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(RIREDTERS & RS, BIEE T ABOBERESKENER L TWE2m3720IifTR5) KBV T,
B0 D OEREL RS OEROKEALRFR—FRIC AL ARV EEE. UENZ ENTRRLELZ LN, BHIE
ETBILILRB. By /T vy TREOREL, OVFELEREN L FXARNR. GIkE ST, BEL
V. EEBDIREBERE, HHC I - TE. MROBETHRAZMEDTERELT, €v 7 v S
RRERICREL, MESBEIEEBSE. Y1 ravbe—L2ECL, 1OV OMEEE 720 TE
BT 3525 pRATbh 5. YIBERNVEN L &R, AT 1 EACREROFITHAT S L,
ZEENOLIEEHIET AERLED T, BN/ Y v —CHREITRE I/ &, KEHEBOREE LB
By 77 vy 7TRENORBELLpDIE, EALBRI S, HO/NE No.3 o8lR» ) F ELFAETIE,
BEREAC Y 77 v XXV EBRY 1 mBET L BEBES A > 9~10 THIEEET, 0.5~0.6mOEMTIE 7 4
Y 6~8TEBILIc, ANKTT VI DORILrs, ZHhILLS, A0 L5 PULIRKLPU
IOANBEZEL &> Th 5w EMEEET LESRL L TRWST, #ELAVED LEDIS, &
BADEy 27 v 7EER, 7V EBONBEEEENENBIITERALR, TR vy 27T v 7EXTT
WRYFTTOBH, ~"—FroBREBEIC, SHIK—E2BET5LES,

RERROBFET, HBOESNTLECREEN AT Y ERNAEL, KD BEEHERITEH LT
BRWNT, JIEREE +£0.5msec UNIZBE X2 BZ LR TERY, RERFOHEII, FMreddh
CTHREBEZX AT Y2, BERALET S,

BRI EERTEYC L O TENT S L, O UERRICE 2 EEPHENT, 5 LRV TR
ELlc, nvyv—Thl L&, BRI IVF—DEZFHCEREL, BIHENHENT, i EH
02X T3, tOLIZABEYT TR L&, DY IHNRVELADREITRT B LALET
b5, WEDEMESEL 2BIEONT, FAVEBF TN ZLITRBN, By A VTR v~ —
BENSV, EEREZLFTULT, BTH3 L5 RETHEEZ L TRAL RV, AER, TODAEL
EBIC X AEEY LI LIEERIL -,

BB, FAXEIVVEI—OHE, A9 (ZoETHEIC X ) Ries) CHEIEEZ 75db (#76,000
) EL iRy, FEEREOBRR B3, ZORETIE, SHFOETZERICRI ZL3bboAT
HBH, TOERPEIREZIATE, MEHAEORBARICEL EXH, BRRENCLY, 2o
E0HE, HEShEEIHZZ 23 Y, AEMEP ALY EE N, A—lIRIcRFI v~
—nli BEE, AREORBIZE - TiZ 2 ~3ETHET 3 L0 L d 50, —MRICERIC X HEK. #
. FOMBEEOHRZEUEBEOLIZE Y B 2PRIPNT, BOBOOBNEETSET, 274
Z LB, PO B, AERMOREN, ZoLE&, ToORHTOEEBYHRICTSZLT
306, FERCDRL ELTHDPFRS O TE AL RV, BT, EFRERERAZAZ, 20
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ERBOBEERE, L&k, FrcplRERG TREEZTRY, H<ET, ThRDVIZHEANSL
EoRLTRPRERE AV,

BB, N —FRREEWTLEHEL AR -T2Y, BRI VRO P oD, REBEOSWEY, Y
ty MEL TV SRS ), RENICRIRENTRLMET &2V %, WET 2 HECERZREKRN 2V,
FLLTHBBIOENMBRED D ZHEPIKBL TR, &Y 5 3HEO#MEL 20Kk, BEOKE
EXRELT, 600, TRLOFEEEEL L THECZNELRETH S,

2.6. FIEEORTEHEOER

SEEHNRTX DT, WIEREEREEC X 5ERER (FRROBRRIE? O OEEER i, £
VR L LR L 5 TRLZY T 7) 2hik, —BRHCHTOREBEZRET S LixPRL,
Bl e F e BBbh—H Lt &, AU THTOWES AL TR 5T E TR, HERLE
Er#ETHZ LN TESY, %k, BcETZER, ThiVETHARL, WENSVRD BHEE
DELE (Cv 77 vy PRET2EH0, Hic kAo LMEHE) OBERET 7 ARHMcESE, MRE
DERAREM M2 S A—FHEEH B LWIREICE - T5, FEE D HESEEL, —&kaic,
BEDK 1/3~1/4T, FIMEROPFI 2/3BicBiT 3 FHREERDL TW5, 28, BRIV ZNE
SIET B E T, WITHEOHBMR L ) BEEOMBHI ARV, X V&KL 2WEREEME OB 2 HE
HRIBEETERNVENI Z LERAML T RIFIR LRV,

