也eeonv弘也ond鎚亡kd  

G迫tby a感nc－C叩pα濾oy．h馳e qseof也e鼎立成，也e m血um smda呼ぬ飽S  

∝eum代d戒血色呪触d也es庇k鴎b血kw弛0山y油out60％d他紙d也e00nV弘也nd  

One．   

（6）Jud如g血m也eb血g軸et朗吟，也edblewi山地e亀∝ke短日過nbee封血以tdb  

bYea beJ）ding btigtJe StreJ）gth of±0．6●attwo to three milliot）Cydes．mebending  

危tigueendurazICeli皿itofthesodketwa＄COnSideredtobeO．180faJ10n－din蝕SioAalstr鶴S  

mnge，WhidlWaSaboutthesanevalueofthatofthetensilefhtiguestrength．  
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●pub塩sbdhJap犯飴e  

ng．3．1Typicdd血咄Sionsofsocket  

Table3．1動く：kdりp倒uSdh也et朗t  

C85e   2   3   
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亡It＝J ∈00  re8「－bea「】ng  r8a「－bearing  re8「－be∂「†ng  rear－be8「1ng  ○・■－0  
U▲ju】  typ   type   typモ   type   

Th‡n㈹1led  R銅「－b朗「jng   Thl¢kl帽I18d  Rモa「－be8ring  
fro巾t－bearing type  front－be∂rin！－ tyPe  
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Table3．2 Br飽kngt萬tr飴山也  
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x＝8帽さklng posltlon  

⊂■l●  ヱ   1   l   

Tonjl  l●与trOn9thof鵬「e   167．¢kgf／m】   167．Ok9f／m¶王  173．5k9f／l鵬1  1乃．5k9f／仰が   

8r●j  2，592tf   2，5，2tf   2，S92tf  ヱ，59Z8f  

2，706tf   2，70与tf   2，811tf  2，811tf  

†呵 lo∂d  Sp郎1日●dval明＝伊           Cき1¢ul∂tOdvさ】岬8★お           仙川飢什如ト㈹l山IC   2，610tf   Z，598tf   ヱ，77†tf   ヱ，7、】tf   
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Co【l¢entr∂ヒed011t舟帽  Con¢○ハtratOd o†lthe  Parさ11et   Pさ「さ110l  

F■1lur卓P08†tt01l  ●    l l ■  fro事It f中C80F 三千n仁一  8e8ヒ10nOf  
COPPOralloy   COPPerき110y  W弓re■   ヽtr●l   

Elo叩  
br●もk   

3．5ヽ   2．8ヽ   6．8ヽ   5．5ヽ   

N血 0 
， f－7日Pa  
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Table3．3 ReBultsofbreakingtests  

Teさt叩eく1m8n  いH…Uredb「8州nql08dx100州  d8X5e－l  
100dA   ；こ：；；言：三こ冒：  

（spoelf弓ed  
value）  Wherel08＝tenSilest「engthof  

Nire（爪e8nValue）  

N：Numberof叩e¢1州毛れ虐   ltり  －8（k9f／仰2）  吐（ヽ）   

5．0叫 ス 91  N叫8  290   ユOl．8  1．05  167   100   

5．17 x127  N冥2  一之7   ヰS叫．0  1．06  l名8   100   

5．00メ169  N±ヰ  52（）   Sヰ8．叫  し05  166   99．6   

5．qOxZ17 N－1  68之   69S   l．OZ  】66   98．3   

5．88 x 2TI N鐘1  851   892   1．05  168   99．8   

7．00x91  伸・1  588   580   1．Oll  】65   100   

7．00 x109  N－3  67l   T12．7  1．06  171   99．ヰ   

7．00 x109  N玉6  67l   723．0  1．08  け3   99．6   

11r＝！川り7川」＝頑／mnl：1＝！I．川）7Ml一山  

Fig3．3 AnalydcalAowfor＄伽pageofzinc－COPp訂alloycone  
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Table3．5】Ⅸmensionsofspecimen8血rbendingfatiguetest  Table3・4 Ten8ile鮎guetestresults  

S叩im8n  C宜bl8由加  ・Sod氾∩8lal電白  Lo  Lc  Ls  L－  Do  Ds   
N8  （mm2）  （mm）  （mm）  （mm）  （mm）  （mm）  （mm）   

口  7x 31  】193  1640  2380  370  272  54  256   

2  7x 3l  1】93  】640  2380  370  272  54  256   

3  7× 85  3271  5426  6000  4SO  287  81  280   
ロ  7×139  534g  5426  6000  532  287  106  280   

5  7×139  53‘19  5426  6000  532  287  106  280   
6  7x139  5349  5426  6000  532  287  106  280   
7  7×13g  5349  5426  6000  532  287  】06  280   
8  7×139  5349  5426  6000  532  287  106  280   
9  7×139  5349  5426  6000  532  287  106  280   

N0．0r  5t「eS5  mean   CyCles  Pe「een【ageor brokenwlres   
S       Wlres  r8∩どeS  S亡「ess   （XlOl）  and broken Dar【S   
13g  196  ●  ．1J暮1  200  0．7亀1nslde50Cke【  
0篭  139  196  529  ．1－1l  500   
139  24S  505  ．174  225  2．2㌔1nslde socke【   
139  29Jl  480  ．207  100  6．6考1nslde／OUこ51de socket   
1：】9  29‘l  480  ．20丁  103  8．6考1nslde socke【   
127■  196  529  ．141  SO4  0！；   
127●  196  529  ．1ヰl  206  0電   
127●  ．245  505  ，17‘l  210  2．4電1n51de so（：ke【   
127●  2‘lS  SO5  ．1Tl  2‘14  2．4葛1nslde 50Cke【   
12丁●  343  456  ．2ユ9  S2  1．6電 Ou亡Side socke仁   
91●  29（t  480  ．207  200  1．1考 OutSlde socket   

●1n引ca【e5 teS［da【a亡arrled out prevlouslytI  
Wlres 8re 811T M dlane【er． Unl亡 Of s【reSSe51s MPa  
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Table3．6 Bendingfadguetestcondidon＄  
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ぬ   （tr）  （kg†／山，）  （mm）  （deg．）  て地）   

76．4   64．0  ± 8．0  土0．5   6．0   

2   76．4   84．0  ± 8．0  ±0．S   6．0   

3   307   93，8  ±31．5  士0．6   1．7   

4   285   53．3  ±63．0  士1．2   0．g   

5   300   56．1  士42．0  ±0．8   1．4   

6   300   56．1  土3l，5  士0．6   1．5   

7   305   57．0  土52．5  土1．0   1．0   

8   320   5g．8  士37．0  ゴ：0．7   l．6   

9   305   57．0  ±73．5  ±1．4   0．8   
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C比ArrER4 CORROSION－PROTECTrVE COAT FOR  
A LARGE－SIZED CABL  

4．1】h吐血wtion  

lhngCable－＄tayedbridgesrequⅣeCableswithhighmechnicalproperdesandexcdlent  

comsionresi＄taACeatthesa皿edme．Alongcahle－St3yedbridgeis usuauy designedto  

havealongerperiodofservice，for既ample，mOrethanaperiodoflOOyears．Corrosion  

prot血nforasby cableis considered to beone ofthemostimportant血ctorsin the  

durab揖ty of畳ble－Stayed bridge8【1）．The corrosion protecdozISyStem Of a stay由ble  

depend＄OACabletypes．Apaintingsystemisused飴ralodkedcoilrope，且plasdccovering  

foraparallelwirestnnd．aJ）daFK）1yethyleJ）ewith mortariJ）jectionbraparalIeJwirecable．  

Tbese＄yStemShaveseveralpzbble血SWhenappliedbastaycableofalongcable－Stayed  

bddgeofaⅢ山d－dble切）巳   

Thehn血mezltalmethodforpzDt∝tionagainstcm＄ioniBtOgalv血ewires G2］．The  

Wぬdaもe鮎劇y＄触皿d由仁mpesⅦ血asal∝kd00山mpearegen咄騨1v㌫血db血y，  

Sbce也eⅦ＄eda瓜破n如血dwke鈷rasねyduerduc虚血edⅦほb揖呼d也ecables【1】．  

Awkeofalo慮d00辻m匹臨画血d南仏a血cw由btofabut300釘血2．Tbes血∝  

Ofalockcdcoilropeisusual＆painted．However，COrrOSionprotectionbypaizltingrequir∞  

maiJlt匂1anCe at Shortintervals，thatis undeさirablefor along cable－Stayed bridge of a  

mu旭一也ble吋p巳   

Pam皿d血est柑皿由∬epmt血急診h＄t∝〉mSio皿吋a gl且SS丘bαr血托d pb8dc  

00Ⅴ血g a氏α血sh鵬om，W払血is quite8i瓜ぬrb七山丈dl鮎m血∞ble of＄uSpe皿血n  

bddgesβ】．Wbena卿11dw加s鵬ndiswonndona血um，it蝕此ens孔md8n且ke＄訂Ound  

也e血m．Tbtm濾也辻感触ttoさpply00mbn卵油㌍血ha＄h叩．T鮎s島野temnedb  

expansion joints oEL a EableiJ）Order to adjust the expaJlding dihce due to血ge of  

tempentureorliveloadbetweena8tedcabIeadtheplas血cov軸 Theexpan＄ion5oint  

血ad湖血相皿bge血r00mSionpm鹿t払n，もeausewaterc弧f妃ne仕a臨地e鴎ble血りm也e  

joht画也is毘ⅥS飴00汀関io且虚血M倒．独尊，感ぬIdhgi＄r明Ⅶ旭u且der亜飽b量尊h  

Q河αねhshllaplasdcoov仇喝at血e8辻e，也at払t001血dous血ak〉ng也ble－8也yd  

bd奄eofam油i－dble呼p色   

Apipema血戚押野e也yleneor8tedi5血血d蜘止dap肛allelwke血1eぬdcem飽t  

血αbr由叫∝tdh＄ide也epipe．Wi也也is野鎖線由也e海蛍℃g81α；山y叩頭血血血  

¶血誌a扇m血詳Ot戚veme也da伊血st00m）血n払也水usd血ー也e匹尊蝕dwi托d  
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4．2 h血tddnope鵬esofI，01ye地頭eneforAn陀－Co釦dP訂dlelⅥ屯柁C血ble  

