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ＴｈｉｓｐａｐｅｒｄｅｓｃｒｉｂｅｓｔｈｅｅＥｆｅｃ上ｏｆｓｐｉｒａｌｒｅｉｎＥｏｒｃｅｍｅｎｔｉｎｃｏｎｎｐｏｓｉｔｅ

ｃｏｌｕｍｎｓｃｏｎｓｉｓｔｉｎｇｏｆｓｔｅｅｌｐｉpeandmortarevaluatingby上heproposed

ana1yにｉｃａｌｍｅｔｈｏｄＷｈｉｃｈｗａｓｄｅｒｉｖｅｄｆｒｏｍｔｈｅｔｅｓｔｒｅｓｕｌｔｓｏＥ４５ｓｐｅｃｉｎｌｅｎｓ･
Thisanalyticalmethodcanbeappliedtothecompositecolumnsubjected

notonﾕｙｔｏａｘｉａエユｏａｄｉｎｇｂｕ上a1sotobendingmomentuntilthemaximum

loadingcapaci上ｙｉｓｒｅａｃｈｅｄ･TheeEEectofspiralreinforcemenｔｃａｎｂｅ

ｃｏｎｓｉｄｅｒｅｄ上ｏｉｎｃｒｅａｓｅｍｏｒ上ａｒｓｔｒｅｎｇＬｈｏｎｌｙａＥｔｅｒｔｈｅｓｔｒａｉｎｏＥｍｏｒ上ａｒｏｒ

ｔｈｅｄｅＥ１ｅｃｔｉｏｎｏｆｔｈｅｍｅｍｂｅｒｂｅｃｏｍｅｓｅｘｔｒｅｍｅｌｙｌａｒｇｅ･Therefore，tｈｅ
ｅｆＥｅｃｔｏｆｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍentreducesrapid1yas上heslendernessratiooE
mouuDbeｒｉｎｃｒｅａｓｅｓ．

IＮＴＲＯＤＵＣＴｚＯＮ

Ｃｏｍｐｏｓｉｔｅｃｏｌｕｍｎｓｃｏｎｓｉｓｔｉｎｇｏｆｓｔｅｅ１ｐｉｐｅａｎｄｍｏｒｔａｒａｒｅｂｅｉｎｇｕｓｅｄ
ｉｎｃｏｎｓ上ｒｕｃ上ｉｏｎｏＥＳｅｉｋａｎＵｎｄｅｒＳｅａＴｕｎｎｅｌ，ａｎｄ上ｈｅｙａｒｅｒｅｉｎｆｏｒｃｅｄｗｉｔｈ

ｓｐｉｒａｌｓｗｈｅｒｅｔｈｅｅａｒｔｈｐｒｅｓｓｕｒｅｉｓｐａｒｔｉｃｕｌａrlylarge･Ｔｈｉｓ、ethodis
emp1oyedEromtheeconomica1viewpointbyJapanRailwayConstruction
PublicCorporatiｏｎａＥｔｅｒｃｏｎＥｉｒｍｉｎｇ上ｈｅｒｅｍａｒｋａｂ１ｅｅｆｆｅｃｔｓｏｆｓpira1

reinEorcementagains亡axia11oading(1)(2)．However，experimentshave
notbeenconductedforthecaseoEbeingsubjecteｄｔｏｂｅｎｄｉｎｇｍｏｍｅｎｔｉｎ
ａｄｄｉ上ｉｏｎｔｏａｘｉａｌユｏａｄｉｎｇ，ａエヒｈｏｕｇｈｔｈｅｅＥｆｅｃ上ｓｏＥｓｐｉｒａｌｓｉｎｔｈｉｓｃａｓｅ

ｉｓｑｕｅｓｔionable･Ｔｈｉｓｓｔｕｄｙｗａｓｃｏｎｄｕｃｔｅｄｔｏｃｌａｒｉｆｙｔｈｅｅｆｆｅｃｔｓｏｆ

ｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍｅｎｔｉｎｓｕｃｈｃａｓｅｓ．

ＯＵＴITN尻ｏＦＴＨＥＴＥＳＴＳ

Atotaエof45specimensweremade，oEWhich37weresubjectedLo
cenｔｒａｌｃｏｍｐｒｅｓｓｉｏｎａｎｄ８ｔｏｅｃｃｅntriccompression･Ｓｐｅｃｉｍｅｎｓｗｅｒｅａｌｌ