S, MR HEMMRE L U0 TRIRET2 525 BMERAIEC X VR b hic i TRIER
ELLUTHA, HIBOBMEREELR L EBRT 28R EE 7~ HET, WENRBELZLTLL—HL
AL

FThabb, FEERTRDIhSHBRET L BFAHRAROMBHET L, Re5Z EREHRL 2
5> TWh, ZOT LITEROHIEREN, WIEHRE, HE, K7V vibeo BfRpoROELE
B, MELCEH LEOBERL VRO MEL PR YVOERSBZLICL > Thbhs?, 2B, ZOHER
FARILT 2R ERTH2RVA, ZOMOLRTENRKE N ICOV TR, BEERRIVRShTWS, 2
OFERFEECTESHTERLLIAZ LA, BRICBVWT, BVBRTEECBIHEBHEAV3Z LR
BHRCBOATWIEEHBEN—2L b 2o TWS, ZOBRIZONT, ELWEEE b2 b AHUERAE
ROEFETH 3. WHEHEELRICDOZ->THVEBZ L THS 523, BHREEL VLY LIERY, #Eh
BB I X6 E 2 2 AREESHICR - TWB X 9 IcBbh 5, HENEEY LTS W BEORE
ELT, ZOREF—DOOHREEERLTVWENT, bz, ERLEDNIHBIHEEN 52K
HBATEEO/NS WIS DFEET 5 L WIEHCHRR 0 2 L 2350 a%, WU, BRI o
FRERWE S, HENLDIHEHEROENTRETIZ 2, BIEREENEEZ T, MEHERY
{IETHEZ PIREMARTCH 2 LHBRO—MEOEEICLEL, ZOHBEERL AV S BDRITE
RBRV,

3. A E B R

BLBIZ, BEEHS & ICREORERRE O, KIZ, 05 bEHZEHIT, HEMD 26 NIEKE
ZE2—EONEL Y ELDERLARNS, BHEEENA AV <—EL L AT (EO B, iR
ENBY 2 Iy TR IAVY—EOEE, oM, —HlEicE 5 EEMNE L AERE. £, W5
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EIRBICOVWTHELSBHT 3,
3.1. x ®#R =&

@ WEBRRERIHO/IE HaEHREEN) Mo/ No.l (FHEE) XRFH @
EROBEREREIT, 30cm ARENARD D VIEAULENERLE Y, BEFHIRKRTHS, 77,
MHPWTHAAZENENREL {FEL T, BELTLE—TAL, BUbBWERHS N BEICE b
LT3, BREDET. MROEH, BRESERERE 2 LB T, FlRSUoBEiEED 2.4
~3.3km/sec LH L, BAREHC X 3 ENRBRTIX 5.0km/sec ANEEZTRL TW3, BAHEERR
I EHE, SHRE LY D B ORBEE T NIHE 3.6km/sec IZHBEL TEbdHTEL, DY IicH
LA 15m T 0.18~0.30km/sec, #EHIA7 m £ T 0.47~0.77km/sec DE% 27z, Ei2,
DB LAHETHRA ST 2R E R, EhRYEEEREL, LoTSHE 0.12~0.13km/sec,

PSR BEEEE 1.25km/sec & %72,

® BBRREMMHONE (FHaEHhBER) Ko/ No.2 (FHEE) KEEHE @

AROHHI O LRAKTH 520, @ EEMPVERED TV o TRV, FIEN D EO NEREE T
2.68km/sec, REEEIIHESE 20m FEFAT 0.36~0.43km/sec, #HEH 6 mEEFT 1.25~1.29km/sez
Tholco £, OVFELPEYEREOPE TR EHOFHHE 0.19~0.25km/sec (51 8) & xiz
P, NEELEOREZMEBES T Y XFHATSH -7,

® ERERBHO/NE ((FaERBEERN) Ho/ g No.3 (FHEE) KEEHE ®

BROFHIOLFEAKT, FhENEERIOLO0BBLRTETH S, WEN Y EABMOEEL 2.0
km/sec, REPEEIIHFGH 15m FFHT 0.57~0.64km/sec, HEHH 6 mEFEFHT 0.63~0.95km/sec TH
of2e Elz, DVE, EAEVERENREE (22, ~TEVIRIEWERI -0 LRREICH25) T
X, BEAEL Y EOFEHEE 0.39~0.70km/sec, H1FE21 b0 FE&H 2 m ONEBELEEER 1.54km/
sec TH -7,