4．2．1Pb野i飴1pmp任七鴎Of押収e址yle皿e   

mewぬof也e飴ble訂e00atd心血300g血20fzhcaBapdmむypmt∝donag血st  

α正和虚io鶴田，10，11】．払nsid血g也e＄餅訂e em血）nmen也，也e8血ce of也e飽bleis  

extrllSioncoatedwithpoけethylenetoimproveresistanceagainstcormsioJl．   

恥けe也ylenei色ばte皿Sわdyusdas也epmt∝加e00a血gぱd既出001wむ飴弧d血bl田  

【12】．Itisakindofthemoplasdcandvisco－ehsticmaterial．Materialofthistypechanges  

inpezhazLCewithaslightdlaJlgeinmolecu血weightandznolecdar塁tmCture，anditiB  

susceptiblebtempemttJreandotherenvimJIZnentdcondidonswiththeuseofadditive8．It  

hs to be accurately charactedzedin order to app抄it to a地y dble．Highーdensi吋  

polyethylenethatJneetStherequirementsofJISK6748Chss－3Grade－1wassdecteda8the  

叩血umpmt∝dvecoa血gmat由1ぬー也ecable．nephysicdpmp句点朗d最gb－densi吋  

匹1ye也yI蝕ea陀騨Ⅴ飽hT血1e4．1．   

To血dy也e塁せeng血dlamCtds血s d也eI氾l匹也ylene00a血＆8p∝im蝕S WぽeCut  

血）nthecoatedplyethykneofthecableandthetempemttJred印endentpropertie80ftensile  

裏dd8仕e瓜g仏独dt馳姐e＄叫W邸eね軸濾．T独ー田山也a托感Ⅴ蝕h椚払4．1．ne  

tensiIemod血80feh＄dcity，BhowninFig．4．2，isdmiedoveraJlelongationmngeofOto  

l％．Iわd逓打払CeOfm血飴1pm匹d萬WaS血u皿dbetwee皿出gh－densiり1氾1ye也yle皿eh  

thev軸＄tateaZLdthosesp∝皿en＄Cut血om thecoatedpolyethyleneofthecable．T  

t飴td血吼血mhF短．4．1如慮Fig．4．2，訂euSd血ー也emecぬ山飽Ipmpす鮎匁托叩血錮允r  

也edesignof也eendtem血d也ecable．   

Pdyethylene，apO炒mericmate血1，iss叫ecttothed‡由bofwater，dtrdoletr3dia血n  

弧do也打倒Ⅳ立onm劇触．n00e血血ぬa押迫ibi塩野dl尊8血gh亡tWe包仕eng也  

祉d也ⅥSd即dophgdad蛤○瓜也es血ちW出血1eadbab癒出色姐u柁ぬ鋤me血色 b  

也e008ed也eQble，也e8血bge島地＄m血gin也e∞血匹妙e也yleneht嘩阿t飽也e  

00戒1広也也eht羽山＄ぬnd．Ⅵ把由blei亀虫馳8朝雨b8仕鰯d併dopdMd訂al緑e  

l飽d，8u血誠do瓜鮮血n血ebt鴎donapplidb也ecoat威＝如1yd血yl蝕eOrtempem加e  

血gein也e00atd画e也ylene．   

A也omqめ8叫Wa8 m如e如也e e江Ⅴ血nmモn也＄他q認Ckng r也i＄也nce d  

最由一den扇町画地ylene by00鮨姐血g8ぬ800此e血don due b∝een由仁毎払d  

ぬm喝ちb∝a偶eitⅥS叩中正由b b極lば血唱alongsぬpdd．As ar田山ちa  

均一de阻速y押野e此所飽ち旭bぬbe軌弘也熟知dy画md血ー併℡1，00O bo皿d  

t蝕血gby也eme也鵬叩∝述d血刀S鵬制，Ⅶ＄8dぬぉ00a血g血a鹿由1鈷ー也ed以仁  

Ap叩血山崎脚bu灼d∝a政一血沈t尊血g訂e8虚dbcon℃8匹ndb30～勤y耶d  

p代StreSSedconcrete．ApolyethyleneplpeC3Jlbereeledonadrum，thatJnakesitpossibleto  

Pre血briateitinthe＄hop．A＄GめIelemgthbe00meSlonger，PrOblemsrelated toiD3ection  

WOrkarise．TheidectionheightdependsoJltheip5ectionmaterialofthecementmortaror  

thei房ecdonpre5Sure．Astheheight臆renceforozlein5∝donisusual＆limitedtoless  

than25m，itrequJre＄manyhjectionstocompletethecomsionprotectionworkatthesite  

forlongstaycables．Stressqコdkingofpolyethyleneduetotheenvironmentand近veload  

O∝u灼iLane5（Ce∬ivehoopstresso∝urSduringthein3ecdonprDCedure牲l．Furthemore，  

theznortar thatisidected nay pasib吋CZaCkoffbemuseofaJiveload orwindinduced  

Vib氾血n．   

CoJICemingtheBePrOblems，aneW00miozIPmteCtionsy8temWhichhasthefollowizLg  

dl損亡tαisd飴由r叫血d血ra血ge一成㌍d胡bleof8m山d－00ble加e；   

a）AdoublecorrDSionsy＄temuAnggalvanizedwire＄isrequired．   

b）Itsho山dhave既CeuentWeatheringdurab揖tyforalongperiod．   

dItshouldbeprehbricatedinashopinordqtoelimizlateCOrrOSion－prOteC血gworkat  

tbesite．   

d）It8houldhavee始yhndLizlgChaz3Cteris血sindudingreelingaJldunreding．  

hthischapter，＄ttldie＄OnaCOrrOSionprotectivel叩αOfapre－COatedpaz出1elwむe飽ble  

are血8CⅥSSd．   

職eI地頭1d血dbkis血Sk租－00慮dw主払㈱1ene且S a卿t∝don a如t  

00mぬn（m瓜b4．1），Fぬら也e如i由1卿p∝d萬Of匹吋e也yl鴎eC視血g女〉r也ecable訂e  

d飽dbd＝罰．Tbem血pm阿d飴Su血翁t印S混血eng血弧dmdd偶成d誠心d中  

細驚me誠通知Ⅴ祉iou8temp也血飴，b∝a憶e匹炒e也ylenei8a tem画ed騨ndent  

Jnaterial［6．7L PolyethyleJ）eisa匹1ymericmat血l，Sub5ecttothe血tofeJ）vizt）n皿eAtd  

血：血3，血nmen旭ぬ飽SCm血g代感誌也皿Cei畠山so血傲虫d．mew訟也血gdlm地相  

Ofpo妙ethyleneisandyzedtISinganaccelentedw飽therhgtestinrehtiontotheanountof  

血bl訳虫addi鮫肌   

恥estruCturalproperd飴OfapolyethyIene－COatedcal）1eareinvesdgatd，be亡auBethe  

CO3ted po吋ethylene has aJl融IISio皿－in血ced shrinkage stress hit．The畳iction血rce  

CauSedby止血bgestressi9analyzedusiJlgafull－SizedspecineA．EJ）d tre9tmentOfthe  

POlyethyl蝕e－CDatedcahkisdsot飴tedtDeXmiethecozmionprotect如esy＄旭natthe  

めCk吐 Tben，hst曲do皿dl訂aCtdsぬdaI氾妙e血ylene－00atd飽ble8u血おWedhg  

孤dda皿画曙群e血db怨也撼血也e阻a騨d也emble【8】．Ⅴ鵬ous血也雨也r飴p∝t  

bhs旭血血n血ぬ義dc色好eSbmP】．  
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ロblewe代00皿Sid訂dto叩mdandcon肋dht喝田皿ywi也飽血0也℡0V匂＝血emo＄tOf也e  

