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20 8*+1.5 55 6+t0.5 39.6 170 283 702 1056 2830.0
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Case3 /&, HAMOFTHEZT o 2K (LT, REHEMEREKLITS) 2645
CHMELEBETHDL, BAMIZIEIEA Y NRMEEZHWT, FEIX 2 5P
JEEALOS LD - FPbREFEAGZHEZH W T T, HEAMIZE A U b
FMEE R WEEBIE, BMTHOIMRA K EEAMOFTERLZRAS b0 L L,
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Casel Case2 Case3
f 4 fik X O O & R JE I % AR
ENO) 2@ i 2 OO El i 2 Fe I %
JE & (mm) 89.5 88.0 85.7 80.6 86.4 84.2
ﬁj;; 1.00 0.983 1.00 0.940 1.00 0.975

BHREL—FORFEBE TR LEZEZLEZIVARICERT 22D TH D,
EAMAEEHZT, EAMOBELEZHFo L RICEMRBE L — 2K 2MELEIT- 2,

QQIBRUVUVBEIAAIPEREL —FRFEGRIZREFTEZE

B 4-3 1t x0RBTEMBEL —F a2 ERELLLEGZ RS XICRKRTEHBT
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MERLTEBY, ZOAGAEHO LMW E THREMBEL —FIC XL > TR & 72
REOR S &7 5,

£ 41 CEHEL—FomEBErLROONTZHAEKOEI LENLERLD F —
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HTCTHELEERZEH LEZLD TH D, Casel TITHIE R SR O MR IK (24t
REQ) Lo R E (BEadXEO) Nttt XEKTHY, WH
DEIFTE 1.5mm TdH o 72, Case2 THOPHFNHERAEOE SN HELSFMES N D
HmaERL, BEEMERKELEOZEEF S\ Imm Tho, ZThik, AN SN EBE
PHRREDOERE CIERL, DOFNOEF TRKHLTH I EREEL
TWwWseEEZ6ND, ZThiy, EEELV—FYORFEHELZHERT D LITX
BROOCENOREDOFEAMBET L2 LR ARTHDI I ERHERINTE
T, ATCOMMERTHRICEKKLZOE L TOOENEREDO O OE LD
BArfER LA, ODRENORBAERIITFY 49mm TH -7z, L - T,
KdObhERES I, kFEFEFLTRIRELEILEEZZEL L, #HREMEIC
LIZOVENONMNEL EHEICHEATZ DO TIERWZ EBN D5,

ARBREROHEBE L IL, EMEL - FYETEEROGEHLOBEEL TWVD
WEEAEBIZIEZAZEITH LWV OO, BRODVENLDORAE L TWDEEE

EENICTEOI2PAWAMICT HZENTEDH I ERRB IR, Cased TSI
AT OEN 22mm LRV, Case2 L TEN IS o, 2T T,
Casel fER2 MK D & Case3 FHBURE O IT OV TRHEBRE 5% THE ERE
EAT o7 2A, MBICITAEZEN W ERHERI N,

ThED, OVEAERMICEAMPREIATHY KL LEZSEG TS
REBLERELZXFEBELIG LN, T, EATIEIZXID2EAM O T HEE S W
LB L — XY ERC L > THMTELIRAEEIHLZEDHALNE R ST, &
B, BROVENTEMBEL - FOEEMRBICEEZRET D, BE
DETCZ RCHAKKB THEMBEBEZITHOBICIE, EREL— Yo EEMBICREEL
LIETHARENRD D ERRBINDIERERNEGEL L,

4.3 EBEYMICLDLHER

(MMEABHRE

KEEWICELIL2EBRIT, NMREBEOZERICLI2EHE LV - X BB OE V& fE
RITDHLEZEMELTBROVENOREAEL TWVWDIHELEERBROTE RO
FELTWRWREREEEIZE W TIT > 72,

LA OMPE E LTI, LB EANO RCHKBEPOHERLZLE 7 v v 7 Ol
BE[ITEH LMWL, 20 L M7 ey 7 [EEEOSFEDZ, B Rw»o N F b
S £ T OE & 2070mm, 0§ 1200mm, M EE E ¥ O JE I 130mm, » F Bibs DR S
160mm ToH b, £/, L BT oy 7 OoNMIEZEE M E @ CHGmMERZ 2
SVWHAREICHY, FRHOBHEBENLEIRZSEEKMEYD EHOKPEHIC
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RE B 140mm

I
EH41 LEIOvSIBROUEARERR f00mm
WELLICEIDP2EFFMIZERL OVEARZER ST, EFFHFAIZLENR
L2000 HERINOIATHOK Nin CUWLZBEONmKNEZEER 4-1
AT, BB, BEPTONEMETHMHOMEEL AL TWDH, BHIZER 9mm O R
B CH Y, BEEIX 140mm, KM O O 25D X 40mm, E [ O g O K m
bOW®WEIE 100mm ThH D, EHEEL— X ICL2EEIT, BEE410O LB T my
JRFEIZCEWTEHM2L AT, KA X 7 AEMHINTWD 2 Iflrx s &
THEHR 800mm @ ffHf CTH4T - 7=,

e oEEICZONTIE, FIBORUEICH W Ty 7 TR L AT
By 7MW, REOFMBHEIEZEZSINLD2BOOHERELS(LITEITL TEH
TEHRKOVENDOREEL TWARWAKFEHIZEWTRKRD HETIT2, Bk,
ZoT7uy s oRBKEIE, THEEMTH -7,