ｏＥｃｙｌｉｎｄｒｉｃａｌｓhapewithheigh上ｏｆｔｈｒｅｅｔｉｍｅｓｏＥｔｈｅｄｉａｍｅｔｅｒ･Ｔｈｅ
ｏｕｔ１ｉｎｅｏｆｔｈｅ上ｅｓｔｓｉｓｓｕｎｍｍａｒ迄ｃｄｉｎＴａｂｌｅ１．エｎｃａｓｅｏｆｔｈｅｅｃｃｅｎｔｒｉｃ

ｃｏｍｐｒｅｓｓｉｏｎ上ｅｓ上ｓ，亡ｈｅａｍｏｕｎｔｓｏｆｅｃｃｅｎｔｒｉｃｉｔｙｗｅｒｅｓｅｌｅｃｔｅｄｔｏｂｅｌＯ
ｐｅｒｃｅｎｔｏｆｔｈｅｄｉａｍｅｔｅｒｏｆｔｈｅｓｐｅｃｉｍｅｎｓ，ｗｈｉｃｈｒｅｓｕｌｔｅｄｉｎ７、５nmnsma11er

dueにｏｔｈｅＥｒｉｃｔｉｏｎｏｒｔｈｅエoadingequipments．
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Fig.２stress（0.,｡)-strain（CAZ）
relationoE上hemortar（Emi：

InitialtangentInodulus）

stress（OpZ)－strain（EpZ）
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ｐｉｐｅ

Ｆｉｇ．１

TａｂｌｅｌＯｕｔｌｉｎｅ ｏｆにｈｅｔｅｓｔｐｒｏｇｒａｍ

ＮｕｍｂｅｒｓｉｎｄｉｃａｔｅｔｈｅｔｏｔａｌｎｕｍｂｅｒｏＥｓｐｅｃｉｍｅｎｓ．
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（１）StressandStraininaSection

Ｔｈｅｓ上ｒｅｓｓｅｓｂｅにｗｅｅｎｔｈｅｓｔｅｅユｐｉｐｅａｎｄにｈｅｅｎｃａｓｅｄｍｏｒｔａｒｃａｎｂｅ

ｉｇｎｏｒｅｄ(3)(4)．Then，theaxiaユ１．adandbendingmomentactingona
seｃｔｉｏｎｃａｎｂｅｏｂｔａｉｎｅｄｆｒｏｍｉｎｔｅｇｒａｔｉｏｎｏｆｔｈｅａｘｉａ１ｓｔｒｅｓｓ，ａｎｄｔｈｅ

ｐｒｏｄｕｃｔｏＥｔｈｅｓｔｒｅｓｓａｎｄｔｈedistancebetweenthepoin上ａｎｄｔｈｅｃｅｎｔｅｒｏｆ
ｇｒａｖｉｔｙ９ｒｅｓｐｅｃｔｉｖｃ１ｙ．

Ｔｈｅａｘｉａｌｓｔｒｅｓｓｏｆａｓｔｅｅｌｐｉｐｅｃａｎｂｅｃａエｃｕｌａｔｅｄ，Ｗｈｅｎｔｈｅｓｔｒａｉｎｉｓ

ｇｉｖｅｎｂｙｕｓｉｎｇ上ｈｅｓ上ｒｅｓｓ－ｓｔｒａｉｎｒｅｌａｔｉｏｎｓｈｉｐＷhichhasbeendetermined
fromthecoｍｐｒｅｓｓｉｏｎｔｅｓｔｏｆｐｉｐｅｓｏｆａｃｏｍｐｌｅｔｅｓｅｃｔｉｏｎａｎｄ上hetension

tes上ｏだ上ｈｅｓｐｅｃｉ頤ntakenfromthepipe･Ａｎｅｘａｍｐｌｅｏｆｔｈｅｒｅｌａｔｉｏｎｓｈｉｐ
ｉｓｓｈｏｗｎｉｎＦｉ９．１t｡ｇｅｔｈｅｒｗｉｔｈａｓｉｍｐｌｉｆｉｅｄｒｅ１ａｔｉｏｎｕｓｅｄｉｎｔｈｉｓ
ａｎａｌｙｓｉｓ･Ｔｈｅｖａｌｕｅｓｏｆ上ｈｅｐｏｉｎｔＬａｎｄＵｉｎｔｈｅＥｉｇｕｒｅａｒｅｇｉｖｅｎｉｎ