bね11eng血．   

The扇cdon血rcedevek）Pedbetweenthecableandpolyethylenecoa血gbytheshrinkage  

stresspresentinthecoa血gwasconsideredthemaizl飴uSeOfthestatemezldonedabove．  

A∝0血盛y，也e出血ont翁tSbmh椚g．4．6w払00nductdLlme鮎cdon由江e欄如皿db  

d∝畑e eXPOnen血相 withincrenslng tempqature．Thisis pre＄umably be毘u  

polyethyleneis a hiddy temper3ture－dependent material弧d the ch鱒gein the  

circum飴rentialshzinkagestres＄OfthepoIyethyleneissemidvetotempemture．No．5，6azld  

7in Fig．4．6鹿tothe seqtIenCe Of N0．4test rep窃ted toinve＄dgate the血t of  

temp姐ture hyster飴is．The丘ictionalforce was shown to recover toJlOrnalasthe  

temp離t∬e董dl．   

ne叩m＄10nand00n血d皿Of也e匹妙e也ylene－∝加東飴ble弧d也e血cto指hvolvd  

Were＄血血dha托1a如e吋血0止血e血也e00n8也皿tenVむonm蝕也1condi血n8血紀u鎚d  

abov巳Inviewof也e血叩1扇也血eofpmp也更改独d色町dcee皿Vimnmemtof也edble，  

也e鮎cdo鮎止ぬ正e由＝既p∝td to de亡re誠e mO代也弧Sbown h Fig．4．6，姐d也e rdadve  

既pan8ionand00n血C血n of也e匹妙e也ylene血gat也e∝慮a托叩tdb血m＄e  

mαe．¶旭endt血donofa匹け叫Iene－C侃td腿blede＄dbdn匂止由d飴i騨肥土b  

retainsd五cientshqgthevenwheJltheAicdonal如ceiscompleteけlosta允erak）ngPeriod  

of8erdc巳  

432 Endtennh鵬onofap01ye也ylene－0閲td也ble   

Theendternha也onofthecablei8thepointwherethepo妙ethyleneeoa血gazLdsocket  

COntaCteaChotheL T山saz％00n8t血tesadiscon血uityiJlthecozmion protectivesysteJn  

Of也e由ue姐dぬ8bbe匹0飴Ctd喝血stw血血血皿皿do也αα）m毎e喝餓b．   

ne由比e一蹴k吐00m威oniさ＄d感bya雨脚edh倒一台出払bble匹抄e也カモne也at  

is h飴td b sb血勧dyo血○也e00皿∝don，お頭ownin f海．4J7．T出会訂飽mⅥ＄tbe  

Water－reSistantあr00n沿感onpbtecdozlandaIsobe昏仕りngaJldstretchdblea辞in＄ttheaxial  

ぬrceofthepoIyethyleAeCOa血g．Theh倒トS址i血blepo妙ethylene81恍Veandpolyethyl色ne  

∞a血ga陀pm扇dd雨也a8u虚de血∧1eng粗da曲怨io皿b飽血0也弘Inadddon，也e8∝ket  

i8pmViddon也eoutsides血e両地ap画0皿d包u血a8hpe祖d或把t由tsせ鰯  

∝邪軌血on蛍n be mi血iz由利戚tぬt也e b飽トS血able polydあyle皿e＄1e併e Gm be  

mm痢虎dy匹eV印td血m8hpphgo茸也e8∝女eL   

吼也也ed飽db山地dlivel似d触bnd也e由ueat也erd邸enCetemp∝at∬e止別O  

Cand也eぬ1血mg蝕訂at由h也e阿世e他力印e血gby胞tv血don訂eb也血細y  

な血d b也e血助ト8地e糎匹1ye也〆蝕e患1eeve，也en也e血さむ田塁誌  

environJn也hlstresscmckiJlgreSistazICe，althoughadearcorreh血nha＄皿Otbeenestablished  

between也etest血e皿d也e虻h山s訂dcepdd．  

4．2」2 Wea也e正昭du血山野Of血i由一denさiⅣ匹卸e也ykne   

nepmt戚ve00a血gof也eQbleisa匹血dp劇y鮎由一de8Si呼卵1ye血〆蝕らW出dl誌  

血m抄blendd両地血皿bla慮b血pmvei也W現地血gdⅥb山野【13，14ユ．職ed【由t  

Of added cazbJ）bhdk to high－deJ）8ity poJyethylene wa8meaBuredin aJ）aCCelmted  

Weath血g te9t CO血uctedwith a weatherometer・The re＄dts are shown h Fig．4．4．  

瑚－den＆i呼p両側坤血鳥山t∝奴加朗扇也d町田＄d re血d don如0瓜W出血1，00O  

how葛血e皿也e血nbbckad心血nw払Otol乳 恥也e血nblad【ad出血onwasl％  

肝mO托・山de血d血WaS ObsせVd即印加5，00O hows，8噸g供血g也at g∝適  

Wea也d喝dⅦbi立野0V℡alo喝画00nbe既p∝td．   

Accordingbtheabove－mentionedr髄ult80ftheaccel償苫tedweathd喝teSt，2．5±0，5％  

OfcaztN）nblackwasblendedintDtLecoatedhjgh－densitypolyethyle皿etOJnaintmialong  

Periodof8erYice．Apo＆ethylene00a血gthicknes＄Ofabotltlmmisstdci蝕t如m the  

d叩血tofwea也血gdum仙軌but也e00a血g血dme∽W通訳い椚m＝狐㌍虻5blO  

Jn皿aCCOrdingtbthecablesizeconsid血gthecaseofwhdizlgOnreel8andhandhgdmiJlg  

er戚on．  

43 StmcttⅣdPrt｝Pertie80EP01yetJlyleJle－Co8tedCAble  

4．3．1下城d皿知ced匹けe也yl印e－∝血血g   

Tbecable孤d画叫1ene血gぴeq池Sid血b如拙d00止血m血道ve妙b  

飴血●○也訂b8飽Ⅵ8e也甲訂e d漁訂飽tin mat血独d也e poly咄e眠00a血g b誠  

既tnl魯bn一助cds旭血唱e8せ餞Sh丸 B8コ髄eOf也e＄血如蝕h也e匹けe叫蝕e  

00a血gof也8dbぬa血u－由dさ阿血蝕da画e也勇Ⅷ㌣mtd蛍ble，血）Wn山田g．4．5，  

Ⅶ8t蝕tdb血e也edl姐鮮血也e＄血ge（8血ba慮）of払e騨1ye也勇也e∞血略  

mepo軸血e00a血gⅥS00taWayina血gat也e血道匹血t戚也es鮮血軌弧d也e  

inじ【ea8eiAtheopcningofthering“・aSmCaSuredoveratmt50OhouLS．Thcspecimenwas  

血廻虫d hm也e血g血d也打切d翁血wnぬ刑gA玩狐d s址iI政b誠k d血e  

画y咄1伽血gw喝d細魚りm血色血叫夢h也尊母ma政d htαⅤ血．≠e  

叩軸d也e血g血8月mぬabut300how8祖ditd鑓エOthe陀aSe也血  
Ⅶモ8輌血g血d也e軸e血伽eto也edbleⅦSl惑b2皿，jⅥd如g如m也e  

血岬h也e加癒d血鹿Ⅳ盛on也es血eof也e嘘l＆ n8匹Iy叫1印e00a血gand  
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Cdcdated．The血ickness ofthepo抄ethylenesle即eis desipedsothatits tensneyield  