(mgﬁuwﬁnwﬁ%t;é%mﬁu—@&%@%wﬁu

B4-4 bz nthnoERE L —YRFE®RZ T, ok, 20
KEEHIE, EELEBCSEAZERAEZLENET V4 v (Kifk) LKk
LbOThHD, TOBEIFEEOFAELITLOALTEY, H{LHBOLFEEEIL 6.0,
AEMOWLFERIL 100 &> TWVWDH, £/, EEF OEMALH TR LUKLEI
I, WEMBOSEBEHRBEE LI THRIESRESEHOMBEZ RL TV D,
MEDOFEERNR LN, KFHBENLHLNLIEHO NS E I
DOWNWTITHBEZIT) 2R TERVA, MEHZ2RAEDERFERHBORNLS
WEWR DL Z LMD

KRB THLILTOWMEEL L THWEZ LB T y 7 3EE 4-1 L0 £mATit
BOWTBROPENLNZHEEL WD ZERERIN, B 441280 TEHH O
fiEEZRTILEORBIZRETO KT EHG BT L2 EHBIICEND D Z &
Wb, Mok, BEFOI>ICTEROTENLDOAELT TWRWEAITITE
AL EZHRICHERT LI ENTELN, HIEBOLIICEROVE LD AT
TV EGCIEHRAXHEGEI BN TGN EZL RSN T 2 2 &3
LW, =M N X 7 AVEG INTWDIEEITIE, R OEH TEB KN
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4-4 LEEMEBEHOBEREL—FRFE/LRDEN
(H M 38 LI B B 2 & BERE S U D 8k AL )

e LTl BB, BRMICHFEETH2EMICITE L2 o BRI DB EL R
VN T2 8O T B AT B EE

L2ovL, RRABRBRICBOWTIE, EMoSBH EEMoOSHmBREZICERI N
HIZEDHRERINTE, ZTOERELTIE, LToEBLIcExLLNLD, KR
CEBEWTBROY®ELOALTL TWDE LM Ta vy s ik, BMOSKBHIXEKROD
FHOFALTWVWLIHEHHICHFEL, EMOBHIIEROTEFNLOREEL T
WEIFHICGFEET D, ADSEEREEIBROVCEHLO LY IC—KILOR B
TWARWEF TEHA TS L, TofmEE L TRHFNEGITHKZR S O TIERL
molbEBbisd, T EYRMOEETH O K B IEL, BB KA ST
WWHLNLI2E THER LEVWDLOII s BZXbND, BEMIZHFET DE8EH I
DOWVWTIE, BHOFBHICEROVENUNBEEL TWRNL ST DITEG O XS
B 2RO BRGICHEONATLEE LN D,

IHROOERMMNS, FRELTEARBROLG G ICE, MELEHWERMOSH L
BNHEWCEMOSEH ORKKFNEGPNFAELRPAKR I L 2o THANTZ EE XN D,
IhEy, BROOGHE NI, BEHEL - XOEEOBICH LI DK S EEBIC
HEBERIITLTVWDLIZENEZLND,

4.4 EHORAKBIZEIT 2 HEMAR
(WEBRHEE
AT, B TH LA ENORENAE L TV D RC B KM AEE 8 H & TAT
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M4-5 REEEZEEDAEA A —DH

o, MBEZIT o7 RCHAKBIZHAE 40~50 FREXRBLEZLDTH Y,
WELSILOHERIIREERNPOBHRICE > THHB LEZ, KRR TG L LK
BTIE, WIFhbXxFTHICBWTRFIFMITIEDC DL ORENDER I N,

WEEHIL, BMEL—FICL2EELRAOEEE LI I2BEREHEREM T
b, BHEL—FXICLD2EEE, KEBEOMEFMIZKH L TIT- 7., HHKIX
200mm M FEC S WM T 72, WET EW2A D 900mm O Hi 5& 468 & L T E B
L— X OEBEEZEKBL, E#H2L 100mm OM S EKEELTTLE»DL B~
J Tt 800mm D HHEETIT o, BHMK L X OLMFBEEROREIL, B, DS
ODREFWRBEHICHEOLND L ESLMELELTIEHFREL -,

FHEBEBE LI L2BEREHERFHMOWNE L, BROVELOBE X #HEZT S
TLEEHEMELTITo R, MIEERKHFEHTITY, WHRIEHEHOEELZZ T 20
EATAZ@IRL TRE L, BHEKIEOWNEIZIE, IRE) 788 % 54kHz, % - Z IR
FTOEZESmMm OB EHEHEHRZHWEZ, RmEBEOWE TIX, TIFRIET%
EAICHREL, XBF2EANPLEFFHMICT 50~500mm £ T 50mm T 2B #H)
HECHRBEBL, FFIORTHERCHEHEOWUE LT, 2k, WIER O F
HEEIC DWW T, BEEONR[4-4]122 B L L TRELEL, KmEEEO W EA
A—VKIIE 4-5c T BV Th D,

