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ME=

A AR IR R R B 2 AR R BT EE N L BAFEE T D, i <IUF 1958 ARITHAT S 7ok
B NRDBHE A EEME (%A, 1958) 3503, 1970 FARIZ 72 5 &M DFTE DOFHF FEAELED IR 2 125
ITEN, TOBRUGTZMRDIRL TE, 20O XD BREWVEL 2R ORFEEATEEEIINT 5 A RO
fhrE OfEFITE L,

UL, AAROHMEEERIZIL, HFRREEEICR SERFHIFEBEEIER I N TV D, Bl
T v I — LGN RORE FIET I F R RN R < FikE & IE LWHIED W A3 AR) fiﬁif/ﬁ%ﬁ
TSN TWDD, JIFRIREEMEICR < FiEZ ol Lo B R EE N L <, P HATOE
& 7po T2, EMENT R Y OFEFERH <V (2PN D SO Fellenius A #9252 & A
Rl SN HINEEE S H 5D, b PN D 5, Z O K 9 7)) 57 S 2 BfE L C
WD BAROENFE T2, HEIFEEEICGEH SN TWD WS 21T T, MEERREZ R TITEHAL
TWDEE HZ W,

Fo, BREEMAERICEH SN TV D Eax Z2EEEICEM 2 R o880 & b 720, 72, Zok
L IR oToDhy, T ORMEZ M DEANTE bV lhoTWD, #ilxiE, AAROEEEHMT <Y D
SRFETIE, TRVEERENS TR ERLORE T ¢ ZRET D2 HENZHINATHDD, Z0
IRV RARALC R AR & 80 2 BT B 13D 72, T D )R A AR R R A 0 B 72 B R O EAfT 23
IR CIIRHA AR EST R B CTH ZOHEZFIH L, BARD ODA 3 TR S L7 ifpst ot i At
ROBEFI~=2 T WVZEDEFERHL TWLHI23H 5, AARDIEHED) AR OEHEE S A ARDK G5
HE HESENSAENT- BAME OEEMTH Y, Z Z TOMILSFEDME (Kougan) * #5 (Nangan)
ILEFRF AU Hardrock & Softrock T 573, Heik™ Hardrock X° Softrock & 13X #7025 B ZFFHOHA
MEOSMELETH D, ZO “Kougan” & “Nangan” DEFE M D HEINE H 0720, KoT, BAD
FEVEY) T AR OFMEE DR %2 2 O F WM T2 Z L Xk, 52K0)%§f¥ffﬁ?§§ﬁ§§i (e
SNTRRFHHIESC R EEN AN F R TR ATRE CTh 2 027§~ 5 72 11X, B RO G LA
FEMEME D T ) IR IRE R & HE DR - R 2D Z ENEETH D,

Natural Resources Canada(2012)i3 Review of existing landslide guidelines—National technical guidelines
and best practices on landslides] Z¥FE L CTW5H2, & ZICHEEHIN T DHREFD “Landslide guideline
document”|Z Japan D& FRILUEE T & TRV, HARIZHIG R0 2R R I B9 2 & AL v
TS 2 Z AN OIS TORWERERS KR SN TWD, BHIT A AROFFEIEESTHO
ﬁ%hﬁﬁi%‘f}‘ KNS TOWRWeHTHD EHEI SIS, BAROEMNE LB A RHEP ST 5k

EETHD LW IRBICH DD, ZOFEIO L 5 IS ORFITTh &R D,

7< 1.1.2 12779 & 9 1T Natural Resources Canada(2012)i£ZENVEND T A KT A > 3Muflg (WD, when)
HEONDLLEDTHLNEGIT L TWAENR, FEAEDITA RT7 A4 )% “When slope failure is a concern”
IZ “More applicable”® L~/LTxtis L TH Y, “After a landslide has occurred”lZ “More applicable”® L-
UL THRIG LTS HA RTA i34 35 T2 oA (USA(No.27) & Hong Kong(No.13)) T#H 5
LT LTV D, 550 O 33 IHEFATR D FTRE RO A R EDO A KT A TH Y, HATOR
EURR R OB A 234 4 T 5,
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Z DX DI R SN DOFERRIRN ERE 22 2 FEERH T <D IZT 204 BT A4 U0
WM CIED N2 LD D, WD “Landslide” A3 O LIOVBEH S ELZHT 2 LITAARTD
HMOENTWDA, #BFO Landslide AHROXS (B HICHRHEIAAEELTA) 23 HA D Landslide %5 0%
% (FHEEM~Y, RmAEE, %A, SB%, Tamks) LRRDZ LT HnicdfsnT
YA AN

£ 1.1.1 HRLED Landslide guideline M') X (Natural Resources Canada(2012)DT—42 L YU{ERKL)

No. | Country/Region Primary Topics Plf{)??cggfon
1 | Australia Landslide zoning 2007
2 | Australia Landslide risk management 2000, 2007
3 | Australia General guide to understanding landslides 2007
4 | Canada Risk management 1997
5 | Canada Risk management principles 2010
6 | Canada/BC Management of landslide-prone terrain 1994
7 | Canada/BC Landslide risk case studies in the forest sector 2004
8 | Canada/BC Management of landslides in the forest sector 2008
9 | Canada/BC Landslide assessments in the forest sector 2009
10 | Canada/BC Landslide assessments for residential development 2010
11 | Canada/Québec Use of landslide maps for loss reduction 2005
12 | China/Hong Kong Risk criteria for landslides 1998
13 | China/Hong Kong Geotechnical manual for slopes 2000
14 | China/Hong Kong Landslide debris-resisting barrier design 2000
15 | China/Hong Kong Guide to engineered slope maintenance 2003
16 | China/Hong Kong Natural terrain landslides 2003
17 | EU Managing landslides in urban areas 2000
18 | Germany Disaster risk management 2004
19 | India Management of landslides and snow avalanches 2009

20 | International Landslide zoning 2008
21 | International Risk management principles 2009
22 | International Open pit slope design 2009
23 | Malaysia Slope maintenance in Malaysia 2006
24 | New Zealand Planning policy and approval requirements 2007
25 | Switzerland Landslide mapping and land use planning 1997
26 | UK/Scotland Landslides in peat: hazard and risk assessments 2006
27 | USA Landslide investigation and mitigation 1996
28 | USA Landslides and planning 2005
29 | USA General guide to understanding landslides 2008
30 | USA/California Static and seismic slope stability assessments 2002
31 | USA/California Landslide management and storm damage response 2003
32 | USA/Colorado Landslide guide for state/local government planning 1989
33 | USA/Missouri Engineering policy guidelines for slope design 2011
34 | USA/Utah Evaluation of landslides 1996
35 | USA/Utah Debris flow hazards on alluvial fans 2005

% Source:Natural Resources Canada(2012) : [Review of existing landslide guidelines — National technical
guidelines and best practices on landslides |
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Legend: @More applicable; OApplicable;; X Less applicable or not applicable

#Source:Natural Resources Canada(2012) :
guidelines and best practices on landslides |

[Review of existing landslide guidelines — National technical
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GEIR B OFFEY) T AR AR ET DT DICNBE R T a v AW T 5 2 LN TE 5,

1.2 }RETHREERTL
AETHGEE LT ARHERR TIZLL FO TR TH 5,
F 141 KRETHRETHREEKTL

No. I e

1| RHEALEMT | R LIRS R LORGEHIBE T 28l e LT BTz,

2 | 9ItT BRERZRE DY)+ TABHIZEROID,

30| KT FHEEVRL T~ %R, SHdE RC RO 5 2B,

4 | HyLAR T | SR LABHICHWRS, EF OO 44 FRH,

5 | 7oh—1T AR TAT AR O R & PV BNV S O kR

6 | L WRAHERE T2 B HICEED, EBEALORRELR G EOR B RO A2 E 7 LH#,

INHOTHET ODA 72 EOWIEEICBWT, HARATORGTFEZZOEEHMAT D EFFIoHka
PRRREN R AT A T L L ORE L, MNEZ DM TIECHOWT HERY BT T 7= 25 A 2216
Kow LT —DORR TAREOX G HHIBR LT,

722 L, AETERY BIFTORWHR LORHTFECTHEBMLOBEZ S b OEdH 5, Flxid,
3R SR TORGFEL BAMBOFETH Y, BCkosREY 7 FB3EA L T2 MIEsiok
RIEGR & M D T L0, MEMIENEEFIEOI)FHIRE, FTEE T TR DM OB ERE L K
ISR DY EFLYEDRIRE, 90 IIREEICIE Uz B A E OB OREHENE & 9 82 2 A
D, VX 7 ML B E )R E EO S 2 S HTE BT C 7R B Rebt & B HIWr LD
W7 &, EEMEOBEZ EA TS, 2 b OEBMEORRBEIC OV T SR ITIREIZ T 5 2B
N5,
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1. “Landslide” [CB9 5B\ EHARD R DEL

1.1 R&E

H A TIE H AGEDJisuberi” % — % HJ1ZLandslide” & 9:3R 3%, ¥4l Cld Landslide” % i 2 8 31,
LOURENRAGEE LTERT S 2 E08%0, ZO5HHIZ OV T Vares D43 FEA R AICFIH &
L TEDY, flow,creep, slide, fall, spread 72 & & pFA N D, —JF, BARIZBWCIEHEEIRT D,
AR, LA, %A, AR S LI TEY, “lisuberi” & [FRVEEITRIOFE Slide) (2R
ELTHES, £, AARTIIHT Y ERGIRE TR # 5 RlimAEh & S RHE (BRI O B
(KD KFEORIEIZET HIEH) TR #5 R AEIIRR 5, SR OREF? Landslide guideline 13
FRIRRICERNDE D NTZ S DOMNE L, BAEZOXRICEIRDZE L b OIIBmIZ D7, OF
0, WESNCIEFERTRIR AN FTRE /R RSP A1 %7 Landslide” & RBLL TWDH Z ENZW,

HARDGEIL, MRTOEZTRLERNT D TEDEN B L2 TH LN, HAME O
HThHO, N TOREEDENEED TEODEOMLENEEZFAT 2 LENH 5,

1.2 f&&R
1.2.1 BRIZBTAEEHNER

WG 30 47 (1897 4F) IZHVBIEDNHIE 4L T LAl ke EOMBIFENME D, BB 32 4 (1957
) AT R0 S IREDHIE S THIT R0 PR EEN A E o 72, HIZ, I 44 (1969 422
ERME N S U CRMEAH AR B R FEDN A E o 72, 2O X I ICHAARTIHIEFE L K EER
feZpoThY, ZLOERENEINTEZ L TEHEFETORBXRPIBEMANZTEHBmS D L DI
oty ZTNOOERTIIREREONR A L aj, i<y, RELXHILTEY, ZhENDiE
FECEES W THE A Fi¢ 5 KR 2 B E/, M9 =0 Bhik XKk, SEpH AR & LT
ELTWD, EAEBIRTEIIAIRT DA e <, AR RIS R AR KIROHE B 720
S, WOBAEECHEREE, RILFEEOF CHEE TH & & RN EE ST\ 5, Vames D/FEIL
LA DB CONEE LTUIEL AL T, SR FZEDO T Varnes O3 &
nNoHZ ERENo T,

1.2.2 EERIVGRRER

(1)”Landslide” D ¥R EDELY

Varnes D 3BT T OBEBRROEXDOENE S LD THY, AARTHFHMIICIT I AR
ALTWD, —J, WA CIEAIRARFEETY Vames OHEBMFIHA SN TS, BARICEIT 5 HiESE)
BT~ OFEANXE TILEET, FEERHT <Y EFEOEVEZFRAL TS H0R%L 0, =
T THET R PR & R A R F OG0B EZ I T 572D Th D, Vames DT
W& L b Slide TH DAY, FHEEUHT Y LA CIIRFEREOED TN R 5, BRI
N IFBEB ORI D IkmBBEL 252 bd D, HBIIRE R TWBEHEBETHY, £OXIRIZ
XZRBERAPLEL 2%, TOMKIIZTRVEHREO S ZEET L ENRLEETHY, £
R AN AR LD, FVEEH TR OEENHER SN B OFS RN TR L2
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Do —77, SMERIMTIAT DMBEIILHHE MR SRR THKET 2 Z LR N2 LB AH)
B FET HATOFATHE CAEDORIRBEDOH L @A E=EL, REZHL TWD, DFY, A
RN EEREHELRD,

FHEBV LS~ & RECIXLEMT O ES B2 5, FHEEBRHLS N0 TIXEET 2 Ch
7T RO E DDA BFERHEIZ L > THLMNZ LT, ZOERET LT 0 H EOBE IO EF
WE1T95, —F, BRETIIT NV EAESE LRV REEIS LT XY 225 ATRENED & 2 REE
AT RO FABRRIAD GEEHET 2200, M0 IR L OBITREMITIC L > THEET 21EEN L L 12 5,
fall IZOWTH%A L ERATE CITREFELIROED T H RESERY, flow 2OV T HAHA L
® flow (earth flow) & EHED flow (debris flow) TR FEOHED HF R D, IR FEL T
DIEDITIT AR R ERLETH Y, Ak, %A, SBRRERELETNENRFEEDE X TR
BEMHTOZE 2 7RI D,

(2) 5 D Landslide guideline D454

Natural Resources Canada(2012)® [Review of existing landslide guidelines—National technical guidelines
and best practices on landslides] TlX, £[E ® landslide guideline 23ATlE (VL ND, when) ffEbivd Z &%
BELTWDENZGHITLTWDN, 1ZEAEDITA K7 A 2 )3” When slope failure is a concern” |Z”’More
applicable” @ L ~)LTxkiis L CTE Y, “After alandslide has occurred” {Z”More applicable” @ L~/L Txf
L TWAHA KT A i34 35 T2t (USA & Hong Kong) Th o7z, F£72, “when
mitigation/remediation is needed”{Z” More applicable” D L~/L Txits L72H A R Z A 134 35 fitd 13
ftchole, Z<DHA KT A 1EBHIC Landslide DFRFIXIRICONWTRIR LA A FT7 A4 Th
2,

HIEDO R & 72BN OVFIEEAH T R D (2O d R 0 BE B S 2 Bl Faix R 2 &
W95 Z LI fRNICIEH V157V, DFY, SO TA FT A o THERE LTV % Landslide™ 35
AIRISR N FREZR AREECT A, TR ETH Y, HARTORBURIHE SRR T it 3R o B SR XA
%M 5, KEO landslide guideline 23 (22T (what) EIi=HA RT7 A4 THDHNDOGHTT
1%, ”responsibilities”, ”land use planning”, ”zoning”, “risk assesment”, “site investigation/failure mechanisms”
WZHRHES LT A RZ 4 3% <, “mitigation/remediation”{Z” More applicable” @ L)L Cxfits L7277 A
KIA4 0335 1t fchorz, £z, &4 K74 > Mitigation and Remediation DN % 57
AT oHT L7e 3.5 i CRAARRIZELIR 41TV 5 %3 T.1% landslide debris-resisting barriers”, “including
rock/boulder fences”, “gabions”, “reinforced concrete retaining walls”, “earth fill berms” and “check dams” C &
D, BB T XDICHED SR LIZOWTIEHAR RV, SN E L /5 & when
mitigation/remediation is needed”|Zxf) L7z 13 DT A N A /1%, “remediation” 2 ¥ & ’mitigation”|Z
HRZENTWDHDORLNE D Th D,

Z D& 91T Landslide” & L TRV A1, LAt E2 TGl L, TOHEFRICERZE
Mot &, ZKENERBAT O TR RS A ¥ AT, bt /e £ & " Tisuberi” 2 BEIC Xy L7 B
T, Visuberi” |2 OV TIIEBHGEER O FRARICHNZES ARLE TRESARLIALELDAAD
B IiTm s Tuniany,
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I 9~ Y ORERTICET 528 & AR5

1. Fellenius XD IEMINT RY~ADERDIETT

1.1 R
Fellenius ZUX{E IE Fellenius RUE I X D IZxbi L7 LEMITATH 5728, BAARTIIENZIEN
T RO IEA T 2T S5, 2T FRIBREEEE R EITTH 505, BROEAE O
TZDOFEIZOVWTRBEE#HZF > TORWEDR LY, ZORBEEROXWMARETH 5,
—J7, WORTHRTE STV D HEER O ZEMNTY 7 b TIEIEMINT N0 255 & LR R T,
Fellenius ZUXC{E IE Fellenius RUFER TE 2 <725 Y 7 AL <, FEMHLT Y IZ Fellenius 22356 H
TEDEVIBHEMB, ZOENSH BAARDIBITICMEN S D Z L 2T 2 LERH D,

1.2 &85
1.2.1 BRIZBITAEREME =
(M BHORAILDEFADHERSBE -—TEBMTAFAOE R
B 1.2.1 ([CHERR = o & o SR CTEBICRIN LT E 205 RSO L 277,
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
3 HER+ZBIEA
| A (51— )
MR oSS I
s
Rorhasta—4g I
¥R B 0SDPC(M20075&) .
MS-DOisiﬂl‘."»PC(lébit, PC9801%2E) I
| Windo\}vsss~wir§1dows8i¢ﬁﬁPC(32bit1l:) I

Windowle~Windowsll§'\Tr‘|}PC(64bit1j|f.) I

121 BRI MR TRASN - ERHEROES

Hg 0 R IRESHIE S AV 0EF 32 42 (1957 42) 05 1960 ALY E Tl b FRRICFIH TX
DR EBITHAE R B ER ThH o7, HHERIIEREOIZC =AM, sk, FHR, 5
ROFENATHETH o122, = AR5 EOHEREE IR 3HT TH 72720, EVKEEN
VB A T S A RGO E E T DR ER D o7, FT, FRERILE LESSSEENT
Xipipololn, VanNURERRHAEEIHT ALERH o7, FRThHS OB EEF 2 ET
EEHE R 1970 FEE TR Sz, A YREHRR 28R U BARRO A~ JFHE R 1920 412
BITE &4, 1965 FEITITHR S = 7K 80% & 72> T D, PrERRH X U —DRFHT b~ JFER
DER SN, —J7, BEXGHEHTHD XA 5t EE (FRILHER) IR x—7  THRRES
AT B A JeIC B RO RARFIGA2Y 1923 AFICAG b L2 b D TH D, # A T —stEHITFHIT TO
LEFRE I ETIEZHINTD, ZARRORI: EOFEHEEN o ToTo s, T OFEICIE
T—7—REICL AR ERRA SN, £, BEACTHEETIEMER ThH T2, FHER
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IIBEIRER B ORI R R e E O @RI X A TR EELL EIZEfi Ch oo b oD, — AT
WEHYZAMC, ARINT 3 Hi72 S DZEFHRICNAD = A B A FRRICEHR TE 28 CIHEN TV,

1960 AU IX BRI RE D I ERE LB L, R4 ICEN I E 2> TWoTe, vy =M% &
DOHEITTE RN oT2720, ZABEKEHRETLZOIET — 7 =B EE2FAL T\ e, £,
INOIEEBHEREN T N1 EBERT2 X0 TR O TR 0T, ZTOYKE, FHE RO
Ktk B EBEAFAL TTE DL EMTIL Fellenius ARE TH Y, KRR Z LI LT 515
Bishop 2X°f# %) Janbu a2 FIH 45 Z L IZIFHFER TH o 72,

1970 FARHTHE S 1980 FARATH: £ TO E 2GR TFEBIT =M BB S O FH LS AT RE 72 BISCE .
T o7z, 1968 FIZHRYOEEKER L L TH TR OE 2 —L v k- /3y B — R HP9100A
DFETE ST YIFD AARTIXH T TldlehoTe, FRICHEZ H2HRFEOR 7 > M4 XOBIEE
Tt a—L vy b« 28y — RHP)ED HP-35 23 1972 FFIZHIEI NN, R v A XOBHER
ZHARCTFRICFHTED L)L o72DIE 1970 FREZ Y TH D,

X =T ORT v harEa—&) 1980 FEHICHIE I NI, EBE THH TE D8RR & 725
72 Di% 1980 FANHE L Th D, ZIVUIBEMERIC T n 7 7 I v 7#EENENS =X 2 R FOD
YA ADarEa—4T, BEHEL2EN I AN ABFERATLILIRTFR o Ea—F Thotz,
O RN L FANE DN LZEMMTY 7 N E2FEVTHZENFREL 2D, HIT 0 BEfROEGE
(R TEATCHRIR TR O T 0 77 AR SNl L bdhoTz, ZOXRTy harBa—2 37V
VERT A AT RIATEIMPTTHZ EBAMRETH -T2,

MR & Y — FIZ 1974 £ 5 12 SMP8O/X © U — R &£ L=, Y — RIF 1977 4 9 A2 —R—
REF 4 AT LA L FDD 2272 HATHO TCOT A7 by 7RIS a0 M200 V) — A& KL
TW5, —HOEHFa v LE Y h&ETIEIR LD Y — RO a2 LTz, 1978 49
HIZIX Canon BEFEHIOD /N 3 AX-1 ZRE LN, b —8oO@E&a vy v S THA
SNz, 1979 4 5 AIZIE NEC M EIfEAID /R =2 PC-8001 % %83 L7z, NEC ® N5200 &9 BT F
ARV 2P N981 FRITHFE I NI, ZHIXEBETH Y, ETOEBHENFRICFHTE S L9k
DTl D3> 72, 1980 AEARRTHITIX IBMS550 &9 U —T 1 & PC DEANIGES =N b
i CH Y R TOEBHENFRIFHTE D L5 bDOTiEhrolz, RICEEH PC & LTES
3% NEC @ PC-9801 ¥ U —RX&\H MS-DOS & 54 v F7m vy —Zxhi Lz PC OIRGERHIAN
1982 FECTh 573, KBRS CHRTEMASE M HEFITEZ D LL 72 o 72 DIE 1980 FHHETH S, MS-
DOS 1% 1981 4EITHE S, T OHEICHRYID MS-DOS #i# PC TH 5 IBM PC AR SN TN 5D,
F5E YO MD-DOS ##D PC (% 16bit T, A FE VU REN 16kB~256kB ThH o722, T D%, K
640kB £ T EH- L7=, 640kB ThH > THAKMZRT 7 ) OBRITIZRAE Tho7=n, HiiE NEE
fRNTY 7 N 82 FEV T 2 L3RG ThoTo, ZOHEDHRORGE Y 7 ME, AJJHEHEBIEEFIC
WA I, ZORRICHES TT —Z ZNEFRIZ AT LT ERFZICEHRERE R S 5 #yE
FlED Y 7 3% <, BRIRD B TE R0 ->72, Windows 77V DX HIZE=F—LETH— VL EHH
IZEN DN L TAT) - BHR - R TF - B OBENR WSO TH BHRICEBIRTE 5 Y 7 MIdlehoTz, 1980 4
RAPIEN KRFOBBRE X —ZHH KM a B a—H TX 2 L8599, Fortran TER L7271 7/
TR TF =R TF L, ZORCFAI—RearBa—ZICHPAEETW R, Turss
DETDHNAEIET DR FEEL T T D20 ER S o 7=, HEICHERT285MEEES T e /7
AP EEEZIADMERND S T27280, T — 2 2 8HT 2 EIC N TN DI 5 BN H >

10



I g™~ OLERHTIZ B9 2 FRAE & M

o ZO XD ITYREOAiME THT I L BETHo T RFOBRE L X —OKMa L Ea—4Tho
THHIT R OREMNT CTFRICFATE D2 Lo har Ba—ZTldidoiz,