StreZlg也is＄l戯dendyhigherthanitsaxialstress．Itwasveri5edbyvarioustestBthatthe  

SOCketstruCturede8ignedasdescribedatx）Vehadsl戯cientstrength，StretChd）揖tyandwat訂  

r飴is血C邑   

Tbe8tre血gtestre9ultissbwninFig．4．8．Theh飽トShrinkablepolyethyleJ）eSle即e  

didJ10tSJideoJlthe8∝ketcqpolyethyleJleCOating，andexhibitedeJlOughelongadonwhemit  

WaSeXPeCtedto8tretCh・Them血mloadreadhedtwiceashighasthedesipedtension  

azldthtI8itⅦCO血edthatithdsu鰯dentstreJlgth．Thetestresuktl血ga丸山－Sized  

αble魯鱒1meZ18hcwsthttheh飽t－8hrinkablepolyethylenesleevestretchedwhereitw3S  

designdbdo弧   

WaterimJnerSionte9tBwithaJldwithoutapre∬ureOflatmospherewerecDnductedfor  

血mo血sb血mwat訂托虚i8血e邑 The00皿感○皿匹htwasb皿dto血Ⅳe飢魔道e此  

W血resi8taJnea＄J10W血in丘Itradonwas bh8eⅣedattheadhesivejointbetweeA the  

heat－8hrinkablepolyethylenesle即eandpolyethyleJleCO血g．  

433Ⅰ鮎心此山onpmp訂ti伐daplye也ylene－COatdG血1e   

Wh氾apOlye也yle皿e－COatd日払bleis此d肝dbles∝ketisp止血babw訂αm血  

虚血叫也eb傲血喝口血sd也e窃blei8血dytodm8eb叫．Abe止血喝t怨も血mh  

閏g4・8，ⅥS蛍ITidoutb血e也e血盟ib坤y弧do也訂b飽d血g血血出田d也e  

eable．   

net鴨t一世ぬ幻鷲S血h鞄函乱 丁he∝血坪炒叫Iene血owdnoab加md  

d血感on如血脇bⅦ亜喝Wも飢itⅦ8ぬt叩b也ed耶也虚血ev血e戚n凪（飴ble  

ぬ血増血met血bkdiandtめⅦ88．8．A触汀也eb飽d血gloadwa8m耶d，也£00血  

画e也yl飽e托ttⅡndbi也Od由血00n亜ion，1蛍鵬喝nOh血1debmad鴎．職喝，也e  

∝血d即妙e也河印eぬ血gadesi騨‖鮎dm髄Ⅶ8血bleenoⅥ虚血rb血gloads血dyto  

ぬapp旭d血g蝕血感皿Or血地此痴沌・meben血gs飽鰯くd也epr←00at由p鉱山d  

wize也bleJZL飽Suredbnthereh血極betw恍nIoadaJldhendings血髄isabotlt15％of  

也ev由ⅦeWb飽也eぬq髄S与戚（氾i各地   

批由皿恍e怠金鉱ybemhe也e止血血gdl狼血ぬdapl匹也y血e調t（姐飽b暮ein  

ぬb如也e感0皿『叫p組t加地e血1巳 血wed血g test wぉ也α血e  

画d偶i喝会姐一曲弛d画也y血eco丑t由比恥働n画d421wぬ，7mmh  

diameLer（Phob・4・2）・Accordingbthetestresult蔑，aforeeoE5tonf（49kN）ⅥBrquiredlL）  

pdla卸由虚血bk蝕徹也e托d皿d也eⅦ鰯祉n細ab血g¢a画datl鮎t5  

ぬmbp托Ⅴ也t伽錮ぬ1e如m血血gab嘩d也e托dt ＄h虎也卓也蜘e鮎蛤a揖由  

軸物・iti8d倒玩曲1eb p℃Ⅴ也t血m準b也稔伽捷d阿世e蜘色好伽也bleby  

syJIChronizingtweehgandpullingsothatthenoveJnentOfthecableinthereel飴nbe  

mhimkd．   

Asthecablewasunreeled丘omthereel，itswuJlgOqtheline500to600m皿．This  

deviadonαnbepropぽIyaaommodatedUrollers，aboutlmwide，Wereinsta11edatintervals  

of5to7．5m．neBWaymgOfthe飴blevirtuanydisappearedwhenshghttensiotlWaSapPlied  

tothetNeeled由bk，1emgno tz3CeatanWhenthecablewas erected．Theremaybe  

ca＄e＄Whe代thehyoutoferectionequlPmentreqtlUe8aChangeinthedirectionofthe亡able  

tLDreeling．Uthean如OfthecabledenectionislinitedtolOdegreeBCqSO，prOVidinga  

verdcd roncr at an appropriate point，a SOludon to any uzmdhg prdbleninvoIved vms  

pmvd．   

ne coated polyethylene hs to t）e grippd wheJ）the cableiB tlnreded or Li＾ed Lbr  

iJ）Stalhdon．ThepoけethylenecDatedQblerequire8aSPeCialdaJnpthtposidvelytran9Lers  

thepu皿fozcetothecahlewithout血叫如gthe00atedpolyethylene．A払訂Variou8teStS，the  

designJnethodofthedampforthepo妙ethyIenecoatedcableⅦObtained．Itisrequiredto  

u£eaS血押切8Wed勤k邸hmヱ（亜OMPわ皿dcod五dentof出血onofO．15血rade8ign  

v血a T血Ie吏2或Ⅳ耶＝血eme誠血00血ie正也of出血onb血en也e画e也河eneand  

clamp．OzleZn？iwadvantageotthepre－COatedparallelwirecahIeisthatitc証nbehandled  

放e00Ⅱ皿OnWむe叫阿川血氾細胞鮎damps訂eu8d．   

h80me C誠eS，devices are attached to the cable to prevent cable vibradon aft訂  

iELSblladon．hthispoint，aCreepteStWaSCOnductedtostudyanylozlg－temprOPerydthe  

POけethylenecoatedcable．TtLete＄treSdt＄are血owninFig．4．10．Itwasfoundthatthe  

C陀ep pm画dd即npd匹吋e也yle8e00a鹿dG血1e血owd群弧離11y也e組me触弧d追  
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Ac00血gto也e托騨℃SSion血eb鵜donme誠WdⅦb飽血rl00血押，itiさ傍血atd也at  
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Th汀d加陀，血蝕也eαblei皇血mp東野m弘也t吋，iti8n∝杷患砲yb也kehba∝抽ntit烏  

long－t鮮血pmp叫at也£des如細野．  
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bu指Whenl％e血nbla虎was addd．5b，也eI随感1d wむe飽blewas∞Ⅴ∝dwi也a  

high－deJ）SityJX）吋ethyleJ）eblendedwith2．5士0．5％oLcaztMnbh虫．   
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油脂鴫他心血痕臓＝秒咄怜髄感．でbe也k血倒患d00地租叩1ym邸Ⅵ耶d血d樋be  

2Ⅱ皿如m弧嘲両頭扇即．  
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血血色夢坤pn山喝弧dwe威喝d血喝血s地血n．n血代匝b山野ⅥSdso血血d．A  

AuozD画md＄mel血gpointissighdyhigh訂thanthatofapo＆ethylene，btItanydanagein  

也e血0叩吋mぼ血g eodd be e恥卸rep血d坤apply血g a pie∝d也e same  

鮎omp鴫Ⅶ邸Ⅵ血ile血喝南仏ahoト血血，TbV画地¢q血i呼d∝止αd血Ie托p血，  

叫姐dp叫画0010撰d由ble8p血塊SWぼeS叫d：tdba也αm山印血g触  

netestthatcoJni8teddlOOqd萬岱hourB阿Cyde）between－20－cand＋800c，  

脚ealedJmahzLOm咄h画・Thisconhedthed輸血venessoftherepairingmethod．  

5．7 Co皿Clusion  

TheresultsobtainedbythestudyinChapt訂5aresunmarizedasfo追ows．  

（1）Acoloredcablecon＄istingofadoubleJayer（acoloredAuoropolytneriscoatedonto  

thecdtedplyethylene）wasdeveloped．The伽oropober，havingoutstaJldingweathering  

durability，Can dongateserYicel漁ofthedbleazld add aesthedca8PeCtS．As arestJlt，a  

騨幽艶edomof00lorsdectionwa＄由Ⅴ飽bbridg飴dbles也atma触血d也esmu血g  

血on皿ent．   

（2）Requir咄1entSfor matedalof colored腿ble were analyzed，and characterisdc＄Of  

variou9且uoropoly皿er3We代COmPared．PolyYiJ）yLjdeJ）ehoride（PVDF）w3S SeI∝tedas the  

outercoatingmatedalbfthecoIoredcableb∝auSeOfits＄uPeriornechanicalstrengthand  

opdmtlmeXtruSionproperty．Tbe8PeCi6cationwithrespecttotheznaterialproperd飴Ofthe  

fhorop妙m訂血【也ecolorddbleⅥ髄d血d血gb也atof也e匹ゆe也ylene．   

8）W飽血血gdetαio血omdplpme指WaSds00駆dby也erda血ns叫pbetwe蝕也e  

SOJar radiadon enerw andintemolecuhr binding enezw．1t b∝遥Ine ObviotlS that the  

董homl泊Iymerwas＄up由ortoo也ぼplas出店，翁画hwea也dngdllnb揖呼b∝auもedits  

地℃喝bhd血g飽将hm01ec血血C鹿．Jud由g如m也e鮎t肌1成匹SW8t怯tぱ也e  

鎚m姐dnot血owhgdet慮omd軋血ra阿idd血ut20yea持，也ew細血gd咄of  

血efhomf氾Iymα00u姐bees血旭tdbbstぬrmore也anlOOy耶正也e血idme出W訂el  

mOrmOre．   

（4）Anoutdooraccdemtedexpo8tXrete8tⅥⅦ8CaZriedouta皿dther倒dtsas＄uredthatthe  

COk｝redfhcqopolymerhadcpceuentweatheringre＄istantanddurab揖tYwithregardtocolor  

血ge弧d劇0㍊代t印tあn．恥馳飴Ⅰαd血10ml頑ym匂■鴎叫g虚血叩peamn恍due b  

馳血on皿切出s血血隠it00Ⅵ姐鹿ー蝕也rdb也e嘲ゆ如駁払血涙也e猶ち血ー餞且血pleby  

Ⅵ血h＆be腿uSeOfthe血鮮血飽和瓜狛nOn－、舶廻仕故地f倒誌触   

（勒Ana血供i蝕m舶Ⅶ怠血h由払血日脚温色払ea曲感ぬ的場也もe触n也e  

d．¢ M血Applic血th皿8止血en陀一色旭加dMd恥C止血  

nepr㌣∝血d騨撼1dw血dbleh8be也恨dh血叫川面膵dⅦetOit8SⅦ阿iα  

8叫，e弧yhsb鮎血亀山deⅡ亜飽ta飽也e血as画．nenu血be蕗ばbridg飴emp如血g  

也¢嘘1eh那e血memore肋n80，血血血喝1500lord皿飽．The也bleism血妙叩頭d  

baぬyqbleofb喝偽ble一色也ydbd弛伐Su血誠仏eTa地政idgち也d80me血蝕ba  

t也Sbnmembαd山由弧bddg尊．   

R∝改心y，a p托－C飽td圃d wむe G血k w池ph－00m∝鹿d8Ⅶp匹血血8be蝕  

d軸d鮎rabmger司樗t叫dl¢喝餌叩弧8io皿b血g餉．Hdi叫S仕組ddmpesh卯e血  

ⅦSd血ど血喝訂飴ble8d8u8p触感on撼d紳叩bⅣ，but也呼止edp匂あdkm血tena∝邑  

ney町ebent弧1tak也iAtOtJIeSddleofcabletn血 Wh也teJ）9ionisappliedtohdicaJly  

細伽血由∬叩拶，也8画gd也e8血誌ゆt払仙奴．Watぽp咄血do致血m也鵬e  

Q遷d侍¢肌臨伐血り血1倒h血細mc氏Tb研あ喝貯一匝h血gi8aね01血如Ⅷ坤血d血ー也e  

u紀dbdi血1y由皿dd叩．   

伽也ed血呼血d，a町∞疲dp誠Ⅲdwi托血kis血00tmah加Ce血eeduebぬ  

d肌b軸・T脇誌也e血r鮎皿鮎t也ep托－8飽t感騨柑忍d雨陀飴ble加治be也ap頭d  

血rn叩加地執 馳id怯，it cm k∝血血Ⅵ威喝a且岬輌m囁血g e虻胡瓜t  

W飽也威喝血田地卸・BasdⅧ也em狐yf尊d也a鵬d bぬ由yd撼dg彷，也e  

血om如e卜∝血騨mlId wむe嘘k誌曲○抽血ー血g離ノdlo喝8u鱒鳩ion  

如和治；地色Aぬ戯飽和○蝕穐料地eねtE旭弛血B出物也e2皿dⅨⅧ畑血a助辞血d  

払郎紬＝払伽鑓血臥扱劇評．   

取血k昆7虚飾梅鹿血叩ぬ血鮎d也e世00癒dp蝕嘘d雨托00bIちhdu血g也e  

血姐08島  

鮎0工℃匹けm∝独d也寧押掛噸哩  飽払e＄如1虚血卿画壇飴Of也e偽blち8Ⅶ血払  

bn血払d狐nphg址dd岬粥熔ぬ  We怜払y関銭騨t虚．ItⅦ∞血也at也ecabIe  

I泊1ye也y18ne－00；血戒偽ue才＄d也血1eddc伐Wαe   G山beh独心d也e暴きmeW呼鈴  

恥d．  

（6）Thesechaz3Cteristjc80fthe coJored cable showed thatit co山d be tlSedforvarious  

8加c鹿．ItⅥⅦS血m蝕止血e戯uo印西妙mぽ－CO誠d00brdロblewasapplidnoto山y  

tostaycablesoflongclt）1亡－Stayedbridgesbutalsotohangezsoflong8u8匹nSioELbzidgeB．  
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photo．5．1Crosss∝tlOnOfcoloredftuoropolymerCOatedcable  
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Table5．1CompadsonofpropertieBOfAuoropolymerwithotherpolymers  