@ WEEEHL (TRIEFREER) BIHFR (ERE KBEEH @

BORMER X D 72 5 AR E 2, BRIMILL CTREMOEETD 24, ERIEKEEL T
3. ALK E R THEVEBSOMCEREAAD ZATH S, il EhBRKETH B, Hlies
PLOBEEE 3.0~4.0km/sec & H b, ERRFHC L 2ERNRBRTIE 4.5~6.5km/sec NEZRL TV
3, OYENEEER 1.33km/sec, RFEEITHH A 40m FET 0.43~0.53km/sec. #HEHMA 5 M
BT 0.59~0.65km/sec Th -7, EbiT, ZEMLy 77y 7PULREACEEL, NVEE, fi
ZEL OBIAE LY, YEROVEICEIT AREERESMZ L5, WENRO Y EICH SN 5 RS L
DHBE T2 > 12,

I B EEREER (MEEABEAN) THES No.l (TEREIRE) REFE @

i, SNERSY, BEMLLT, BEIEDLS 2V, —H1 ) RARRBEHEICED > TS, TN
FaE B OTEE L 3.5~4.5km/sec LZbiL, HABREHC L 2 EARBTIE 4.5~6.0km/sec OfEE
SFLTWS, fH5R0 D EORERE A 10m KT 0.45~0.71km/sec, HEHM 4 m fHEHT 1.0~
1.1km/sec Th -7o HEFFEINY 2 T v M7 R b v —IBTHEEE(EIL 48~63 TH 5,

® EEEEREHES (HREKBEN) TES No.2 (FHEE) KEFE @

e, BB BNKET. BLiZdE VEATHRY, FEAREIOEER 2.4~3.8km/
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sec AL, HAREHI X ZENRBRTIE 5.0km/sec WADEZRL TW 5. HRD D EOREEE
IR 10m FEFHT 0.54~0.86km/sec, HEHH 5 mEFHT 3.0~3.2km/sec Th -7z, O ) HNHHE
ERMSROREEE L RARELBEbhs, #FRANY 2y bTF A< —EiX 33~65 ThH 5,

@ FBREEHRMEART (HEEHBERN) Lo (APIEISEEE) '
HMPCEESENANE FEL. TR TRILERARNES, BREENTFTLNER->TV5,
Pl BULOEEL 3.1~5.2km/sec A bh, HAREHC L 2ENRBRTIE 6.5km/sec ¥ THEZT
LTW3. X% ) EHOREEE IS E 7 m&R T 0.98~1.50km/sec, #EH5H 4 mEEFHT 0.69~3.16
km/sec Tdh 72, 8, OV EHNEBEE L 3.16km/sec BELBbI %, FHNY 2 Iy FF R b

v~ —fEix 54~58 T 5,

I RIREIRADSL T CRIEMREERN) BB No.1l (FEZILA

BUELIBEN LD L, AN XKUBRBEELPEBL TW1o, ARELERNEZCEATVEREILAT,
FE AN OMEL 2.0~5.0km/sec £ AN, BHRRPHC L DENRRTIE 2.6~5.1km/sec NEE
FRLTWS, ROV EHOFREEE XA E 7 m& T 3.8km/sec, #HEHH 3 mEFHT 1.40~2.55km/
sec Tholc, NYANHHEEIRERFIMOEEL, FLALYRALL bW ERDID, fEHMNY 2 I
v bF RNV —fHIZ 52~60 TH B, BB, @ @, @ @LLLIEPTHEL TS,

® IERRERESIT CREEARBEN) B8 No.2 CHEZILRE)

BREEIE, ERRFOIEFC X - TELEEAREE L {, RAELWRIR, FREA2Y, HHE 20
~25cm; BATE 6~8cm NFEICRWIEREHEZTRL TWS, RO Y EOREEE I 3 m@HT
1.62~4.58km/sec TH 3,

BB, DYVEIFFREL, BEROBENELI . RN Y2 Iy FFR MV v— T 49~
59 Th B, -

B R EREHEE (MEEHBEN) WEEAR No.2 CAHIE) KEFHE @

HREEIT 30cm ARENARD 5 VIR 28T, BMbcBORABSIBEICHIIEL Twa,
RN OBET 2.4~3.3km/sec LA LI, BRREHNC L ZENHBR T, 5.0km/sec PIDEZE
FRLTW5, HRD Y EOREEE IS 5 mEFH T 2.5km/sec, HEHH 3 m#EFHT 1.82~2.10km/
sec Tholoe DY ENHEEIREEHIMEEL, BLALRALLLVWERDbNS, FANY =3Iy
FF RPN —fEIZ41~53 TH B,