Windows95 H3#E&#, S 4172 32bit O PC B—MAICFIF 41D L 9127872 1995 FLIRIZER A PC
2% Windows #45#k PC 1Tk 2 IZHE— S 4, BRpRE LI A £ U R ESCHE HDD A& R4 IR LT,
ZOHRIZE S TIOERTHAREHIRERG Y 7 ML EMNT Y 7 N OFIAR G E -7, 2001 HIZFE5E
B %A X172 WindowsXP (32bit ff) 13 2005 A2 64bit HiIANFETE X 4172, 2009 A28 5¢ X 4172 Windows7
X 2012 FFIT%E 58 S 4072 Windows8 Th 32bit il FEJii T o7 H DD, 64bit IROFIHHE 230 L3O
ML 7z, 64bit O PC NAEMANZER THIH D L 9 18722720 1% Windows10 #5#k PC 233852 [H AR X
72 2015 FEHN S TH 5,

2)EETIHMEEETORENBDEELEF CTORERMN

DHROBMEEEICHITEHEE

BN 32 4 (1957 4F) (ZHId D ZERGIVENHIE S AV TR 2 HET R0 SR FED G E - 7228,
WEAFN 33 45 (1958 4F) (ZHIRAMHIE S 7o A ) DB e (R4, 1958) Icfgfli s T
LR BhIE THEIIE LT, KO 2, KB T, R KLEE T 4 FFEO A TH 5, Haka (1958)
WZIXFENENOBGIE THITKRT 2 FAED BB ORE W HAFECTRRE SN TEB Y, Eiloitihix
T H IR, LEMRHTICBET SRR b AV, BN 514 (1976 48) (S HME S 7= sk il Wb 2k
H () - Fhmifm (A, 1976) (I 13 BTV B LA E iR O R O 2 E T O i< i
FTRYDKEBMICIE—MRICRV—T UK RELEZANS, LHL, BHSHNCTRYEADHIKAERTH
BEEIZIFV T —FEDMOXERNSIENEFELLY LRI T\ 5, HIFEEEICZ O X 5 725
HRHDHLOD 1970 R E TIEEBOREMIT CHHATE 2 L0 ay B a— X 3FEL TV
Modz, 1980 HARETEE TOHT R A RIFX 1.22 (1R T X918, FEHIMOTRY EHRICET HH
N EEFAEDET, TNETNDOMHINT R ([ZOWTEEMNT 2 I L T\ m, a2 B a— XN
K LT oo 272 iR CTHEE AHEZR Fellenius X3 % H v/, 1.22 NEHEH SN ILHEIZ
2y (1971) PNPESNIZEITBEEBER S 2 bR oM TH Y, TR E PEUIFFE N & G
B (2 AR5 ThoTz LHERI SIS, A 60 AREITHANH 25 1 SOBUGICEAES 2 2 &8
%<, HBEEHTIE 1 SORE AR FIRKICK 122 0 X 5 lEKEEE, B4 D RT A R
DifILE B TRt AE > TLREMHT 21T > T e, RN 61 4 (1986 4F) O FHHifR OUGETIRIZ b 22 E
AT RUC B2 1976 R & &< R LREk 23 & 5,
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550}
500-

450

400F

1.2.2 BBF0 40 ER DR EFEHTEH (LB IZH, 1971)

1980 AEAR DB = S IT B CHAARE/R L LD v Ba— X b3 & L, SHEHE DR bt
FTRVEDOAMHZDEEFH LT, FEMIMOT XY EBITK L TLEMT AT I K IR o723,
[ T A E T OHLT A~V FHE R TR 2 E THIH LT E 72 Fellenius X232 O £EM Sz, F
A9 A (1997 4F) OFHEROUGET TIXHiT <0 OLEMATIZEET 550y [REBTIE, TYED
BRICIEC TRV I—TFUoR B BEB LUV T —EFZANTTON, —BICERIz—TUoRX R EiEE
AWS] EWIHRBUBIESIZ, 13EAEDOHT R OFTRYERRNIENINCTH HHT T—HRIC
TR T—FTUoKREEZERANS| titdi S/ & T, FEMINT Y TH->TH Fellenius A H =
EVRHNZERD B LT, E W E FTE O~ xR FEOEBICE O THATEEDO RN EE
INT=Z L2 D, ZORRICINMBIIFEANGER T 5 L0 ) @BikiT e <, H< ETHERERNME
T, 232, 1950 R BB L A TR EMT FIEE £ O F EFRGHICHIH L7z b D Th 72,

2) ERROFEMBEEIZEITHEE

W 47 4 (1972 ) ICHARER B PR TIIT S N7z To b m L e pE e Lt (HAE
B, 1972) ) IIHEROLEFNR L LTHBEOT R EEZEE L7 /3ENED Fellenius A3 gk &
NTn5, i~ OREFHREOEH TIEX 122 OLZEmrEe (JFoX 5-8) 2/RL7EZET,

'K 5:8 TR ZEKRSARRBRRICKYITS) Litib &, REMITIT R ST, JEHEO
ZEFHHEOIEH T/~ L7z Fellenius OFHZR L TNDZ LIXHLNTH D, W0 544 (1979 4F)
DWET NER T L—ovHEL - fHEZE LIRSt (AARERHZS, 1979)) LUt Shien, i~y
DL EFRHTIZBE T 2 50 1Z0EFN 47 47 (1972 ) Wi R< R T TH D, HEF 61 4 (1986 ) DUER
T REFHERL, I RYTOv IO FBRIE ETHEELZTAYEICKRLIAVANEED | L3 Lz b
THINF RV IZ%T D Fellenius XA 5 Z EBPFLIN TS, LL, T2 TEEDIEMITHINE
BRI D72 DA TN OLEFHEANIBFL I, f#EIZ Bishop, Spencer, Janbu, Morgenstern and
Price D&ERALZ HIBRL SN2, TR0 WIS & » TLEMT RN 5 Z ERPGR STV 5,
WAL 11 AR (1999 ) OWEMRTIE TRESEL, #hTRYITnv DR ETERELETRYEER
SELTHERIZEDNT, I RYULHROEEZELVCOMDRASARIZHEILT, KE@-2FALVTITS)
Litdish, A (3-24) & L TELE Fellenius X238 STV 5, BEFN 61 FhRICH o 7= THIEL) DOFE
BUI72 <720, FEMILNT RV ITIEE Fellenius A& BT 5 Z LRI TS, ZALSMNTH
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BAETRVEERTY L TERH D LA SN TW DB 61 FEIRICH RS & Z 5 O T/ E W,
SEAR 21 A (2009 4F) DOSER CO ST 11 i E 2< R TH 5,

IMBROHEMBELEETDEE

EF 46 4F (1971 4F) 12 A ARIRILTEK RS2 AR TIAT S 7z el AR iR (B AT 1E
K, 1971) 1 1ZiE T8 A fRitiig v Bk ) O OPEHTOBRGE & kbt Lo Ol 2 & o
AN D28, HINT D (Z%f)E L7z Fellenius sUD AN GRE ST D, HHEFD 62 4 (1987 ) Dk
FERCTHIT Y B IR M S =28, Z o TIEMEN3 <Y 1 & L T Fellenius 2\ & Bishop 773,
FEM I D %fiis & Ui 5 Janbu XGRS N TR Y, ZNENDLEMITSZLE E MM O J71EN
HIR S TS, fli5 Janbu AT OV TTAEBT XY OFFRFEITH > LHRRUZ OV THFRR S
TWb, KEOHTRYMRFETIEIa L Ea— N TRICHHTE D X 5127 -72 1980 F{HA%
D BT RV O EMHT TS Janbu 3 —RAICFIH STV DT, EOHENIEF 62 4 (1987
) RROTRILEMEREIC KM S T2 b O TH D, IRILEANEEE— Hi5-~ 0 B ILfRIEZ Ot%, PR 15 4R
(2003 ) &Pk 25 4 (2013 4F), &0 6 45 (2024 45) (ZCkRT SN7=hS, REMHTNO Y i
FICTH D,

LR LF=LSICHRFN 61 £ (1986 4F) ARDIA)II AP LR T B OB R+ THEH TIEIEMIMI NYITHL T
Fellenius XZEDFIFAZEHREL TLMBEHIC, BEF062 £ (1987 4F) iR DAL M EAE TIEIEMAN T RYISxE
LTS Janbu REFERT S EMNBHTESN TLM:,

Q)BHR-ERR - MBROEMBELEETOREBRNMRADEEDLLE

W% L EKR, WEROFEINEECOREMITRICE T 250 2 RRF T35 L X 123 @
£ 91272 %, Janbu A& HRANTHY LT 72D ROBEMEAETH 53, PRk 9 F (1997 ) Dk
#17C Fellenius OB F < 72> TV 5, IHEEROHEITIEAETIE, KWL Fellenius XDOHTH -7
23, BEFN 61 A (1986 ) DikET T Janbu D IE7A>, Spencer ZX> Morgenstern and Price 2D F|H £ T
BIRE S 7273, Rk 114 (1999 42) OBGET TIEMINT <D 125 L T HELE Fellenius 273 H AIHE T
H D EHTE SN, HREROBEINIEAETIL, H&HIX Fellenius DA TH 7278, 1987 FEDOWET LK,
TR ERRICE DR L EMHT ORI N TV D,

1970 FERWIINTIETI S 7= BT B EF O RS HE S 7z 1960 FEROFFRFERITFIHRER L 2 AT
b B A=t HEThH T 1D, REMNTROBIIESINRGE R 2 L2 & L7220 Fellenius D472
ST ZENHRETE D, W ROHMIEAE Janbu KA HE S 70850 51 48 (1976 4F) 4HpI3H
0S O PC RIFAFREL Zp o T2l & — 805, F£72, HEER & MEROHMTEAEEIZ Janbu &35
S 7R 61-62 4F (1986-1987 4F) BHIZAR 7 v b 22 B 2 — & X MS-DOS ## PC 738 K& L T\ e
K & —Fd 5, 26D ar Ea—2OH KKV IREEZMEE L 325 Janbu 78 & A3 FEH TF
HAREL 72 o7z,
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1950 1960 1970 1980 1990 2000 2010 2020 2030

BE5%R] 1958 |EMHL —ﬁx' 'iFe"ems‘t’&Fﬁ +F RYERAKIZHE L TFellenius
(7 B)'i—”r]i 958 | & 3 e Mt ony it s

| LTl ?‘f\Umﬂk - —BRIZ[FFellenisE ALV B,
‘ ﬁ‘i@é%‘“lidanbu'ﬁ 3 |
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HASER S (1979) : BT -0V E L - Rl e T

HASER S (1986) : I+ T — oV AL - flf e s

HASER S (1999) : B+ T — oV E L - flf e T
EK%%%A(NW)'ﬁWil BT - Rl E Ligst
HATEILRK IS (1971) - IR ILEAi SRR

HATRINAAK IS (1987) < IR ILIEMT R ERF L (3~ 0 B 1L #R)
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R M&P EIZxHR U CTHIE TORREFNATRE R A ARDEREE Y 7 MIFIEL 720,

2.2.2 EEmMITEAERR

(1) BRFEEDRERLRE
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D EWERO AT A ANBET D Z 1B, AT A ARKONOFY GVRIC Lo THIEND AT
A AMINFEBRZED T)TH Y, EFEOHRITITAFE L2,

I HARBITICKAHFECKEAH, SaEAV)
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ZOWBRAERE SR L THIAE T ¢ ET2ITNEEES ¢ A3 E L, WHRIETRE L TWe, #filziE, &
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W RENCIXZEF R 2 i L e E AR S, LEFHE NI & 72 5 5 Fi3E T <o T 1o
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pp-26-29.
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R, F, IR EERIEN 25m UL EOSHAOEEEES L, HFKPEBRTORESCT v —
TOMNRICKRE IR BE 52 D EERRT A—5Th HNEEM ¢ TIERL, W& c 25
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RAZE TR (BAEKTS, 2009) THLIHDLOREARIIS AN TND,

Q)FTRYBERENOHBENERET DA ENERASIN-EZ

E EASEEFTE ORI R0 ETT R0 HORKIES hpax 0O REE ] ¢ 23R 2 FIENEEH S/
HWEHT 5, ZONFIXTAEZESME O/NEEST 2017 FIZFE M LA WE ~O R & I il
FHoNTW5A,

PR TRIE CORET) ¢ 1X c= 07223, IRFN 40 FEAREED & LK R i O 22 EFRAT CIEFR 8 MUK E O
PR % 100% & L TUWeD T e= 0 TIIRITOREI N TE ol £2T, ¢>0 L RDORETEN
VEThoTe, —K, & - Gk (1971) 1ZEBERERA~OT 7 — MRS R 4 oo~ 0 3R
ECRA S PEREESICET 2 o0 R A2 oR Uiz, K421 135 - gHE (1971) ([cffisn <
WDHT— KD FULR ST R Y O KIES hpax & H575 77 ¢ OBIRK (K-5(a)) Z#FELLT-
777 ThbH, FHtl - FHREZ OBMRKOBLE CHEREMITENEHP L TV D, RO LI ¢
F0 LIRDHEET) ¢ DREFEDRD HILTWIZHT, BREIC AR CZ ORRKREH S,
¥ 4.2.1 OFUREYFFHEOEIFRIT Y=0.102-X £ 725 TEY, ¢=0.1hmx ODBRIZH D, ZHDKEE T
¢ Z TR ATES hua 2 DHEET D HIEOIRILE 2oz LHEHIS LD, LML, ZORIFHEORE
B3 R2 340017 THHZ LD, TROERERIDLHET 2 HFIEOFEEMEOKSZRLTNS, Ik
ERBRIPAICR>TND Z & BHBDHE S 2R LTV D,
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HE - Rk (1971) DT 57 (E N B

(EIF#RIFNEE)
45
. .
. y =0.1025x
T35 R?=-0.174
S
v 3 0.
R
gz.s ® ® o8 ® o ® 3
hy .
ﬁ 2 o @e e ° ..'.
) o0 o e
B 15 LY o e e o o
}ﬁ 1 Qo0 .
05 o o
: °
o 0
0 5 10 15 20 25 30 35 40
BKFEE hy, (M)

421 $RYBEDRKIEE hyo E¥ETE T ¢ DER G- FEE, 1971, TOVFSREEH-BERE)

X 422 13350 - G (1971) TEHA ST RO 7 — 2 ORBIY I TH D, FKER, 7%
B, AR, WEROTFT—203%<, MEMLFDOT —ZI3HETH D, AT —F7 ORI 2R Y
MRE, RO RFHE TR SN HEREEROEEMEL Db DI b EER KD,
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422 T:.':IEI'19*73%(1971)'Cﬁ)ﬁéhf:iﬂ'é"\")iﬂv'—’ﬂd),xﬂllﬂ‘/j)l«%i

HUTILE

B B EEECTIIRAE N E TRV EREOBEFRERTRIPORRKEESZ 25m £TELTWDHA,
2017 FEOME B FHEIC L D &, UEESRE L TR OR KRS hpe 28 20m BETH - 72
7o, FRIZ2Sm FTTHy LW SNTZL S THD, LoT, HW, hn=25m THE S ¢ B—E
2725 LW B2 F TSI,

2017 FOBEIMVAEIC L D &, MK, ¢ NOHET D HELH TR, ¢ ZRDTcx2WHT D
FETH 7 TR TERBRBLIETH D, [T RVRILT ¢ 2RO DRI e oT7eZ b L, ¢
IR S 3B e <, e BIBV/NCRHMEEIND Z EME ol T ENBERA SN o7, —ERO R
FITAT A ABIC EERBRE T & L FEL TR, TED 2 IERARBRIIH 2 R
277,

FhiAE ) ¢ ZIMKICEHIT 5 & ¢ PR/NZ72 5, BIZIEY L TIE ¢ DS W ERFRAL DN 2 72
STLEI EWVWIRBERH S, REMOMEFHEDOEZND, ¢ ZHUICHRELTHD ¢ ZWHET5H
DINBWEBZ BT, TOBS, K& clf, EHEER Lo HERBRE. & HE R oM 4 B+
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Z, o, WRIBEICIVEHIND ¢ DEOZESELEE 272 1T, #iTXVBENLRET LB R
DEAE LT,

ZOFEE, TARVERM EORBEMNZ LS, TR0 METOREMREL KDDL Y 7w AKE
Bl E LIRS R LTV RS TERHRICEZNZFIETH Y, AR THIUITREEE O NHEEA ¢
U7 AWRERE CROT LT, WA c WET D FIER RS D,

(3) RIEAIHOERMNEE TORBIRTOFADRE

AT T HIRAT2 L 91T, 2017 FFITEME L7 A S ~OB S BV eI L 5 &, B 30 FRUTER
DR R R B N T HEREREE D O RO 7o EREE & eI 22 € i 2 S 2 AT R ShC
Wk D Th D, BAROHEHE ARSI CIINEMNT 2 VoA L 22 2 L L3S hoteZ E
MOYIET N EJR L TeoT L 9 Th D,

SMERH O AR BT D WSRO AN R (RENEKDBIS, 2019) CHEESROBANEAE (H
AIEFE I, 2009) ([ZIEHAERICIE W TT RO EEREN O T X0 mORE ) 2% E L TRV &R
LTWDHDIE, MEDCIHEELEZO THFELRY, TEHBENRT A—FDOREDES IND, HT
Y R EETZOPETEN - BREDSFESR TORAT L L 21> T D,

JICA 275 CHeii SN 7= kAt & FERE (SIECA) D~ == 7/ (SIECA,2019) TlIiE B o4 HA
# (Landslide) DZEFNEFIEE LTI OHAWIRE T 2 —X ORESFED, Fil72EE RO
b S TnD,

4.2.2 BERAVGHEER

(1) FEZEOFERADREMRHL

HIF D) PR FEECBWCHRIELZHEA T 2 RIUILL FOEY Th 5,

ORI O 22 E fAT U TR ORI 2 Z 2R 2 FETE vy GEX 2 EA 3 M),

Q@QBARD L HITEMRHE SR ORAE, Yo7V 70 LG H - T, NEMITIC X DR OZE
FERHBOAEHEMENE L IKTFT %,

@ HARTIL, MR PEEDORERE YL BRI DFEL 2L E TCOXMK LIZL DREROFREA LT
Rl 2 72 DRI LTV %, PRASI RO EBEE LM Y OB £ Bt G2 R &
RETHIENEETHY, PIILEEND ORI LEROENEEMIND, SERME
HRGFEETH D, 2072w, RHEORIN SR 2 EZZRET D RIENE L T b,
@R TEBEBHESCH T ARMOE=4Y v 7RNE I, BEIOFEIZE > THOREEN 1.0
FOREVDNENDPR DL, BRHINOLZERETHBEBUNOKRNEST L ENEEL
W, BT CRH S 2 ZaRITEREBIIIE R A L2 3%, £z, BB (e
F=1.0) DR TE 5720, ZOROMREAIEDZERIN, F=1.0 725 K 9287 A —F &K
T5HZET, MRLOMROFMZ LV EEIIIT) Z &N TE D,

(2) BEARICIDLTEBE/NS A—FDERE

T CHERET DA GERT) 13 HERRBRSCHA RS R 2 Tl O L HMRE N T A =S &
REL, bI)—FHDONRITRA=ZaWHTROLGETH D, WHEEEZTRMAT 256, WRFEHE LW
D AT T 15 BAR DS RFOIRATRAZERS 2 UOTHRITIC K D HTRAZE (BIRILBI R L) 7o L, ZEMHT W
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BT DTN MR SN D O FEMRENRT A—2IZEEND, BlzIE, KED c & HERBRES
MW RYBRRENOEME LTEZ, WHEERMA ¢ 2 H T L, SESERRENTRINDLN
WM o IZEEND, —F, NIEEMA ¢ ORE ST FRPEBRLOMRSLT v I — LoFKE%)
FROWEIIKREREBEHEZ 5120, TNOLOMKELE MR LET285E51F ¢ O & EUICH
ETOMEND D, KB c DRE ST TOMRMEICRERFELEZ 5120, ZhkeEext
RLETDLEIT c ZWUNIRET DMERDH D, AODLEMAT NS D IFNTRRAE D R8BS £ 78
IR LOFHEEICKRE REREL 52 720K 010572010, FEAaxRLicH L Ly it
R T A — 2 e PR RO O R E CORMAMER E 2B I L THEUICREL, b

D —HEMREIECHET 2 HIENRR,

RITHE O SRS SO TR L7z X 9 ITHVBA R OHAFHUE T b 2 R bBA AL - FHEfm (8
WA, 1997) LI Y B HANRE R O R (E 2884, 2008) TiXiid <0 OLEMITIZ R
WTC o DEDED TREMIHNT 2 Z L OBEEMAFTLIMINTE Y, BEEROENIEMETH 2 1EHK
TV ET - R E LIt (AAERKTS, 1986, 2009) TiEHI§ <Y OLEMITIZIBNT,
O EWELCcZWRTHEODOBET —X LBl SN TVD, FIEH TR X923 migkE)»
BT ¢ ZRET D IFEOHRBEH SN TVDH, NIEEMA ¢ OREIZETH 26 0N H
5L T DNENR D D,

Q) R EMHOERMEF TORBARTOFEES X

BHRHIE ORI R IZB W TRANE 2T R OFT R BRBETOIHED, RINLEFETRY
DEREPERLZEHEF (BFILF=1.0) L—ETHL9Zc, ¢ ZMETLO0N R THD, =
AN BEEICH YT 5, ZOBRATHLERME LIS L TR EELFOHE/NT A —F 2 #EIEICHR
ETHUNENRD D,

A AR EE TR DO BRI CREF R OX G & 72 2 DIIBEFEO TR HAFE L2V TH 5, &
TEMATIC LB PERE N T A= PHILO Y — 7 ETHHZ & &, BEIND TR ENERWT
DB ARG e EOFALEFBR O FIHEETH D, ARKITED K 5 2215 CEBRICHEER L7z HE
FERT A — 2 R LT Wb & i R & Th o, 5 BN I3 ~ORHH L LR

5T D,

<5BIAXE>

H BB - GHEERITT (1971) @ M9 R0 ZEMMITICH WD L OMEEHRORG, TAREIMNEER 13-5,
pp.26-29.

R (1958) @ @ERE IR B ELE (22), (Lifgst

iy (1976) « AEAET) PR LE () AR - SHmifE, L

iy (1986) « AR AT IDHH i fLvE (BR) [RIFFRL - SHifE, LfEs

A (1997) « AT IWHHEMIENE () [FfES - SHEfE, 117, pp.199.

E 2584 (2008) @ Hid-~= 0 B Fe A &1 M ONRIfERR, pp.56-57.

EENRKW T (2019) @ 87 - R AR 1L TR ORREE & 201 — SR A EER) L TR #t

HAEKIS (1986) : EX LT -0 E L - B4 e TiE#, pp.268-274.