Property   1uoropolym亡r  Nylon‘  Polyp【Opylene  PolyYimyl chIorid亡   

Specine即aVity   l．7－ユ．2  1．13   0．90  l．35－1．45   

Tensi】estrength kr／cmヱ   】40・4甜  720－820  200ー4（X〉  ）50－620   
（g）  

Elongation（恥）   】00－400  25－320  醐一名00  2■0   

We且therresist且nCe   ○   ×   X   ×   

Heatres  tmc亡（OC）  】50．2古0  80－120  100－120  60   

Ch亡mica  reSISlanCe  ○   ×   △   △   

Non－taC  h亡SS   ○   X   ○   〉く   
Moldabi  y   ○   （⊃   ○   ○   

‖くg伽Il¶－■0．007MP義  

Table52 Comparisonofvarious鮎oropolyme柑  

円■FE  FEP  PFA  mF  門汀托  FI下E  ECTF∈  PVF   

叫（的11■）  2．14一乙20  と12．乙1T  乙12・乙17  l．丁シ1．78  2．噂止別  l．TO  l．朗H．㈹  L摘   

Tモ∩血  14M50  lgト220  恥調○  路ト518  さ1山肌  4帥  d2¶  11叫○（l   

馳●r馴1佃伽義）  

叫Ibn（≠）  20日朋  2SM勤  800  18小鳩l  8払お○  lOト40l  20M00  lSれ200   

仙州鴫  き27  2乃  810  l目Tl    2了○  2きl－245  20レ210   

P01d（●q  

1吋仙川■一0．（新川P●  
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Table5．3 Physicalproperti飴OfAuoropolymer  

Property   nuoropolyrner  （JISK6748Class3   

Gradel）   

Density（g／cmユ）   ≧l．7   ≧0．942   

Tensilest†ength（kgrノcmヱ）   

poly亡thylen亡             ≧3（氾  ≧200  Elongation（勒）  ≧200  ≧300   

l何曲卿■・0．聞W■   
ー20  0  20  40 ‘0  80  

Temperature（OC）  

Fig．5．2 TensilebreakingstrengthofAuoropolymer  
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Fig．5．5LighttmnsmittanCeOf丑uoropoけmer（PVDF）  

Fig．5．7 Re丑ectinglightconcentratorofEMMAQUAtestingmachine  

（Concentrated sunlight）（Artificiallightsource）  

Fig．5．6 W飽theringtestmethod＄  

Photo．5．2 AccelemtedoutdoorexFX）SureteSt（EMMAQUA）  
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Fluoropolymer（PVDF）  

Table5．4 Accelemtedoutdoorexpo8ureteStreSult＄   

1540はJんl   2461】Jル仝   l0121J／㌔  

T一帖il●Propモーty   1991．8．2g   1892．8．15   1993．8．l   

†ieldStre℡望  （PSl）   386ユ   4028   4120   110T   

Stlnd■rdDがiltionくPSI）   餌   門   H   

ーieldStr▲in   α）   8．0   9．0   g．0   8．0   

Stlnd丘rdD即ilti州α）   0．l   8．5   0．8   8．3   

TensilモStr亀書i （pSり   68乃   陀封   ‘171   糾10   

St■n血rdDevi■tion（PSI）   亜且   踊5   

ToれきilモStrlin  ∝I   485．0   迫2．2   421．き   115．2   

St■nd■rdD即i止ioれα）   25．8   23．8   48．5   王乱l   

恥血ル腫  （掩l）   1（帽595   l06さ30   1（I2郁2   12676l   

Stlnd■rdD8Vi■tion（陀D   152タ   6233   1715   亜朗  

control panel exposed panel  
（Eu岨Q肋2500MJ／m2）  

eKpOSed panet  
（Q］V240＝R．）  

COntroIpanel  

Photo．53 SurhceofnuoropolymerandPVCobservedbydectronmicroscope（×1000）  
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Photo．5．4 BendlngteStforcoloredcable  

Fig．5．14 En血onmentd00lor血geinhdus出血訂悦  

Table5．5 Testdimensionofcoloredcable  

Cablesiヱ亡  

l【em  jlwir（：Sin  

7・nlm¢each   

Stranddia111e【er（mm）   4ヰ   58   9之   

Polye【hy】亡n亡COatinglhick†leSS（ml¶）  7   7   9   

Cヱ1ble8111Sidedianle【erd（mm）   58   72   ‖0   

Fh】OrOPO王ymercDaling！hickness（ll川り  仁〕   
Maxil11u111bellddiam亡IerD（mnり  440   5gO  107（〉   
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Table5．6 Cod丘cientofかicdonofcoloredc且ble  

Specime爪  Conla亡Ipres－  hlaximurn  Coe「ricien【0「  R亡mark；   sur∈（kgr／cm】）  loadいn  「ricljonJl  （rubb亡rSJe亡Ve）   

No．】  5ヱ．9  10．自  0．ヱ5  Yes  No．三  50．三  15．5  0．コ〕  Y鮨  Noユ  9ヰ．ユ  ヱ0．ユ  0．】6  1ノes   10   20   30   40   50   60  70   80   90  

SU血00blll岬相加帽OI叩吋仙ylono（● c）  

1k9眈mlE8008MPa  

ltonrヒ9807kN  Fig．5．15 Rdadonbdwe蝕Sll血ceb皿阿atu代祖da曲飴ion引reng也  
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Table5．7 MaizlrC＄ultsofpre－COatedparallelwirecable血brications  

随ⅧeOfliridge  8ridgeType  払iIIS脚m  ReⅢarks   

（■）   Q柵pleted  

N8gar8g8ta   Nielsen   137  ¢5× 9l  1985  

Todaねrk   Cable－St8yed  184  ¢7×228  1987  

Utsv爪i   Nielsen   220  ¢5× 85  1987  

Sug8■araShirokita  Cable－Stayed  238  ¢7×l悶  1988  

AraishiItb粥hi  Niel＄en   ¢Txl09  1g88  
NisbilⅥga   （ゝble－St8yed  l田  ¢7×223  1989  
Yokoham8ぬy  C8ble－Stayed  460  ¢7×42l  柑89  

Ibttaねra   匂ble－Stayed  田  ¢7×12丁  19gO  
lkucIli   Cabl¢－Stayed  490  ¢Tx241  1990  
恥kajim8ga甘a   Ⅳiel与en   15＄  ¢7×用7  1g90   堪   
蝕kit御仏   C8blo－St8yed  四  ¢7×鍋7  1991  
8ei＄ei   Qlble－Stayd  四  ¢7×421  1ggl  
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Table6．1bbledimensionsofthelkuchiBridge  

C8blepara皿eter   

Cablelength  ‘（m）   53－246   

Cable diameter   D（m）   119－139   

C且blevelght  Hくkgf／m）   55＿77   

C8ble ten＄lon  T（kⅣ）   1，765－3，923   

Table6．3 StnlCturalda皿pingofcables  

Vibrat‡onmod8   Cab18 No．7   CabloNく〉．8   

1st（Withoutetasticbu触り  

小冊Ielasticbu旅呵   0．0178   0．01ヰ68   

2nd（Wilhoutelasticbu馳け  

（Wilhelaslicbu仔er）   0．01811－0．01745  0．01715・0．01877   

3山神仙outel毛細ぢbu馳ゆ  

帥托helasti¢bu飴ゆ   0．015別ゝ0，01660  0．01383・0．01815   

4th（W仙OuteIas馳bu仔er）  0．00214  

神仙¢lasti¢bu恥け   0．01268・0．01997  0．01819－0．02121   

Table6．2 0bsmdonres山bofcablev払柁don  

DlmモnSion  
number  Frequency （Hz）   

（m／ち）   （m）   （m）   

1   0．95   0．7   0．003  0．0189   

2   1．90   1．3   0．006  0．0191   

3   之．85   2．0   0．010  0．0217   

ヰ   3．80   2．5   0．015  0．0252   

5   4．75   3．2   0．020  0．0280   

6   5．70   3．9   0．021  0．0257   

7   6．65   4．5   0．023  0．0256   

8   7．60   5．2   0．019  0．0199   

9   8．55   5．8   0．009  0．0091   

10   9．50   6．4   0．008  0．0080   

11   10．45   7．2   0．009  0．0092   

12   11．ヰ0   8．5   0．006  0．0064   

13   12．35   9．8   0．00ヰ  0．00ヰ6   

※LogaHlhmIcdeαem¢nt  
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S11rf8ee   Coeffleient of   

Hodt！1  81aneter （m）       dモ＄エ8natlon  roughnes＄   roughneぎS  

（叫m）   （k／D）   

Al   0．1315   3   之．3Ⅹ10‾コ   

A2   0．1220   30   2．5xlO‾‘   

A3   0．1315   IOO   7．6Ⅹ10－‘   

Aヰ   0．1235   200   1．6Ⅹ10－3   

A5   0．12ヰ0   600   ヰ．8xlO‾ユ   

▲6   0．12、75   1500   1．2Ⅹ10‾ヱ  
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Model  SurIaceA  SuげaceC  Surtac¢B  Ov¢ral】  B／A   Cw   
149  4了  70  266   0．47   2，25   

（1．26）   （0．11）   （0．59）  
149  6Z  67  278   0．45   乙34   

（1．26）   （0．10）   （0．57）  
lV   14ぢ  79  66  293   0．45   2．47  

（l．25）   （0．09）   （0．56）  
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CHAPTER 7 CABLE MATERIALS FOR A StJPER－LONG  