@ BEREEMETER (HEEAEEN) WHER No.l (FEERERE) KEEHE @

FRCHIC & P MBEBREOREIKE T, SECHN BB, —EELEAR, [HLICER, BARE
T35, DYEERIETH B, FRAENOFEET 2.0~4.5km/sec LHbh, FHARBHZ L3 FAR
BRTit 3.5~6.0km/sec NEZRLTWS, M5V EO RIEEE L 55 5 mEFHT 2.67km/sec,
feH 1R 3 mEFHAT 1.15~3.50km/sec Th 7o, O ) ENEEE I REESEEE L, 1ELAEEDL
BV, HEFRINY 2 2y FF A Py < —{HiL 60~63 Th 5,

® EBREIRAHEE (EEHREEN) HEER No.4 (HECHRERE)

REGRE 2L, 7, BET, HRAELVWEHEEEALN S, O D EOREHE ISR 6 m&HT
2.3~2.5km/sec, M 3 mEFFHT 2.3km/sec Th o7z, O Y NEEETREEE L, 2R LE
birs,
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® BEREREFAENERN ONRERBEN) MR No.l CREIDE) XKEEHE ®

FRIRETENL 30cm BENARD 2 WX ENU ENERLE 2 o TS, EERAROE S L RELRER, »
Y B, AEEETOREAM L L AR IRBEOKTEEND - 7o, TR ENOHEE
% 2.4~3.3km/sec EHbh, FHRBAEHZ X 5ENRBRTIZ 5.0km/sec NADEEZRL TV 5, HHN
Y EOREEE IR 5 mE T 1.9km/sec, HEHF 5 mEFHT 1.0~1.14km/sec Tdh - 77, HEHIH
DY 2y NFRMAY—HIX37~55Th %,

®@ BERREFEEVNE ONREHBEN) AR No.2 (REEE) KEEH @

SEHC® X Y BYERES,, HERRLN, AREEPORAOHLINE L > T3, BRTBRIZSH
WTh B, DYEOREEEIHESR 7 m &FEHT 0.76km/sec, #HEHIM S5 m &FHT 1.33km/sec Th -
Teo MEFRINY 23y bF R MV~ —{HIZ49~62 TH 5,

® UEREREEVNEN ONREHREERN) HEI No4 (FikE) KBREHE ®'

AHRABENERERED, BB - Bdd £ YV EATH AR, BRREET, AEISKES, 77
ABEFREEOFRAEET, FRAAENOEER 2.5~4.7Tkm/sec LHOH, BARBHC L 2ENR
BRTIX 4.92~5.43km/sec NIEZRLTW5, O Y EOREEEIAEH ML b, BBteh 2.14km/
sec Tholco MFANY 2 v FF RNV —{HIZ64~T1 TH B,

I B RIS AARSEA CNREHBEN) REA No.l (Fills) kKEEH ®

i, FNEPEL, Thb B> TRMMERRT T, RAERSSMIILL. $SciBREhiFig
EHERD B, BLHEONB, OV EO REHEEIHKHF 6 m@HT 0.36~2.0km/sec, HEHIE 3 mif
BHT 1.71~2.67km/sec T¥h -7z,

WHENY 23 v b TR AV~ —fHIZ 65~67 TH 5,

®@ BRRBERIER (NREHEEN) RER No.2 (BXKE) RKEFE @

XHREE, RABETOLO RO VEIZE» - TAHRD &, AR YE (M- TE/MD) if
2ENB, LN -T, HHAOREHEEIX 6 m&GFHT 1.71km/sec (F) & 3.75km/sec (&), Zfln
HeHEIE, 3 mEEFHT 3.54~3.80km/sec THolc. FEARBEUNEEIX 2.0~4.5km/sec &H b,
BARFH X 3 BARRTIX 3.5~6.0km/sec NEEZRL TS, 2B, Y2 Iv TR Uv—fE
X, RAFEET50~60, ALHHROD VT 58~62 Th » 1<,

I R HARES (NREHBEN) KEE No.3 (RiE) RKEFE @

SHRO Y AOREIE  ORR, REEL L SOh, HBNBERELRFHETH 5,

LAL, fEOREL Y, BEREFZITHCRERXAIBEERLS S X5 icBbhs, HlElo
HEEIE 2.0~4.8km/sec LA BN, HRRPHT X 3EARKTIL 4.0~5.1km/sec NEEFRL T3,
REEE IS 10m HFH T 5.0km/sec, HEHH 3 mFEFEHT 1.25~2.50km/sec Th -7z, HEHMNY
23y hFRA RN VT—fHIZ 56~65 Tdh B,

I BAZEEENES CMNREFBEN) KA No.b (RiLF) KBRER @

MNOBEAMEICE Y Dz ShicEiT, BIMEREZIRT VB Y, BDRICEEL TiHEL 25
TWAESHL OIS, REEEIIEST 10m&FHT 1.0km/sec, M 3 mEFHT 2.03~2.20km/sec
Tholto WMHANY 2y hF A AV T—{HIZ61~67 TH B, '