REEBEOKRE»P1L, X433 Z2HVWTHFLILESOHE Z A AR T,

X 4-3

t: B OE S (mm), Vy: HAEEH O E W EHEE (km/sec), V,: L2
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4-6 FHRIZTHETDIRHER

DG WA= 7 EE (km/sec), Xyp: EHBROMEE AL b DHAE (mm)
EEOLIX, 27— bFORBIZAHIMLEANDGFEL, NHICEEL2TDHFET S
BARCERMETEEORBREE»ORX 4-3 2V THELVESEZ ~EOHKET
WETD2ZIENARTHDI I EE2RLTWVD[4-4,4-5], KK THRITHK 4-3 1T,
EBICHILANGFEEL, NHBCRE2BAGETI2HAGCHILLBORES (B X)
ZRODHZIEEABWELEXNTHDY, t 2RO DEIL, V<V, b2 &BEMHE
ETFbLbNnD, HELSIIT—KNWIZIRB»O XN ETT 2O, BHESL
BEOHECBVWTLRX 43BN AHTHL, L, ARBrTOHLRELE LA
Tuay MBI, REAROEELTLRRB LYV LN ICH LT O FE
NTHMENATHE, ARBRICBVWTIE, RBRASLoBEYINTERLE LB
WOPENZALTCVWLIHACERMEREOMENED X5 A Z2RT 00
FEDLDE CHRAL, EMEL - KHNEBEOBERMEEERL I,

RQEBERGREEELERRL—FRFEEGDBE K
4-6 IC 8 WFTORBICHEIT 2BV —F ORF WG 2R3 m4gIT 5 HR
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® 4-2 BHMEL—FOEEZEMSROONE-HEHOFERS L
THOHEHEISICH TS LA OHEHETDL
No.l1 | No.2 No.3 No.4 | No.5 | No.6 | No.7 | No.8

(a) E# D&MD
P&V JE S (mm)
(b) T# O g O
50 RS (mm)
MmEDIE SO

62.6 | 71.0 | 64.2 | 67.1 | 63.1 | 55.2 | 48.3 | 62.9

50.9 | 65.7 | 63.1 | 59.2 | 55.5 | 48.5 | 32.1 | 57.0

1.23 | 1.08 | 1.02 ' 1.13 |1.14 | 1.14 | 1.50 | 1.10

(a) / (b)
V, (km/sec) 2.67 | 2.37 2.24 2.34 | 2.40
1 3.23  4.19 | 2.41
V. (km/sec) 1.51 | 1.41 1.61 29.4 | 0.77
Ve/ Vy 0.57 | 0.59 1.00 1.00 | 0.72 | 1.00 | 12.5 | 0.32

ORIFEBEON, TOMAOHEmMER XL TWVWLI b0 2HHBEL TWVWDL, I

B G OMEIXTEME L — X Oo#ET HmE R L TWad, #ET ML, ®HEG LM
MHAEMO G THY, EMOLTEEREN EHAOSH 2R~ L TWwd,

BN, FTHOSKMICKH LT EHOHEHFONSVEINEL FMEnD
HEN DD ENHERINTE  RAIA2ICEHRE L —FOBBE»LRD LM
ONSEVEIE, THONSVEILZHT L2 EHorSEYVEIOHEZRYT, £
o, RA2ICEEFREBEEOERP»ORD IV, 8 Vi EbYE THRT,

Vil ViD R/WNBRIL, V>V &R D7 —AB 47—, Vy=V, & D 70— A
W3 T —R, V<V, bepbEmuERrLIEr—ANRN 1 7F—ATho7, LL,
Vi< Ve &7 No7lZ oW T, Vi, OERMO CTRKEL M ar 27U —ro
AEWEHERE LIRSS ARIEDICRFMHMER LI ENTE D, V, DIE
DREMEERoTLLERLELTEF, ABERELTEROTE AL AL T A
REMEN RIS, LB T, MIELEZSTHIC2WTIE, R 431X 541k
WSOHETNWTNOEFTTHLITI I ENTEhhole, TUDHLDORERIY,
WELE 8IEFTD I HLAEIZ No3, 4, 6 R SHFIZODWVWTIEX, WD LR
EATL, BROVELEAL TV HEERGVWEH T LI ENTE D, B
FEOMHEBIZEWTEROOHE LI, BAKBMED EW» oA L, i wn
FHHIZEZLSBAET DI EDRHALNICRT WD, LEN- T, EHMEL—X
ORFHEGIZ, BROVEALDZLSEEL TVLIEFTICBYTE&HONSD R
SEEBELFMITsHRmICH DL ERHLNERST, THEV, BROUVE N
DELTVWIHIEAMCEMBL X ICXI28EHBEEZIT>HAICIE, XHE BRI
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X 4-7 Vy/ Vilb &S E X0k %