CABLE－SUPPORTED BRIDGES  T鋤e6．u Me孔引山門饗ne皿tr堺dtsofca血1k曲placement  

AV∈RAGE  STATIC  R．M．S．   
W†NDSPEED  ¢／Z  J冤  

（M／＄）   T10N  
Z（M 

13．3  1．61  0．134  8．5  6．2   
12．9   1．51   0．144   59   7．0   

12．写   】．49   U．142   9．5   7．3   

1Z．5   】．39   0．12U   臥6   6．4   

1】．7   Ⅰ．Z7   0．105   8．3   12．3   

11．4   1．37   0．103   7．5   12．3   

11．1   1．38   U．073   5．3   1（〉．4   

10．7   L24   0．063   5．1   10．1   

10．5   】．4l   U．145   10．3   1l．0   

10．4   1．22   0．088   6．9   9．5   

10．3   1．2￥   0．1了S   13．9   t3．7   

1U．l   1．Zl   0，lj9   1l．5   10．5   

9．Z   1．Zl   0．し恰5   5．4   9．5   

8．7   0．90   U．089   10．5   14．4   

8．2   U．6U   0．029   孔8   5．8   

7．1Ⅰ皿trduction  

Rec蝕dy・remarkableprogressha8beenseeJlinthe丘eldofloJlgCable－SupPOrtedbridges，  

hJapan・the蝕ashil（ai吋OBridge，aSuSPe・1Siozlbddgehavingal，990mmainspaA，andthe  

TatazaBridge，a毘ble－Stayedbridgehavinga890mmaiJISpan，arenOWuJlderconstruCdon．  

Further・SuSPenSlOnbridge8withanainspanof2，500marecurrentIybeingstudied．  

ChTe柑e誠prq）∝tBindudesuspensionbridgesatthepl血gstagewhichw山haveamain  

SPanOfover3・000m，SuChasthoseplanJledtocmsstheShaitofMessinaandtheStraitof  

Gibmltar・LengtheningbridgespaJ遁areaglobaltrend［1】．   

AsspaJISincrease・thedeadloadactingonthestlSPe瓜ionstruCturerises・Improved  

materialstrengthiBaJleMvew町tOreducethee触toftheserisiELgdeadloads，andinthis  

r飴peCtthedevelopmentofcableznaterialswithasupq－hightensilestmgthwouldbea  

騨℃atadvanhge．  

Inthi8Chapter・蝕tthedevelopmentprocessof180kg6hn2（1，765MPa）steelwぬ，  

Whichwe代adoptedintheAkashiXaikyoBridge，isiJltrOdtlCed・Then，thepr飴entSituadon  

asreg3rdstothestrengthofvarious侃blemateriaIsforsuspensioJlbridgesi＄Summarized．  

COnSidezingthereladonshipbetwe蝕＄uSpenSionbridgespan andcablestrength．AIso  

PrOblemswhidlwiu血▼etObesoIvedareidenti6ed．  

r  

仲巾   
一 帥  
．仙  

○こ13  

リ   ●  ヽ  
0．10  

け■二   ほ 】 巨  

7・2Di既u鮎iononC曲IeM息te血血rSu匹卜b喝凱spe舶io皿Bd蜘   

（1）Devdopmentpme飴SOf180k或hm2stedwむe田β】   

ne画Va血dstedwむeusd知撼dge（辺bleis如蝕也e皿∝嘲γぬ印g也byb飴t  

treatJnent（pat印血喝）usinghighcarbonsted，thenitisdz3wnand血劇ygalvanized，aS  

me血ondhCぬpt町2・Tb∫eeme弧Sbh∝e誠e也esbⅦg也d画地dskdwkewere  

00鮎追血，nむndy；   

a）Ⅰ皿m血g也ede騨℃eOf也e血血g坪田S．   

りAd血噂0也訂demen也．   

dC00血劇血gs仕組g也lossdueb血飽t血on．   

A鮎rexmigthesemeぉu憎，itw3Sぬ皿d也atincreasingthe＄nkon（Si）content血m  

，○ 

〉伽dvetod～  

刑g且粥 Sb血山野bc饉n弧tOfGl仙  
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rehtionBhipbetvn5enCent訂SpaJ11engthadrequirednunberoEcablesisshowninTable7．3．  

For3Steelwirewithatensilestrengthinthe180kgqhm2（1，765MPa）daBS，fourOrmOre  

dble＄perO皿e扇dew山benec皿γ血ra賊dge扇也a＄p祖Ofovα4，00Om．   

T脆皿飽n8也如assuspe鮎ionbIjdgesp弧＄血陀aSe山地邸，itw山地n∝飴Sむyb a）  

devdopa弛dぬedm血出め訂也皿S弘esせ印g也oran珊matd由so銀血g鮎由8ぬg伍  

弧dlow℡d飴dwe蜘祉d b）f血代也ed助dload血匹Sd吋Su＄鱒dd s加Ctu血  

S∝don包Ofthes出払minggirder・Y Makingbreakthroughsinthesetwo魚ctozsarethekcFtO  

也e飴出払揖呼d8u阿－long8u平助Sionbddges．   

LfspazISreaCh5，000m，ぬurc3bleswmberequiredperonesideevenifa220蜘2  

（2，156MPa）BteelwireistLSed・Thi8ZnemSthatinovadonsnoto叫inmateria18btltalsoin  

也emofd怨igna皿d00出仕ud皿訂er叫血d．  

00Ⅳ也d。ndO．は－032％b仇帥－1．00乳isd旭ve血mi血gsぬg也babout20  

k劇血皿2（1％M恥 C血ct壷ぬofh妙－Sせ蝕g也廓Va血d8鹿d血eare血Ⅷh  

Tabk7．1．   

B曲托pⅥt血ga8鹿dw血da180kg紬皿2（1，785MPa）da∬hb阿山duse血a  

＄u8押通bnbddged恥也e仙血g血姐Ctedsぬ血）山dbe餌amin癒 a）也em儀血血  

卿匹血鶏 b）軸ちαeep，de如d如如e独d＄伽餌SCOm鳴b8Cm亜喝，C）cなー鴨ion  

∫尊誌血捷，d）血t d＄姐e卵はu托，b也血g，触．Am也餞e dlamdαisd偽Were  

如叩頭騨td吋Ⅶdou8t偽也，itⅥさの血d鮎ta山め－ぬ咄g血合随dw漉（180kg紬1m2  

d鮎栂）両地a嶺low一劇叩8ぬel如d也e明地tor s叩d肝prOp融倒b仏鴎eOfa  

00Ⅳ蝕do血lo血色 肋ut51，000伽S Of也虐軸一＄せ也g紐包t恍l血h卯e血dyぬn  

卿血ed皿d血旭也mdぉpam11d8血d海蝕ー也e血K軸oB血ge．Ⅰ皿匹把血ち地誌  

m飽n8血ta8血1e叩plydl朋蜘28t由雨rei＄nⅣ郡血ble血加如祉y  

pu巧朗色  

（勾Su8penS払nkidges阿n弧d飽bk如代喝匝   

Tbem血由blew出血代b8u脚t卵tαd由dl朋d＄舶8船脚Sion憾勾e明治舶  

h㈹Se血r也eLIti亭im匝tto血¢W血t也e包∝ぬロd訂飽dam血嘘knedsbbe  

hod打払8np脚S血8uper－lo喝割印御嶽が出dge8．n鵬陀，也e曲ddhαea81ng  

地点d餞dlo慮皿也e血Qb鹿川咄＝鵬卸拍＝p傍血畑ぬ也es∝血血摺8咄聞．  

¶地d私改di血画喝血ue8如喝匝Ⅵ甘8′血血亜d．   

伽且餌通牒が礼加軋血Ⅳ仙拍由鮎画p匝蜘職狐句融‖坤g也独d鮎b独威喝  

血あnd眈b血Ie血濾1血狙W亜誠也倉持也＝か加地一血如gt知慮池也＝此細曲1e飴ue  

8加治．neぬgm也梅ado〆d訂elβ，VlO，孤dl几l．Tb蔑er鴎山鹿血成仏鹿也ata8也e  

8坪山Ien月ゆ血潤始飽，也e血血eb也embled由dload血飽S伐皿da∝Oun也飴ra  

血脚卿押出ⅧOf戯例亜e成k＄鹿蛤・Ⅵ由m也n塁也加地e血khぉ1e弘也Ⅰ融郵y血  

餞ny也e肋eord也db曲im押紙dby血d虹出血emb耶0也訂也弧也ema血色bleぬeげ凋  

也e8坪山1蝕g也h亡代浪S飴．   

血色血g伽tぬ血也ed飽d祉d伽e加血u血p8d吋印S阿dd血血membe指  

Oth廿tbAthemiA∞bI飴areCOn9tAntrqZ3ZtueSSOfspanlength．therehtlonshipbetween  

明阻】軸也由適地e坤画血1e8∝払出‡Ⅶ℃温払s蜘血鞄7．2．恥eeable8ぬ月払皿d  

喝m鮎血h脇血1感皿a代1糾b怒0帥血2（1，乃5to2，156M馳）弧dVlO，  

憎押絢鴎・侮短鹿血血癒飴蝕戒両地a金野ml也g他聞打3，㈱or4仰臥也ef句血由  

血k肌熟知触叩i噌・Q氾感d血g血t也e独唱由t卵亜細亜鹿曲加地庵伽加咄  

血血12m血eb地旭咄dwo血b弧軌S眠ba8如ble鮎d叩喝也er明血d  

mb瞥d嘘1倒阿噸倭山1掩由如餌吋如血ga由ble血me鹿dl．2血．T鮎  

7．3 Cd】kMateriabhFqtlm  

Future＄uPq－long＄u＄PeZISiozlbzidges areg血gtorequire8tedw汝ewith atezISile  

血蝕g也許飽鹿tb姐也e180k虚血m2 工眼td血qsd如也e肋血Ⅹ故yoBddg亀 山  

addidoJlbthe8tednaterial・theso－Called－newmaterials●0鮎rpronlSmgPOSSib鮎es  

forhigh－She皿gthmaterialsapp止血bletosuspensioJlbridgecables．Tbesteelwir飴aJldJleW  

Jnaterialsctwentlybeingd即elopedorstudiedaresu皿Znadzedbelowtohelpchri＆the  

pmblemswbjdlW山ぬvetobes01vdh也e血血∬巳  

（1）Supq－hightensilestrengthstedwire   

Certahmateriahwhichh3Vebe鴎das8iBedasasupq－hightensi）estreJlgthsteelwire  

hveak叫ー血d8触皿g也d200b300k虚血m2（l郎Ob2，9亜MPa）．Th蝕e鮎Ⅳe  

加悦des加東brlim辻dap画腿血m，8血誠St恍1w血b＝叩飴弧恒也血血gwi和知  

traJWmi払ionlin飴仏CSR），aBShownizITable6．4．However，aAofth飴e訂eles＄than3mm  

indianet軋Thestrongest5mmgalvanizedsteelw血stlitablefor8uSpen＄ionbridgecable＄  

i＄血e代C切出y血hdl00kg紬皿2，a血血ng町Ⅴ肌io舶d旭s帥eofmat血訂eyet  

b reach coznmerddizatioJl・Fbr a steelwire oflcss thiLn5mmin diameter，皿t  

techn0logicaldevebpznents・incltl血gaJlimproved画血g匹∝鰯aAdcontm肋gBtmgth  

lo8Sd血gg血Ⅴ血on，鮎Ⅳeld＝bpmぬ切拇Stedwir朗＝オ杜絶200k威hm2（1，鮎OM馳）  

1evdatamu血4・5mmh血政弘In血鴫他誌mt血1Ⅶ虚uSd如也e飴血k叫匹d  

theAkashiKaikyoBridge・A200蜘皿2dassgalvanized8teel血eLbrusein魯tlSp也＄ion  

bridgecabl田has血ostreachedconznezdali2atiozl．  
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Beyond this，the00nJnerdaliz3don oEa＄uPq－hkh tezISilestrength steelwirewi1l  