I BIESEARES OMREKEEN) K2 (F3SEE) REER @
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WMPAWEHE, BhEIZD 3N EIkE S £ DEATHAY, SR D EO REHEE L 56 m &HET
3.0km/sec, #EHF 3 m#FFHT 1.88~4.25km/sec Tho7zo HEFMN ¥ 2 I v b FR P V< —(EIX
62~63 TH 5,

@ WRENZEMAT A& (FEEHRBEN) tF No.l (Fr—1) KBEHE @

ZOREDTF v — M iE, AREEE, EBRIETLERLZLNT, MR AER S 2HE R LARLIFA
T3, FEFICBEBETHBEILLIZS WL AWREARD B,

XHRD Y EICF2 > TERMCERHH Tdd 305 BHEE L, HAVWESROBREAET T3 BAIZEIL
LeBAEMR S Y, BREE L bR TS, FilREND HER 2.0~4.0km/sec RN, ER
A X 3 EHHEBR TiX 4.9~6.5km/sec NEZE RLTW3, Y EO REHEE HHH 7 m FEHET
4.75km/sec, HEHE 3 mEPHT 2.25~4.0km/sec Th o7z, HEHEN ¥ 2 Iy bFRA A Vv —fHIT
56~61 Tdb 5.

®@ IRBERIREtE (FEEHRBEN) t% No.2 (B8 KBREE @

REEHE, HORARND 5 REBERHATTIZAROBA RSV, FELBEUOEER, HBARE
NE=REE ST 1.5~3.8km/sec, HRAREHZ L5 ENRERTIX 4.0~5.5km/sec NEZRL T
%, O Y EOREEEIIHEF 5 mEEFE T 3.75km/sec, M5 3 m#EFHT 3.83km/sec Th - 72, HEFH
MDY 23y bFA NV —fHIL 64~67 TH 5,

® EREIER-LE (TEEHEEN) LR No.3 (His) KBRFE @

@ LIFER—BHTT, BELEREIEVCPHE > TW3, IRBETMELL TRIRERRD /M
LR VHET B, BRERIFEECTHS, BEENSSICERKBLLLNT, FfeBlo®EE X 3.5~5.0
km/sec LA B, HRHAFHC X 3BARBKRTIX, 3.5~5.5km/sec NEERLTWS, NI EOERE
ERfAEmE S M E b 3.5km/sec BELBbLN 3, REMBEICATYFNH VHERTER o1,

. ® BEHmBALBCEER FBREHREEN) PR No.l (kv 7 =42) KREE @

TEREEROEMIERE 5 e EREOBHVHEAN Y 7 = VAT, EEAERELERT THRNS
BREICITFRRET AR L 505, FlEREIOEEX 3.56~4.5km/sec, HARFHZ X 2 EARRTIX
4.0~6.0km/sec NEERL TS, HRD Y EHOREEE IS5 9 mEHT 3.33km/sec. HEHH 4
mGHT 3.0km/sec Th 7z,

MHEDY 2 2y FT ANV —fHIX 65~T2 ThBo

® FmBRILBEAE) FHRENBEN) B (ks KBREHE @'

RERDEBLELTRY, ) ELEORLE—RICEA TS, G, A, EROKREET,
TN5%, BAIMLIEL THRENOREEY 5%, ERESHELEMITOKEEL TREL Fh, &5
KEDEREBHEELEL TWB, FEREIOEE T 3.0~4.0km/sec LA BN, HRERPHZ X5 BN
AT 5.5~6.5km/sec NEEZRLTWS, REHEIHH 6 m#HHT 1.43~2.0km/sec HESTH 4
T 2.0~3.67km/sec Th »7z0 HHANY 2 Iy b7 A b U7 —(HIZ 48 ThH B,

3.2. F m A E

(1) BEBRRERIHO/NE (HREREERN) Ho/lg (FHE) KBEH (FI1)
FEREEIE 30cm A< B VO AMED 5 WNZZ LD EIIZ A - TV 5, RERIAERE 15 2 2VEL
BENEEHEATH R, FEEREUOEEX 2.4~3.3km/sec LA b, SRRAFHZ X3 BARRT
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1% 5.0km/sec NAADIEE FRL T3, REEEIIHEHE 30m FFAT 0.58~1.32km/sec, #HEHE3 m
#ET 0.91~2.50km/sec, WEREEEEIX 3.48km/sec Th -7,

(ID  FEMBACEEGR FURERBEN) R (ke 7 v R)