HAGER 2 (2009) @ B ET -8 ET - RfELE THEEE CEK 21 49)

SIECA (2019) : Geotechnics and Seismic Considerations Manual, Secretaria de Integracién Econdmica
Centroamericana(SIECA), 272p.
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5. TENSGAEFREICETLEERDEE (2) —BUKBEEEDRES A

5.1 :RxE

AARTIIHS N OBEE OB AFEER y OF 7 4/V ML 18kN/m® &9 25 2 &725, EK+
TAREHC R E TR EOHEMEBICTEEH SN T DN, TOMEORERIE I 5 HMEIXIE L A ETF
FEL72, T OfEIE HAD L O EEO A (BULECERR Y +) OFMLARER XY LT
INSVETH 203, BAROENEEEIZTCH SN TWDEE WD Z L THRDOEREE L 72> T
Do WA ERLFEL /NS GHET 5 & g0 Zigsh 7)ok o LB i1k ) % i@/ NGF
22 &7, Mk ToORNRFHOEREREL 78d, BIZ, MERMORL DN THARD
BN AEEROEEEEZZOEEFHT L L TH L,

5.2 fi#sn
5.2 1 tEBOEENGREMAEEELREL-EENER

WEFN 3147 (1956 4F) & BEFN 42 4 (1967 4F) FATOER L LIS (HAERKHZ, 1956, 1967) 12
XL OBAAFEE EOFIR T, B 47 FIPRATAT S 7z To 0 i L pi 2 Liggt (AR
B, 1972) ) T3 HIER O ERATFEGI O h CHRAATEEEOME & LT 1.85~1.90 thm® (18.5
~19.0kN/m’) 23RS TVDA, HT D) OLEMITOETIE [—ROMT XY TIE RO BELK
BEE% 18tf/m® ELTHELTRL. LHL, VSR OCEMN SO RE VB OMIEEEZZ (-
HETIEIDEETEHLIIEAHINT, COBETEMFBREENATEEZTILNET S LitHish
TW5, BEMOBEF &V D B TIE 1.8tFm® (18kN/m3) XV & AL AR B BN K& WHIAR I LT
1.8tm* (18kN/m?) ZHHT 5 & fERAIDERE & 72 5708, FOFICEAT 2 EEZEE TRV,

WIFN 54 4F (1979 4F) ICHETENT-ER ET— 00 E L - flEZE TS (AAERTHZ, 1979)
DT R OZEMITOETIE [—RROMTNYTIILHROBLAEEES 1.8tF/m’ ELTHELTR
W, LALEARREDH I TERINARME T 1.9t/m® LLEDIFELH AL, DTRAPCEMAZRHED
REVHBOMUEBEZZ(T-HETIE 1.8/m* ZTEDLIENH D, COBETHRMAAEESDRIE
ET53DET B, Lit#HiSnTWD, TSI L L2 o E) L83 b T
BV, BULER EOEBEESNRLE LRSI ENIDNZ D, Z2TO O30 |
TR0 e &, BEHEBLA R OBHAEORT R 2L TEY, BMbE TR a0 X 1—
BDHT Y | IZEENRND DD,

F 61 4F (1986 4F) ICHMET SN ER T — 00 E L - A2 E TS (AAEKHZ, 1986)
DT OLEMHTOETIL [—fEOMT RYTIILROBHELATEEES v =1.8t/m* ELTEHE
T5, LML, KILKZERFEETHA—LOUIR, $hEEFIhLY/NESWVEEZRL, BELERMOLD
i EINEYEREN, ZIT, AEEAGRYBISICEVWCERBEUAREEEDATETIENEELL, |
EFRLRENT WD, 22 CIHEHEAEERZAIET 5 2 E PRI TW D, Tk 21 FFICEGET S
BT -85 T - R E THEeE (A AEREHS, 2009) OG0 OLFEMITOHEOFR S Zi
ERICTH D,

BTN 39 45 (1964 4F) 12 H ARTEB AR 2SFAT UT-mik B B B ERE s G EE  (HASERAR, 1964)
ZIEER 52,1 IR T HAATERE &N B STV D, O TS 1.8tm? (18kN/m?) DfEN
BHAIN TS,
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x 521 B ERBHHEEERTEZRIIHBEOLOEMARES (HRERLMH, 1964)

; . B ATEEE(/m®)
E BE
o i (T AEELE 1255 T)
12 WRECYR | HEH-LD 2.0
T FMEODBRWNED 20
iy 1 —
g RE D20 HEDENED 19
MWEL HmEDH=HD 1.8
e+ HEO-LD 1.7
BERO—L | #WEDHE=ED 14
8 oy ERGLORFHEDRLLD 20
% ~ BETHVEDRITHEDENELD 18
Hh . BmELLOD 21
) N )
Az BRECYR BECHNLD 1o
B BERLGLDOXITHEDRNED 20
” BETHVEOXZHEDOENLD 18
LIS ) 1.9
iy
PET BETHENLD 17
wE) BELLD 18
WL MELLED 1.6
Sk BELLO 1.6
i MEHLED 14
" BELZLD 1.7
wt MEHLD 15
BEO—L 14

BT — (R EY THest (A AEKREES, 1999) Tk O ARBEREZ R 522D X HITRL
TW5, ZOEK TS TSR L HIIkEE D kR Sl L » THAARBEEN R 572D FEE
mEHWHZ EEFRHIE LTS, HEREFOHZE LT I18kN/mM? EHFE STV 5,

#522 TOEHEMAEAEES (HAERBS, 1999)

+5 B 7t OKN/m3(tf/m?)) DBV E D
BB+ 20(2.0) 18(1.8)
WE+ 19(1.9) 17(1.7)
A A 18(1.8) 14(1.4)

BN 33 4 (1958 4F) ZHIlE S 7o sk A I E i AL e (R4, 1958) DFIUZIZHIT~ D
DL EMATIZB T DRl TRV, BRI BEAT FE I X0 N 47 4£(1972 ) HUGTIEZE DS ED
S, FHEFRIIEEFD 514 (1976 4F) 120 HMb S mAIOSGETIR (B4, 1976) MBI X7z,
ZOBGETIRD 155 13 B~V Piik gk atim ) o 155 2 #ifhim O @Mt ) O8I HEMREER O
A& LT TSl B AR R RT3 0 Tl 1.8thm® Z W50, ¥ T ALEA N < kR
DR EVHECKIIEE 22 - g CIIENLE CHE L CIRET D Z ENEE LV, ) Ltk &h
TW5, IBF161 4F (1986 ) &AL 94 (1997 4F) (ZokET S V7o s g ) b Bh i B4 (52) - Gt
it (G, 1986, 1997) OFHAE L2 L TH D, T D OFLHEHANFIL A AEK K (1979)
DFEHNE L IZEFR TR L oo T D, Tk 16 45 (2004 45) IR EAF0 6 4 (2024 ) FROE 142
EE WGP EANEEYE  FHERIE web AB DA TH 523, FEAGHHER & skl eSS FHEiiR I 57203 C
W5, ELLIZHHT Y BEIEFIEICEIT D RtiRixd 528, HALREE B & O BARM 2 5 i ndk
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SINTN2R,

—J7, KETFIE (&AAREFHMHS, 1995~2016) TiIH3 <) OZEMYTOET [JFHIE LT
TR AL AFEE &1L 1.8thm® (18kN/m?) & L, | LRl TRy, BEiEOMEICBIfRE, i
Y OBE)THLO BAAFEE &% 1.8tm® (18kN/m?) &2 Z LB IN TN 5,

2017 A2 ENE L7 A3E O OB S0 HEIC L 5 &, BRI 40 45 (1965 4F) ik ORIy~
Vo7 L TNAWNARTEREBRZT> TV, ZOLEEOT—X THIELTY OBE) T80 HAL
FREEENRKEMNC 18tm’ BEIC/R -7 L) THhDH, YU, AT TR FEELFE/mL TV D
FHIR 72T DO THBIZOWTIEEERBRZ IR L TV os2 X5 Thd, 2oL ICHIFIE
B % o CNEMT CHEEZED CEX TN EEMRE T A —Z IOV TUIRWER L2 b o Tz,
Z D%, RO FEHRE T A —Z NEEN TRV E W) B THERB M Thie e o723,
HATAEERD 1.8t7m? (18kN/m?) I XENRVD TEFDOEEH > TNLEDZ L ThoTz, F17,
THL9~ =Y X IR CITHEAL AR E & 1.8tFm® (18kN/m?) LV L REREFNH D Z L 13BN T
WS, BNAEEEZ RS THLIMETARALONERENEZ, FEENENT L2056
1.8tfm*> (18kN/m?) AAZUEL -2 Z L ki SiLlz) L DREE b H D,

ZO XD ITHT Y OB EBLO B AR EE S 1.8thm® (18kN/m?) & L7=DixHEFn 40 05
BEFN 60 AN T, AR H722 &0 TN EEI T o~ 0 & T—fkDMtd <) | L LT\l ki
BRI LTS, YERHE, BYbER EOFEE FERET LTV ZZ0 [—fFKOHT <Y | [TFDT
WD T2, BUETIZKETIROTH D X 510, BT~ e+~ 50T, BiEit+
BOBENMNAREERES 1ISKNM® L35 2 LN —fb LT\ 5,
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5.2.2 HEFRAIGERER

X 5.2.1 {Z NEXCOQ016)|Z g XA T 5 5 O AL AR S B O EF 2 779, B0 BN AT
BLHH NMEEOBRTORENTND, HEE V- THHE NS LAY (N=4~30) OHIEH]
HZN I E P LIREYLE S A B E b EEND L Bbivd, ZORERD L, HE N fER
R&EL 2D LEMNABERD K& < ARDEMICH D, WEMONT YR KRE L, B NME»HHE
QWEiééﬁitﬁﬁf%éawéimﬁﬁ%fﬂ@wo

T T
Eﬁ ﬁﬁiﬁz éﬁ?ﬁ)
1EBIEE - 0. 69 Falta
. [T 208 o [ 4/ e
B 4 :0.195 i
T B g>ﬁb).ﬁﬁ' T o
o~ I | £y o
= (| d 1% -
;2 1 ° :‘a" e oL -
% HIPE S
5% | | oH? [ 35"%?9008 a
:eE ‘. | —/, Q’H , jﬁ){ A
P | Lah| oL @ | STl
& -1 - 4= i Sl oo
| = '_-6/ o (8]
+ H | T A
o /,—“f" /"E" 00{?
L~ | /g,"
# |
%‘ R Bl
z =RDE
= PEERS
ﬁ b=y
| O FEEIRE
BEIRAES
- POEE - ElEE - v
Il !
SEE - HEAES |
0 AR ;
1 2 3 45 7 10 20 304050 70 100 200 300

N{#
W ; (BT ERRER v t)=1.173+0.4-Log N [(tf/n] ks

[ X 9. 80TkN/x"]

X 5.2.1 A0 ELIATEEE D BIEH
(Hi# : NEXCO(2016):i% G285 4 IR G m, p.4-7)

FENCIE U AR R B O 2789~ 2 &1L, SERFSICRIT 2 251K Tomae S1of
HThHDH, LL, BHUZHEMAEEENSERE LD b KIEI/NS W E =0 OWEE) ) &/ NMIRE
ML, Mk TOLEMIEAZENMET 22 &2, GRAIOBR 2R BRI H 5, Bba i
RO T R IR LT, AT ER ISKNmMP 2T 5 &, 0O X9 7/ NatGt & 72 D fEkR
PEN D D, BNLATEE AR 2 E MR R T RBIIRE L, AR TOMEE X0 I FHg
T2 OITIE, SHRMMOHE % B8 L7202 AL A EEORENEE L 05, [LHFHHICIIT 5
TR0 BE) HBE O BEAAFEE R 20kN/m® 2 KE B 2HAabH D, HERNICERH SN D 18kN/m?

EIXRERENELDZ LN D,

T+ T — RS THRet (AAEKES, 1999) T AR E &L HERER T o320 2 5 Al
ELTHRY, HiRR ETHARFIEAAF TEX RWGEITR 522 OFHEFEERAT L2 LN T
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THLHMBRINTWD, B ELT-OLT - fE4E LSt (HAER B, 2009) (ZBWTH, A
REZ2FR Y BUGIC B W QBN AR EEOMEZITO ZENEE LN LI T b, EHEROHH
BR—V 7 FET DT R RERICRBO IS HIE O 2 7> 7 uh b AR R R Z RO
HZEHARETH D,

MRS AR &R & < B2 DWEAMT IO T ATREZR PR V) BUSZ 35\ Tl BT (AR FH R O I E &
79 ZEMEFE LV, BAROIEE 18kN/m’ 28T 25618, B8 3R LR OGEIZRES 24
ERH D,

BRI, RN S0 BT B B & B ) BAGZ 2 & ST BGZIC AT HIRF, 1.8tF/m® % 18kN/m?
& LT, HHIZ 105 L7=DI3otx O 1.8tm3 &\ 5 Bl R ILAN /2 <, KB HId~ v OBE) 3
DHEMNAEEEE LT L LR ThH D, ARYIT 2.5tHm’ 23E LUMED S LIV WRETS
18mm%@kLTE%&m%ﬁ@%%%%#éi%ﬁ&ﬂot@fké LarL, miflRORE Y 7
kD=L EFRATRE O K O BN ARFEE &4 = O L OB AFEEROBBE & A 1.0tm’—
10%WM&%%®JOP LIEeTH 2T 740 FELTWDLEONH D, KOLLET 1.0tHm?
ERFESTEY, KEITKER SIZKOHENRFEEZ T 5 9.80665kN/m’ ZHMI 72 E 112785, Lo
T, KEZEHT DREOKOHENMATEEREZ 10.0 kKN/m? &2 HFEIEEES -5 Th 5,

<BIAX#>

HASEFE AR (1964) - i [ &h B EE 3% G 26

HAGER I (1956) @ R T Lfa#t, B TIEEESR 104 (1BF 31 4)
AAER S (1967) @ EHE T LI (IEF0 42 4)

HASEB IS (1972) : © Vi L L BHIZE TiEs (BF 47 4)
AASERS (1979) : BR LT -0V iE T - RHEZE e (0 54 4)
AASER S (1986) : BT —0 v iE T - RHEZE st (061 4)
HAER 2 (2009) @ B T T—U) LT - RlmE LIS (CFAL 21 4)
EK%%%A(M%)-ﬁ%il IR THagt (R 11 47)

EERE (1958) @ EERRE I BHEAN AL (2), s
R (1976) @ GERRE I BHBAN N (22) AR - FHl

A (1986) @ AERRAT) DB HAE (22) [Ffga - FHEfR, (L
HERE (1997) aéﬂM@%&ﬁ%ﬁ(%)H%ﬁ-%@

2 A AR BN e (1995) @ KETFIR

2 A AR BN e (2016) @ SKETFIR

NEXCO(2016): 3% G250 4 &R AR, p4-7
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6. AR ERLHABERERDREICRITHSARDEE

6.1 R

HARDOHT N0 R F LIV TIE, WIHZA2%R F,=0.95~1.00, FtH%Z43% F,=1.05~1.20 %
PR LT, ERHIEDOREEXR CHEIRZ2E F,=1.20 L T2500 I TH D, Wt
TIEIANEOFHBZEEEY Fp=1.5 L LTWHELH D, W THAROEREMZET T 2551320
EORERIME RTLEND D,

6.2 fEER
6.2.1 BRIZBITAEFEME =
(AR EE

97, 2017 FITEM LA E ~OME B fHEOR/RAL TN T 2L ROL DI D,

WM 2% Fo=1.0 &3 2 DOIXHMORHRO Y YN SR 7 & THRVWIH DO A ¥ — F DR
Z1.0ELLTWeZ EITERLTWS, —FHT, UL TEWWZHS Y 22 atd 5 & # < A
BRFFN F=1.05BRETH-72E VI T—ERHY, 5% EOLZERIKTRHIVUTENI L H#R
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) Am 1.8 () 3.0 (1) 1.8 (1) 3.0 (1)
BEELROWELY -
£ = 1.0 (B 5mET) 0.3~1.0 (& 10m £ T)
1.2~2.0 (& 6m L L) 1.0~1.5 (10mBL L)
/¢ 59 1.2 (n) 1.5~2.5 (1) 1.0~1.5(n) 1.5~2.0 ()
K Hh 2.0~3.3 1.8~2.5
i +
fill 1.0 (3%) 3.5 (ffn) 1.0 (§%) 2.0 (Im)
[1/¢ 1.5 (n) 5.0 (1) 1.5 (1) 2.5 (n)
ﬁk% (BRI, 7Y, BUkks, Wcs, A3fmsass)
I HHZHOAXHO, IAYLEE b0 I 1.0~1.5
EUIERR S E-R N | 0.3~0.7
U, wpes, mivle= s I
| YN I 0.8~1.0
| HEHo I 0.5~0.7
s (fEavis, ASHmEE)
' B L CER AR X b o | 0.1~0.3

HBL - AOZER(1955): . R Li% (FBFI 30 &£ 3 B), RMERE
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(c) ERETTIEE#MAR (B0 31 F) (AFRERHR, 1956) TOED S EE

TEK AR T3 - MEFF LRSS LTI TER SN2 DO TH S, HDOHGFIZ OV TIEER 1.2.12
FHB LI AR A S OEE LTS (K 1.2.13),

[ 4, Ao R S R TR - A AIE S AT (S36, 8)) Th, #1.2.12, # 1.2.13 [ZHBI LA
IZEDHEE LTS (F1.2.14), 72720, T#cE] THE) OFRLITR,

#1213 B 3 FER T TIHEHOU T EELIMARICESNSIEDHFE (X 1.25 BF)

I
o H ‘a7 E o H JUEAYE (B
i W 1.5 Woa (BRI, 7Y, B bk,
i i 1.5 T X BUEE)
B2 L E o 72 F] 1.0 PG Y NAR N E - E Y 0.8~1.2
B2 LE o TORWIBE] 1.2 fbL=b o
B LEomt EH D < BWH D 0.3~0.6
EEbmET 0.8~1.0 Wi, Ak, BYbib= o5
S bm Lk 1.0~1.5 SR YN N0 0.5~1.0
B LEsTWRWE BONE D 0.3~0.6
EEbmET 1.0~1.5 s (B2 vk, Ayeiimes)
S bm Lk 1.5~2.0 B cHEIH AW o 0.1~0.3

F1214 ZHEREROIEZEIAVE YL)ICRONAEDHFEEK 1.2.65 B8)

ilnt+E K RE Y5 (m) HER
PO BAfeb D — 1:0.2
fEfis - RIS BEAL L7 O XIIENHZ N D — 1:0.6
b Bt o — 1:0.3
e | b L=t o XUFENEZ WO — 1:0.8
w " | Bl d o — 1:0.8
s, R AN - 112
"""" eris . 10 LLF 1:1.1
IR FE 7 Py
WRISUIABIR T Y HRROOXIHED LV H D 10~15 1:1.2
i Y/vin N A
e+ 5 O XKD, 0 10 LLF 1:1.2
10~15 1:1.5
B b 0 5T 131.0
o 5~10 1:1.2
WL 5ULF 1:1.2
BETNED S~10 15

44



IV Yl +ToOREICET 58 & g

(d) EHEITHEEH 42 ERETHRUEDE DS
WEFN 42 AEDMETIR (A AEKTE,1967) TIX, MY HEmAROS ONEE THCE ), T )
D2FEE LTS (£ 1.2.15),
#1215 BB 42 EMER T TR O T ZELAVRICRONDIEDDLE

LT ERVHE = Ly )i
: i s | 03~0.38
L x___=___ | 0.5~12

e7EL, TWeE), TS ] OERITRSALTVRYY,

WEFn 54 40 [0V L - B E LIS (HAERK#HZ,1979) | SGETCTHAE O8I [#HoE ], T
Al O2FTHLN, BRI 5244F0 DEO THHME L3 - i L~O0H (HET%%,1974) ] ©
(%8 % A CHAT) ~OIH (LEIEE) —8.1 Al ICIX YR —ARAICFIH S - Bk
2 X D THECORE, HUEDRYFIENTRIN TS, TORNRIE NEK - T—HEMRERE (B
AIEHE#H22,1986) ) LRI THD,

DI, EEE+ TAREHIMESET SN2, ZOMHlo#S 2 B2 L U200 RIIEE /2 < B
ITONRL 21 FERGER + T — 0+ T - fHEZeE LI (A AERK#H22,2009a) OREHEY) -k A i

(£ 1.2.16) E£THV TN D,

£1216 F 21 FER EREII YT -MELTEIEHTOEDDLE

HLDLTERUVME PR B
(T =i — 1:03~1:08
L= — 1:05~1:12
W T FE TR RLE S A D B L 15~
ENH O C
Bt 0 5m LT 1 f 0.8~1 f 1.0
ERTROLO 5~10m 1:12~1:15
IR L O, FIFRIE | 10m LT 1:08~1:1.0
WHIE s R | 2LV o 10~15m 1:1.0~1:12
U s+ BETRNLD, 7713 10m LA T 1:1.0~1:12
BEEEA3 AR D HEN E D 10~15m 1:12~1:15
Al 10m LA T 1:08~1:12
5] - NERR A 5m LA 1:1.0~1:12
SAETEEARL Y ORfEL 5~10m 1:12~1:15

i, BT OREELY Ty AR (3£5.1.15) TO LM, FHOSMEIEITEM424 (KI604HT) 1285k
MENTHFREEEERL ZOEERMA L TWHZ Lichsd, WEE] , TS OLOHETHD
T2, B & WO O TR R TR ORI LE O AR ERRRE L 7a o T D,
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1.2.2 HERIVGARER

(1) BADHBEEH

AAROHE L, KEOHKZDIZH Y, WHET L — FOILBIARIZE b7 HMER, Z OOk
BICE - THRELTER (K 1.2.3), REEEDOEBHEIZES L ORFROMIENERL, BAN
FROMA L E R SHLT0D (K1.2.4), LT, ZRENDEIEEE 257 THUE OFE IS
Wikga AL, a2 T\od, HERRAZE U CNEB HIEH T, B LB IR AFELT
W5,

COEIITHAROHEIZZEICZDIZY, BARELELRELZE Th D, Zo7d, HHEYI+HE
AL D D LYY, B COHB 2R HICT D720, EIC W CIERIREIEClE T Ic &
S ERHS>TEY, EMRCHOWTIINM TS TS, #Ua) O 2 DXy & 7o TS
fbainiz b O TIEARu,

ERARRa

g Al =AM SEwEs ARRET FES SRMEERS

X123 KAAAHORAMER
(B FRAR S ' & — (2025) : https://www.gs].jp/geology/geology-japan/geology-japan/index.html)
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IV UL TORGCETS

Division
13 :l Late Pleistocene Holocene clastic sediments
" - Quaternary volcanic rocks
1’ E Quaternery pyrocinstic mocks and sediments
12 D Quaternary terrestrial and neritic clastic sedimenis
1 - Pliocene-Pleistcerne terresitial volcanic rocks
1 - Middle Mioeene-Fiiocens marine clastic sediments
9 E Miccene submarine volcanic rocks
B I:I Tertiary non-marine deposits
¥ D Late Masoroic-Prleogens terrestrinl voleanic rocks
6 _L_:' Late Mesozoic accretionary termein zone deposits

5 - Cretaccous manne deposite of turbidite facies

4 m Paleozoic-Middie Mesozole aceretionary Lerrain zone
accumulations: non-metamorphosed facies

3 Paleozoic-Middle Mesozoic gocretiomary terrain
rome: crystalline schist facies

2 - Pre-Tertiary ultramafic and mafic intrusive rocks
1 E Pre-Tertiary acidic intrusive rocks and gneisses

X124 BAROMES
(Landslides in Japan(The Sixth Revision),Japan Landslide Society, B3 XL 2002)

(2) BATOLDHEE
(a) BA#HI—TESE HBEIZR)

NEE - T-TEFERES (AAERK#HS,1986) | TIXLFHDEO HAK — TEE (Ml 17
R) WEHLEOMELIFA LTS, Z O E AR N T, tHEEmERT %ML
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<, 1.2.5 DRERSIZES L BRiAOBREIGCa L v AT U —RAND OS5 AELR E 6
=bDThD,

HE (mm)
0.006 0.075 0.25 085 2 475 19 75 300
s | ooy | e | e | o | e | B8 ER
Bk var a7 | Er
4 7 fi
RS PR —

125 THFORERDEZTOFVR (BRFE—LESER)

SHBIPRIZESLOTFNS AR snusmicl | WZ10I<UeSUe —NROS\E
r"‘*"“’* LRGN —REROHEE
__®ic) |
<o —ERSAEIM] —U RS
NS RCURiG-F) _[TEMANEIC  —MEECYR
SwsENS<15% | 2 - .
_amia | ENSaEIz0] HERLECYR
s L mnaaEicvi —UERERCYR
—EMm St EIZIM] —LIE R
| axtien — a5t E Iz [ —piRE
15% <M 5 <50% | ierieia s
_ mnt ] — A EIZ(V] — LR
|5 >50%
ShuGBis] {U:ZIIM(U:SJ'U: —NRD s
|5 <5% ERs —RROHES
_®(s]
sat<ion —ENAREICIM —SANBLYS
wnSECUBis—r] [TERANECIC]  —MEECYB
SHSENS<IS% | Y - —
| omss | ER S 8E 0] HERLECYS
b —EmasEiziv] 0 —dUERERLYE
—n S Ez(M] —L AR
ERHE | wmtisF) —EnaaEizic] —RiRE
(B 75um 15% S MM <S0% = " .
b B4 o0 5 EIZ (O] HRR®
_mnantziziv) — AR
kM) J—'W_(Sﬂ‘b —L ik EatEREN
(L5
BRI, l—w..zsoﬁ —Lih(RARRR)
TR AUEL)
_“;5’1{64 l-—‘WLCSD‘b —BRt
[ L9,
P LSt ez som —tot
[ ] !'a‘&u.
| _Ent F Fho2PEL)
BN Z50% i Uicake
FERE(0] r _
(AR AL THRATY) |_= 0% wAREL
FARTKWER — —HERALEL
| kumERBet I—w..ﬂo% —RWLEREeL 15
Y T e E—— P
SRTRER —En
R EACNaR ANENL P |
SEsasEe -RE

1.26 T DI EMHFERE (EE T ¥, 2000 &)
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(b) EHIDH#Z ZER E LT DREEE

G720 THGICB WL, SELEk T - B O S 2 @SN FHE T 5 7o o 1ol g (E
) OVEEMEZIEIEICL, 7V R—VCEHEHAI T 2L b0 rx e LTnb, oS HEIC
DN, £ 1.2.17 DX I ITELOEEMIC I D2 0EREFEN SN TNWD, 2O &M+ 2 X
DT HFEO—DL LT, £ 1.2.18 ® X D ICHRBIZECMIEIZ X 2 BRI S & 5,

F£1217 £TICET5LDHFE(ELREAQON): TARATEHBELEHRE (2011 F£3 B))

% b1
E ] BH B =
A B C
B+ BEUY | BEORARD > THEIFREOREEN | O W, o2 | B (G)
L + KT+ 5 b0 Bt, BoZ 0t | BB+ (GF)
k ANy NEICILRE D IR 0 I | W O :
7 W (S)
WE SIS Y+
o~ il s e . " . wWE L, <9+ W (S)
N )N N7~ S M - a7 LK s
ROW- | WELE | MRS TRy PRICED | e o i WEE (SF)

(FiEt) | BRICLB LS ETFE2obRnb o

+ EHRI A =R bk (M)
Ny N ECHE LB ETED | ;
BEE | SORECRY BL0, 1T 7 | et ey o
BEYF 4 ASRBEL 72 F b0
B — TAF D
BEKIL | /57 b b LB e b | EEDRO RS HEE (C)
ikt | Z7 4T A RBOLO Xmm%%ﬁ@t KIRE R+ (V)
! HHE L (0)

1218 fhR-HRHEITICKSTEDOHIBI (BMKESE 2025)

X5y k=2 iz HEMT 245 & R | PEARME | PRAKME | BRAED
W OE | s LS SRS PN BEM pL o b * * A N
- . WE%ZIRLC DN, W , N .