requirehrther＄tudi翁On the ba8ic dharactedsdc＄Ofsteelwire aJld the techz10logyfor  

pmduciJlgit阿．DdhyedhctureisexpectedbbeozleOftheJn毎orissuestocoJk：entrate  

omImp℃Ve皿蝕bhdblesせ蝕g也訂eu＄u劇yac00m阿山d吋arducdonins∝血ndむ℃a．  

T鮎8血豆也e血皿owhg db血；わhαe姐hg＆uSeq）db揖呼b ms血g，SO r叫血g more  

eWecozTO8ioJIPmteC厄onthaJIPreviou＄1y，aJld b）causingareductioninthelo  

噛di呼Of the cable，C血如g the defomadoJIChancteri8dcs of a suspension bridge．  

m血托，騨温t訂a址弘也onbbo也8仕ⅥCtumldes如皿ddumb揖吋W山berq血  

（2）Q血1esmadeofnewmatぽi血   

hczuesinsuspensionbridge8PanSQn血t如eIybe血cihtatedeitherbye血ancing  

materialstrengthorbyreducingthecableweight．Onep叩血＝叫桓tofresearchand  

deveIopmentinthisre＄PeCti8theinvestigadonofcompositeJnateZialsconsi9血gofc訂tX）n  

蝕e指，amnid丘b耶弧dglas8蝕耶（肝丘be卜ー血血闇り血舷；FRP）臥 血isap騨印t  

如nthechancteristicsofthe血ersgivenhTable7．4，the＄ematerialso鮎rahightensile  

Str蝕gthazldehsdcityfortheirweight．TheAbe指then＄eIves arequitesmau，5to20  

micrDJ）Sin diaJneter，aZldareuSually bouzldwith叩re血ora＄imilar matedd aJ）d  

bad弧dhbaw鵬・F肝也由n盟SOnIFRP腿blesh卯emu血p00r訂qua批ydlamddstぬ  

thazLtheori由血ptJre蝕乱ItisdiaiculttogeJleraI立ethestrengthcharacteristicBOfFRP  

Qbl飴，血既也呼dependon也e触d血叫也ebhder，也e血er用心0，弧d也eも嘘ona1  

8如，e虹 Forn叩，也emn㌍dtens山es叫S弧dmoduぷdd益dd呼a血即ablew地  

相Pqble＄i850tb200k或bm2（490tol，％OMPa），弧d3，000b15，00Okg紬1n2（かゎ  

147GPわ，托SI杷dvdy．   

A血鮎α喝ue血th迫もuCC払S魚山ybe蝕b和明由tb也e00m血血ぬgew苫S  

M拇d鋸＝血eぬsbda血c血血ntod増血e感心on血pk知能n8p弧1eng仏祖dr印血d  

蛍bks鵬○皿・aS血）Ⅶh鞄7且In仙8飴kulad。n，也ecables触mg也ⅥS180kg紬皿2  

（1・765MPa）・0蝕許∝血馳on◎W匂Tetbe8弧eaSdesdbdhpreviousd血ad。nS．me  

毎∬e血d血ぬ血t也ewd由td也ecable孤dibten＄鮎如馳g也b也h即eaSm。dldはt  

仇血e悶虚mg岳Ⅵ＄penSbmbdd㌍＄騨m．   

乱打e椚m祖y卿blen8bbesoIYdb血re也野瓜n∝m仙ybeap匝dblongsp孤  

勒寧阿血旭g飽，血use也町eisa8boぬ酢Of血h托ga血g也eu壁Ofs血皿eW  

mat虚血益00n8血血nmat血s・Iti鮎山de＄也e如0血gpmblem＄；   

わIm卯a触如q血m如姐ddlesan抽m脚d勘叩但hⅣebbedevdopd，血ce也e   

ぬ血g孤d＄h甜S加n如of払翁e血t血Is択馳1珊00m鱒代む南仏1血血ten亀山e  

Sぬ払  

b）New designmethods wi11bereqllired，b∝au＄eelongadon atthe仕meofhctureis  

atx）utl％，lessthaJlthatofasteelwire．   

dNewmatdds祉egen血1ymore＄u∝印血1eto細山dama騨弧dbeaL   

d）TtLerehavenotbeensu鎚cientstudie＄Oftheirlong－temdtJrabnity．   

Iti＄hopedthatth飴eprOblemswin beovemne．1tis d飴rbn this overviewthat  

mat血涙也血pr卯d創ご馳g仏独d rducd weigbt are e＄Sen血1b也e r鋤don d  

Supq－IongstJS阿SioELbridges［7］．FuturesttJdiesinthi9丘eldwillhvetobe皿uld一血＝ed  

inveBdgations of nateriab，StruChlmlissues such aswind resistance，and othぽmatterS  

rdatdbco皿S血Cdonme止血8．  
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7．4 Rd込鳳¢¢8  

【1】T．HqioandM蜘，CableMatedalsforSupe卜hngSuspensionBridges，Pmc・Of  

WorkBhoponSuperI劇喝SpanBridge塁，IntαnadonalEngin血gConsdtantsAssociadon，  

恥卸○，1紺4，pp．斑ト57．  

鰐】HonBhu－ShikokuBddgeAnthority，TedmicalReportonDevdopmentofHigh－Strmgth  

GahranizedWire（180k多血m2）forBridgeCable’，1988．pp．6－20．  

B］T．T血ほhi，S．Xo皿nO，H．Sato，Ⅰ．Ochiai，YNoguchi，0．Serikawa and YJawaraya，  

Development of High－Streng也 Gahranized Wire事．seitetsu Kenkyu，No332，1989，  

pp．㍊一弘．  

け】T．Mitazntm．H．Nmi，E．Wahnabe and K．Sug軋Recent Topics on Bridge Cables and  

恥餌re触pe血‘，h∝．0りSCE，No．4胡，Ⅵ－16，1992，pp，97－106．  

【5］TJahhashi，S．Oha8hi，T伽iand Y．Asano，Mech皿ism ofDehmination Cnckingin  

Ultra－HighTensileStrengthWire，Shin－NittetsuGihou’，No347，1992，pp．22－26．  

匝］JapaJ）SocietyofCivilEJlgizlee柑，ApplicadonofCoJltinuousFiber－ReinbedMaterialsto  

Co皿C代teShlCt∬飴－，1992．  

【7］J・T勾ima，加velopmentoftheCableMatedalandSuspez）dedBddges，ⅩawadaTechnical  

Re匹鵬■，Wl・6，1987，押．5－8．  

●mb鮎bdhJ且匹n鴫e  

Table7．1Chamctedsdcsofgalvanizedsteelwire  

t即   156g肝a Gr8de   1765肝a Gr8de   

ロIemIc81eomposltion   
OrSteels   

C（％）   0．75一＿ 0．80   0．80～ 0．85   
Si（％）   0．12～ 0．32   0．80～ 1．00   
沌1（％）   0．60．・｝ 0．90   0．60一｝ 0．90   

Med且nlcalpropertle5  
Ten51leStrength（HP8）   1569～1765   1765～1g61   
0．7Ⅹ 汁00rStr甜gth（肝a）   ≧1158   ≧1378 ●   
Elon四tlon（％）   ≧ 4   
肝叩pIngTest   

≧ 4  
加 加   

TorsionTe5t（Turn5）  ≧14   ≧14  

PIatlng propertles 
仙きⅠかtorP18ting（g〝）  ≧ 300   ≧ 300   
Ap担r8nCe   加   旭   
Die．0rF†eelngCo量l（m）   ≧ 4   ≧ 4   

●0．朗＝汁00f Strength  

Table7．2 Ratioofcable仕ee－haJlghgstressto  

Cable山loⅥblesヒes£  

Rlti00†  し●咽仇OI  S甘■■●OI   Rl血〉01印b●lIr■■hu叩■tr＝一子   
■1q5暮○▲れ  ｛■blo山lov11bl匂It“暮奮  ％  

l／し   kd／冊頑仙岬▲l         tT‘5山戸18′■d●  t弼OMP▲Q′▲d●  21ま8HP■Qr■d●   

1／9  5．0（I8  ■9．2 け8：l）  60，i   5さ％   購偶  
■．000  ユ9．4（388）  ▲a％   ヰ4％   ユ9鶉  

1．0く〉○  29．5（Z9（け  3石％   331   10ヽ  

2．000  柑．7 い9：l）  I▲ヽ   富2≠   】○ヽ   
l／lO  5．00q  53＿6 く52引  朗闇   88≠   封明  

4．000  42．9（■2り  5！≠   ▲8≠   ●lヽ  

3．00（〉  ユ2．2 （315）  391（   Ilヽ   3之†l  

2．別〉○  21、5（之10）  28≠   之ヰ％   22≠   

l／1l  5．000  58．1 t57（け  アl≠   も5，l   封鵬  
4．000  ▲6．ゴ（▲56）  57，（   52，i   ▲ナ％  

3．0（柑  ユ4．9（ユ■幻  ◆1ヽ   粥明  ■ ユ5鴛  
2．000  23，ユ（228）  Z8ヽ   2‘1   墨偶   

i■l●tYF“t●†：2．ヱ  
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Table7．3 CenterspazLlengthandrequirednllJnberofcable  