FREBOHRO Y EHFOBET, ©YFRIE 5 mEERICBE 0 &M/~ AEREEEIR 0.76km/sec
Th -7,

3.3. AEOFMEH
3.3.1. Nv=—fEterT4{E

(® Ho/NE No.3 (AHHEE)]

A ROERMBIC B THEITRERET 5 L &, HlZ e T AEREE+ 3 0 1 2 Fi0H0HES
T, Lab, REONY~—PHIEX VIREET, ~v~—PHERESHEOERHEELERL LY
FURRER LEESHENT, ZOBREBITHRLE L,

—WiZ, eAT AfE, N —PHIEL bIT, DVRA,LOESHHETIZORT, Bk, BOWSRN
L, Booh, BEEIC2BE, T4bb, XFLBVEROBBRETH S, Z0FE, TOMEINE
FITHREES 1 SOEHEREVE, TRAEERLARV—BL L TRV, BEIKE G TR
2@522o0EREVE, ThE 1 SOTEKETHION2EE LTRSS LRI I X b s+
B, TOFNMROBERIL, LT 4#, ~NY~—PHRBROBEMILY—RLTHRE— 62 —7 LiEESH

RA5Y):
- ----.,’?’iirf"“ rod od
—x - 7‘__,(._.,( CILTg i f"‘ ﬁ‘ +0.8 {/-2
27 06 .03 1 12
26 05 04

(zo)(z.o)(zo)(zo)oé 04 oL oé aé 9.6 o ‘0606 0.6
~10 -} -§ ~7 -4 -§ -t =3 -2 -] PUL+I +2 13

‘.6 56 07 fo7 1o( 7
BB I T2 77 777 e
BPy &l BE “EPH@

BFRERPUIL XY OFEYEE (km/sec)

1o -7 -8 <7 4 & -« 3 = ~/ PUILH +z Tj () Fo Y ENROFEEELZRL TN,
ZE&E Om) (€33

AR YR Y BT D EFhR 5 HIERO Y EIC BT 5 HE ST
(8 1—-1 ®RED)
AFY:
ﬁ
P 4 fifj?t% o)

12 T X—X—X—X E'v74

,‘$4 \\‘\‘ 2
8 Msee R /

E-1-2(9 )R iRE)
'3

i B T o 3-2-/ PUI+/+2 13 /
4
pE(mses) E-1-1 (208
E\ ~10-F~% -7 -4 -5 % =32~ PIL+/+2 3
—? -7 —7
RERHICN) . €2
FH6R YO Y kicisi) 3 ERR HETR FIEGRTC R B BERREIRI

B 1—2 %KLY)
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E1-1% A E & *
BA (—mE, +RA) —10 -9 -8 -7 -6
HEAX D nERE (m) 10 9 8 7 6
~U<—PHIE) '
™ e [o o fw el e[v]e]n]s
FAv (B % 9 o | 8 8
¥ %1 HEER (msec) | 11.5 | 12.6 | 11.6 | 11.5 | 15.4 | 10.5 | 11.5 | 10.4 | 10.6 | 8.2 | 9.7
E % 2 HERE (msec) | 19.0 17.4 | 12.1 | 18.3 | 11.4 | 12.5 | 16.6 | 17.3 | 15.3
fi % 3 EERE (msec) 18.3
B FEERIT, F—RACBT3REERC X VAT IENERSICE S,
FE1—2FK H E & *
& (—mE, +FA) -9 -8 —7 -6 -5
EAX YR (m) 9 8 7 6 5
b Gewrdny o | o v efofafofa]n | 2]
FAY (BE) ¥ 8 8 8 8 i
ﬂ; %1 R (msec) | 12.0 | 11.1 | 12.7]10.9 | 12.1| 9.9 11.0 8.3 10.9 7.6
?g %5 2 HEERE (msec) 13.4 13.9 10.2 11.4 9.5
SE (SEHREHESH (BER e — 2 BiEE 1))
# |labe| ¥ SRR # |abce| ¥ SEREE B |labce| ¥ | R
lﬁ NN /{ Iﬁ YV /r 1ﬁ NN /(
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ER&LD ”%Ef% 9 8 7 6 5 4 3 2 1 PUI
a (»yv<v—P

Hff) ¢ (»v | a a a a alc| a a a a

<—PPiE)

FAVREKR | 6 6 6 6 4 4 4 4 4
E %lﬁgg 30.0 32.0| 29.9| 20.2 27.6{22.7|32.5 20.9 6.3 4.8
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Studies on the Geological Classification for the
Design and Execution of Forest Road (I)

Degree of the rock and seismic velocity

Mitsumasa FUKUDA

(Résumé)

With regards to the design and execution of forest road, granting the experimental analysis
based on the actual value carried out, the fundamental and available studies on the question of rock
excavation that exercise a large influence upon the costs of construction show little, as affairs
now stand. and much yet remains to be done in this field.