RENDINEVIEEIVRARONSVEI L FERLIAEEND D2 HAICHEET D
VENDDLZ ERbND,

2T, K ETHWERABRTE, OVCHENLOALCEHAERIZTIOE LD &
CTnZn@efiEke kgl THAKRES P ESFTMELr2BEmMEZRL TW
5, REETHWERBRCEIERBORE S ZHHMIR L LTI DT, A
VRS ZFMLAEAARRETIRELRLI2A L0, RELTCEHFOMEME R L
TWsEE5x2%, ZOHABBFIUTOEBVEZXZLONND, A KEKEZHWTEHART
i, RERNTICEBTH200EHNIET 1 KOATHY, TAUNERMWICHEF LT
Wb, LERo THELNDIRKFHKEICEAN AL 2B, ECL#HNES X5,
—J, ARBR T, EHEWEIRLEL VD, KEMWMENEICET 50 0E
NEFEHEAEALCLTWD ETFHEN, it - AEHLEODO, GDVEHNIIEORZR DG
OR|ELTWNDEEZLND, TORD, BHBoNdNEHICTITIELAULNA LT,
B—boxHs i3 TcExhwn, £, H2r00KXHEEZ, 2 00VH
NICE-sTHELEEBMEOZBRIZCE TRRINLEZIEERD, THUL DR
bNAKKHEOENICE T, RAKEZHVWEZERBRERERIBERLIG LT &
EZ2bihvd,

R420K FEICE, Vvyoxtd2 Vol v,/ VyzZ L TWab, 22T, Vs
/ Ve BROOVCENORBRERELZ RTHEELLTHWD, Vy/V>1 &5 4T —
ZIZOWTHEVEIOlEDOHEKEER 4-7T 2733, W FH OMBKEIT 0.056 T
O, KABRTEHELONET — 00 ETWMEBFOMBEMELERT S22 LN TE 0
> 7,

ARABROMBIL, SHTFTOBEBME L —FOoEE»LBLORLTELDOTHDL, 4%
X, 72 2EHTL22LILoT, BROVELLEFMINDI2NEVESO
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FHEMRBEBREICOWTHLNICEND EERADL XD, AR ROHE DL IX

RO ENEZ AT S5 RC AKBMABEIZCES TS ES ZE NI 25 68 m

DR INTZI s, EHEEWIIBVLTNSDEIOFFMEZIT 5B,
CORICHEETOILENDD LE R D,

45 FAEFTLEH
4EICEBWVWTIE, RCHAAKBOKEICHET2HA L L TERK L —FIEI

ZEBEICBROVENARETEBICO VW TORANEITo7=, 73, ENRK

ELTHEREERAVERREEEED T VERREZITY, TOo®RICEK DN

KEICEBT2HMEREZIT o7, UTEAELNEONLE/ W EZ =T,

(HWBEHEKRL—FICLDEETIE, 207V = NHOBRORE D RELE
HERICHRT DN TE D,

QYEROVCERICH L TEALEZEA LG AL, EARE O K S B %
MRTLDIETCEAMEHOARZBER T 220N TE 5,

) EBEWICBVWTEROVCERLNELLTWVWEIEHAICIE, AL TWVWELOVE R
DREIZCLIDIPVERBE L —FEICL THHBEAEZITY) 2L IXIRETH 5,

MHIEEDOHHN X T NLVEDH CRAMOBEHPEROOE L FICHEH SN DI
STWLHETE, RMEEMNOSEHAFEEFELABRSOXFE B L L THI
ZAn

GYARBRMEROFGERELH X, BROOFNLORAEARE L2252V E S oG E &
ORICHEBEEITER SR AR,

BB L —FORFEHBEIZRBROPENOAL THWALHIEHRICBWTNEDE
EEELSRTHEBEID Y, EBEOZMOBICIIZIORICHETILERD 5,
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# o4 T, A (FE) 2T HOBOBERICOVTOR 21T - 2,
MEZWMEZATOBRICE, EREL - YORHERICEROCH R KIEF T B
EEBLIELELTHEMEAEZIT-ZRIC, NBEAROREORERLHMZ Y 5 2

W52 L HEMELERMERLE LR D,

NEEZERTHD2BIROVENRICOWTIE, FE3FTLRNLZ LB, EMEM,
ERAFMFIEEL L TCHMBEROOIIAFAEL R, H 3 B CTIIEEMFFEMIC SR
WHHEBRZHICOVWTORHFT LT, RKEEKROBELNLAHERE TR T 2
HEERELLE, AETIE, LV EENRFMZITS> 2 Z2HMNE LT, EA
THEEZRAWEFMFECODV TR 2T 72,

EATEEZ, 20272V =Fr0O0OVEIMETIEDOCLESDTHY, BiAME - W
INEo T Eof, WEO Kb EXK2 2 E2AMNELTCALSAHVWLERTWS T
BEThD[5-1], BALEEZREGOOCENICH L TCHELT 24512, O0E
NWHNBRICE S THRBABETCHLIEOEMBMNERERICEAMORELITS 2 LB
T&E%, =5, RHEOOVEHEILLZEZRICH L THE LT 256 I1C1E, O0HE L
ZEROET, WEANAHETCHLIZDIC, EAMOTREMN ST RIALTND
MEPOHB 2 ERBOICIT O 2 EITEEL Y, REFEIMICOWTIE, &MWL
flie L THOEAL»SDOEAMOITIBIC L o THEEB I, EEMWNZRIFEM
FiEEFELIISNNTELT, ZoaPREELELTHETOLN D,