Ｔａｂ１ｅ２・Ｔｈｅｙｉｅｌｄｓｔｒｅｓｓａｎｄｔｅｎｓｉ１ｅｓｔｒｅｎｇｔｈｏｆｂａｒｓｕｓｅｄｆｏｒｓｐｉｒａ１
ｒeinforcementaregiveninTab1e3．

ＴｈｅａｘｉａｌｓｔｒｅｓｓｏＥ上ｈｅｍｏｒｔａｒｅｎｃａｓｅｄｂｙｔｈｅｓｐｉｒａｌｒｅｉｎＥｏｒｃｅｍｅｎｔｃａｎ

ｎｏｔｂｅｅａｓｉｌｙｏｂtained・Ｆｏｒｔｈｅｅｖａｌｕａｔｉｏｎｏｆｔｈｅｅｆｆｅｃｔｏｆｓｐｉｒａｌｓ，土亡
ｓｅｅｍｓｉｍｐｏｒ上ａｎｔｔｏｅｘｐｒｅｓｓｔｈｅｂｅｈａｖｉｏｕｒｏｆｍｏｒｔａｒｕｎｄｅｒｔｒｉａｘｉａｌｓｔｒｅｓｓｅｓ

ａｓａｓｉmpleformula．ｍｔｈｉｓａｎａｌｙｓｉｓｔｈｅａｘｉａｌｃｏｍｐｒｅｓｓｉvestressoE

mortar（olhz）ｉｓａｓｓｕｍｅｄｔｏｂｅｅｑｕａｌｔｏｔｈｅｓｕＪｎｏｆthatinthecaseof
wi上houtspirals（C&C）ａｎｄtha上proportionalt。thenormalizedcompressive
stress（olh6）ｃａｕｓｅｄｂｙ上hespira1s・

ｏｈｚ＝ｏｆ,。＋ＫｏＨｌｅ．…．（１）

Thestressohoisobtainedfromにhesimp1ifiedstress-strainrelation-
shipexpressedwithaparabｏｌａａｎｄａｓｔｒａｉｇｈヒエｉｎｅａｓｓｈｏｗｎｉｎＦｉｇ、２．
Thecompressivestrengthsfdho，whichwereobtainedEromthestanｄａｒｄ
ｃｙｌｉｎｄｅｒｔｅｓｔｓ，ｗｅｒｅｂｅｔｗｅｅｎ３１ＤＰａａｎｄ５３ｌＰａ，ａｎｄｍｏｓｔｏＥｗｈｉｃｈｗｅｒｅ

ｍｏｒｅｔｈａｎ４５ＤＰａ･Ｔｈｅｃｏｍｐｒｅｓｓｉｖｅｓｔｒａｉｎａ上ｔｈｅｍaximumstressisassumed

tobe０．３４Ｘ，andthestressbeyondthisstrainisassumedtobeconstant，

consideringtheeffectofsteelpipe・ThePoissonosratio（umo）oEmortar
withiTlｔｈｅｃｏｍｐｒｅｓｓｉｖｅｓｔｒａｉｎｏｆ０．３４Zwasmeasuredandsimplifiedｆｏｒ
ａｎａ１ｙｓｉｓａｓｓｈｏｗｎｉｎＦｉ９．３．

ＴｈｅｃｏｅＥｆｉｃｉｅｎｔＫｉｎｅｑｕａｔｉｏｎｌｉｓｔａｋｅｎａｓａｆｕｎｃｔｉｏｎｏｆａｘｉａｌｓｔｒａｉｎ

ａｓｓｈｏｗｎｉｎＦｉ９．４．Wheretheaxialcompressivestrainにihz）ｉｓｓｍａｌｌｅｒ
ｔｈａｎＯ､２Ｘ，ｔｈｅｍｏｒｔａｒｉｓｒｅｇａｒｄｅｄａｓａｎｅｌａｓｔｉcmateriaユ，ａｎｄｉｔｉｓｔａｋｅｎ
ｔｏｂｅｃｏｎｓｔａｎｔｗｈeretheaxia1compressives上ｒａｉｎｉｓユａｒｇｅｒｔｈａｎＯ､７６％･

Ｔｈｅｖａ１ｕｅｏＥｔｈｉｓｃｏｅＥｆｉｃｉｅｎｔｉｓｄｅｔｅｒｍｉｎｅｄｂｙｒｅＥｅｒｒｉｎｇｔｈｅｒｅｓｕｌｔｓｏＥ

ｔｈｅｃｅｎｔｒａｌｃｏｍｐｒｅｓｓｉｏｎ上ｅｓｔｓｏｆｔｈｉｓｓｔｕｄｙ．

エヒisgeneraUyacceptedthaヒヒｈｅｓｔｒｅｓｓｏｈｅｉｓａＥｕｎｃｔｉｏｎｏｆにhe
tensiles上ressofspiralreinforcement（CrO）．