According as the subject of execution varies from manual work to machine operation, it is
to be desired that fundamental studies on a fitting classification of rock strength, and its judg-
matical method be compiled to allow the quality-standardization to come near within a practical
useful range from the view point of working. even though the rock object contains many com-
plicated elements, i.e., weathering etc.

Beginning studies on the geological classification for the design and execution of forest road,
we first made the seismic exploration as to percussion degree on the rock at job sites of na-
tional forest road in both Gifu and Aichi prefectures.

For the purpose of this investigation, we adopted Seismo Counter (Japanese portable
seismic meter, Sokkisha’s product), and applied the cutting slope plane or the upper lip of cutting
slope and vicinity of forest road in one year or so after newly-creation.

In the following year, classification by the difficulties of cutting operation for this study on
the geological classification is scheduled.

The investigated places were 25. and of these 18 were in Igneous Rocks, 6 in Sedimentary
Rocks, and 1 in Metamorphic Rock. Most of the seismic impacts were made by the hammer
blow by PH method (utilizing micro-switch mounted on a hammer and receiving pick-up) and
PP method (pick-up to pick-up). The approval of hammer value we utilized “Hilti DX-500”
for the standard (the safety rivet hammer of Liechtenstein make).

As a result, we found that if the mediums are stable, for example, the rock cutting slope
plane etc. the hammer values were the same.

However, if the mediums under part of the seismic origin are not stable, for instance, in
case of the loose material overlying rock, upper lip of cutting slope, the values are often
unstable.

Besides, regardless of the distance of seismic measuring line. the confidence degree of Hilti

value was high.

the first
cycle signal in longitudinal wave, surely and securely, we must devise the method of seismic
impact for them (Hilti etc.).

In the event of the latter. with a view to catching a desired primary wave

Further, there is necessity for us to increase the sensitivity of received pick-up as of course,
all pick-up must be firmly fixed in the medium.

According to the comparative value of hammer and Hilti that we examined on Kantd loam
Diluvial plateau, uniform layer and plain ground surface, before laying out and making the
actual work, the distance in confidence limits of measured value was 10 meters in hammer and
80 meters in Hilti.
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The seismic travel time curve (an analysis line) is formed of Distance in transverse axis
and Time in longitudinal axis.

There was littie difference between the measured value of PH and PP.

Generally speaking, in the case of the seismic impact by hand hammer, the distance of
measured line to the utmost limit is reckoned to be 10 or 15 meters in the cutting slope plane
on even the rock, but under good condition permitting observer to make out Signal and Noise
within the fitting signal-to-noise ratio, there are places where it is 20 or 30 meters.

We also conducted several investigations on the relation between hardness of rock surface
using Schmidt Test Hammer type N —— it has been continued by Nagoya Regional Forestry
Office

As to the split or the like of bedrock influence on the seismic wave, it was indistinct.

and this direct seismic wave spread on cutting slope plane.

For verification, we set up the distance of 2.75 meters measured in the direction of the left
and right on cutting slope plane of Quartz-Andesite developed regularly in the shape of platy
and columnar Joint, and studied the effect produced by changing the Gain set, high to low
Gain, and we caught a desired wave by PP method about Gain 7 or 8.

Further, the small hammer, weighing 2kg, was added to the supplemental sledge hammer
of apparatus for measuring, weighing 5kg, so we looked up five hammer stations where they
are 0.5~1.0 meter from the foundation point around it. The test was positive as would be
expected 5 namely, the sledge hammer produced sound waves which travel through the medium,
and the meter in Gain 8 caught a desired wave under stable conditions, but the meter in Gain
1 did not catch at all ; further more, in the case of the small hammer, the meter in Gain 8 did
not catch it always under unstable conditions.

Taking the geological condition into account, the numerical classification of these investigations
with reference to the rock degree and seismic velocity will be compiled with the accumulation

2 of execution examples covering a long time period.

Further, the execution examples must be compared with one another among these cases ; that
is, the result of preliminary work using seismic prospecting, the geological condition after this
execution, and the past seismic exploration data.

As soon as the accumulation of these data is obtained, the author will put them in order
and find the average value a of rock weathering degree (fresh bed rock velocity-a],[test piece
velocity in sample] belonging to the first and the second weathered band at all over the cutting
slope plane of forest road.

On trial, comparing the results of these measurements (seismic velocity and the photographic
recording from the outward appearance of geological condition at test site etc.) and Applied
Geological Investigation Office’s rock examination report data, 1965 (Compressive strength of
rock test piece, ultrasonic velocity etc.) with the Standard Rock Strength Classification Table
in natural ground (tunnel design and execution use; Japan Railway Office, 1966-11) in the
numeral, as a rule, the rock of cutting formation and its neigbourhood of forest road —— on
and in the rock slope plane, may be divided into 4~7 stage as much as under half of all, and
the upper half 1~3 stage as rock test piece is small.