WoOHE | SL, L, sil YRR LA A DR ESDHVOKREIZRD i i i Hh

" . KEGHPMLET, Zh | vy T 1IARSHNOKRSIZR . .

i BL|SCL, CLy SICL | 2200 Lo e 1 2 2 Sy ] EN BRR
1FEAEREELT 720

AR | SC,SiC,LiC,BC | XAX A L7tk | 23 V0 X ) WilELS b N Hii/ ] /I X
r

CE1ZLEDKTELSE, MEEIRIFEEASLIETIRTHEL, HETBTEFOVLERYEHE TEKICLTHET
%o

mB, R1217TITRENHBEELICHOWTIHM TIILE LY LR 2 TP T & 720 & OFiT
MO A AR O (R 1.2.16) b TWD, 2720, WHEE, Mt t3EoPIZR
CHHE U HEROEATRETH D L SN, £ 1.2.16 TiE TR EITEMREC O bE L),
DEBRETITEARC VKM OSBRERLINATND,
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(3) #NEDLDS

FEAETOLOSEO S E R,

PEICER L7 EOIENT, i Tk
(a) VIXIUSNDRETFTOLDS
(DTextural Classification of Soil (U.S.A)

B (L HRFDHIT

IV Yl +ToOREICET 58 & g

VHETIE, MRESCHEAM LR E OB

Y HiEm AR 2 BET 55
WZHER LR Ao s,
FICK D7)

LERE, PRA) O=fF ¥ — FThbD

1.2.7 IZ U.S. Public Roads Administration (CK[E/A
(PRA,1939), JT & 7257z X313 PRA ORIE O, KIE A NIZ&H - 7= Bureau of Public Roads
(BPR)C 1929 /B S iz, I ERRBRE R O L0 R HEE T D720

BT, v b, ML L, TOEIE]
THETH D,

Do TRIFZRIEE

, R HEE Y 5, LORMIZIER Lcs

(Wb

IGCTEAOF ¥ — b EanHL

Ol Hikm AR BUE T D 5B TIT R0,

1]

5

- o0

bilw clay\0

San= ¢

Clay
Silty (5]
R/Q@\Smdv / 1oam / f“
511ty
3 :
l)\; Sanc ’ r
40 B0 60 70 B8O 90 100
0,0ty mm)

541t (0,03

[¥] 1.2.7 Textural Classification of U.S. Public Roads Administration(PRA,1939)

(2)AASHTO classification system of Soil (U.S.A)
EITEUE %2 (AASHTO; American Association of State Highway and Transportation
SRR — 4 7

KE 2N E E%éc

Officials) |

D08T, EROKIK - BEMEOBIM DD,

T DRi#R & R ORERT
TE AR O fi T

\ZHEH L=

5.128@E#5@C%Tiiéﬁ»*7%ﬁ07fﬁﬁ?éo

Th o0, UREmAREZHET 208 TIER,
General Classification Granular Maternals Sil-Clay Materials
a 8 (35 % or less passing No. 200) (Mora than 35 % passing No. 200)
A1 A-2 AT
Group classification A-3 A-4 A5 A6 A-7-5,
A-1-a A-1-b A-2-4 A-2-5 A-2-5
A-T-6
Sieve analysis, % passing:
Mo. 10 (2.00 mm) 50 max
No. 40 (425 pm) 30 max 50 max 51 min .
Na. 200 (75 pm) 15 max 25 max 10 max 35 max 35 max 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing
No. 40 (425 ym)
Liquid limit 40 max 41 min 40 max 40 max 41 min 40 max 41 min
Plasticity index 6 max N.P. 10 max 10 max 11 min 10 max 10max 11 min 11 min®
Usual types of significant consti- Stone Fragments, Fine Silty or Clayey Grave! and Sand Silty Soils Clayey Sois
tuent materials Gravel and Sand Sand
Excellent to Good Fair to Poor

General rating as subgrade
Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. Plasticity index of A-7-6 subgroup is greater than LL minus 30 (see Fig. 1)

A S
Reprinted with permission of American Association of State Highway and Transportation Officials.

1.2.8 AASHTO classification system(AASHTO,2018)
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(3)Unified Soil Classification System  (U.S.A)

1948 FIZBA%E SN KIE OFE— 1 7388 A7 L (the Unified Soil Classification System : USCS)
Th2 (ASTMD2487), HADK— HEGEOEARL > T D, KR LGRBIOar 27
V—RAOHEA GO TEENEETTY (K 1.2.9 (—#)), LoEMticiER LEsETh 5, U+t
LR AR Z BLUE T 23 TIER Y,

(>50°/o RETAINED ONI_#ZOO SIEVE)

<% fines Czhand1=C,<3 < < 15% sand — Wall-graded gravel
= 15% sand —» Weoll-graded gravel with sand
C<dandior|C.<1orC 3] GP T: = 15% sand — Poorly graded grave!

= 15% sand —= Poorly graded grave! with sand
fines = ML or MH = GW-GM?
Crdand1=C= 3<
fires = CL, CH, =» GW-GC ‘;:

annd — Wallgraded gravel with it
sand — Well-graded gravel with 8t and sand
sand — Well-graded grivel with ciay (or ity clay)

GRAVEL {exr CLAML) > 15% sand — Well-graded grave! with clay and sand
% gravel > 5.12% fines (or silty clay and sand)
% sand

firies = ML or MH = GP-GM q < 15% gand —% Pootly gradaed gravel with sl
= 15% sand —= Pocrly graded graval F
fines = GL,GH, % GP-GC < < 15% nand —» Poorly graded gravel with clay I
for CL-ML} = 15% sand = Poorly graded grave! with clay aand

{or silty ciay and sand)

C,< 4 andior [C, < 1 or €, .11<:

15% sand —» Sty gravel
15% sand — Sity gravel with sand
15% sand — Clayoy grovel

fires = ML ar MH —rl‘;M-q«.
-V >
and — Clayey gravel win sand

*12% rman& fines = CLor CH —» GC-q <
fings = CL.ML —» GC-GM o= 15% sand — Silty. clayey gravel
5%

15% sand — Silty, clayey gravel with sand

<5% fings —» C2Band12C =3 SWT: = 15% gravel == Well-graded sand
\ > 15% gravel —s Well-graded sand with graval
€< 6 andior [C, < 1 or C» §] ———p 5P ket 15% gravel —» Poorly graded sand
>

15% gravel —» Pootly graded sand with gravel

Enes = MLor MH — SW-SM =<1 5% gravel — Well-graded sand with sifl
CrBand1<C< 3< > 15% gravel == Well-graded sand with sill and gravel
> fings = CL, CH, % SW.SC < < 15% gravel —* Well-graded sand with clay (or sity dlay)
SAND {or CL-ML) > 15% gravel — \Wll-graded sand with clay and grave!
% sand > 5.12% fines {or silty clay and graval)

15% gravel —» Poorly graced sand with sit
ravel — Poorly graded sand with ailt and grawvel
15% gravel —e Poorly graced sand with clny (o $ify clay)
15% gravel —s Poorly graded sand with ciay and grivel
{or silty clay and gravel)

fines = ML or MH —bSM-T: < 15% gravel == Sty sand
__,_,_.-——-'—‘—’—'—. > 15% gravel —» Sty sand with gravel
* fings = CLor CH == SC ? < 15% gravel == Clayey sand
—_— = 15% gravel —= Ciayay sand with graval
fines = CL-ML —— SC-SM <= 15% gravel —» Siy, clayey sand
= 15% gravel —» Sity, clayey sand with gravel

% gravel fnes = MLor MH —> SP-SM < <
C,<Bandior [C, < 1 or C» 31(

fines = CL,CH, —» SP-SC <<
{or CL-ML} >

>12% fines

1.2.9 USCS classification system (Coarse Grained Soils) (ASTM D2487)

(b) ZEYLZANERED=OD LD NEDEH —EHIOIEEMEICK 555~
(D India Roads Congress( > &%, IRC)®D Hill Road Manual (4|

A ¥ RiE¥E (IRC) O 1LfHER (Hill Road) d~==7/L ( Hill Road Manual, IRC SP 48-
1998) (IRC,1998) <Ti¥, W L&A HARD L I Lo LA H A8 T 5 HFIESREI T
% (£1.2.19), ZZTOLWOERIIANEHIATRER DL SN TND,

£1219 AUFEREFICKIMUNIEEAZLEY T Em OB T
(Hill Road Manual (IRC SP 48-1998)) (IRC,1998)

Categorie Remarks Slope (H:V)

clay which can be excavated manually by pick axes and/od

Ordinary/Heavy Soil | shovels or with dozers/excavators with normal efforts. | 1:1~1/2:1
Soil mixed with boulders is also deemed to come under thisy
_______ CAUCLONY. o e e o o o o o o e o o o o
This comprises of soft varieties of rocks such as lime stone,
. sand stone, laterite, conglomerate or other disintegrated .
Ordinary/Soft Rock 1/4:1~1/8: : 1

rocks, which can be excavated by crow bars and/or pick
axes without blasting or with casual blasting.

This covers any hard rock, excavation of which involves
intensive drilling, and blasting. This can stand vertical or 0°~90°
even overhanging cut depending on the type/mass and dip
of rock.

Hard Rock
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(c) BEY T ZAUBREDE=ODLTDOEDEF —RNEHZEIC L E90E—
RIPEOBREE P I K A B0 FEDIENC, WIRBERIZER LR dH 5, Y Hikm AR %
P BHTZODOGIEE L THO LI TWAEFINZD,

(Dindian Roads Congress({f > FiE&% %) D Rural Road Manual M4
AV NEEKSZECOHE (Rural Roads) @ Rural Road Manual (IRC SP 20-2002, IRC, 2002) C
6,@i&ﬁ@ﬁ%ﬁm#ék@@i®%ﬁ#ﬁéﬂfwéﬂ, TEX1FEEOATHD (£
1.2.20),
+® 1220 (VFEBRSEBICLS T DS (AERTRIEH:V) (IRC, 2002)
(Original: Table 3.6: Side Slope for Rural Roads (IRC SP : 20 - 2002, Page No. 34))

- Condition _ _ Slope (H:V)
Cutting in silty/sandy/gravelly soil , 1:1to 1/2:1
“Cutting in disintegrated rock or conglomerate 1/2:1 to 1/4:1
Cutting in soft rock like shale 1/4:1 to 1/8:1
Cutting in medium rock like sandstone, phyllite 1/12:1 to 1/16:1
Cutting in hard rock like quartzite, granite Near Vertical

(@GEOTECHNICAL DESIGN MANUAL (ETHIOPIA) M Z&451

2013 FFIZ[FH Ef@}z%ﬁfl (2 RV T ITBUE S 72 BB T AL E  (Geotechnical Design Manual
(ERA,2013a)) 21%, YIHEmARB XU L& EZHET 27200 LOSENR SN TWD, Fito
@é%@k@@wﬁﬁéﬁﬁbkAﬁf%é(%122U0

— AR BT DML TH 275, ZHLSNDO T F A BTN D FeakiE (Black cotton
soil %) (ZOWT, JHIHHA TRIN TV D,

5% 1.2.21 GEOTECHNICAL DESIGN MANUAL |2k M5 %E (AR RIZH:V)(ERA2013a)

Type of Material Cut slope total height (m)
3-6 6-10 10-15

Remark

Consider benching when the slope

Residual clay soils 1:1 1:1 2:1 height is above 6m.Vegetation cover is
higthly recommended

Heavy, plastic clay soils 1.5:1 2:1 — Keep ing the slope dry is extremely
important.

Keep a constant slope. Appropriate

drainage and vegetation is necessary.
Dense transported soils (sub- Reduce the upper portion to 1:1.0 to
angular cobbles, gravels and 0.75:1 1.5:1 2:1 limi . o
. : imit gully formation or widening.
sands in a fine matrix)
Loose to medium dense transported Cover the slope with grass and other

soils (boulders, sub-angular cobbles 1:1 1.5:1 2:1

and gravels in a fine matrix), or talus.

suitable plants and keep the slope dry.

|
|
I
[
]
Granular soils with some clays || 1.5:1 2:1
[
|
]
[
|

70k, [RIEOE KR FHEAEXSE  (Standard Detailed Drawings for Roadworks (ER, 2013b)) (2 (34 #EL])

TARLE LTHE 1.2.22 BRI NLTVD, — AR OW TR PR E 72 S0 K53137e <
VRO T, Fegk b & — AR 12 X5 LT D, S 8EaR 3452k 138 (BLACK COTTON SOIL)
EEDIIXSTHYERL.2.21 DIFNPFHEMTH D,
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3| 1.2.22 Standard Detailed Drawings for Roadworks(ERA, 2013b)IZ&A T D498 (HEERRIEH: V)

SLOPE RATIO TABLE
MARERIAL "Depth of Cut /Ht of
TYPE Fill (H)" [m] BACK / CUT SLOPE
""" ' 0 — 1 3:1
EARTH/SOIL [! 1 — 2 2:1
| 2 —10 3:2
| >10 BENCHED SLOPE
——————— B 0 — 1 3:1
DECOMPOSED 1 — 2 2:1
ROCK 2 —10 3:2
>10 BENCHED SLOPE
WEATHERED 0 — 2 1:2
ROCK >2 1:3
0o — 2 1:2
ROCK >2 1:4
' BLACK COTTON 0 — 2 1:3
Il soiL ] >2 2:1
Il COLLUVIAL ] 0 — 3 1:1
Il DEPOSIT 3 — 6 5:1
I 6 —10 5:1
e _ >10 BENCHED SLOPE

<Black cotton soil>Black cotton soil [, dtK, 7IUAREMIKIZE A MT HERELDO—FET, T
FAET7CIIERMEZEIXREZERETIZERCDRAILLITHD, RESICEABIEFIENLEATHNAT
LN f=C &M Black cotton soil EFEIENTLND, KA ESLEFREEILL, FIFTHLNBEERER T HHELHS
B, ZOENELLDOTERMHBELTER Y, ERERFTIIERAIHELLTHALLGI TS,

@I FVRIZ& D& EEXEDT-HONLESEDEH

UK (XU ) & bEEmT (BF6<AL7 7 U BEEERT) OARO T2 OITHER LT
I OH-FE AT A KZ A > (A Guide on the Application of Pavement Design Method for Low Volume Rural
Roads(ReCAP, 2020)) (ZITAEAEG) EAEL L LT 1. 2. 23 Mg ST 5, JRELOM T F 4
7 O ERAQOI)DOFEZ AR L b O EEHINTEY, =F 47 O A4 BUET 5
DO EIEARL LTS, LnL, RIHN LI TFAET D200 D5 E TR D57
Lo TnD, LOMESCH, vV NOKBERGEZEE LI THD (£5.1.22), $naxais
L E2XGEEELTWDDONRRETH S,
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5% 1.2.23 ReCAP(2020)I2&5XDH 5 (BEFRRIIH:V, EIMAIXERA)

. Cut slope height (m)
=== Material strengthand type _ _ _ <5 5-10 10-15
Coarse-grained ferruginous residual soil | 1:1 1.5:1 NA
1 (45°) (34°)
I Fine-grained ferruginous residual soil | 131 21 NA
I (34°) (27°)
Dense-medium dense (such as sands) | Il 1.25:1
I (45°) (39°)
I Soil Mediurp dense-loose (such as silts and 1.25:1 1.5:1
I sandy silts) | 39°) (34°)
I Loose (such as silts) I 1('354(1,) 1('53;1) (2'710 )
I Soft to stiff (such as silty clays or clayey 1.5:1 2:1
silts) | (34°) (27°)
: Expansive clays ! (227(1, ) NA NA
7| Strong (such as slightty weathered basalt, 0.2:1 0.25:1 0.3:1
well-cemented sandstone or limestone) (79°) (76°) (73°)
Weak (weathered basalt, poorly
cemented sandstone and volcanic ash, 0.5:1 0.7:1 0.8:1
weathered limestone and marl, (63°) (55°) (51°)
Rock pyroclastic rocks
Very weak (slightly weathered tuff, mildly 1:1 1.25:1 1.5:1
weathered mudstone or marl ) (45°) (39°) (34°)
Extremely weak(highly weathered tuff, 1:1 1.5:1 1.75:1
marl/mudstone/shale) (45°) (34°) (30°)

@Rural road design guide (MET, 2008) (Kingdom of Morocco(ERyaEE)) D4
E 1y 2 OfEIERE  (Ministry of Equipment and Transport (MET)) (D3 B ASHE & CHE S v/ JEYE
(Rural road design guide, MET,2008) T&h 5, L7 7 LV AFETHHNHFR L TW5, Ul HiEmS
M2 HET DT OD O TH DN, METEDOAHE & FRE D RN NP (Ei%/u: Lo, 2=
DL E) THEL TS (F 1.2.24),

3 1.2.24 MET(2008) 2kt D0 5E (HERRRIL V:H)

Slope height (m) L _Caonfiguration_of slope __ Cut slope
] Loose cohesive I 1V/2H
H<5-10 J Loose non-cohesive I 1V/2.5H
| Low friction A 2V/3H
Rocky soils A 1V/0.5H
H<10 In case of cavities . 3V/2H
Unfavorable dip . 1V/IH~ 1V/1.5H

eI A SRR T (v — 7R E) IOV TR 5K 2.2.31 IR T Lo iIcot &
XL TERIRIC MG L ARL 2 E D TV B,
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(BRoyal Government of Bhutan(J —%4>/) Guideline on use of Standard Work Items for Common Road
Works (MoWHS , 2010) D245l

T =5 o DNIEFEEFEFEE  (Ministry of Works & Human Settlement(MoWHS)) 3E i J&) THLE S 4
7o 57 (MoWHS,2010) Th 5, Ul HiEmARZHET 57200 D3 TH 575, Ordinary Soil &
Hard Soil @ 2 FHAO I TH S (7 1.2.25),

#1225 J—AVETOLIDHE (BEXRRIEIV:H) (MoWHS, 2010)

8853 45 Primary National nghway (5 1 FEEE)
______ ZDhEE 2 FEEE CHAEOTRALEL
Ordinary Soil | 1:1.0
Hard Soil | 1:0.5
Soft Rock 1:0.25
Hard Rock 1:0.15

@®THE UNITED REPUBLIC OF TANZANIA (2> =7) (MoW,2011)D 45|
Z =T OEEEEE (Ministry of works(MoW)) @ Road Geometrics Manual(MoW,2011) (Z331F 5 %
BHELEZEL-ZLONETHD (£ 1.2.26), HEIHELTT T4 bO 2R LMAET LN TV
[
#1226 oY =_TETOLDHEE (DERRIEV:H)(MoW,2011)

Type of material Slope(Vertical : Horizontal)
______ Hird_Roik_ o 1:1 to 4:1
! Decomposed Rock and/Compact lateritic soils 1:2to 1:1
: Ordinary soils 1:2to 1:1.5

@Taijikistan (9’)#7\9‘/) D=

1986 12 Y b'x MEIROD THEERIZH D W DOINER R IS L 0 HE S 2% ((SNIP2.05.02-85)
T, IVXRRZTHVIFRICHR LI b O 2 FIEOLEL L THAEL# DA TS (GNiPPT 32-02-
2012, KMC,2012) (KMC:# &% A & AL fnEEEE - BEREE SO X 27 GEDOIEFR, The Committee for
Construction and Architecture under the Government of the Republic of Tajikistan ), #PE & khiE L4 F &
HTHE LKL, R EEK L 2 ZJIONEE LTS (£ 1.2.27) . ZO"GNIP" & W ) IEFR
TR R (ERTBARE) BlER LOWIHI L WO BHROr VT REOHENTFE L 5T b D TH D,
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£1227 X RAVETODEIDOHEE (AERERRIEV:H)(KMC,2012)

Soil Height of slope The largest
o1 (m) Steepness of slopes
Rock:
Slightly weathering Upto 16 1:0.2
Easily airy:
Non-softening Upto 16 1:0.5-1:1.5
Softenable Upto6 1:1
More than 6 to 12 1:1.5
Large-clastic I | Uptol2 1:1-1:1.5
Sandy, clayey, homogeneous, | Upto 12 1:1.5
|solid, semi-solid and turgid-like |
kconsistency [
|
jSands of small dune I More than 2 1:1.
I : From 2 to 12 1:1.2
ILoess I | Uptol2 1:0.1-1:0.5
S — J 1:0.5-1:1.5

®EE it 5= EME(FAO, 1998) DEHI
Watershed Management Field Manual: Road Design and Construction in Sensitive Watersheds(FAO,1998)
P ERE R SERRS (Food and Agriculture Organization of the United Nations (FAO)) 2 & % [T
KRFTO~ =2 TV Th b, ZONMEITKEREBEERNF (US Forest Service: USFS) D434 (USFA,
1973) 5 L7ebDTH D, hilk+ 2 IS VAT AESS EOSETH Y, Ul HEEARPEE
ENTWD (% 1.2.28), WIRBERICL D LORYEICIER L72T, MIPKOAELEZTWD
#1228 FAO ARALTLS USFS I2&2 X DN (WERTIEH:V)(FAO,1998)

Maximum Cut Slope Ratio (h:v)
Low groundwater .