ZZTCTARBITIE, HEOA U RCBHAKKMEZ 3t G lcdE AN TEZ FEHL
BROVGENL~DODEAMAEHAMZOBERCHFEREO LML LRBROTE L O
HHOTEBEMFMGECODWV TR L, REHCEE L T, #tHH oKk E &
MmH 3o Tey s ERERL, TNENRRLFEMETEARRE ERE L, B

OVREN~DEAMEEGSZ OB FHEEFEEEOZEADLBIROOH LA
OEBMFTM GFIEICON TR L E,

FP LA T ey b8 RLE ILERBEOT ey 7 TiX, EAMEEICK S B

BREHFEREOEZ Ty 7 REDOJLFMH CTHRELL, TORICEGITH T
Va—AKBOMMEBENGHELE 2 Ko7 aey 7 Z28BRL, TEnR5E
AMERAVWCTEATLEZERK LAE LT, FMA2BRG 2T 72,
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52 LBJovw Iy Z#RAVEHAER
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ARHEBRTIE, W40 FMRICEESILEENTHEHE STV 5 8 ER o 8
CEMMNS 2D LB Tey s 2 iz, KEMBEONEMOKRELZEFTER 5-1 1
RT G ABES O SEEIE, MIEE ESE b N F RS E TO R E 2070mm, #E 1200mm,
il BE Fds O JE S 130mm, N> F EEmOFE S 160mm Th D, £/, 20 LT o
vy 7 ONMIE, ERMEEE R TEBYVHEMMBOMERZZ TS5 Wt HREIC
oo, RKEMOABBE»OIX, RZHEKMEIY EHoOK P HICHEFEL LI
FO2REFHMIEPRL2OPENANRNEZLAFAAEL, OQVERLEF2LIT= 70 Ly
A0 AE bR INT, — T, REZHEEKAMEY THEH OKPH TITEREIC
FOHBEMOBLHNBAY 2P, WEHLICID2b0LEBb 2 ZERITHERS
AR N

(2)FAREBR A E

EARBRIT, RKOFIETITo/e, £, HEAMIC X 2 FRE % L ICM#HEIC
757D LT oy 7 OEKEHZTW L, MEBEHZMICHELZREBIZL .
ZTOBRICE, MUK RELAZEHBEICHEEICITI ZLEEBETDIEDICEAMO
WHBEZEHNELTHOLDLOTmHICZAFUBEZTONTHIZL D — 1
MoBfizmlLiz, RIZ, LB T o v 7O B2 6 100mm Z &, # 150mm =
EAZFE 63 M ETICEE 6mm O FE AL EZHIAL L o AT ERTE D DR WALE I FTE
TOHEROOCENIZH LTHOEAMEZRHEIE L 2DICHM %2 Smm 2 E % 3%
SETHIALL, I 125~135mm Tho7z, EAHIINMEZFTE 5-2
CRT ., ZO®BIC, BAMORHZBESEDICY— A MEaRE EM@EICEAL,
bbObHE THEAREORM T HIT- 2,
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EH 52 Case 1D ITAADHKE
(ERFIBERCHEREDANR)

VA MOBK %L, BSORALDEH 8§ IV THBETHEOREERERTEICL D H
EREFEHEREOWEZTo REOEBLEOWEMELFE 5-2 1265 bW TR,
W E AL B OF ST B A No.l, iix 23 No.8 Td 5, 8 H W = £ o Jl & 1%,
B 1 A I 2K S4kHz, % - ZIE T OEFE S0mm O M F W E SR E H WV TIT o 72,
FHEBBE LI LI2BEREHEEEONEIL, TTEALRIACRE T2 HE
L, RICZWTF2EAPOLEFFMIZ 50~500mm £ T 50mm H R CB B & C
FE10 R TIToc, 2k, WENOIM FHEREC SV TIE, BEOHE[S-2]1% 5
ELLTHRELLE, AEOZNUBKEORR TIX, RuEEEOWNE ik - S
FRETCHETH 5,

KEEBEEORKER»OIX, & 4 ETHLHEALEU TFTOXZH W THESIE
SOHEEEIT - T2,

_Zo 5= Va 3 4-3

4 BT REEAEBECLI2BEREHERHEONE TIX, BROVE
DHFALTWVWDLEA TIX, W&V HANEO®EENE 2D R N E R
N, Z0oH45ICE, X430V FABRADOEEZRL, FILBEBSOHEZEIT S
TENTERVL, T, AETIE, ZTo0oHSEZAMALTEROOE L O E
W& N B O F IR o FE A A R A T2