We are obliged to watch the stage of under half in reference to it, thus making out the
rock strength classification table for the design and execut'on of forest road.

Still more, we should like to carry on researches more fully into detail as to these.
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[Reference Table]

Rock group :
J Granite ; Granodiorite ; Diorite ; Gabbro ; Quartz-
Igneous (Eruptive) Rocks -+ Porphyry ; Granite-Porphyry ; Porphyrite ; Diabase
l ; Serpentine ; Basalt ;
) J(Palaeozoic, Mesozoic)
Ao / ieecillri'n;enrstal{};cl({?queous and, . l Clay-slate ; Greywacke ; Conglomerate ; Schalstein ;
Chert ; Limestone ;
Black-schist ; Chlorite-schist ; Piedmontite-schist 3
Metamorphic Rocks +eereeeeeeeses Quartzite ;5 Quartz-schist ; Mica-schist ; Phyllite s
Gneiss ; Hornfels 3
- Igneous Rocks:ereereereereeriaiienne Rhyolite ; Liparite ; Andesite ; Propylite
J (Mesozoic)
B i JShale ; Sandstone ; Tuff breccia ;
+ Sedimentary Rocks -ee-eseeeeeres / (Tertiary)
Welded tuff ; Siliceous shale ; Siliceous sandstone ;
Siliceous tuff ;
J (Palaeogene~ Neogene)
Creeeeenes Sedimentary Rocks:---ereeeeeeeees Mud-stone ; Silt-stone ; Shale ; Sandstone ; Conglo-
[ merate ; Tuff ; Tuff breccia ; Agglomerate
(Neogene~ Pleistocene)
IDREEEEE Sedimentary Rocks:++-eseeeeeeeeses Mud-stone ; Sandstone ; Conglomerate ; Terrace pile

; Tuff ; Volcanic fragment
((Note)}.(1) We had better take graphite schist beloging to A group to set one stage down
for the Rock Strength Classification.
(2) Serpentine, Propylite, Tuff etc. having the imbibition and the expansion may be
accepted as C~D group.
(3) When the water springs out, we had better to set one stage down.
(4) Generally speaking, the compressive strength of Tuff’s test piece is smaller than

the value described in each stage.
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ipe Seismic
Classification | Rock velocity Geological condition
stage group (i /coe)
@® Crack : massive rock and little
A—>5.2 or more] @ Compressive strength of test piece (kg/cm?) :
1 1600 or more .
B—4.8 or more] (® Poisson ratio (natural ground) : 0.16 or less
@ Plastic earth pressure : no action
® : A a little, sometimes fairly many ; B little
2 A——4.8~5.2 ®: A 1400~2200 B 1200~1800
B——4.6~4.8 ® :0.14~0.20
® : no action
A 4.4~4.8 @ : A fairly many ; B a little, sometimes fairly many ;
C little
3 B——4.0~4.4 ® : A 1200~20003; B 1000~1600; C 800~1300
® :0.16~0.23
C——3.8 or more| @ : no action
@ : Crack and crush ; A crack fairly many, in places small
A 4.0~4.4 fault, sometimes crush band ; B crack many in places
B——3.6~4.0 small fault; C crack a little
4 ® : A 800~1700; B 600~1400; C 400~1100; D 200~600
C—38.2~3.6 ®:0.18~0.25
D 2.6~3.0 @ : Generally no action but action on condition that
crush band, spring etc
@ : Crack and crush : A crack many; small fault, on
A 3.6~4.0 occasion crush band ; B crack many, crush band or
weathered band ; C crack many or soft rock ; D soft
5 B—3.4~3.8 rock
C—2.6~3.2 ®@ : A 600~1400; B 400~1200; C 200~800 5 D 50~300
D—2.2~2.6 ®:0.25~0.40
@ : On occasion action
@ : Crack, crush and softness : A crush band ; B crush
A 3.2~3.6 band or crack, small fault many, weathered rock;
B—2.8~3.4 C crack many, crush band or soft rock; D soft
6 rock or degree of consolidation bad
C—2.2~2.8 ®: A 300~1000; B 100~600; C 50~4005 D 30~ 200
D——1.8~2.2 ® :0.30~0.45
@ : Generally action
A @ : Crack, crush and softness : A and B crush band or
—_
3.2 or less weathered rock ; C crush band or soft rock, degree
B—2.8 or less of consolidation bad or weathered rock; D crush
7 band or degree of consolidation very bad ;

C—2.2 or less

D——1.8 or less

®ee

:C and D 50 or less
£ 0.35~0.48
¢ Action
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