ｋｒ＝Ａｒ/(rrsr）ｃ1,6＝krore，．….（２）

Ｗｈｅｒｅ，Ａｒ，ｒｒａｎｄｓｒｉｓｔｈｅａｒｅａ，ｒａｄｉｕｓａｎｄｐｉｔｃｈｏＥｔｈｅｓｐｉｒａｌ，respec-
tively．

Ａｓｔｈｅｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍｅｎｔｉｓconsideredｔｏｂｅｅｌａｓｔｉｃｂｅｆｏｒｅｙｉｅｌｄ－

ｉｎｇ，ｔｈｅｓｔｒｅｓｓＯｒＯｉｓｅｘｐｒｅｓｓｅｄａｓｆｏｌｌｏｗｓ．
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ｏｒＯ＝ＥｒＥｒｅ－ｖｒｏｆｚ＋kvrome….．（３）

ｏｍ６＝－CAO，ｋ＝ｓｒ/(2｡r），｡ｒ：diameterofbar

Theaxiaエｓ亡ressacﾋｴ､ｇに。上hespiral（Orz）shouﾕｄｂｅｂｅｔｗｅｅｎｚｅｒｏ
にｈｅｓｔｒｅｓｓｃａ１ｃｕａｌｔｅｄｂｙａｐｐｌｙｉｎｇにｈｅＢｅｒｎｏｕｌｌｉ－Ｅｕｪerusassump亡ｉｏｒｕにｏ
ｓｐｉｒａＬＴｈｅｒｅＥｏｒｅ，ca1culaにｉｏｎｗｅｒｅｍａｄｅｂｙｕｓｉｎｇ上ｈｅｓｅｅｘｔｒｅｍｅｃａｓｅｓ．

ａｎｄ

tｈｅ

Ｏｉｚ＝０or

ciz＝ErEfz-urdre-kvrom6 Ｉ .…．（４）

Pの向

Ｋ

f6↑(）GＩ
00.2,.鋼０．５

Ｆｉｇ．３ｐｏｪｓｓｏｎＴｓｒａＬｉｏｏＥ

ｍｏｒｔａｒ（vmo）
Ｆｉｇ．４CoeEficienにＫｉｎ

ｅｑｕａ上ｉｏｎ１

U/ＥＣ
Ｉ

ｒ■

」－－－－－－－－哩占1%）
００．２０５

Fig.５CoeEEiCienE（1/EV）ｉｎ
ｅｑｕａｍｏｎ５
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ＴｈｅｓｔｒａｉｎＣｒｅｉｎｅｑｕａｔｉｏｎ３ｃａｎbeexPressedbythestrainCme，since
theintegrationof上ｈｅｓｐｉｒａｌｓｔｒａｉｎＥｒＯａｒｏｕｎｄ上hespiraエｉｓｅｑｕａｌｔｏｔｈａｔ
ｏｆｔｈｅｍｏｒｔａｒｓｔｒａｉｎｅｍＯ・

Ｔｈｅｓｔｒａｉｎｅｍｅｉｓｄｅ上erminedErom上hevolumetricbehaviourofmortar
under上ｒｉａｘｉａｌｓ上ｒｅｓｓｅｓ．mthisanalysisthevolumetricｓｔｒａｉｎｏｆｍｏｒｔａｒ

(Cmv）isassumed上ｏｂｅｔｈｅｓｕｍｏｆ上hatincaseofwithou上spiralsにmvo）
andthatproportionaユヒｏｔｈｅｓｔｒｅｓｓＥｍｅ･

Ｅｍｖ＝ｓｍｖｏ＋（ﾕﾉEv)omｅ．．…（５）

ThecoeEficien上（1/Ev）ｉｓｔａｋｅｎａｓ上hefunctionoftheaxialcompressiｖｅ
ｓｔｒａｉｎ（CAZ）ａｓｓｈｏｗｎｉｎＦｉｇ､５．Ａｓ上hestrainofthespiraldirection
にme）isassumedequaltothatoftheradialdirection（Emr)，ｔｈｅｖｏ１ｕｍｅｔ－
ｒｉｃｓｔｒａｉｎｓａｒｅｅｘｐｒｅｓｓｅｄａｓＥｏ１１ｏｗｓ･