EAMOREIL, BERCHEHREOUMEDOHITIT o, KEBRTHWREIEA
FZ, JIS A 6024:2008 TEEEMME N IEA R VB E] ER (1) KKEER,
BLOEHELR@EE EAMER A UBIBEEAM 1 Bl S5O K ER XX
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VHECTH D, MADOBIZ —EOE AL TIE, REHEO 2T & v C 5 g
EHEERTLIEOIC, BB EZ R U HMBEOEREIL 03%IE AL ZEAM
THREEZTo, ARBR TR, EAHFREICLTERARBRTCHVWS E— 2V FEMHEHL,
ZT7aryF b=l EXoTENEMZDLIETCHEAMOREEIT >, EA
MoOFREIEXFTEH (KFPEHM) oF AL»DBBL, HEK EH (K EM) ~5
ABMBORENEZZE LN OIToTe, EAREOFEMEOLE L, EA
MoFxERRIAZ2WES, 723, BETLIEALLSEAM O G 2 #R
SNTEME TIT -2,
TARFUBBEREZORBIL, BIBOMLZ MR L, EATIEER 2 A &B
BT oo, 2 BRBRICIT, MAMFEEA &R U &P TEBE K isFEE O E
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ERNHTHRBFBEEO ENEL 2, BEECHEEENTE -EOMZRT,
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BTk, RBBLPTEORRKRLE, HESHFB XOB&mF CTHEK S5 EE) E K
TRBRAEKICESHZA DL, v 7 7 v 7 TIRBOMBEE G LZETEZAE
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R TR T2 HREBEHICHHERBEZ AV FEIE, EANR Y 2T 5
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N ERRE, RBEFBEORMEIXEBELUMEELY vy 77 v 7 TITH>2H0TH D,
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S OEITERD D 7ZHIC, non-AE 227 J—hELTWS, A Y T

-75 -



& 6-1 BXB)[E B O HHF DML

iz /) (N) 9.8
JE W E# P (Hz) DC~ 10,000
B RN B (m/sec?) 326
= & K#EE (mmp-p) 5
N N2 EHe (kg/em) 2
I& A B T
WEfH EE (g) 30
AMEEEE (g) 50
M E & (kg) 0.4
K&z (¢ XH) (mm) 41X 56
E R ) (VA) 50
fx K&t (Arms) 3.3
% KEJE (Vrms) 15
IR B
B H# &\ (VA) 125
oY — )L ES
ALK ERE (kg) 3.2
KZZ (WXDXH) (mm) | 210X280X%X92
CER) HAH 110VISA

[{REBa>Y—ILE]

[ UR® 547
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Gmax 277 | W/IC @ ZERE s/a HEA7 B (kg/m?) AE #l
(mm) (cm) (%) (%) (%) W C S G (g/m’)
20 8+ 1.5 55 6+0.5 39.6 170 283 702 1056 0.0 ‘
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Case 1 1% JIS A 1127:2010 IS MR O B MR E M EHF CHE L 27 — X
Tdh D,

Case 2 (3 B &y [o] B (i Bk o0 B 5 ME AR O E &8 2 Vv, BB I 8 2 I3 IR B 40 A
HEHWETr—2ThH 5,

Case 3 (TR EMWIC/HBMIEM 2 2B E BB 42 B v, 3 I8 IXE 8 4
etz MWl r—2Th 5,

IO X H5IT, Case 3 WEBEIEIR Y vy 77 v 722 LEARIFRE TR
NI FHEERD, T T, Case2, 31TB — WAL G IR B B o B, R
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ORI A AW B E LR 2R M ERD, E—7 EAEKEL > T WK
ELIBIRB L L,
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HRAEDOE S HFMOMED (ERAEoWME» S /N ERKE TR 2 AL,
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PESRT HEZDIIC 2 E L TS,

MAE R R IC B T 5% EMR % 1EL, Case 1— Case 2 A 0.990, Case 1— Case 3 2%
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MR Bh I X 2 IR Bk ik, JIS A 1127:2010 (Z & -3 < i ik o B B E 4R £k w28
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TREYy 7Ty FICELIEENALND L OO, REHFLEIX Case 1— Case 2 2
0.933, Case 1— Case 3 7% 0.902 LI HFITm WETH Y, MIEHERAK & RIS A
R KBV T H Case 3O/PMHIBEHE H VMBS ICE 2 LBRHIEOZY
MEMRE T2 LD TE D,

—Ji, BE 6-2 T X o, AmiEMREICE W T, B oIR8 Tl E
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ODWWET, FlAFERRLEOLICERRS LYy 77 v 72 Xm TRETER
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BOFMEIT) LN TERVELEPNETLTVDE EEXDLIRELORKHD
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RO, A7y vz EBHA LG G0 HEERELOEGATH 5,
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OB HEREELHET 2R TH D,

XOE, ~KEBIEDES OB BEREO W ME 2N 05 S I2B» Ti
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rHET 5 TH D,

T, ThEhnoXo TFTHICREI AL TWD 7 —~<Fi1E, & Ty MR K
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HEEEEOMZA VWD ZEFXEVWY, FREICEDL T TOBRE THB T N FHE
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Ubkobtiy, SRR oOHEICELIWMBEE L T, 6 EOHE HIEIZ
Ta—RREIND,
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2) KEBAHEHRKEZA V- BRE

i O 71 —KITH>WT, ZOHEFIEDO XS L O HE R REE RO ) %
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RABERHREBREIL, BfHo= 27 Y — ME (F X 700mm, BEJE 200mm, § I
2300mm) THY, EMKRFFNTHRLEZE, BIAOBBERIEFT 14 84 H
NE@mLeboThd, RHAKOEHAMEB LEAIX, 628 0K KOS &
HTh o,