. High ter (1

Soil Type (below bottom of = groundwa. er (1)
. (Seepage from entire slope)
excavation)
loose (2) dense(3) loose dense T

GW,GP | 151 0.85:1 3:1 1.75:1 l “YW
SW I 161 1:1 3.2:1 2:1
GM, SP, SM JI 2:1 1.5:1 4:1 3:1

(1)Based On matenal of saturated density approxImately 19.6 kN/m? .  Flatter slopes should be used for lower
density material
and steeper slopes can be used for higher density material.
For every 5 % change in density, change the ratio by
approximately 5%.
(2) Approximately 85% of maximum density.
(3) Approximately 100% of maximum density.

GE)RPDIGW, GP, SW, GM, SP, SM1[ZDUL\TILE 5.1.28 IS classification system DI SymbolllZTRENB5EE ERL
THd,
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<IS Soil Classification System>
A v REETF5FZ%ES (the Soil Engineering Sectional Committee) (Z 1 V) Fcf& i iE L7z 4
MBA v REKREPIRE#S (the Civil Engineering Division Council) (2 & W A&GR X721, 1970 4Fl2A
v R 2 (the Indian Standards Institution) 2K > CTEIR S N7=08EETH D, AR OKEOHE—
TEGHEL AT 5 (USCS) R EDWAMEA mO L edicfligib s, ISv A7 A& LTERASED
DT, BE, HRTEIfEDILTWS (& 1.2.29),
& 1.2.29 IS classification system (Technical Handbook — Roads—, RDPR,2013)

Unit Dry
Soil Group Description Symbol | Weight, gm/ CBR %
cm’
Well graded gravels and gravel sand mixture
| (fines< 5%) GW 2.00-2.24 60-90
| Poorly graded gravel and gravel sand
mixture (fines < _5%) GP 1.76-2.24 25-60
| ?;lg)gravel and gravel sand mixture (fines> GM 2.08-2.22 20-80
(V]
clayey gravels and gravel sand silt mixtures
I (ﬁlfes-‘i%%) g GC 1.92-2.24 20-80
Well graded sand and gravely(fines< 5%) SW 1.76-2.08 20-60
I Poorly graded sands and gravely sand
| (fines< 5%) SP 1.59-1.92 10-30
| Silty sand and sand-silt mixtures ) )
(fines> 12%) SM 1.92-2.16 10-40
| ?Zlil/}ol;ay sands and sand-clay mixtures (fines> SC 1.68-2.08 15-50
Inorganic silt, very fine rock floor ML 1.60-2.00 5-20
clayey silt or ﬁne; sand, Inorganic clay, CL 1.60-2.00 515
| aravelly, sandy or silts
| Organic silt and silty clays OL 1.44-1.60 3-8
Inorganic silt elastic and micaceous silts MH 1.28-1.60 3-8
Inorganic fat clays CH 1.44-1.76 3-5
Organic silt and clays OH 1.28-1.68 2-4
First Alphabets  Second Alphabets
G: Gravel W: Well graded
S: Sand P: Poorly graded
M: Slit L: Low plasticity
C: Clay I: Intermediate plasticity

O: Organic soil  H: High plasticity

ZDOIS VAT MIWRBIEIC L A LOBMEICIER L, Kifk &R0 - ERREDMAS DRI
LD CHEThM Y LT N, Bk 25 B0, —HOECIIEAED) Lk m A6 2 HE S
LD LONEIHEDLNTHEH L H D (F 1.2.28 70 L), HATHAEUEY] +ikim ARl 2 e+
2 HBITIEARWD, IS VAT AR5 PEGEEZFH LIZERRH 5, & 1.2.30 13KETREME
(2024) OREFEEILBAAEZOME - HERERICBE STV PESBIEORTH D03,

I N— TG RRELHEOREIT IS ¥ AT LD HESEOTTERFIHENTWD,
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£ 1230 IS VRTLIZE I EBEHEDOH OKERIEIE, 2024)

7
B -7 R4 i WA
e
1 2 3 4 5
I HERIFRNE, X ERBOR | MEOMIHAEL, +~Tohik
nox & Wk a4 | OW | B MEEEECLL T | BOH L RET
== = S o
0 - <HLL I Lo EEER, p— — -
‘ ks | ) G ba e WERBRNE, NELBOR | 5 1 >OMED LD, Ei-b 5
o Noee| 2 . GP | &t M EE2<H LAHE | HOKROLOEE< G5, FRk
S IO s N i LAEEER, EDOLOERNTNS,
4 5 \ T
Eoalmons | G [mmtme | L | v bmng, nx, pero | foEURELE D EIED
g B Hxok | o & | 0L HEoRe T W e -
O AT
Aogl wee | e T EERTE T TR, nE, BB O | RO R SMILE IR FOC L
" ]‘ I O RS B
B,k } O | swssren - BRI, N BT, ML | BORORIIAA <, =T ok
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% ) EAAN
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(©Province of British Columbia ,Canada M Z& 45l
AFEDT VT 4y vaan BTN TOHRK, B L, KKNEFEFHHEL ORI EE (Ministry
of Forests, Lands, Natural Resource Operations and Rural Development: MFLNRO) D#ER G~ == 7 /L
Engineering Manual Geometric Road Design(MFLNRO,2018) TO LD 3FETH 5, Yl1m 6mAH DY)
TEEARZHE L T D (R 1.2.31), WIRBIEIZE S HHTH D,
# 1231 MFLNRO [2&5E D505 (HEEHRRIEH: V) (MFLNRO,2018)

Cut Slopes
T e Suggested Cubt Slope
VBB RS Examples of Material Types? forAcnfge]Sank
______________________ Height < 6 m¢
Road cuts in loose to compact SANDS or I
Coarse grained Soils? SANDS and GRAVELS | 1%:1
(not cement and non-cohesive) l
| 17:1
Road cuts in loose SILTS, or soft cohesive soils for lower cuts
such as SILTY CLAYS or CLAYS I to
) ] ) (not consolidated and not Cemented ) | 2:1
Fine-grained Soils I for higher cut
Road cuts in hard cohesive soils such as SILTY I 1:1
CLAYS or CLAYS (consolidated) | or flatter
|
Dense Glacial Till | Road cuts in dense to very dense GLACIAL | 3/4:1
/Cemented Sands and | TILL (i.e.,basal till), or cemented SANDS or a .tt
Gravels SANDS and GRAVELS I or Hlatter
_______ Road cuts 1 strong, good quality ROTK mass 1/4:1
with no significant weaknesses to vertical
Road cuts in other ROCK types should be flatter
to include any weaknesses from the effects of
Rock® structural discontinuities in the rock mass, and 1/4:1
other factors such as the strength of the rock to
material, and the spacing, aperture, roughness, 1Va:1
filling, weathering, and orientation of
discontinuities

Notes:

a Not all material types in the soil groups are represented in the table.

b For the design of roads located in domestic watersheds, on sensitive terrain, or in other areas where transport
ofsediment or landslides may adversely affect resources, it may be necessary to use flatter cut and fill slope angles
to reduce the hazard of erosion or failure of cut and fill slopes. During construction of roads, it may be necessary to
build flatter slopes where the road prism exhibits signs of distress, such as, for example:

(1) cracks or scarps within original ground above the top of cut slopes, in the road surface, or
within the fill slope on the downslope side of the road; and

(2) significant zones of ground water seepage such that localized failure of cut or fill slopes are
expected. Alternatively, installation of retaining wall structures may be needed to reduce
excavation, contain bank material, or prevent slope failure. The significance of observed
seepage zones might dictate application of other special measures to reduce the likelihood of
slope failure during construction and over the operating life of the road.

¢ Consider the need to obtain advice from a Specialist for cut heights greater than 6 m, or where the ground slopes
away from the edge of the excavation at a slope steeper than a ratio of 3 horizontal to 1 vertical. The advantages of
steeper cuts may include: less area occupied by road; less excavated material; less sidecast; and shorter slope lengths
exposed to erosion processes. The disadvantages ofsteeper cuts may include: increased difficulty to establish
vegetation; increased chance ofslope ravelling, tension crack development and slope failure; and increased road
maintenance costs. The disadvantages ofsteeper cut slopes can be reduced if high banks are avoided.

d Erosion control may be particularly problematic for slopes composed ofsand, silty sands, or silts.Consider the need
for erosion protection measures for cut slopes, fill slopes, and ditches, such as revegetation, soil bioengineering and
biotechnical slope stabilization techniques, riprap, or other special slope treatments.
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e Ifpotential problems are anticipated for rock slopes either during design, construction, maintenance, or deactivation,
consult with a geotechnical engineer or other rock slope specialist. It may be necessary to address the need for special
rock slope stabilization measures (e.g., rockfall catch ditch, wire mesh slope protection, shotcrete, rock bolts)

X ERFBEBRKBUSFS)DEH]
#:1.2.3213 K [E %48 #-K R (Department of Agriculture(USDA),Forest Service(USFS)) 73547 L T
% FRIE R O~ = = 7 /L Low-Volume Roads Engineering:Best Management Practices Field Guide (Keller
and Sherar, 2003)|Z 45 AV T W D AERR FHRFO U TIER AR Z HET 2 Lo ThH 5, WIREIE
[ZHEASLHET, HITTKOFELEZ X TV D,

#1232 TEDEWVIKIDILRENE —MRE (DEERFIEH:V) (Keller and Sherar, 2003)
Table 11.1

COMMON STABLE SLOPE RATIOS
FOR VARYING SOIL/ROCK CONDITIONS

Soil/Rock Condition Slope Ratio (Hor:Vert)
Most rock Ya:l to Ya:l
Very well cemented soils | Ya:1 to Ya:1

Most in-place soils | Ya:1to 1:1
'Ver_y fracturedrock™ — T I:1to 1 %:1
ITJOO_se?oe;se_graEuIZr soils .: 1 %:1
jHeavy clay soils I 2:1to 3:1
|Soft clay rich zones or I 2:1to03:1
| wetseepage areas I
IFills of most soils I 1 Y:1to 2:1

IFills of hard. angular rock__ 11/3:1
Low cuts and fills (<2-3 m. high) 2:1 or flatter
(for revegetation)
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(4) BROEDHEE

AARTIEG L7 EOLTHE COBERSITEBWTIE, SREHE O S 2 0iEMICTH G+ 5720
A s (B OEEMEZEEIC U COE LEAHBES LT\ D, L LRI X DHEIN
Tond boxiia, Uy NZX2HINThs bOEEE, 7 R—FOP R CEBmAI T X
259 b0EtE LTS, ZOLTOEERIZEDXSIZONTIE, i TEROE, X1
— X —ORESDE, FHFEOE WL > THEMIAHECTHH DD, ZONEIENEGORED A%
ELTEHALTND,

U v o HBHIOEZEN (VoY 7 ) OBRGIIH-ILOEMEREELZ —>O L TE LTS,
HITyE (BREIEEH) omARA (X5.1.11 EEETEH (AARERKHS, 2009b)) ([ZXiui7 v
R —H ORI K 2 HRE O FHFEFH O FFRITH LR HE 0.7~0.8km /s FRETH Y, PLHMED
b5 32t KT R—F DV v MEETITHMEREE N 0.7~2.0km /s FEE DO HLIIRAI FTHE & 72 5,
X 1.2.10 (ZZNENOVEZEMMOIEHE] FTREZ i LI R O 2 R b0 Th Y, LT LbA
X5y OFEPHZ T H O TIEARWVD,  EIROVEEMEA R L aBARICE ST, T L iis okt
Fo i LBRVERGERE 1S 0.7~0.8km /s 2 (KO FMR) TH Y, #CE & RHE OBE O Hh L 8
1% 2.0km/s (KOARFR) R L RS2 L3 KD,

G RE (km/sec)

S . 3
$r e bikA —NEZFAHAN—F
e by 2l NN
ThF—FRUFEAZ L — 2
(1w ¥ 2RI
¥ = ~ b -3
TAhF—HFRFRAZ L — 23
(1) > ¥
W o iR TN F — W
(21t
¢ (32t#k)
(434
5t B
o F W RE T MRS

1210 EHITEOFERARA B+ TEM (A XEKIHS, 20090))

Fio, EEETEMH CFk 21 4 6 AR <Tif, LTLICBT25HEKOLE0NE (F 1.2.33, i)
TR, TR, A ORMEMIZEO BL L e 2 MEREE N REINTWD, Uk b E#E0
TIRME, T2bbils & LW OB R OB HEE L 700m /s F2EE, TG LL B2 &g, #os
& DEER O MR E X 2,000~2,800m /s F2EE L 72> T 5D,
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1.2.34 DX HiT 5,

£ 1234 BEHETOEZEMEEILE MY FEREZHL =L
ER A THEH (2009) % H&H)

(FETHS (1974), EKLE T-HERHEAEH (1986),

IV U+ T oRHICRET 28 & fE
£1233 TITIZEHRERVEIONEGERT T -+ HHAEEH (BRERIHS, 1986))
- B Hﬁﬁ +E %5
& B . B g 2 Kiéi@#%%
LD FIG
@_ T [ ENORES LTV, TRR0T [TEEEEE T T T T |
| A O, BEEOBRVLD 3, 000m/sec P41 .
= R BB EVEATRNE O (o | FIEREHE !
= F'Eﬁlir% 3o~5ocm %irg@w)) 2,000~ 4, 000m/sec I
Ly \_/\‘/‘r‘ N | >
=y A /%f%%ég%%g Sl b o, ) // %EﬁJ 700~2, 800m/sec I
X T;ﬁ%“?ﬁ%&ﬁ@%?ﬁ?ﬁﬁmmﬁ ________
O CHEEZR S O
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EH G EA | Ny FREIC BFEOTERT W | LA
HD ZAH A UK
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. FEDRANNH - THHIF D GER MK i Ny e {G)
BELOE |\ Ty zu0 ; L BROZ L #E L GP)
b ATy R R ST DGR (272 VI | W O » 1S
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s e . N, weEL, F&i4 W {S}
. PEINE S T, Ny M Sk | o ’
wom £ | WA AN K437 O B\ D W T - (SP)
+ Py MEEEIR LB B S0 |, b
DT o VR TE fx@%fu%@ N e A= B L LR ERRHE - (V)
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)74%%%&@0%b%@ R L ()
2 HE N7 —
B A K | 3y MR ECHE LS RS 1T %ﬁgﬁh%@i RNl
Az | \‘] e § g \ e Az y
koM | AV T BAENBO KR B b |- koM £ {0}
(AE 1) A B - (Pt}
) EROFHIHBHEEDZ O EDICONTTHY, FHCZDIRIEIC Lo TRE LSBT 2O THEET S 2 &,

BTDL, E%T@%I@k%m#ﬁﬁ R 2 T LIy B2 & L Cidsk

MEDB R

e B TORIMIC & D3prEs B L) BB P R R
e EH - HEHAES (1986) W TEH (2009)
b 21t ¥k 7V K=Y OHEEMIC K D IREIEZED Al HE 700m/s T
21t K7V K=V OHE I X B HREIVEZE )N R
= 2.0km/s FEJEL
e DTN R—PD Y s YN TTHE s FERULT
i 2tk TN R—H DU v _EZEDS K 2.0km/s FEELL

62




IV Yl +ToOREICET 58 & g

(5) #NEDEDHEDEH (FREYVLEEDERED-HDEDT )

Y+ AE A BET 25 HE D L, —ERICAARD X O ITHEIOVEEMEEZ B2 LT 5 HHIT
HHLOD, 1FEAEPNEFEBLOZOBRULEEIC L > THEL TV, £, BAROIEHIOESEN
MOWRE DS, W (R 1.2.22728) 1%, #AETOSEMENHIRE D Soft rock, Hard rock
NI a— L OBURTIIR VO THEEEZET 5,

(a) EBIDEEEICEDICHEE
(Dindian Roads Congress(f > FiESE) (Hill Road Manual (IRC SP 48-1998) M4

# 1.2.35 X AR L [ERRICHRAI O EZ BZIZ L TEDBEHEIT> TV DB Th 5,
Ordinary/Soft Rock & Hard Rock @ 2 % L 2>720),

£ 1235 AUREBRESEIZEDBDHDEE ( Hill Road Manual (IRC SP 48-1998) (IRC, 1998)
Categorie Remarks Slope (H:V)

This comprises of organic soil, clay, sand, moorum and stiff
clay which can be excavated manually by pick axes and/or
Ordinary/Heavy Soil shovels or with dozers/excavators with normal efforts. 1:1~1/2:1
Soil mixed with boulders is also deemed to come under this
_______ CUCTOLY o o o o o o o o o o o o o o

This comprises of soft varieties of rocks such as lime stone,
sand stone, laterite, conglomerate or other disintegrated rocks,

|
. |
Ordinary/Soft Rock which can be excavated by crow bars and/or pick axes without | | VaI~1/8: 2 1
blasting or with casual blasting. 1
This covers any hard rock, excavation of which involves I
Hard Rock intensive drilling, and blasting. This can stand vertical or even I 80°~90°

overhanging cut depending on the type/mass and dip of rock.

(b) BRELZTOMKICEICHEE
(DIndian Roads Congress({ > FiE &% %)M Rural Road Manual DE 4
A RIEKS#HOM 7 E (Rural Roads) @ Rural Road Manual(IRC SP 20-2002,IRC,2002) Ti, )+
EHEARZBET D720 DEDFENRENTND (R 1.2.36), ZTaflE ZOMIRIZE D758
Th s,
& 1236 1UNFEREEICKDED 7 (RC, 2002)

Condition Slope (H:V)
Cutting in silty/sandy/gravelly soil 1:1to01/2:1
Cutting in disintegrated rock or conglomerate | 1/2:1 to 1/4:1
Cutting in soft rock like shale 1 1/4:1 to 1/8:1
| Cutting in medium rock like sandstone, phyllite L 1/12:1 to 1/16:1
_Cutting in hard_rogk like guartzite, granite_. _ — — — — _ - Near Vertical

(@Rovyal Government of Bhutan(J —%4>) D45

7 1.2.37 137 — % o OAEFEMEES  (Ministry of Works & Human Settlement(MoWHS))  03E )5
THE S 7= 5% (Guideline on use of Standard Work Items for Common Road Works (MoWHS , 2010) )
(ZHi S M- O BB AR 2 BUET 5720 DA D53 TH %, Soft Rock & Hard Rock O 2 FiHD
DETHD, THUEREICESS GEHEWR D,
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#1237 J—AVETOEDNDHFE (BERRIEIV:H) (MoWHS, 2010)

435 Primary Natif)nal Hi{ghway ('ﬁ"%' 1 *E[EIEE) \
ZOME 2 7EEE, =B MmABELITIhIEL
Ordinary Soil 1:1.0
Hard Soil 1:0.5
: Soft Rock I 1:0.25
j| Hard Rock I 1:0.15

(c) Bt F-IEEEDEEICE DI HEE

DTajikistan (FZFR22) DHEH

1986 2 Y B MH#FRD THEFRIZH D5 DINEE ) 1T X HUE S 7o 54 ((SNIP2.05.02-85)
T, BURAL L THEYIEEICHR L2 02 FRIEOHEREL U TEE bl Tuvd (GNiPPT 32-02-
2012, KMC,2012) (KMC:# ¥F 2 & A ALFEERR - @EEEZE 20O X 7 FEOMEFER, The Committee for
Construction and Architecture under the Government of the Republic of Tajikistan ), Y] -3k AEL & U115
ERETDOOEOHETHD (£ 5.1.37), ZHUTEUL - BEFORREICESS M TH D, 20
"GNiP" & S BEFRIE THER TR GRTIBASE) Hfhs L ORI & W) BRO v U TR T A & o
=HDTh b,

#5137 3DXRFVETODENDHE (ABERTIEV:H)(KMC,2012)

. . The largest
Soil Height of slope (m) Sizzpies ol
Rock: [
Slightly weathering I Upto 16 1:0.2
Easily airy: |
Non-softening I Upto 16 1:0.5-1:1.5
| Softenable I Upto6 1:1
e e e e e e e o More than 6 to 12 1:1.5
Large-clastic Upto 12 1:1-1:1.5
Sandy, clayey, homogeneous, solid, semi-solid Upto 12 1:1.5
and turgid-like consistency
Sands of small dune More than 2
From 2 to 12
Loess Upto 12 1:0.1-1:0.5

1:0.5-1:1.5
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(QFEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA (TF#4E7) NDEH|

7% 1.2.39 1% 2013 FFICEFEEINC X 0 Hi7- \TBUE SN 7B Bk ETHEYE  (Geotechnical Design Manual
(ERA,2013a)) TH 5, T EEBEOZTNETNICONWTHEENTWD, UHEmAERE L0 &%
HET D78, SFEICLD1E0, JBL, RS, i - BROBREIC L2500 ER eI Tn5,

#1239 IFAET7ETODEDRIE (BEFERRIEH:V)(ERA2013a)
Cut-slope height

Type of Material <1om 10-16m | 15-20m Remark
Fractured ~and “slightly to
| moderately weathered basalt 025:1 0751 1.00-1 Remove hanging blocks before cutting.

This minimizes the formation of overhangs

Fractured and weathered basalt

| in blocks, cobbles and gravels 1,001 1251 1501
of all sizes in a matrix of silt or
clay

| Weathered tuff, volcanic 1,001 1.25:1 1501

breccias or agglomerate

Fractured, slightly weathered,

: ; X . . . Apply controlled excavation; benches and
I thickly bedded limestone with 0.25:1 0.50:1 1.00:1 drainage are needed at different heights.

! intercalations
1ghtly weathere an Remove weathered and unconsolidated

fractured mudstone and marl portion at low angles. Drainage is
1.00:1 1.25:1 1.50:1 important to keep the slope dry.
Reinforcement works and erosion
controlling measures may be needed.

Slightly weathered, poorly Controlled or trim blasting s
cemented sandstone, with 0.25:1 0.50:1 1.00:1 recommended so as not to damage the
poorly defined stratification rock behind the cut face.

Shale has a characteristic of being
Weathered, highly friable shale 1,001 1.50-1 2,001 deformed when wet. Hence, drainage
and jointed mudstone o U o systems are needed to keep the slope dry.
_________ o Benches may also be required.

For discontinuity-controlled slopes, each will need to be assessed on a case by case basis.