ｓｍｖ＝Ｅｍｚ＋２Ｓmｅ．．…（６）

Ｃｍｖｏ＝（l-2Vmo)Smz…。．（７）

ｃｍｚ＝－ｃｈｚ

Ｆｒｏｍｅｑｕａ上ｉｏ埴５，６ａｎｄ７，ｔｈｅｆｏ１１ｏｗｉｎｇｅｑｕａとｉｏｎｉｓｏｂ上ained･

Ｇｍｏ＝（0.5/Ev)omO-VmoCmz．．…（８）
However，上ｈｅｍｏｒｔａｒｉｓａｓｓｕｍｅｄｔｏｂｅｃｒａｃｋｅｄＷｌleretheaxiaエヒensilestrain
oEmorにaｒ（Emz）ｉｓエargerthanO､02%，ａｎｄｔｈｅｓ上rainCmOisderivedErom
theassumptionthaヒヒheaxialstress（omz）ｉｓｚｅｒｏ・

ｅｍＯ＝（l-vmi)0,6/Emi：ｃｍｚ〉０．０２Ｚ．．…（９）
Ｖｍｉ＝０．２４（seeＦｉｇ．３）

ＴｈｕｓＤ上ｈｅｒｅ１ａとｉｏｎｂｅｔｗｅｅｎ上ｈｅａｘｉａｌｃｏｍｐｒｅｓｓｉｖｅｓｔｒｅｓｓｏｆｍortar

にhz）andtheaxialloadappliedwasderived．

(2)Iateraエ、isp1acementoEaHember

Therelationbetweenloadanddisplacemen上ofamelnberisderivedby

integrationofthecurvatureoEsectioncalculatedaccordingto(1)・
A1上hough上hesecondarymomentdueto上ｈｅユateraldisp1acemen上isgeneral1y
smallenoughtobeignorediTlordinaryreinEorcedconcre上ｅ，iEbecomes
considerablylargei、亡ｈｅｃｏｍｐｏｓｉにｅｍｅｍｂｅｒｗｉｔｈｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍenteven
in上ｈｅｃａｓｅｏＥｔｈｅｓｐｅｃｉｍｅｎｗｈｏｓｅｈｅｉｇｈｔｉｓｏｎｌｙｔｈｒｅｅｔｉｍｅｏｆとhediameter．
ThereEore，ｃａｌculationsweremadeconsidering上hesecondarymoment．ｍ
亡ｈｅｆｉｒｓ上ｓｔｅｐ，ｔｈｅｄｉｓｐｌａｃｅｍｅｎ上ａｔｔｈｅｃｅｎｔｅｒｏＥ上ｈｅｍｅｍｂｅｒｉｓｇｉｖｅｎ･
Then，ｔｈｅａｘｉａｌｌｏａｄｉｓｃｏｍｐｕｔｅｄｂｙａｓｓｕｍｉｎｇｔｈｅｃｕｒｖａとｕｒｅａヒヒｈｅｓｅｃｔｉｏｎ･
ＡｃｃｏｒｄｉｎｇｔｏｔｈｅＥｉｎｉｔｅｄｉｆｆｅｒｅｎｃｅｍｅｔｈｏｄ，ｔｈｅｄｉｓｐｌａｃｅｍｅｎ上alongにｈｅ
ｍｅｍｂｅｒｉｓｃｏｍｐｕｔｅｄｂｙｓｔｅｐｂｙｓ上ｅｐ・Ｕｎｌｅｓｓｔｈｅｄｉｓｐｌａｃｅｍｅｎ上ａｔｔｈｅｅｎｄｏｆ
ｍＰｍｂｅｒｉｓｗｉｔｈｉｎｔｈｅａｌｌｏｗａｂｌｅｌｉｍｉ上，上ｈｅｃａｌｃｕｌａｔｉｏｎｉｓｒｅｐｅａ上edby

adjustingthecurvatureatthecenter･Thecalculaにionsarecon上inuedby
increasingthedisplacemenにａヒヒｈｅｃｅｎ上ｅｒｕｎｔｉｌ上ｈｅ１ｏａｄｒｅａｃｈｅｓｔｈｅ
ｍ昼rfTTmlm．