ABRFFICEBEWTITEENBREMTH DD, EHIE L — I L 58 EOFMIX
fToTWhw, ToMoWPWEE, 7u—KIZHl > TiTo7=, &R EK THIZ

— BRI OPEMEL O 2 T HEHRAEEZEILL, JISA1127:2010 IZE D D
X (UUF, JISKEMES) 2o @EMMEREEZ, SiMEABREOROT A2 O T 2
MOEK 261K TART Y UikE, T ZEnkOic, WIEIXFR —FRmod 3 47T
TV, Bl L T7THREEREDL 3ARTH D,

ROE-IICHmATRMRDO " HErRT, KBRFICBWTIE, MBRENKRFLILTH D5
DO TO@BEREOHE T ITIT > TRy, 3T HERE OB E LR D R
TV sHEHMR2AETBEOETHY, XK@OTHRT Y UL 02 2T 52 & iTx
T HEEMENER ST,

22T, RO, @WIToW\WTIiX, REEEEIC K > THE S 2B E KEFH
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®6-3 PEHMUERHOEERRERT VI

- B ¥R K (KN/mm?) =7 B O
( fit 3 JIS K iz )
) ko | k0 |%0 | %0 | X0 X0 | mEegr
| (KN/mm?) .
1 32.9 — 37.9 42.1 43.0 — 39.6 0.18
2 32.3 — 37.2 41.4 42.8 — 38.3 0.23
3 30.7 — 35.8 39.8 40.8 — 38.2 0.20

ExzRHLTWS, RmEEEOREICIE, BEK L ZOFEIEIZ DV THEHE
HERUNICHERBEZmDLI L) —KbLEBET LI LR EEZLNDL LD, #H
MR OLERHET DM EBEEEORFET LTI LTEMADITMEO ZKILOH
RuEe=ZFTHrZ e, R7T YV HE2BETILENODLIEEZOLND, LTI
MWoTZ 2T, XKODOHEEHEM T LHIRETHLIEFE XD, RO®ITHOWVWTITL,
—WREBRBIBEOWEORICNRERK LY vy 7 7 v 72 - KREICHRBE L T
— R ITOEB THIEHZMEL TWVWBED, MRSETIHEEROLEET 5 FH M
WXt L THEMADOFHO = RILOHLERY, N7V EBET HLET R R
% .

XO®, @I, BER2WEHENPLHELALME TH 25, RO T HEF K Is#E
Ex, ROQEIT—RELEHBRBHBEZENLEZAFNHALEZLO TH Y WMH & b 1T MK
ZRIA L CEBHHEERBOFMEZ KD WD, 22Tl X, RO, @D FH
xaRD5HE, B No.l 2»5JEIC 40.5, 40.0, 38.3kN/mm”> & 720, JIS X b
REL2EBEREK L ZIIRBEEODMEERLI I EPBRINTE, 2N LY, AR
BAEROHBE 2T, WIFhvhr 20X b ROEHEEMEZFHT 20 Tk
<, MUMMHEETOHLIBEREHFEEEZZH VWLIANQ & - REHRH L E2 H W
LZROMNLROTEMEMEEARST H 2 LT, L0 KE®O®WSE) #HELR RO A
EATZ DA R I LT,

6.4 EEEMZETAVFIE

(BHEHABRYE

EREME AR EBRIE, SHRBANTHM LTV 2D RC B KM EE 2 5t 5 &
LTAiTole, RBRAToLKHEIZ, HEFCLL25EPEFLLEITL TEY Xin
MBDAT =) v ITREFHFMICEVTL2OVTHNALB LTV VOENTO 71 L
YyEREVANZHEREIN T KR EITo RO —HMoXmRKELFE 6-3 127
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EE6-3 RABROHABEMOKR

®6-4 DEMERHOMERKRERT Y o1t

- 1 9 4% B (KN /mm?) S 7 0 W

(fE 3K JIs Xz k 5 .

Bo RO RO | RO | KO | X0 | %O | mwmEn |

(kN/mm?)

1 | 13.4 — 18.8 20.9 23.5 — 23.7 0.03

2 15.8 — 21.7 24.1 19.1 — 33.2 0.17

3 8.4 — 9.8 10.9 17.4 — 30.8 0.01
.