728, [RIEOE KR FHENEX 4 (Standard Detailed Drawings for Roadworks (ER, 2013b)) (213 #EY])
Al LTH# 1.2.40 75‘1%%252%“(1/\6 [A122 D Back/Cutslope DIEN LY T 5, RIRIZEBIT 558
DO FEITEALCERE ORREIC L D0 TH D P, EHROU L TR Tl Z OU) AR — A F
Mantnag,
% 1.240 Standard Detailed Drawings for Roadworks(ERA, 2013b)MD & D 7 #E (A B R RIZH: V)

SLOPE RATIO TABLE
MARERIAL TYPE "Depth of Cut /Ht of Fill (H)" [m] BACK / CUT SLOPE

0 — 1 3:1

1 — 2 2:1

DECOMPOSED ROCK 2 —10 3
>10 BENCHED SLOPE

0 — 2 1:2

WEATHERED ROCK =) 13

0o — 2 1:2

ROCK ) 14

0o — 2 1:3

BLACK COTTON SOIL = 2]

0— 3 1:1

3 — 6 5:1

COLLUVIAL DEPOSIT 6 —10 5.1
>10 BENCHED SLOPE
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QI FVRIZK S LEXEDT-HDEBRIEDEH|

UK (fF V%) @ bEmT (B2 6 <47 7 Y BEDERT) OZ4ROT=OIT/ER LI #)7iE
ORI A N7 A > (A Guide on the Application of Pavement Design Method for Low Volume Rural
Roads(ReCAP,2020)) (ZIFHEHEY) A8 & LT 1.2.41 Mg ST\ 5, Filofs e =F 4
7D ERAROL7)DREZ —HAER LD LTHMINTEY, =F AT OREEG AL BET S

IV Yl +ToOREICET 58 & g

FOOEDEE AL LTS, BULOREICIE S A TH 5,

& 1241

ReCAP (2020)I2 k2B D738 (AERFRIIH:V, FIINIZERAH)

Cut slope height (m)

Material strength and type <5 5-10 0-15
. . . . 1:1 1.5:1
Coarse-grained ferruginous residual soil 45°) (34°) NA
. . . . . 1.5:1 2:1
Fine-grained ferruginous residual soil (34°) 27°) NA
. 1:1 1.25:1
Dense-medium dense (such as sands) (45°) (39°)
Soil Medium dense-loose (such as silts and 1.25:1 1.5:1
sandy silts) (39°) (34°)
. 1.5:1 1.75:1 2:1
Loose (such as silts) (34°) (30°) %)
Soft to stiff (such as silty clays or clayey 1.5:1 2:1
silts) (34°) Q7°)
Expansive clays (227}) ) NA NA
Strong (such as slightty weathered basalt, 0.2:1 0.25:1 0.3:1
I well-cemented sandstone or limestone) (79°) (76°) (73°)
| Weak (weathered basalt, poorly
cemented sandstone and volcanic ash, 0.5:1 0.7:1 0.8:1
I Rock weathered limestone and marl, (63°) (55°) (51°)
| pyroclastic rocks
| Very weak (slightly weathered tuff, mildly 1:1 1.25:1 1.5:1
weathered mudstone or marl ) (45°) (39°) (34°)
I Extremely weak(highly weathered tuff, 1:1 1.5:1 1.75:1
| marl/mudstone/shale) (45°) (34°) (30°)

@THE UNITED REPUBLIC OF TANZANIA (B4 =7) D=4

#1.2.42 13X Y =7 O#EHE  (Ministry of works(MoW)) DiE K it~==7/ (Road
Geometrics Manual(MoW,2011) ) (23T 25 DT, JEYLSLCEFEOREIZE SN THFHL T\ D,

1242 3 H_FETOEDDE (AEERFREV:H)(MoW,2011)

Type of material

Slope(Vertical : Horizontal)

T T 7 7 7 HadRock 1:1 to 4:1

L

I Decomposed Rock and/Compact lateritic soils| 1:22to 1:1
Ordinary soils 1:2to 1:1.5
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GEE t F 2 EHBI(FAO, 1998) DA

# 1.2.43 (TEHEFRIEMKE] (FAO) (1T X% 1L TOBERERFHD~ = = 7 /1 (Watershed
Management Field Manual Road Design and Construction in Sensitive Watersheds(FAO,1998)) (23515 %45 D
SHETHD, ZOHFEITKEREE MG (US Forest Service: USFS) D434 (USFS,1973) 5| L
bDThD, ARELEROREIZLH2EDOSET, UHERARBHESN TS,

3 1.2.43 FAO HMEALTLVD USFS ICKAILEEREZFTFDEDHE (AEKRRIEH:V)(FA0,1998)

Maximum Cut Slope
Rock type Ratio
Massive Fractured
Igneous (granite, trap, basalt,and volcanic tuff) | 0251 0.50:1
Sedimentary (massivesandstone and limestone; I 0251 0.50:1
interbedded sandstone, shale,and limestone; I 0.50:1 0.75:1
[ ]
massive claystone and siltstone) ; 0.75:1 1:1
Metamorphic (gneiss, schist,and marble I 0251 0.50:1
slate); I 0501 0.75:1
i
(serpentine) I Special investigation

®Province of British Columbia ,Canada ()54l

£1.244 30T DT VT 4y yaamanr BTN TORK, [EE, KEEGPBETEE LR
%4 (Ministry of Forests, Lands, Natural Resource Operations and Rural Development: MFLNRO) D #Ki# 3%
7t~ = = 7/l Engineering Manual Geometric Road Design(MFLNRO,2018) TOAEDO3FETH H, Yt
& 6mATHOY) TEm AR 2 HLET 5 08T, i - BROBREICESIHETH D,

% 1244 MFLNRO IZ&HEDHEE (HEEFRRIEH:V)(MFLNRO,2018)

Type of Cut Slope
material . Suggested Cut Slope Angles for
__ _ | _ Ixamplesof MaterialTypes | cu¢Bank Height <6 m
[ Road cuts in strong, good quality ROCK mass || 1/4:1
[ with no significant weaknesses I ¢ .
o vertical
| i
I Road cuts in other ROCK types should be flatter ||
[ Rock to include any weaknesses from the effects of ||
[ structural discontinuities in the rock mass, and I 1/4:1
i other factors such as the strength of the rock | to
| material, and the spacing, aperture, roughness, 1741
filling, weathering, and orientation of I
| discontinuities |
i |
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DORERFBHERKBUSFS)DEH
#1.2.4513 K [E 5 M (Department of Agriculture(USDA),Forest Service(USFS)) 73 %47 L T\ 5
MIE T (D~ = = 7 /L Low-Volume Roads Engineering (Best Management Practices Field Guide (Keller
and Sherar, 20032 fg# AL TV D RIERR FHFO ) LR ABL 2 BLET 25D ETH 5, k- &
HOBEIZE S HETH D,
#1245 BHEOEWVCLIRENR —MRME (DBRSRIEH:V) (Keller and Sherar, 2003)

Table 11.1
COMMON STABLE SLOPE RATIOS
FOR VARYING SOIL/ROCK CONDITIONS

Soil/Rock Condition Slope Ratio (Hor:Vert)
E\/Io_st E)Ck_ _____ | Ya:l to Ya:l
Very well cemented soils Ya:l to Ya:l
Most in-place soils Ya:1to 1:1
rVery fractured rock [ I:1to 1 'a:1
Loose coarse granular soils 1 %1
Heavy clay soils 2:1to 3:1
Soft clay rich zones or 2:1to 3:1
wet seepage areas
Fills of most soils 1 %:1to 2:1
Fills of hard, angular rock 11/3:1

Low cuts and fills (<2-3 m. high) 2:1 or flatter
(for revegetation)

(6) SENEEY T ZEARREIZS TS LR - SRHEOEIZEOLE
ZETHRY B 7= A EOEAED) HIEE AR EICB T D 1 - EESFHOREE (MRS
WTWDH) ([ZOWTEHET 5,

R IOV TU,

Ot ToVEZM:

QL OWRBIE « RifR - FEEDOE W, KEVESV FEENEFETRODN)
OFpEk L3 h vl H 3D

@M T KO

D4IHH TEBETE S,

SEREREIZ OV T,

O ToOVEHEM:

QEALCHERE OFREE « sRE L2 G5By, [ L 72 AR RGO 53\ VEE )
O - BHOFESE - BAOMRIZ L MR-, L2 8HET 2 05 )
@ FE

D AIHE TEHTE D,

P LR AR 1.2.46 1T T,
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1246 FEDFEFEYLZEARICETHLE - 2B EDER

TERE EBMm
moj A B (M e R (| %
I | B % T T |i& B &
‘ 22N = S R e O B P -
PELARREDN-HODOLE - ERBNEOHEEFE 1 | 8B (B 0 £ B & KX |
£ | ~ | E B R K |X
% | A ® |t 00 5 |2
23 B OE |
E B
BN O] O |0 O
Indian Roads Congress Hill Road Manual Ol O |0 O O
Indian Roads Congress Rural Road Manual O O
Royal Government of Bhutan O O
Tajikistan O | O O
The United Republic of Tanzania o |0 O O
Federal Democatic Republic of Ethiopia O 10 0|0 O
Canada O O
USA O O O
THE UNITED NATIONS O O @) O

TRbRME O FESEIIEEE bARBIEICERZBW - SHETH D, AR Y R TIEIh A
ST DI TOEEMZNZ T\ D, AARD X 912 TOVEEMEZSEOEEL T 5013 LA
EFNTH S,

Bkt (FOEIMECOMT 21T, BATIEES LRV T AENHKYT D) 1220 T,
AARTIERIRIZ AT L CENZNUTIE Uz B R AR 2 52 E L TV 5 2%, I CIldRek S Lo
SPHEO—FE U CEEY HER AR ORISR L TR Y, RV E LT,

W5, ZIUIBKRENZ N E WD HRDRG ML I TKOE A FFIEIC L TWAETIE, HiFK
Do HGEIIURERARZ LVE LTS, BRTIIAREZHELS 750 TiEkl, BA—Y 7
S BLE L CHL K2 HEBR T 2 H 1A Tt LC, HHLOBIRKI 25210 v D BARD SR &
KL TWDHD (MITTFABZDNG &S o THREICAR 2 HkRWE) B2 6D,
SRR C ORI, SREEZEMICKS LTS b0, SEOSEEZ RSHETHO TS D
D, EALRLERE ORI ERAE S b D, M - BROBEICEREZELS D, HDLWIEZENLOMM
HBEDEEZEICL TNWDREZRTH D, HHFRIED EOHIE Ty e & O MU 7@ 0 <o) 1%
R LR, 72720, AARD X 51, JHEMEEGERE & #E) LT 25 TO/EEM A2 O &
TOEITAR L, BAROEOHGEIEEIIFFRA TH D, HET2HBMNRENTH L E LEY, BHA
DEEIIHIT 2 HBN L THDH Z LITZ, TRENOEEORIL, BiOBRELZHETH LT
%, Y EHE TRFOBLGOHW TR L AB 2RO HLERH D, T OT-dITHE Tk (EH) <
OIEEMETO AR Z W TE DMIIANHAE I D52 RN EWVIFERDH D,
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(7) FHLWEEY T ZEARERTET 5 -ODMILSEAEICOLVTOHEH
SHREOEFEEZBEL, UTDX 7% 2 50 FEHTESWTHI LA EA R ET 5,

@O RFBRIE O H LA RRIA L A0S T ol THEASIHREIC 22 > T T, BEAF O LAY R CRIE
WHEL TORWEAE, YHEOHLEARAT 5,

@ XI5 ECHEEY) HERARNRE SN TELTH LHET 256, b L < IHMEHED T Em AR
TR E STV D D3R E O i I VE N2 ER) TRV 2 OB LV, ML HE CHEA L oR
RERHAE L T DA, BAROEREY) Ly AR E HLE LTV S HE TS & 2 #La 8 i iEE
BRI D,

Tebb, THRE T, FERTENSAT D25 EERE, UEO LI OV THIRBIZIC L S

HE Chife - Kitk, MV EGV) ZHA LT D0 EERL T, TNEMFET D72 LOfE

EWIC L DB EMZ 50D Th D, —J, HERM T, YEETHELT 8% &2 oAUt -

W ORBREZHRB LN 6L, AAD X 912 TOEEEZDEOES LT 258k (&

1.2.47) ZREZTLHHDOTH D,

1247 EEHETOEEEEHILGEM R EEZ B =HILASFED B R (X 1.2.34 H15)
(FETHS (1974), EKLE T-HERAAEH (1986), &R TEH (2009) Z %)
M 1115y 4B EHTOBIMIC X S R b L B4 SRR R

7= W TS AR (1986) W T (2009)

b 2T N R—F OB K 2 IBIEED ATHE 700m/s F

21tk 70 R—=F 0PI K 2 IHIVESE DS N

“ 2.0km/s FEEL
PE s kv o e s FEREELT
i 32tk TN R—F DU v SWEED K 2 Okm/s ELEELL |-
<BIRAXE >

AAER S (1956) @ AR T THE#, ERK TIEEES 104 (B 31 4F)
AARERK I E (1967) @ JEEE - T, (BF42 4)

AASER IS (1972) @ OV L& RHmZ2E THREr (3 47 48)

AARERKE (1977a) @ BT, (BF 52 42)

HAEKIS (1977b)  EK+T-HERERES 0E3F0 52 4)

AAEKH S (1979) : LT —0vm L - flimZe e Tiet (HEF 54 48)
AAEKTS (1986) @ EEKET-HEHHAfE (61 4)

HAEK#S (2009a) @ EEE LT -8+ T - Rl E Tiet PRk 21 4F)

HAGEK #h2 (2009b) : B FE - T2 Rk 21 4F)

TE TS (1973) « HESEIER D NI BRERERIEJSF-C-1)

TETYE (1974) B0 TFRMHEE L ikGE - i T~OIGH, p.361-378.

TE T2 (1990) : HEA Bt T 74585 JSF T 01-90)

g T2 (2000) - ##EESELO TR0 57 1E (A AR —2FHE) (JGS 0051-2000)
s T4 (2020) @ MR D T 20955 %6 515 (JGS 0051-2020)

LEELSIR (1984) : HRHIME TED & A TE 0 — R B, #05, 850 3 K22 T, Ik VB Rf

Bl DEESE), pp.119-131.
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EJFI-E(1950) « TR TTHAE, APBRIE, M - B Tk 1% (R 25 48 12 /), SHENER
A H=RR(1955): toAR % (B3F 30 42 3 A), EHEH
HATEHAM (1961) @ Al i G2 0 (S36, 8)
MERERAE 2 — (2025) : HAFIESOHE L #51E,  (https://www.gsj.jp/geology/geology-
japan/geology-japan/index.html, 2025 £ 4 H 10 H &)
HAHI <D 522 (2002) : Landslides in Japan(The Sixth Revision)
[E+AzmE (2011) @ BARTHIBERE (201143 A)
EMKEES (2025) : 6 THERZWIOHIE,
(https://www.maff.go.jp/j/seisan/kankyo/hozen_type/h_sehi_kizyun/pdf/ktuti6.pdf, 2025 4= 4 H 10 HZ
)
KE PR (2024) « W ERASLEMARE H2m #HE - LEHER (5 6 £ 4 H)
(https://www.water.go.jp/honsya/honsya/keiyaku/techinfo/pdf/gyoumu1504 1507teisei 02.pdf, 2025 4F 4
H 10 BZH)
PRA(1939):Textural Classification of Soil, U.S. Public Roads Administration(PRA)
AASHTO(2018): AASHTO classification system of Soil(U.S.A), American Association of State Highway and
Transportation Officials (AASHTO)
ASTM(1948):The Unified Soil Classification System (USCS), ASTM D2487
IRC(1998): Hill Road Manual, Indian Roads Congress(IRC), (IRC SP 48-1998) , India
IRC(2002): Rural Road Manual, Indian Roads Congress(IRC), (IRC SP : 20 - 2002), India
RDPR(2013): Technical Handbook- roads, Rural Development & Panchayat Raj Department of India(RDPR),
India, (https://www.tnrd.tn.gov.in/buildings_design/Roads_Bridges.pdf, 2024 42 H 5 H &)
ERA(2013a): Geotechnical Design Manual, Ethiopian Roads Authority (ERA) , Ethopia
ERA(2013b): Standard Detailed Drawings for Roadworks, Ethiopian Roads Authority (ERA) , Ethopia
ERA(2017): Design of Low Volume Roads, Ethiopian Road Authority(ERA), Ethopia
ReCAP(2020): A Guide on the Application of Pavement Design Method for Low Volume Rural Roads, Research
for Community Access Partnership(ReCAP), UK, (https://www.research4cap.org/wp-
content/uploads/ral/Roltetal-TRL-2020-RuralRoadNote01PavementDesignMethodsLVRR-ReCAP-
GEN2166B-200710.pdf, 2025 4£ 4 A 10 HZ /)
MET(2008): Rural road design guide (in French: Guide de conception des routes rurales), Ministry of Equipment
and Transport (MET), Kingdom of Morocco
MoWHS(2010): Guideline on use of Standard Work Items for Common Road Works, Survey and Design Division,
Department of Road, Ministry of Works & Human Settlement(MoWHS), Bhutan
MoW(2011): Road Geometric Design Manual, Ministry of works(MoW), Tanzania
KMC(2012): Automobile Roads/Highways (GNiP PT 32-02-2012), Road Design Standards in Tajikistan,
Tajikistan
FAO(1998): Watershed Management Field Manual - Road Design and Construction in Sensitive Watersheds,
FAO Conservation Guide 13/5, Food and Agriculture Organization of the United Nations (FAO)
MFLNRO( 2018): Engineering Manual Geometric Road Design, Ministry of Forests, Lands, Natural Resource
Operations and Rural Development(MFLNRO), Canada

71


https://www.gsj.jp/geology/geology-
https://www.maff.go.jp/j/seisan/kankyo/hozen_type/h_sehi_kizyun/pdf/ktuti6.pdf,
https://www.water.go.jp/honsya/honsya/keiyaku/techinfo/pdf/gyoumu1504_1507teisei_02.pdf,
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Keller, G. and Sherar, J.(2003): Low-Volume Roads Engineering -Best Management Practices Field Guide , The

U.S. Department of Agriculture (USDA), Forest Service, US.A,
(https://www.resolutionmineeis.us/sites/default/files/references/keller-sherar-2003.pdf,2025 4~ 4 H 10 H
Z M)

USFS(1973): Transportation Engineering Handbook, Slope design guide. Handbook No. 7709.11., USDA, Forest
Service(USFS), U.S.A...
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2. BEYLEENEDEFRITELN

2.1 A&

AAROEEHEY) AR, AAROBEORBRNORES NI LD TH D, HALFEIETITE
HHERCX G S M, HESRMENES CND T, HADEEEEZZOE AT LN TE
7200,

F70, BAROEREY) HIEHR AR TIE, #UEOAED 1:0.5~1:1.2 LA, TOHFD E DA ZE
92 D OIWr 5 1ED B TlI 7w,

2.2 fEER
2.2.1 BRICBITAERMER

BUE D H AR OREHEL] AT AR T8 £ OJE BRI CHE AR e ST BE L7 Hix OB Z JTIcl R
SNTE, T TEORTEREZRY KD,

(1) BRAFICHITHBEY L EEAROEE

HEFN 20 (1945) LRI CORFPEMRGHEFELIAT X, KOS ATHERITH v, /IR BRI’ %
Moo Th 5, Z ORFROEm AR OFEETIME TIER <, B TIE, BIE 19 4F (1886 4) 1T
WA O H ST ERGUEAREICC, Y TERAERITHEICEDE TRET D L ST D,

PESE NS+ =5k
s

B FERTE

(%)
AR SRR AR HHE T EE 2 T E LN
(LA )

TR T SN 7= HEm T, KIE 11 4108 TENZEE 31 5 (BEAHT) o%E THETis
il 1:0.5, PRAPEESE THECHEEXE T HETIIAR 1:0.5~1: 1.0 ZfEREL LT\ DL, B
FEDOHCE OEEE LRI E D DR WARL L 725 T D,

11 20~30 4 (1945~1955) Tik, 7 A U WHOBEMEINEASIND L H Tl o>7—FTIHAD
AL HITONTWERATH S, SHEFETIOZAICH T SN-YHEROARIE, £ 2.2.1
R TEEEARIER T 1 : 0.3~1 : 1.5 OFHEICH Y T 1: 1.0 THD (1 27~28 4 (1952~
1953) OFEH), BUEDOIEAEE L IZIEED LR WARL L 72> TS0, A OAET 1:0.0~1:0.3 &
oTHRY, BUUELY bRARBIRAIh TN,

—J7, WBEEDOEAFHINE THo=A 0 ZER(1955)1FxEE [EAE T ofF Tt 222 Oo+T
ERABEZ R LTS, ZORTITRERICH &SV IEFD 20 4E(1945) AATIC TR W AR & 72
S>TW5, L2L, ZZTHEAEDOARNE 1:0.1~1:0.3 L 72->TEY, BHELY LA S
TW5,
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221 YIEGEEIZEARRK (BKEH )

+ B J UmEavE
+ W 1:1 ~1:1.5
i+ 1:0.8~1:1

o 1:0.8~1:1

L/ 1:0.3~1:1.5
T 0~1:0.3
wK I 1:1.5

W R R EE(1950): TR TR S8 MRERE,
M- EEBITEES@ERM25 12 B), KERER

222 T TEEBERCERSE)

Al B x v x
WH), v, Aty
e E 1.0 (B ™mET) 1.5 (& 8mLLE) 1.0 (B4%) 1.2 CHl#x)
Vi i 1.2~1.5 1.2~1.5
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T2,

@ EMERZEREEE (1961 F) B T2 LA IR
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D0, LWFRHE TITRRWAR L 72> T b, 72720, UFORMICEEY LaWEAE T, 2 olEmIcE
W ZRNGEITERR + TS O (£2.2.6) ETIIRARE LTHLELEXDLILENTED
LEINTWD,

- AR bR bR OS5 S

- WE LR L, FRICREBICHWTE OGS

PR, BERCE S EULOWEIT S RV L OB A

KDL NGE

©® EFRAAIRRMTELE () BERE1997) [THHHREY L EZEAER
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LU CHE) R REE LG AICMETE 200 LT 5,
3. VT RADOEEITHERFT L LERH DL HD LTS,
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Divislon
13 j:l late Plefstozene: Holocene clistic sediments
" - Quaternary volcanic rocks
18 E Quaternery pyroclnatic rocks and sediments
12 E Quaternary terrecirial and meritic clastic sediments
n - Pliocene-Pleisiccene terresirial volcanic rocks
10 - Middle Mioecene-Fliocens marine clastic sediments
9 E Miocene submarine volcanic rocks
B I:l Tertiary non-marine deposits
L4 D Late Mesoroic-Prleogens terrestrial voleanic rocks
6 L:i Late Mesoroic accretionary terfein gone deposits

5 - Cretaccous marine deposite of turbidite facies

I m Paleaaoic-Middle Mesozole sccretiomary Lerrain s0ne
accumulations non-metamorphosed facics

1 Paleozoic-Middle Mesozoic goeretionary terrain
rome: crysialline schist facies

2 - Pre-Tertiary ultramafic and mafic intrusive rocks
1 [:I Pre-Tertiary aridic intrusive rocks and gneisses

o 0 200kn
I T

X 224 BARDHME D
(Landslides in Japan(The Sixth Revision), BA#hd N 2002)(X 1.2.4 H8)

(2) BEYTFZEARICHET SBEOHRANE

WAFN 31 AEFRATOER L THREH A AEK S, 1956)ICHAH S-SR bz b
DTHY, BERAREMTIZer o7 L B2 5, ERRARREBIT ITHT) X, 4 - HouEo sk
DHETRIZONT, S TIERAENEHKT D L 510722 L 2%1F T, FEEROEELZ AL,
Z OHEL HEMER O 217> T (K 2.2.5~[X 2.2.9), Y]tk AEOEAEN D24 PE % et

L7z, ZOREEHSEITRT,
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(a) WAKEEMELYTREIROEEZR EBBREERTD L ETEFREZROZE®)