EVALUATｴＯＮＯＦＴＨＥＡＮＡＬＹＴＩＣＡＬＢ⑱THOD

Table4showsthesummaryof上hecomparisonofthe上ｅｓ上resultsand
calculatedvalues･Ｔｈｅｃｏｍｐａｒｉｓｏｎｓａｒｅｍａｄｅａ上ｆｏｕｒｓｔａｇｅｓ：axialcompres-
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sives上rainにhz）ｏｆ０．３，エａｎｄ３ｘ，ａｎｄ上heu1timaにｅｌｏａｄ・Ｔｈｅｓ上ｒａｉｎｅｄＩｚ
ｏｆ1％ｉｓｉｎｔｈｅｒａｎｇｅｗｈｅｒｅ上ｈｅｓｐｉｒａｌｓｃｏｍｅｅｆｆｅｃ上ｉｖｅ･Ｔｈｅｍｅａｎｖａｌｕｅｓｏｆ
上ｈｅｒａｔｉｏｓｏＥｃａｌｃｕｌａｔｅｄｌｏａｄｔｏｍｅａｓｕｒｅｄｏｎｅｕｎｄｅｒｔｈｅｃｅｎｔｒａエcompressive

loadingaヒヒｈｅｓｔｒａｉｎｏＥ１Ｘａｎｄ３Ｚａｒｅｂｅｔｖｖｅｅｎ０．９８ａｎｄ０．９９，respectively，
ｗｉ上ｈ上hｅｓにandarddevia上ｉｏｎｓｏｆＯ･Ｏ３ａｎｄＯ､０８．Thesevaluesaresimilarto
thoseａヒヒｈｅｓｔｒａｉｎｏｆＯ、３ｘｗｈｅｒｅｔｈｅｅｆｆｅｃｔｏＥｓｐｉｒａｌｓｉｓｎｅｇｌigiblysmall･
ェｎｔｈｉｓｔａｂ１ｅ上ｗｏｃａ１ｃｕｌａ上ｅｄｖａｌｕｅｓｂａｓｅｄｏｎにｈｅｅｘｔｒｅｍｅａｓｓｕｍｐにionsregar＆
ingtotheaxiaエｓ仁ressofthespiral（orz）ａｒｅshown・Ｔｈｅｓｅｒｅｓｕｌｔｓ
ｃｌａｒｉｆｙｔｈａｔｔｈｅｅＥＥｅｃｔｏｆｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍｅｎｔｃａｎｂｅ上ｒａｃｅｄｂｙｅｉｔｈｅｒ
ｍｅｔｈｏｄｏＥ上ｈｉｓａｎａｌｙｓｉｓ･Ｓｐａｃｉｎｇｏｆｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍｅｎｔｕｓｅｄｉｎｔｈｅｔｅｓｔｓ
ｗｅｒｅｂｅにｗｅｅｎ２０ｍｍａｎｄ４０ｍｍｏｒｂｅ上ｗｅｅｎ

10％ａｎｄ２５％ｏｆｔｈｅｄｉａｍｅｔｅｒｏｆｓｐｉｒａｌ･
ロＩｒｈＩＴｎｔｈｌＥＴＰａｎＥｅｔｈｅｓｐａｃｉｎ圧ｏｆｓｐｉＴｎｌＰ(MN）Ｗｉｔｈｉｎｔｈｉｓｒａｎｇｅｔｈｅｓｐａｃｉｎｇｏｆｓｐｉｒａ１
ｒｅｉｎｆｏｒｃｅｍｅｎにｄｏｅｓｎｏｔｓｅｅｍ上ｏａＥｆｅｃヒ