2．008m  3．080m  4．880m  5．000m   

188kgr／伽I6rlde  
8   

（1765HPa）   

28帥‘f／伽‡Grlde  
4   

（1g68日Pi）   

22批がんm】Grlde  
2   4   8   

（2156日Pi）   

200○  】000  咄  

Spanレn押  

Fig．7．1hadingcapacitywithoutcable  

Table7．4 臨地tSb血sofsted血es仕組g也  

Type   Di▲のeter  
（爪爪）   （k‘r／…｝）   

Sの111dilれ色ter  8．2   3㈹  

（1…即1ess）   8．6   

入CSR｝ire   2．4   
Hediu∫ldilれeter  

貼pe（gllv…iヱ亡d）   2．5   
（1to如吊  

Ro匹（exposed）   2．5   

印S ｝；re   5．0   
L打gedi抽eter  

P帖 ｝i代   T．0   
（5to7叩）  

PC str▲れd   5．1   1錮   

（
叫
E
）
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。
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ぷ
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コ
β
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首
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∝
 
 

‖咄肋間一Ⅰ8．807MP■  
1000 2000 3000 40（】0 5000  

CさuOS騨nLonがh（m）   

Fig．72 Cablestrengthandrequiredcablesectionalarea  
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CHAfrrER 8 SUMMARY AND CONCLtJSIONS  

’n血thesisdescribedthestudyonhn血mentaldevdopnentofapre－COatedparanelwire  

飽ble，皿dapp正也血ns咄∝短血r最由∝押血皿anCe，Su血誠a00lord飴bleoralow血甘g  

aerodynanicauy stable cd）le．h也i＄血apter，the resdts obtained by飽Ch chapter are  

S血dhodα，弧d∝瓜du血喝remarks訂emendond．  

ln Chapterl，the progessin cable＄br cable－SuppOrted bridgeB and types ofcables  

Pardculady usedin cable－Stayed bridges wereintroduced．It was pinted out that the  

developznentofanew－tyrC毘blewaseBSen血Ilyrequiredbmakepmgessincal）le－Stayed  

bridge8．Problems causedby dongatingthespanofcal）1e－Stayedbridgesandbyapp抄ing  

CablestosoJnebridgeswereanalyzedanddas＄i6edhto丘vemains叫ects；alarge－Sized  

血bricatedcd）1e．highq8tadcand軸estr印g也fora cd）lesocket，COrrOSion－PrOteCdve  

COatfora畳ble，COk）血ga∞ble，aJldaerdynmcme胎ttr飴agaizIStCablevibation．Final1y，  

也epw野島eands00ped血es叫W誠mendo皿d．  

hChapter2，thebasicstadccharactedsdcsofanewiydevelopedpre－COatedparallelwke  

也blewe托dscu∬edbasdon也e甲血enbl血d乳 Tbew江田d也ecablewerepvena  

Slighttwistatapitchdesignedtomaintaintheop血umtensilestrengthandthemodulusof  

elasdcity．Fbmtheexperinentalanalysis，itwasindicatedthatthecablehadthe＄ameStatic  

Characterisdc＄a＄thoscofaparalldwirestraJldwhenthetwis血gangleofacablewasless  

than3．50．TheinflueJICeQfthetwis血gangleonthe血edependentcharacterisdcs，BuCh  

as（＝eepandrehmtioJlOfthepze－00atedpanllelwirecable，WaSinve＄dgated．Itwasshown  

thatthe twisting angle hadlittle eb on the血e dependent d皿Cterisd00WheJlthe  

twis血gaJlgleofa也bleⅥ闇1鶴8than3．5Q．Finauy，thetenBiletestwaBCaZriedoutby  

tlSingfull－Sizecablemodeksanditwasco血edthtapre－CDatedparddwi陀Cablcwitha  

br血gloadofa3，00Oto正（部材00kN）d誠S00山dbeputhb匹aCdmluse．  

血Cbptぱ3，也e恍pdme瓜也1＄軸心怯On也ed餅dopmentof血合s∝ket血ー也ecable  

W恍血u駄d．F辻sも也em血飴Ipm匹血鶴Of細野S∝ke也血Idw池2i肛－00p阿  

亜oyw訂e地心dbsdon血er飴山也dte振出et飴也孤d姐癖i臥 A血8Ⅳme也d血色∝ket  

desi騨血r a血ge cable，血血u血g也e¢皿吋Of d由軸血r ul血ate8仕飢g也，W脚  

hv伐厄騨td．n弧，血ti卯e各地喝也む慮bend血g血d如e亀ぬg也d也en叫devdopd  

S∝虫dweresb血d．b也is血1妙，也es∝虫威偽Stdby血c－00押ぼ姐oyandepoxy代Sh  

nble7．5 Cbamdd血αd丘bermaterh18  

kgr／岬】   TypeorFib即  TensiteStr亡叫th  gllSticllodulus  Elongation  D即Sity     kgFル巾量  ，‘  g／印｝   
Clrbonriber（Pan）  300～400  20．008～35．000  1，3－l．8  1．且～ 2．0   

Carbonriber（Pitch）  200～358  20．000～80．008  0．4－1．5  1．9・－2．1   

1r抽id   288－ 350   7．400－17．800  2．0～ 4，5  1．l～1．5   

GIISS   180－450   7．800～ 7．680  2．0～5．0  2．3～2．6   

Sとeet vire   180 ＊   28．000   4   †．85   

＊160t03401§■lI▲t打ill  

l鴫伽¶一－○一卵7日P暮  
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C■uOS岬nしonかh（m）  

閏払7．3（hblewei由ta血ー叩血東胡ble色感onalむ℃a  
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h Cbpter6，也evib見出o皿pmblems das坤∞bk・WぼeS艦Ⅴ甲虫祖dぽpd皿蝕血  

sttldie＄OnCablevibz3dona血dit＄SuPPrNiJlgmethod：’for、且IoJlgCable－Stayedbridgewere  

血s00SSd．鮎ち也ep誠tWOrkso血腿uea軸we托bd郎一頭ewd．・Respns伐d  

由yαble色毎Wぬ－hducd血on h出血whd w由｝me誠血‘虞弧adual  

cable－Stayedbri4gewithamain＄PanOf490m．The血ctozs血血gthis←vibndonsuchas  

S血ezt）喝hzICS＄and struCtural血mpingwe托emhedbyusmga血d：・tunnelt怨t・and  

aAdy8i8．ItwaBShmthattheresponse，aZnPlitudecotJldbeestinatedat・血rious・da血ping  

l即d8，a血血沈也eben血1gangleofaGlblec犯＄dbyⅦ正既－hd11Cdvあmdon肌Sleさ8也弧  

0．10，W出血ぬd払出ed熟㌍tOn也ese00n血Ⅳ軸怯＄弧dben血g魚d那eS血g也d－Qbl∞．   

Nbxt，a画皿icm飽SureSforastaydble昭血strainvibzdonwe代inve8dgatedu8ing  

windtunndtests．Fizst，itwa＄POintedoutthtdevelopmentofnoto叫aerodyn血cally  

8tablebutalsolowdragdblewa＄OE騨治tinportazKefora8uper－k）ngCable－＄tayedbridge．   

Variou＄eXPerim飽t8On血vib血AOfcableswithasll血cerollghnesswαeCarriedout  

姐d也£S叩p関崎血gぬtd血e8Wね¢e一玲叫如弧d飴blewas血00∬d．Itwaもぬu皿d也at  

a飴blewi也aも血emu虚血e払出血av血相don8Ⅶp匹飴Shg曲dwhen也e托k也ves血e  

ZDughne8S Ofl％ofthe cablediametぼWaS given disaetely on the s血e．It wユB曲o  

h血偲td也虚血e血喝00d6dentof也e鎚ble雨也a亜sq肥te吋mu由e8d8血ceⅥⅦ塁lower  

也且n也奴ddu伐血也esame d呼eedⅦ1肋m＄血cemgbme防戒a d鶴ign whd  

Vdod呼mn終 始由umentd＝血e匹飴Su托血血udonもbowd也且tCablesw池alumpd  

Pattem皿ghne∬madeitpossibletor印rduceasupqcriticalstateforalowwizldvebcity  

乱geWbぼeminvぬmdon∝血．   

馳蛤don也er飴山吼aneⅣa軸cme払urd瓜blewi也hdentd陶bavhg  

b也alow dmgわ虻e and8Ⅶp騨℃畠Sion 蝕 on血Ⅴ払mdon，Wa＄devdo匹d．Tb  

隕nde指b皿d血血訂也ea軸血血祉血d8d00d也e8血e00虚鮮血血d也eQble，  

Ⅴ血騨ttぽndmu盛m髄領W訂e血dhtem80f也eR野nOlds仙em．ItⅥ喝8  

fouJ）dthtdensityaJldazraqeJZ）也tOEhLnPedrotJghJ）eSSWe托thekqLkbr8incoELbding  

也e血喝d血虚偽d但bl領祉d也血Op也血n d也e血噂q〉虚血トR甲mld8  

numb訂rdation血ipcodd血1ea（蜘s血g也鴎e伽蝕ヨb指i  

bCぬpt訂告Qbkma地由1s山地e血tu拇ぬra8岬i皿g血k甜p弾頭由咄ewere  

d飴dbd．Itw誠8bwn也薗払edがdopmentof鴎ble血虚血1Ⅶ囁8hd也bleh∝d打払  

lq喝也也a bddgeもp弧．me p代金飢t8馳8d由ble伽t血色hdud血g8鹿elwむe a血  

Ⅴ虹iou＄neWmt由1sw狛引1Ⅳ野d孤d血触pm触血8b耶emmeWe托騨htdouL 血  

a血血e騨柊p叫a軸ぬeng也stedm撼出払da妙tw軸tm血§Ⅶ血飴ぬ止  

血すW打e血owntDbep朗泊ible血ru紙hsu匹ー－long飴blesu押0止dbddg飴．  

Ⅵ畠deyelopedinozdcrbinprovehtigueresistzulCeOfasocket・anditwa＄＄hownthatithad  

a鮎ghぼ血dgues仕組g也d血ut25k虚血m2（245MPa）・Tens止e餌igⅥeteStSWere曲0  
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