HE (1972a) 1 TWKEEEINER &) 228 AR O BRI OW T FO L 9 I8~ T 5,

WK LRod V VE I, ﬁﬁh@,ﬁﬂﬁﬁ%ﬁﬂﬁk& ICEBADTVD, HaFsb Lo
ZFoTW5, T Z TENRRICEIT 50 L ORI ZIE 5 Z & (SRR AE O WK 828 AR
WndsZ LIcERHL, £7, %OD’LUEE, DOF VR LFEELL [\l 720 O KED LN A G
L, Zi& b o TRAKIFZE LT WA ELOHED KL T 5,

OEN, WAKIEE LZ 5 728 L0 72 DEEICB W CERBRICH L L7 EAE & RS S L=
VT NOW KR E ORREK2.2.5 [T s, KIFOOTHALL DI, %@’UEE“C“I%EPG:
A = LB, oA M (BKZE LT WE S id 228 - LeGE) (204
LTWo, —J, OO D297\ MER VLIS AN 4 LT\ D,
ﬁ%@%ﬁ%l$® BCRT L, ZOREIVPLNARL, 725 EAITH 3 uidRokAE L
BERKTZEI LTHURBEICELRWEANRZNEZ XTI, Ll Tns, 2720, & 23
KODIRNEFT D X D INZRFD TVERTIE, FRED TAITHL AL EEZR-> TV H5EHH D
73, HUF K OIRPEA R UIZ < WEREHEFEITIE, 030 fEfRfEk & &5 2 Th W e i EEE & b
%, LbibNTWDS,  (BEGZ(1972a) : U1+ VEOmREE 7V avhd, + & Hi#20-2)

Hﬁﬂﬁ ﬁ )]Iﬂq\

1:1.5f
HH 5 T L . i
ril Lo ’ 3 v e ¢ W
S
TriLof |
liog A O WEER
e I OREC RS
Hitogr B3GR
- ; N
brog e b suEEL
10050 o opf ey - . -
; 1

t.05 0.1 0.2 03 3'3 lIO 2|0 3(& 5[.0 10,0 Efj.D
ERBEL S0 BB ANE (/)

X225 RKEBMBLYLEDRNALOFONDIRERBEARERBDRSR (BE,1972a)

(b) WAKEEMELYTREADROBEHR CEREHRZBIEREA L I-EE)

B (1972a) (TEBAERZAFERGE L2 iEmIZBW T, oK @& L g %22 @ Ai o BfRIZ >
WTUFO X IR TN5,

X2.2.61LH 4, B DY) TE4ERE LA DOIERIZIB VT, Z OIEARL & AR HE
L7272 o T ORKEHINER L ORRE R LIZDTH D,

Ko - FNEEYEIZ X > CEE/ IR IS BERRAE L oo H DEHR TH Y, K2.2.5 LKA T
BNZHAT LTV D, 7272 LEERRRIZIX2.2. 5128 S 7= WK O5-E OB MR (1X2.2.6 TIXEHR T
RLTND) ZHARTEFVIFELTND Z ERbns, 2%V, X2.2.6 TH ORI E L
WA3E, THEPIZLE L TOLBERE S & HICHE LT ARDMEEEE DN, RALDDRE
LB R (o & 2IRER T2 E) BARELBbh 2 Th S, Lk Tn5d, (HEHZ
(1972a) : Y)£/ VEOFRE L 7 U a vd, + & H#$20-2)
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=rA "_é’_lig
1:15F © Y
- ga'i\"-."-.ﬁ ot
R - AR [H = oA ) 3 4 == T R IR
e R I o & Ty 8 B @Y
- ! a i #: ; i =5
nprnol & 2 \I«\ l o
g i 18 | { T—
108 R y DN
11071 ! : ‘Eio'ﬁ nzi%*v-l W | S
1:0.6- t'n\ lmr:u;—;—rmmm g i = A
[ < ﬁ)*ra%lme by ey -
1. 0.5_ -0 E | .
/ o A KNS
| S 1
01 0203 05 10 2030 R0 W0 B

ook BB o E (%0E)

(BpD“H—3"E1ER 2.25 #359)
226 WKEEMBLY L ZDENST/ONITERIBEAREEEDER (BE,19722)

(c) HLDENBDZ D LT REARDE R

B (1972a) (FHLOFLEH 0% L O L2 EABLORERICOWTLLTD X 9 IR T 5,
ML D OER B BNV EERANC, Lvh EERICIET 2 HIERIEEN LN AN S
BESNTVDN, TITIE R RARETHEAIN TWLEREZRE (C) ICLFREZHRAL
7o ZAUTHLLOBEPER: (P 3 HE (Vo) & ZOHS HERE L - RER R EERZIY 7 L D
PEROREE (V) ZHET S ZLiIckoTkATROON S,

am1-(7)
2FY, %m CBADRTE ishE R BERC=0L705 L, EINERZITIEIVI> WV,
LRV CFNITEL D,

X2.2.7 IZZOX I UTHIE L BERE L, O CHEBIH T L7 EA0L & OBfR %~
L72bDThHD, IFDO THALELDIZZOAR THEZEZ L2 THY, KoL FE (F
NWHOZ W AR ZZAR T L LEGE) oML TWAZ Elbnd, —FH, BERERTED

PO FRNZ A L TR Y, BH OS540 OB R I, Hl@%ﬁfTéhé bbb, Zo
MLV PLNAR (BAD) TR THIXERIETIZET 260 L Bbhd, LR Tns,  (RE
Z (1972a) : Ot/ VmoOmpEE 7V avkd, & 5Ef#20-2)
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i
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= H
7 o B
|

a

AV Ean il
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&

1ioed t

&
X227 #HUDENEDELTLDYDENS/FONDREBREFRE BN ER (BE,1972a)

(d) #LDOENE, FEHGEROERNALVTREDREDOERF

BE (1972a) (IHLOFFLE, A O &8+ 2 E AR OBMRIZOWTEL T D & 912
WBRTN5B,

BREEOT XY AL, M3 L HEEOMEFIITEZ 57, L LAENE RO R GEM
ZEATE) (TR ZD ZENZW D, IEAR O S EIBLRT O R T OERAEITEE LT
TROVENDH D, ZORE, IROEFETHRT 2 LEMNTH D,

FETHENE OEMa EEFEOER GERBOFMEEZE XTI a ZFHAIL, W& DT A0
ZROD, (a1~ax=0 72721.90°>6= 0°)

DOXEIOHEO GEREBITHO) GRS B 2RO X v EIR A OERMICEA T RICET 5k
HORNTOERA B KDL,

tan8’ =tanf Xcos @
ﬂ2 281X EXDBENRTA—F—LLTRLO EOMRERLTZBDTH D, HDHIEEARRD
ELXETT 286, K5.2.8E026:KD b D BT OIEARR L i BER My & ORI % X
2285L7Bylb ZONENRK2.2.8DFEM (B=yft) LV TH, ThbbpsSylcfiiEl T
LR EDERITLEEL TND EHELTEWEE X LD, LR TND,

R Z OFEDORAE A L = Lt&ﬁ®ﬁh&®%%%l52%§xmf7n/ N H L, FRT
B>y DA (FERR IV ) IiiE L TRy, —HREARICHIE LEIIERILEF o) TR
k%@ﬁ<yk@ofwé;kﬂbﬁé,kbfwéo(%.ﬁz.ﬂmﬂw Ut/ ViEORELE /
U= gid, +&&#20-2)
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80~ BN
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% ¢ Rus
o = 5 FHx
Baof ;&
s . X
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=&
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F=T
EETED
! 1 ! 1 : 1 1 ! | | : |
WX B W % 8 aD 50 T I ¢
HnAkmE IREAE L DLTEE ) B ERIME,
X gL AUE

o {RiEL. fEFk;‘F_' TWE /T

X 228 FinigthEDEINE A EGEEMALY T EGENSEONITERBERATEHEEHODE
R (B[E1972a)

(e) HhILZEMKERE LT REDEREDBER
B (1972b) (XML LB EHEE & 8] 2 AR OBFRIZOWTLL RO X 5 12l =T
D
X 2.2.9 (X HA + H e ) i CHIE U 7 B R B & 2 o0 Hi O BRI T L 7 B A
EDOBRE R LD THSD, MFOOTHALELDIZZEOAR THEZEZ LD THY, [
DR Tl GREOIRWEEZ 2R AL T L LEGA) 2oL TnDZ Enbhrd, —F, @k
FEHEFEE LCHOL FANCHA L TR Y, WE OSSR IINE, FRXOMRE ORI, ZoHLD E
w DFVBRVEAREZHRAT 22 ENEE LY, LT a,  (BEZ (1972b) : Ykt
WZBIT 5 HE T EORBER & xR, & 20-11)

o wE Lu b xfEan

fﬁmb - ol A
ofp ¥ CHELL/ I
ot pee AT
1
i
=
1:0.34 = s s \\.L__‘_I. ___________ a
1 1 1 1 1 ] 1 F
1000 2000 S000 H

oL o » # % g # fmise )

4
X229 ILOEMERERE LT TEZDENSFoONDIREBHEFATEFEHDIER (BE 19720)

X2.2.9128W\C, K5.1.11, #5.1.28, #5.1.29/253 & ML #HE2,000m /s #Ca & B D
BRET S, UHAEROLEEBITEA T121:0.5~1:1.2 (X2.2.90FHMHE) , s Tix1:0.3~
1:0.8 (X2.2.90%E#H) L72oTW5, BUERH INTWAIEE, a2 OmEY) ikima

89



IV Yl +ToOREICET 58 & g

FLE R CMEIC > TRY, FELRWVFRER>TVD,

(f) #&

DU REDE

LI EOBE (1972a,1972b) TORBNEDL D, UL OETE & HIEOEA Y (KB
RFFVE O R, HULBEMERGER) 25U Rk AR O R E M & R LEFRIKO XN AEETH DL Z &
WRENTz, ZNHOFFRNENG, HILOEESE AT TIEOHS I L0 S, #CaO2/IZX Sy
L7z BUTOUHER AR RZ EFEIRIC A>T LB b5, ZOZEMD, ARDFKE 2.6
(R HEOEE YY) TR AR O SN R T STV D,

QFNETH UL ZTEARERET 156

(a) 2B (e) OHFHEHIOL ST, HRETHLULTOHEGUEESNT, HLFHE L Bl 25E
AFLIZHOWTRERO ST 21T 2L, £ DOEOFEREARLOZ Y M2 RBRIFHE T 25 & 22 0, EYE
G HEEARORFHIESL OB D EE X D,

(3) BBRESDHMEDHA

ER TR (AAERHZ, 2009a) OFED)HEmMAR (£ 2.2.6) CTldeflims [
& TGS ] D2 DICX 3, ERENDOERAROFH%Z #E] TiE 1:0.3~1:0.8, s T
1% 1:0.5~1:1.2 & L, T@REDOFXSOERHAROHPIZIENA RoTWnD, 6T, K
2.2.9 DT 7T, HADLEEITRER & AL E IR OBE AR DS IR R I K-> TEE LT
L7120, UlLAROHEMIX 1:0.5~1:1.2 ThH-> THHERHEIC L > UIRLEL DL H D
DS, REME OGE LR E FEIR & A2 RE O 5 AR DS BMERGHE FE ITR7 L 72728, B H4)AE 1:0.3~
1:0.8 DHEIFHATIIRTLEL 2D, LEN-T, A &y TS [ZOWTIEE HIZR g A2 Misrt
L, ZNENOXRGITHEREY) HEm AR 2 530E LT I Z NS> Z ERHRD B2 bbb,
AR DR 2.2.13 TITAME ORI & HEEWMPRRE D DA ORI Z2 /M b L TR Y, AfRTH ik
BOREED B Sy A Mo b d 5 2 & 2T 2,

#2.2.14 DX LOFERX Gy & TS, [HCE ] OEMRIK S OBMRITMMMEESE LT L TE <R
FENTND, £2.2.16 UNMEFTER019) @ JEAHE Q&A FEMERM, A A H HVE 52 Hr[E DY
EX, Z0#HE) 3SR (2019) B F & O EREDICET 2RERTH D, 7272, INER
(2019) ZDOXHIZRZTHD Z LITHERETAIVNERD D, kT3,
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#2216 RTRBLELZLEIMERLI-TBES JPERR 7 #IER (NEFE (2019))
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N I E - - - - - —
D %% | R 15 AT
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* 1 BXXBEPEMAEGER (2017) : TRIFBRFHYZa2TILEY (R—2)
* 2 BRICAEZREE NCABE MRS 2828 &Y (F-7, £-8)
(EB) RPORR, EFERLGOTRECLICHAMITERT 5 ENBE,

[E A2 b T3k 2.2.17 (R T X O IR HEY) HiEm AR
AaanBmEn T, ZRThob)EAROEEEEN LS TW D,

2217 TgE - TEEI1ZMMMEL-E6 (L BEEILREHE:

(Ft2EaH EHHR (F 22, 2020) (Z—EN%)

R XA Rl & RS D

ERETESE GEIRR) 2020 &)
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HILI4 8 gt | ot AROEEE (V:H)
L _ S0l - [T 1:03
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R S Iile E /N
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@) 1. v bEstERic AN D, BRSO EHITHIREET D,

2. LTeet: ERLET YT - il E T (k21 4R
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HSETHLHLZTH LN, % 2.2.15 DX LAOME X 5 OFEMRRDL SHWTT UL, 82 138K
XD A, B, Cafktgzd 3 XAITHY L, [#5] (X Cw, Cu, DRRFERICTHY T 52 LI 5,
ZOERIKSr LK 2.2.16 KUK 2.2.17 b 4], (805 DXy &b Lcga o) Tk
AR ZHR Lo, TORREE 2.2.18 [T-d, Z 2 TOU)H{Em AR MR HE I FED & M
2.2.9 W L7,

:£2218 1HEE ], A IORLEHNELI-S AL EEmAERICET 25EEH

samy | semy | musssowszmore | TOF | USRI | et T
o A ~1:0.3 (&HE 15m £ T) 5.0 Lk 1:0.3
e s B 1:0.3~1:0.5 (& 7m £T) 3.575.0 1:0.3 1:0.3~1:0.8
s Cu 1:0.5~1:0.8 (FI 7m £T) 2.074.0 1:0.5
o 11 Cwu 1:0.8~1:1.0 (& 7m £ T) 1.0~3.0 1:0.5~1:0.9
L) i T CL 1:0.8~1:1.2 (S 5mET) 0.5~2.5 1:0.5~1:1.0 1:0.5~1:1.2
D 1:1.2~ (FHE5mET) 0.3~1.0 1:0.9~1:1.2

#£2.2.181IBFBEETHY, s & [#HEE] OXOMMEIZOWNTIEAH BRGET L T
ERHDHEEZD,
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2.2.3 FENEOZFEYU L EERAEDEH
FHAEOFEFEZ (1) ~ (5) 1577,

(1) BHIOEEEICEDCHILSFETOZEY L ETm IR
(a)Indian Roads Congress(A > FiE#E) (Hill Road Manual (IRC SP 48-1998)(DiZ#E Y] +ixm A B

#2.2.19 131 v FOEHE

%4># (Indian Road Congress) ¢ Hill Road Manual (IRC SP 48-1998)

(IRC,1998) DIEHeY) +1EH T 5, HAERSFEIZI T A 1 X4 E L, B 22X LTW5,

%2219 /KHE

LEEICLDHIBAY) L EME AR ( Hill Road Manual (IRC SP 48-1998),IRC,1998)

Categorie

Remarks

Slope (H : V)

Ordinary/Heavy Soil

This comprises of organic soil, clay, sand, moorum and stiff
clay which can be excavated manually by pick axes and/or
shovels or with dozers/excavators with normal efforts.

Soil mixed with boulders is also deemed to come under this
category.

1:1~12:1

Ordinary/Soft Rock

This comprises of soft varieties of rocks such as lime stone,
sand stone, laterite, conglomerate or other disintegrated
rocks, which can be excavated by crow bars and/or pick
axes without blasting or with casual blasting.

/4 : 1~1/8 : 1

Hard Rock

This covers any hard rock, excavation of which involves
intensive drilling, and blasting. This can stand vertical or
even overhanging cut depending on the type/mass and dip
of rock.

80°~90°

TR ESIZOWTORET RV, MR SBIIETE LA OEEME 2 IS S T, BA
DIEHEZ LAY AN BAR TH D, ZhUE, A > FTIRRIRZR LG B 2 R 25808
bHDHZEND, BERUTIERARZHEERT D ZENHE LV EARMRENA TN DAL B b

50

(2) BREICEDHIUAFETOZEEY LEmAE
(a)Indian Roads Congress(f > FIEH ) O Rural Road Manual DIZ#EY] T AE S EC
#2.2.20 IZFA U< A v FEKSH TOMHITE (Rural Roads) @ Rural Road Manual(IRC SP 20-

2002,JRC,2002) (25T HAEHEG) HIEH AR Th D, HA LV 2 AR OEMNH 5,

3+ 2220 1R ERESEICKSIZEY) L EEAE (IRC, 2002))

Condition

Slope (H:V)

Cutting in silty/sandy/gravelly soil

1:1 to 1/2:1

Cutting in disintegrated rock or conglomerate

1/2:1 to 1/4:1

Cutting in soft rock like shale

1/4:1 to 1/8:1

Cutting in medium rock like sandstone, phyllite

1/12:1 to 1/16:1

Cutting in hard rock like quartzite, granite

Near Vertical
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(b) Royal Government of Bhutan (7 —4>) DIZHEY) L ;5m A E

2.2.10 L7 — % > OAFFEHEFETEH (Ministry of Works & Human Settlement(MoWHS)) 3E /=)
THESNT- % (Guideline on use of Standard Work Items for Common Road Works(MoWHS,2010)) (Z
PR AT EEXE C, JERHE OFED] TEmARAFEH SN TWD, 7 —F VETIR A FEEOE
BRI & 505, Ul HERARITIWTNOERBEICIEWTHRE—TH 2, DRI 4 FEO ML E
TEITRO BN TN DA, HEINTHIIOERICOWCOREIE 2, FAWER L (M 2.2.10)
IRINTNDLDOHRTHD, & 2221 [FRRBRERFERIZELDLL LD THLN, BEMICAARLD
BARDOHAN B D,

| ROW =30m 1

I |
£e ¢ &
I $§§ J‘h I ‘\aﬁu_
l itf
| 10.50m i | Q; ‘-? ; j
|
Cani I

= v/ #
- |

L Base course = 1 50mm
Sub base = 210mm
Hard should
Compacted lar soil

Primary National Highway

X 2210 7—422ETOELY T ZEAOEE LR (MoWHS , 2010)

£ 2221 J—AVETOEZEY L EEAE (AEERFRIEV:H) (MoWHS, 2010)

45 Primary Natif)nal H{ghway (%’ 1 *EEIJE) \
ZTOME 27EEE, =B HmABEVIThIELC
Ordinary Soil 1:1.0
Hard Soil 1:0.5
Soft Rock 1:0.25
Hard Rock 1:0.15
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(3) EMEPEFEDIEEIZE D LN ETOZEY L EmAE

(a) Tajikistan (3 F R 22) DHEL|

1986 Y B MEALD [HFRIZH D D5 DOMEE ) IZX D HE S 5E4E  (SNIP 2.05.02-85)
T, BURAL L THEYIEEICHR L2 02 FRIEOHEREL UTEE bl Tuvd (GNP PT 32-02-
2012, KMC,2012) (KMC:# ¥F 2 & A ALFEERR - @EEEZE 20O X ¥ 7 FEOMEFER, The Committee for
Construction and Architecture under the Government of the Republic of Tajikistan ), H#fg DY)+ A)E &
UEEABES TS (#£2.2.22) , ZO"GNIP"E W) BEFRNE R EHE EBHBI%R) Mtk Lo
HA EWHBROR Y TEOHELTE 5T bDTH D,

2222 ADXRAVETOEZEEY L EEBAE (BEEFKRRIEV:H)(KMC,2012)

Soil Height of slope The largest
ol (m) Steepness of slopes
Rock:
Slightly weathering Upto 16 1:0.2
Easily airy:
Non-softening Upto 16 1:0.5-1:1.5
Softenable Upto6 1:1
More than 6 to 12 1:1.5
Large-clastic Upto 12 1:1-1:1.5
Sandy, clayey, homogeneous, Up to 12 1:1.5
solid, semi-solid and turgid-like
consistency
Sands of small dune More than 2 1:1
From 2 to 12 1:1
Loess Up to 12 1:0.1-1:0.5
1:0.5-1:1.5

Notes: 1. Above the slope is the steepness of slopes in the arid zone, below the line - outside the arid zone.

2. Vertical slopes are allowed in rocky weakly weathered soils.

3. In areas with vegetation-bound sands, the greatest steepness is allowed at a slope height of up to 12 m to take
1:2.

4. The height of the slope of the recess is determined by the difference in the marks of the upper and lower slope
of the slope. In the presence of slanting when using this table, a downward slope is taken into account.

<Notes>1. ZORIXT L —T A DFRGHBRNCREGEHITT CO AR TH D,

2. 53RO E R CILIEE DL S Al RE Th D,

3. AEARDFEZ LAV Tl &S 12m £ T 20 AR A RE T D,

4. /NEk (recess) D@ SI3IAHA ERE T OHE OFE NI L > TRESID, ZOFRIZI > TR ORI
DL AL MO R EIR LA E T,

oI, A CTHIVUTEILDESNLEEO LT S 2RI LTEY, EofE 13/
JEARIEVE DS, D WITRR I8 (Loess) A FEIEE LTHEINTWD, YUHARITHAARL D &5
BOLDEEAR DL DD D,
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(b) THE UNITED REPUBLIC OF TANZANIA (22 H=7) DEH|

7 2.2.23 12X =7 O (Ministry of works(MoW)) D FEHEE (Road Geometric Design
Manual(MoW,2011)) Z35\F B IEUER) A AR A 7T, T AU 00 [ 7 BE O R U E & 8 L 7=
@Jiﬁﬁ%jﬁ@ﬁﬂf“&) %, UITABUITHA XV EABLOEA N H 5,

2223 A F7ETOREREY L ZEAE (FERRIIV:H)(MoW,2011)

Type of material Slope(Vertical : Horizontal)
Hard Rock 1:1to 4:1
Decomposed Rock and/Compact lateritic soils 1:22to 1:1
Ordinary soils 1:2to 1:1.5

(c) FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA (ZFAE7)DZEH|

FEEY) ik AL 2013 FICE RN & 0 #iic ICHE SN B KGR EHENE  (Geotechnical Design
Manual (ERA,20132)) |2, LW EEEOZNZNIZH T CGEER I TWD, £ 2.2.24 (X EWICxT
LY HER AR TH D, UHEEICARNHEE STV D,

%2224 IFAET7ETOZEY L EZEAER (M) (AERRIEH:V)(ERA2013a)
Cut slope total height (m)

Type of Material Remark
3-6 6-10 10-15
Consider benching when the slope
Residual clay soils 1:1 1:1 2:1 height is above 6m.Vegetation cover
is higthly recommended
Heavy, plastic clay soils 1.5:1 2:1 — Keeping the slope dry is extremely
’ o ) important.
Granular soils with some clays 1.5:1 2:1 — Keep a constant slope. Appropriate

drainage and vegetation is necessary.

Dense transported soils (sub-
angular cobbles, gravels and 0.75:1 1.5:1 2:1
sands in a fine matrix)

Loose to medium dense

transported soils (boulders, .
sub-angular cobbles and 1:1 1.5:1 2:1 Cover the slope with grass and other

gravels in a fine matrix), or suitable plants and keep the slope dry.

talus.

Reduce the upper portion to 1:1.0 to
limit gully formation or widening.

Note: Slope angles are indicative and require site-specific assessment.