ヒｈｅｂｅｈａｖｉｏｕｒｏＥｃｏ１ｕｎｍｓｗｉ上ｈ上ｈｅｓａｍｅ

兵ｍｎｑｍ上ofreinforcement．ＮｏｄｉＥＥｅｒｅｎｃｅ

ｉｎ上ｈｅｂｅｈａｖｉｏｕｒｏｆｄｅＥｏｒｍｅｄｂａｒｓａｎｄ

ｒｏｕｎｄｂａｒｓｆｏｒｓｐｉｒａｌｒｅｉｎｆｏｒｃｅｍｅｎｔ
ｗｅｒｅｏｂｓｅｒｖｅｄ．

Ａｎｅｘａｍｐ１ｅｏｆｓ上ｒｅｓｓ－ｓ上ｒａｉｎ
ｒｅｌａｔｉｏｎｕｎｄｅｒｔｈｅｅｃｃｅｎｔｒｉｃｃｏｍｐｒｅｓ－

ｓｉｖｅｌｏａｄｉｎｇｉｓｓｈｏｗｎｉｎＦｉ９．６．エヒｉｓ
ｃｌｅａｒｌｙｓｈｏｗｎｉｎＥｉｇｕｒｅａｎｄｉｎＴａｂｌｅ４
上ｈａヒヒｈｉｓａｎａｌｙｓｉｓｃａｎｔｒａｃｅｔｈｅｂｅｈａｖ－
ｉｏｕｒｏＥ上ｈｅｃｏｍｐｏｓｉｔｅｃｏｌｕｍｎｓｕｎｄｅｒｔｈｅ
ｅｃｃｅｎｔｒｉｃｃｏｍｐｒｅｓｓｉｖｅｌｏａｄｉｎｇｂｙｕｓｉｎｇ
ｔｂｅｃｏｅｆｆｉｃｉｅｎ上Ｅｖｗｈｉｃｈｗａｓｏｂｔａｉｎｅｄ
ｆｒｏｍ上ｈｅｃｅｎｔｒａｌｃｏｍｐｒｅｓｓｉｖｅ上ｅｓ上ｓ、

[6(兇）
0051.015

AnexampleoE1oad（ｐｒ

ｃｏｍｐｒｅｓｓｉｖｅＥｉｂｅｒｓｔｒａｉｎ

にと）relationship

Ｆｉｇ．６

Ｔａｂ１ｅ４Ｓｕｍｍａｒｙｏｆｃｏｍｐａｒｉｓｏｎｏｆｃａｌｃｕｌａ上ｅｄａｎｄ
ｍｅａｓｕｒｅｄｖａｌｕｅｓ

H月fＴｎｕｑ

（i）Ca1culatedbyassumingにｈｅＯｒｚｔｏｂｅｚｅｒｏ．
（ii）CalculatedbyassumingtheBernoulli-Euleros

assumpdon.

(2)Ｕ１ｔｉｍａｔｅｓｔｒｅｎｇｔｈ
(3)Ｅｘ上remefiberstraina上compressiveside
(4)DiEEerenceoEdeflec上ｉｏｎｂｅ上ｗｅｅｎａｔｔｈｅｍｉｄｄｌｅａｎｄ

ａｔｔｈｅｑｕａｒ上ｅｒｈｅｉｇｈｔ

(1)Ratioofthecalculatedloadtothemeasuredone．

Tｅｓｔ
SLrain（x）ｏｒ

Deflec上ion（､､）

Aｖｅｒａ

(i）

Rｅ（１）

(ii）

Standarddeviation（１）

(i） (ii）

Centra1

loading
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２．０％（３）
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０．５ｍｍ（４）
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SpiralreinforcementcanimprovethestrengthandductiユityoEmortar
underthelargedeformationbyconfiningthemortarａｓ上obeundertriaxiaユ
compressives上ｒｅｓｓｅｓ･TheeffectoEspira1reinforcemenｔｏ、上ｈｅｕｌｔｉｍａｔｅ

ｓ上rengthoEsectioncanbeconsidereｄａｓｔｈｅｅＥｆｅｃｔｏｆｉｎｃｒｅａｓｉｎｇｔｈｅ
strengthoEｍｏｒｔａｒ，ｓｏｔｈａｔｔｈｅｓｐｉｒａユremforcementiseEEectiveto
susにａｉｎｔｈｅａｘｉａユエＤａｄ．However，ｉｔｉｓｎｏ上ｓｏｅｆｆｅｃｔｉｖｅｔｏｓｕｓｔａｉｎｔｈｅ

ｂｅｎｄｉｎｇｍｏｍｅｎｔ．Ｆｉｇ．７ｓｈｏｗｓｔｈｅｃｏｍｐａｒｉｓｏｎｏＥｔｈｅｅｆｆｅctivenessofthe

spiraエｒｅｉｎＥｏｒｃｅｍｅｎｔａｎｄｉｎｃｒｅａｓｉｎｇｔｈｅｔｈｉｃｋｎｅｓｓｏＥ上ｈｅｓにｅｅｌｐｉｐｅｈａｖｉｎｇ

ｅｑｕａｌｓｔｒｅｓｓ－ｓにｒａｉｎｒｅｌａ上ionshipandequalstrength･ＴｈｅｅｆＥｅｃにivenessoE

spiralreinEorcemen上ｏｎｌｏａｄｃａｒｒｙｉｎｇｃａｐａｃｉｔｙｏｆｃｒｏｓｓｓｅｃｔｉｏｎｍｉｇｈ上ｂｅ
ｓｉｍｉｌａｒｔｏｔｈａ上◎ｆｉｎcreasingthethicknessofsにeelpipewhen上ｈｅｅｃｃｅｎ－