BLHI R B T, BIEI TR N7 T m — RIS o 2 E & ATV, B MR S o #E
MEAT-T, b, FRELEMAKIZ, THO—MABHTI2H /SN
TV, BEOHMiz BMET2EME L —FICX D HETIT> TR,
BHICHE T 5 HEMBRBRE THICIE, MEERABICa 7HREZHERL TEN
KB EiTo7m, KRBT, BRICE-- THELLEEDEVEFML, ik
BEORLD 3 ECHMET-> T,

()70 —BMroRFIFHEERKEARAT Y oL LEDBERK

7a—KICH o THEAE L 2B MR AT Vo O E B A2 K 6-4 TR
T, B MEAKOFMEE, ERMIC IS KRB L T/hENEERL TV D,
K7V UHICERT S L, Nol, 3I2OWVWTIEMD T/ASWEE ARV, bR
T UROFFMAITA TV RN ERbNnD, 22T, 27 #E K No.3 o[l K
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fii FANK S T,

6.5 LO6EFE LD
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2EIZHB W TIE, RCBKBEMEED R m AR ENEERIZCONTZENZ LR
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bRl XAk ETHLNITLE, UTIZE 2 E8rbBGbhicilimszr
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AT+ 5,
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TEIROEITEA W EBEBEEN D 5,

G) AR ELELTALLIBROTENLIZT, REMICEFLTAELCTED, EHif
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Abstract

Among infrastructures in Japan, there are many structures that exceeded the
standard serviceable life. Similar problems have occurred in irrigation and drainage
facilities. Especially in irrigation and drainage canal, 17% of the total length
(approximately 49,000km) have exceeds their standard serviceable life.
Implementation of appropriate preventive maintenance measures is required, as well
as function diagnosis for maintaining a function of the existing irrigation and
drainage facilities effectively. Concept of this series is referred to as the stock
management.

RC open channels in cold region show deformation due to frost damage, however
its mechanism is not completely clarified. Recently, it is discovered that the
direction of surface and internal cracks is different. It is necessary to examine the
pattern and the mechanism of deformation, and to develop diagnosis and evaluation
methods for internal deformation.

In this thesis, the following studies were carried out with the aim to contribute to
the stock management (functional diagnosis in particular) of RC open channel in cold
region. First, the survey was carried out for internal deformation and surface
deformation in RC open channel sidewalls, and it was clarified the relationship
between these deformation. In addition, the relationship between various dynamic
properties of concrete and the relative dynamic modulus of elasticity was examined.
Then, as a diagnostic method for internal deformation, survey methods in the field
survey and minute investigation were investigated.

In the field survey, it clarified diagnosis methods in order to evaluate qualitatively
the occurrence of internal deformation from the characteristics of surface
deformation through visual diagnosis. In minute investigation, it is revealed that it is
possible to estimate more quantitatively the extent of internal deformation (layered
cracks) by investigating using the ultrasonic method and the grouting method.

In addition, a technique to measure the first resonance frequency in on-site
nondestructive tests using small- sized vibrator was examined, and its utility was
confirmed. A flow chart to estimate dynamic modulus of elasticity from on-site
nondestructive test was drawn up, and its validity was confirmed by carrying out a
measurement in accordance to it.

The results acquired in this research can be integrated as follows:
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(1) Relative dynamic modulus of elasticity and mechanical properties of deteriorated

(2)

(3)

(4)

concrete due to frost damage

1)

2)

Relationship of relative compressive strength, relative modulus of static
elasticity, relative tensile strength and relative flexural strength against the
relative dynamic modulus of elasticity shows linear relations.

Relationship between relative compressive strength and relative dynamic
modulus of elasticity shows lower coefficient of determination than
relationship between relative modulus of static elasticity and relative

dynamic modulus of elasticity.

Evaluation of internal deformation by visual diagnosis in field survey

1)

2)

In open channel sidewalls with surface cracks by frost damage, possibility of
occurring of layered cracks is high where surface cracks exist in the lower
portion of the sidewall.

In qualitative diagnosis for layered cracks through visual diagnosis, it can be
diagnosed by finding the point where these 3 phenomena are aligned together;
a significant scaling heavier than other places in levee crown of the sidewall,
surface cracks in the lower portion of the sidewall and wetness in the surface

of the sidewall after a few days of rain.

Quantitative evaluation of the layered cracks in minute investigation

1)

2)

3)

In case of the layered cracks is filled by filling material, the ultrasonic
propagation velocity showed a tendency to be bigger than before filling. By
focusing on the change in ultrasonic propagation velocity, it is possible to
evaluate whether cracks are filled efficiently.

In the measurement of ultrasonic propagation velocity using the surface
scanning method, the difference in propagation velocity between the surface
and internal parts can be eliminated by grouting method. Then, the ultrasonic
propagation velocity shows nearly identical values.

Range of filled cracks can be estimated by following above. It is also possible

to estimate the range of layered cracks.

A frost damage diagnosis technique using nondestructive tests for the function

diagnosis

1)

2)

From the results of laboratory tests using small-sized vibrator, it is confirmed
that small-sized vibrator is possible to measure the first resonance frequency
similarly to the tester which complies with JIS standard.

Following the above results, evaluations in accordance with the proposed
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3)

4)

flow chart were carried out. For non-deteriorated specimens, the dynamic
modulus of elasticity is obtained with acceptable precision.

It is supposed that the accuracy of the estimation of dynamic modulus of
elasticity can be improved by combined estimation with the first resonance
frequency and the ultrasonic propagation velocity.

It is not possible to estimate the dynamic modulus of elasticity accurately for
cases that significantly deteriorated due to frost damage. It is thought that the
proposed method is applicable to concrete in the incubation period and

advanced period of frost damage deterioration.
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