ｔｒｉｃｉｔｙｏＥ１ｏａｄｉｓｌｅｓｓｔｈａｎａｐｐｒｏｘｉｍａｔｅｌｙ２０ｐｅｒｃｅｎｔoEtheeccentricity
atba1ancedEai1ure･However，ｉｔｍｉｇｈｔｂｅｒｅｄｕｃｅｄａｓｔｈｅｅｃｃｅｎｔｒicity
increaseanditbecomesエｅｓｓｔｈａｎ５０ｐｅｒｃｅｎｔｏｆｔｈｅｅＥＥｅｃにｉｖｅｎｅｓｓｏｆｓｔｅｅｌ

ｐｉｐｅＷｈｅｎｔｈｅｅｃｃｅｎｔｒｉｃｉｔｙｉｓｌａrgerthanatbalancedfailure．

AsspiralreinEorcementcomes上ｏｂｅｅＥｆｅｃ上ｉｖｅｏｎ１ｙａＥｔｅｒ上ｈｅｄｅＥ１ｅｃ－
ｔｉｏｎｏＥｍｅｍｂｅｒｂｅｃｏｍｅｓｅxtremelylarge，ｔｈｅ巳迂ｅｃにivenessofspiralrein-

EorcementonloadcarryingcapaciにyoEthememberisconsiderabｴyreduced･
Ｆｉｇ．８ｓｈｏｗｓｔｈａヒヒｈｅｅＥＥｅｃ上ivenessofspiralreinforcementontheload

carryingcaｐａｃｉ上ｙｏＥｍｅｍｂｅｒｉｓｓｉｍｉ１ａｒｔｏｔｈａｔｏｆｓ上eelpipeWhenthe
slendernessratioｉｓｌｅｓｓｔｈａｎｌＯ・However，itisreducedduetothe

secondarymomentastheslendernessratiobecomeslarger．

ＲＲ

1０
1０

0５0５

SIendeTncss
ratioe/eｏ Ｏ０

０ 1０ 2０ 3０

Ｆｉｇ．８ＥＥｆｅｃｔｏＥｓｐｉｒａｌｒｅｉｎｆｏｒｃｅ－

ｍｅｎｔｏnloadcarrying
capacityoEmember（Ｒ:Ratio

oEincreaseinloadcarry-
inｇｃａｐａｃｉｔｙｂｙｓｐｉｒａｌ
ｒｅｉｎｆｏｒｃｅｍｅｎヒヒｏｔｈａｔｂｙ

ｓｔｅｅｌｐｉｐｅ，Ｐｒ:Ｒａｔｉｏｏｆ
ｖｏ１ｕｍｅｏＥｓｐｉｒａｌｔｏｔｈｅ

ｔｏｔａｌｖｏﾕume，ｅ:Ｅｃｃｅｎｔｒｉｃ－

ｉｔｙｏＥ１ｏａｄａヒヒｈｅｅｎｄｏｆ

ｔｈｅｍｅｍｂｅｒ，ＤｍｉａｍｅｔｅｒｏＥ

ｃｒｏｓｓｓｅｃｍｏｎ）

Ｆｉｇ．７ＥＥｆｅｃｔｏｆｓｐｉｒａｌｒｅｉｎｆｏｒｃｅ－

ｍｅｎｔｏｎｌｏａｄｃａｒｒｙｉｎｇ

ｃａｐａｃｉｔｙｏｆｃｒｏｓｓｓｅｃ上ｉｏｎ
（Ｒ:RatiooEtheincreasein

loadcarrｙｉｎｇｃａｐａｃｉｔｙｏｆ

ｃｒｏｓｓｓｅｃ上ｉｏｎｂｙｓｐｉｒａｌ

ｒｅｉｎＥｏｒｃｅｍｅｎｔｔｏｔｈａにｂｙ

ｉｎｃｒｅａｓｉｎｇｔｈｅｔｈｉｃｋｎｅｓｓｏｆ
ｓｔｅｅ１ｐｉｐｅｗｉｔｈｅｑｕａｌｙｉｅｌｄ

strength，ｅ:Ｅｃｃｅｎｔｒｉｃｉｔｙｏｆ

ｌｏａｄＤｅｂ：ＥｃｃｅｎｔｒｉｃｉｔｙｏＥ
loadaにbalancedfailure）
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（１）エヒisclarifiedthaヒヒheproposedanalyticalme上hodcantrace上he
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