TWOULARITAARLVEVMEA A H D, UL, DBEERIT IRV E—EECE A B
EIFELTCNWD Z L L, EHRELZAREE LTWRWZ ENEHERTH D ARl H 5,

F7o, FRORIT—HAORMILSEICELIHETH DD, ZNLANOZF A ETITHAT D ek
#% (Black cotton soil %) (Z-DWTC, BIIHHH TUI+21T 9 ETOEEALZIRY LD TREINTND,

<Black cotton soil>

Black cotton soil i3 >, b2k, 77 U A ACEHUEIC IS < 53403 DR o —Ff T, =F 4T

TlEmi k2 8 5 Lk 2 & ?6$@0)ﬂﬂiiff§b%’) KB E IR YA < AT T

V72 Z &7 6 Black cotton soil & FHEI TV, Ky a & L RIEES L L, Wl d 2 L UHEERE 32
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PEER D D73,
L TWV5,

#2.2.25 134

FDOENEFE LD TERMEIE LTHEZT,
Y+, Kt oEuEEmE AR b O b

(ZHY D ARHEY) HYAm AR TH D,
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R TIREBR AR L LT

AT 2> T D,

%2225 IFAET7ETOZEY L EZEAER (B) (AEERRIEH:V)(ERA2013a)

Cut-slope height (m)

Type of Material =10 10-15 1520 Remark
Fractured and slightly to 0251 0751 1.00-1 Remove hanging blocks before cutting.
moderately weathered basalt o T R This minimizes the formation of overhangs
Fractured and weathered basalt
in blocks, cobbles and gravels 1,001 1251 1501
of all sizes in a matrix of silt or
clay
\bVeatl_lered tuff, volcanic 1,001 1251 1501
reccias or agglomerate
Fractured, slightly weathered .

! > , g . . . Apply controlled excavation; benches and
thickly bedded limestone with 0.25:1 0.50:1 1.00:1 drainage are needed at different heights.
intercalations

Remove weathered and unconsolidated

. portion at low angles. Drainage is
Slightly weathered and 1.00:1 1.25:1 1.50:1 important to keep the slope dry.
fractured mudstone and marl g :

Reinforcement works and erosion
controlling measures may be needed.
Slightly weathered, poorly Controlled or trim blasting is
cemented sandstone, with 0.25:1 0.50:1 1.00:1 recommended so as not to damage the
poorly defined stratification rock behind the cut face.
Shale has a characteristic of being
Weathered, highly friable shale 1,001 1.50-1 2,001 deformed when wet. Hence, drainage
and jointed mudstone o U o systems are needed to keep the slope dry.
Benches may also be required.

For discontinuity-controlled slopes, each will need to be assessed on a case by case basis.

AREIZONWTIE, B E ZNENO RSP OFRE 2 SLHEI L THEE A STV D, ZO%K

OHHAFEIL, [—
1:0.25 TH R,
IRXPRDILEZ 72 D56
LRE STV D,
IZIREE N TV D,

70k, [RIEOE KR FHENEX4E  (Standard Detailed Drawings for Roadworks, (ER,2013b))

Z, FHEDLE
HBLO 71 & RHE O JF [ DOREFR T
W%, EDGHE
YA OFPHITAAR L VIR,

PS5 2 D WERMEN BT, Hi Tk

(D 720

EMEDME T D rREtER &V, Z OfE RAHBIAY
PRFHI R BLE D, AflZ 1:0.5 12T 22 L bHRETH D |
—ODHES A T

T DU R AR — O DOfE

WA HEY)

+fAkd & LT 2.2.26 ® BACK/CUT SLOPE fll OEAEH SN T %, K 2.2.26 L3 2.2.24, &
2.2.25 ZH~D &, WEOBIRIRITR 2.2.24 K 2.2.25 OLNPFEMTH D, £, ARIZOW

TIEE 2.2.26 DFHMR,
YNGRV

TRV TIERES, AERHE TR TH D, EH TIET—MIC
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3| 2226 Standard Detailed Drawings for Roadworks(ERA, 2013b)IZi8F S -1Z#E ) + A ED

SLOPE RATIO TABLE

MARERIAL TYPE "Depth of Cut /Ht of Fill (H)" [m] BACK / CUT SLOPE

0 — 1 31

1 — 2 21

EARTH/SOIL o= )
>10 BENCHED SLOPE

0 — 1 31

1 — 2 21

DECOMPOSED ROCK ST o
>10 BENCHED SLOPE

0 — 2 12

WEATHERED ROCK =) 3

0o—2 1:2

ROCK =2 1:4

0 — 2 13

BLACK COTTON SOIL =) o

0—3 1:1

3 — 6 51

COLLUVIAL DEPOSIT =, o1
>10 BENCHED SLOPE

<Black cotton soil>Black cotton soil (&4 K, dtK, 7IVAHEEHIBKIZIEK LT HERELTOD—FET, T

(A AFYRIZ& D&k EEZIEDT-HDIZHEY) T DEDEHI
UK (/U R) & EERT B26 <A77V BELERG) OXED - DITVER Lz )78
DR AT A K7 4 > (A Guide on the Application of Pavement Design Method for Low Volume Rural
Roads(ReCAP,2020)) (ZITAEUEG) L AKL L L THK 5.2.27 BBl ST\ 5, JFUELOMSMZ T F A
7 D ERA Q017 DOEEZ—HELE L b D LN TH Y, =F A7 OFEMEY ARl 2 A L

LTW5,
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#2227 ReCAP (2020)I2 & H1RHEY L HEE (HEERRIEIH:V, FEIMRNIER )
. Cut slope height (m)
Material strength and type =3 5-10 1015
. . . . 1:1 1.5:1
Coarse-grained ferruginous residual soil 45°) (34°) NA
. . . . . 1.5:1 2:1
Fine-grained ferruginous residual soil (34°) 27°) NA
. 1:1 1.25:1
Dense-medium dense (such as sands) 45°) (39°)
Soil Medium dense-loose (such as silts and 1.25:1 1.5:1
sandy silts) (39°) (34°)
. 1.5:1 1.75:1 2:1
Loose (such as silts) (34°) (30°) 27°)
Soft to stiff (such as silty clays or clayey 1.5:1 2:1
silts) (34°) (27°)
. 2:1
Expansive clays 27°) NA NA
Strong (such as slightty weathered basalt, 0.2:1 0.25:1 0.3:1
well-cemented sandstone or limestone) (79°) (76°) (73°)
Weak (weathered basalt, poorly
cemented sandstone and volcanic ash, 0.5:1 0.7:1 0.8:1
weathered limestone and marl, (63°) (55°) (51°)
Rock pyroclastic rocks
Very weak (slightly weathered tuff, mildly 1:1 1.25:1 1.5:1
weathered mudstone or marl ) (45°) (39°) (34°)
Extremely weak(highly weathered tuff, 1:1 1.5:1 1.75:1
marl/mudstone/shale) (45°) (34°) (30°)

(e)Rural road design guide (MET, 2008) (Kingdom of Morocco(EBavaAEE)) DE4H
E oy IO ERE  (Ministry of Equipment and Transport (MET)) 3& & AZ58 Ja) THUE S fu7- Fag
(Rural road design guide, MET,2008) T&h 25 (& 2.2.28), JFHXLIZT7 7V AFETHDHNBHER L TV 5H,
& 2.2.28 MET(2008) [Z&HIRZEY) T H)EL (W EZRRIL V:H)

Slope height (m) Configuration of slope Cut slope
Loose cohesive 1V/2H
H<5-10 Loose non-cohesive 1V/2.5H
Low friction 2V/3H
Rocky soils 1V/0.5H
H<10 In case of cavities 3V/2H
Unfavorable dip 1V/1H~ 1V/1.5H

AEE RIS AT T D Rk 1 (v —/b7e &) IZ oW TIEER 2.2.29 IR T K ) T+ & XA L
TIFARIC R HEY) L AR 2 E D TV D,

#+ 2.2.29 For marl and clay cohesive soils in northern region (MET,2008)

Height in m Slope H:V
0-5 11
5-10 21

10-15 2.5'1
15-20 3:1
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(f) EE it F R AR (FAO) D E
7 2.2.30 [F[EHE R  (Food and Agriculture Organization of the United Nations (FAO)) 12X %
(I COE RO~ = = 7 /L (Watershed Management Field Manual Road Design and Construction in
Sensitive Watersheds (FAO,1998)) (ZH#H S VAR HEY) BRI AR CTh 5, T OFHEITKERBE &
#Jm) (US Forest Service: USFS) ®%3%H (USFS,1973) #5IAL7=bDTHD, LHITIS VAT A
(3% 1.2.29 2W) 1TSS Lo E AW, UIHERARDPERESN TV,

3 2230 FAO A fREFALTULVA USFS MiZEEY Lixm BB (7)) (BEFRRIEH:V)(FA0,1998)

Maximum Cut Slope Ratio (h:v)
Low groundwater .

. High dwater (1

Soil Type (below bottom of e Wa, er (1)
. (Seepage from entire slope)
excavation)
loose (2) dense(3) loose dense -I-

GW,GP 1.5:1 0.85:1 3:1 1.75:1 d’y Hclrwl
SW 1.6:1 1:1 3.2:1 2:1
GM, SP, SM 2:1 1.5:1 4:1 3:1

(1)Based On matenal of saturated density approxImately 19.6 kN/m3 .  Flatter slopes should be used for lower
density material
and steeper slopes can be used for higher density material.
For every 5 % change in density, change the ratio by
approximately 5%.
(2) Approximately 85% of maximum density.
(3) Approximately 100% of maximum density.

GE1)ERP, GW, GP @ dense DX 1998 FERRTIX 85:1 LRSI TLVSDAY, 1986 FEhRTIX 851 LREESh
TLAT=8 0.85:1 [TIBIELT=,
GX2)RPBDIGW, GP, SW, GM, SP, SMJIZDUL Tl 5.1.26 IS classification system T Symbol [IZTREN B
SELRILTH S,

# 2.2.30 TIREEOH FARM MRS (WLETEHEY F) EEWEE (BEMNZHE) ORas
B3R SN TWD, HFARMDEmWGEOU HERARITRWIGEIZH AT, G0N 1/2 FEE L
THELTHEITRENTWVS, 2EFEMICHLEARIZEAR L VLB VMER N S 5,

# 2.2 31 I TEBOGEOEEG HERAR TH 5, HRERITEICL 2805 Z T, b
TERAER S HE SN TN D,

& 2231 FAO HERALTLVA USFS IZK ARV L X EmAE (5 88) (AE&RTRIEH: V) (FAO,1998)

Maximum Cut Slope Ratio
Kool Massive Fractured
Igneous (granite, trap, basalt,and volcanic tuff) 0.25.1 0.50:1
Sedimentary (massivesandstone and limestone; 0.25:1 0.50:1
interbedded sandstone, shale,and limestone; 0.50:1 0.75:1
massive claystone and siltstone) 0.75:1 1:1
Metamorphic (gneiss, schist,and marble 0.25:1 0.50:1
slate); 0.50:1 0.75:1
(serpentine) Special investigation
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(g) Province of British Columbia ,Canada D Z& {5

#K2232BFNFTFOTIVT 4 v vaan BT MNTOHRK, El, KRGS LOERBIR
44 (Ministry of Forests, Lands, Natural Resource Operations and Rural Development: MFLNRO) D #Kii 3%
it~ ==7/ (FLNRO Engineering Manual Geometric Road Design (MFLNRO ,2018)) T Y] +AJfcHE
BETH DL, U LE 6mKHOU HEmRARZBET 20 TH D, BEMIZAARL Y ORE
RBLOREA 3 8 D

£ 2232 MFLNRO |2 &5 Y]+ QECHEEE(E (AEE R RIEH: V) (MFLNRO,2018)

Cut Slopes
- et Suggested Cubt Slope
ype of materia i o Angles
Examples of Material Types for Cut Bank
Height < 6 m¢
Road cuts in loose to compact SANDS or
Coarse grained Soils? SANDS and GRAVELS 1%:1
(not cement and non-cohesive)
17:1
Road cuts in loose SILTS, or soft cohesive soils for lower cuts
such as SILTY CLAYS or CLAYS to
. ) ) (not consolidated and not Cemented ) 2:1
Fine-grained Soils for higher cut
Road cuts in hard cohesive soils such as SILTY 1:1
CLAYS or CLAYS (consolidated) or flatter
Dense Glacial Till | Road cuts in dense to very dense GLACIAL 3/4:1
/Cemented Sands and | TILL (i.e.,basal till), or cemented SANDS or a .tt
Gravels SANDS and GRAVELS or Hlatter
Road cuts in strong, good quality ROCK mass 1/4:1
with no significant weaknesses to vertical
Road cuts in other ROCK types should be flatter
to include any weaknesses from the effects of
Rock® structural discontinuities in the rock mass, and 1/4:1
other factors such as the strength of the rock to
material, and the spacing, aperture, roughness, 174:1
filling, weathering, and orientation of
discontinuities

Notes:

a Not all material types in the soil groups are represented in the table.

b For the design of roads located in domestic watersheds, on sensitive terrain, or in other areas where transport

ofsediment or landslides may adversely affect resources, it may be necessary to use flatter cut and fill slope angles
to reduce the hazard of erosion or failure of cut and fill slopes. During construction of roads, it may be necessary to
build flatter slopes where the road prism exhibits signs of distress, such as, for example:
(1) cracks or scarps within original ground above the top of cut slopes, in the road surface, or

within the fill slope on the downslope side of the road; and
(2) significant zones of ground water seepage such that localized failure of cut or fill slopes are

expected. Alternatively, installation of retaining wall structures may be needed to reduce

excavation, contain bank material, or prevent slope failure. The significance of observed

seepage zones might dictate application of other special measures to reduce the likelihood of

slope failure during construction and over the operating life of the road.
Consider the need to obtain advice from a Specialist for cut heights greater than 6 m, or where the ground slopes
away from the edge of the excavation at a slope steeper than a ratio of 3 horizontal to 1 vertical. The advantages of
steeper cuts may include: less area occupied by road; less excavated material; less sidecast; and shorter slope lengths
exposed to erosion processes. The disadvantages ofsteeper cuts may include: increased difficulty to establish
vegetation; increased chance ofslope ravelling, tension crack development and slope failure; and increased road
maintenance costs. The disadvantages ofsteeper cut slopes can be reduced if high banks are avoided.
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d Erosion control may be particularly problematic for slopes composed ofsand, silty sands, or silts.Consider the need
for erosion protection measures for cut slopes, fill slopes, and ditches, such as revegetation, soil bioengineering and
biotechnical slope stabilization techniques, riprap, or other special slope treatments.

e Ifpotential problems are anticipated for rock slopes either during design, construction, maintenance, or deactivation,

consult with a geotechnical engineer or other rock slope specialist. It may be necessary to address the need for special
rock slope stabilization measures (e.g., rockfall catch ditch, wire mesh slope protection, shotcrete, rock bolts)

(h) RERFHEFHEUSFS)DEH
#2.2.33137 A U B DB HMIE (Department of Agriculture(USDA),Forest Service(USFS)) CTD#K
B Et~ == 7/ (Low-Volume Roads Engineering (Best Management Practices Field Guide) (Keller and

Sherar, 2003)) TOY) LEHE AR EBET 5 £ ThH D, AADEAE & RBENCOEMERN 5 5,

#2233 BEHDEVCLLIRENE —MKE (DEFKRTIEH:V) (Keller and Sherar, 2003)
Table 11.1
COMMON STABLE SLOPE RATIOS
FOR VARYING SOIL/ROCK CONDITIONS

Soil/Rock Condition Slope Ratio (Hor:Vert)
Most rock Ya:l to Ya:l
Very well cemented soils Ya:l to Ya:l
Most in-place soils Ya:1to 1:1
Very fractured rock I:1to 1 'a:1
Loose coarse granular soils 1 Y1
Heavy clay soils 2:1to 3:1
Soft clay rich zones or 2:1to 3:1
wet seepage areas
Fills of most soils 1 %:1to 2:1
Fills of hard, angular rock 11/3:1

Low cuts and fills (<2-3 m. high) 2:1 or flatter
(for revegetation)
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(4) ZTDMDFZEY) T HE

(a)JICA DEREE

JICA O FITIT AARDOIEEG) HIEmM AR OR (£ 2.2.6) ZTDFEFHRRLIZRBPBRH ST
WASEENH D (F 5.2.34), Hard rock =° Soft rock DfEi S 72 <, AARDRRIN oM E Sk DiE
WIZBET 23S R WFEHIN L <, NE R BREFEGTh D L F R D,

3 2234 JICA OMEZ(CHONIIZEY L ETAE

. . . Cutting Height Slope Gradient
Soil classification (m) (V:H)

Hard rock 1:0.3~ 1:0.8

Soft rock 1:0.5~ 1:1.2
Sand Not dense(loose) ,poorly graded 1:1.5~

Dense, or well graded Less than Sm 1:0.8~ 1:1.0

Sandy soll 5~ 10m 1:1.0~ 1:1.2

Not dense(loose) Less than 5m 1:1.0~ 1:1.2

5~ 10m 1:1.2~ 1:1.5

Less than 10 m 1:0.8~ 1:1,0

Sandy soil mixed with Dense, well graded 10~ 15m 110~ 1:12

gravel or rock mass Not dense(loose),or pooly Less than 10 m 1:1.0~ 1:1.2

graded 10~ 15m 1:1.2~ 1:1.5

Cohesive soil Less than 10 m 1:0.8~ 1:1.2

Cohesive soil mixed with rock masses or cobble stones Less than 5 m 1.0~ 112

5~ 10m 1:1.2~ 1:1.5

Note: Recommended standard gradient is only indicative and detailed assessment and design of cut
slopes should be carried out by an engineer. Silt is to be classified as cohesive soil.
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(5) BREHENEOFREY I DEDLLE (LHF@E)
EROREINC OV TR EOFF] 2 — RIS L THER LM 2K 2.2.11 177, KPOMENT Oy
I3 HADOIEEY) LRI AR OHFIPH 2R L T D,

H o A B
105 106 10T 108 0% LLO L1l 112 113 114 115 116 117 118 L9 1200 L2510 L35 140
I T

HiEETL EESGOEGLD) . - -
-Hﬁﬁﬁﬁr|t|u ERERE
) SmblT | [i=§ i5~wm |
a8 s e S| |
CUREL (ERTELLO) TR T TS
et | [ My | |
I+ EARLY OffiER" EmE T TE—T0m
Technical Handbook  roads ! !
Roeds— Bridges. silty faandy /gravally snél
India | | |
Hill Road Manual {IRC 5P 4&-1998) I : [ [ [ |
Indian Roads Congress OrdineryHeavy Soll which can be sxcaveted monually by plck xes andioe shovels |
Guideline on use of Standard Work ‘ I |
Ieims for Common Road Warks| @ Herd Soll Ordinary Soll
Royal Government of Bhutan ‘
Embankment and Excavations Lorgs-ct "
Tajiki: Up tor 12m “Saﬁ:y. cleyey, homaganeous solid. seri-eolid and turgid-ike cansistency
Upite 12m Sands of smiall dune| ’ |
Loass Fram 2t 12m Mara than 12m
U ta 12m Mara fhen 12m
ROAD GEOMETRIC DESIGM MANUAL Com pactistaritic solls
The United Republic of Tanzania Ordirary solle
GEOTECHMICAL DESIGN MANUAL ' Resigual clay soilz
2013 3 Gk - 10k | || | ﬁﬁ-lSrn
FEDERAL DEMOCRATIC REPUBLIC Hemvgartastic clay soils, Granular sails with some glovs
OF ETHIOPIA ‘ [T-em | | ] | ] ] ] 5 - 10m
® Dedieatransported solls (eob-angular cobblgs. pravels and cands in a fine miastrix)
3-6m | [ | ‘ | T&-u:m 10- 15m
L ocia 1o mediien dense frnsparfed sails (boulders, sub-sngular cobbies snd gravals in s s u.:llri-:. of talis
3 = Gm G- 10m 10 15n!
| L
Standasd Detailed Drewings Earth/Soil ‘ ‘ ‘ | ’
far Roadwarks (2013) 2-10m 1-2m -Im
FEDERAL DEMOCRATIC REPUELIC | Elack Cottan Soil
OF ETHIOPIA Callieenl Daposit ®:n a-2m
Qo ®:in [
Coarsa-grained fammugmous residual soll =5m [ 5-10m
| Fime-grainied erruginale residual soil <Em 5-1tm
Derise - medin dense (e 25 aands) <5 | | Wi
Medium denga —|oose (suchas sits and samly sHts. <5m ’ 5-15m
i | Looss (such oz izl @<5m @1 10-15m
‘5ot to stiff (such 25 sllty clays or cleyey silts) <5m 5-15m
| | | | Expansive clovs @ <5m
Looss cohesive @< 5-10m
KINGDOM OF MOROCCO | |Laoge rion-cohesive . 5-10m
.HDI:k)‘ ails In case of cavities Low Irictioofl< 5-10m
<1dm
Watershed Management Field Manua ‘ idﬂﬂs«s ¢Icose GW, GP{Low grandwatar: beiow bottzm of sxcavation)
Finad Design end Construction G5 P{High Erendwater: saapags from entire scopsl|  @dsass B looss
In Sensitive Watersheds) SWiLow grandwoter: below batiam of sxcavotion) Wiznse | *I: 728 1 ‘
FOOO AND AGRICULTURE ORGANIZATION | ! | SW(High grandwater: seepage from entire seopel dense ® looss
OF THE UNITED NATIONS G SP.SM L aw grandwatar: belaw bottom of scovetion)|  @danss | | [ ] [ I
£905) | GM.EP.SMIHiEh grandwater seapegs fram sntirs scops b dense ®loose
MFLMRO Enginearlng Manual | | ® Conrse-graind Solls |
Geometric Road Design | iFIn&gre_lneﬁ Sall(zaft caneslve sailsl | for lower uts | | fior higher cuts
Province of Britich C bia Canada Fina-grained Soilsiherd cobasive sails) I I T | |
™ Danse Glreal Till £ Comanted Sards ard Grevels
| || lewwwal
LOW-VOLUME ROADS Engineering  (e=svery well comanied sails | |
(Best Management Practices Mast in-place sails
L ar st granla
Virginia Paly bin | | oy clay solls
and State Univarsity USA Soft day rich Wil BEEEE AR
| | Low cutaf<2-3m) for 1evegutaty
N

X 2211 BREENEOZREY T HEOLLERR (LFFE)
ARIZHAAS » RROT —F O 7 27 HIIIoR B AR OB 23 5 2 DTkt L, sy o7 Hilik
(xR p) BT 4, USAOIKHEBITFMNA IEHE RN REV, 77V 7 Hld3e
R A DO A B 5.,
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(6) BAREFNEDZLEY T AEDOLEE (EiERm)
FEARNEIC OV K E O R 2 —EXIZ LTl L=
X B AR O FEHEY) -y A O FIH A2 o~ LTV D,

B, HEOE

X 2.2.12 (27, KFOMENT OEH

V] + o) e
1:00 1.:01 1:02 1.:03 1:04 1:05 1:06 1:07 1:08 1:09 110 1:1.1 1:1.2 1:1.3 114 115 116 1:1.7  1:118  1:1.9  1:2.0

EEET P+ - RERETEH 223
(ER21EER) wE
B
Technical Handbook roads e [nard rock like quartzite,granite
Roads — Bridges. ¥ medium rock like sandstone,phyllite
India soft rock like shale
IR
L[] ]
Hill Road Manual (IRC SP 48-1998) Ordinary/Soft Rock which can be excavated by crow bars and/or pick axes
Indian Roads Cong Hard Rock excavation of which involves intensive drilling and blasting
Guideline on use of Standard Work i
Items for Common Road Works| [} @ soft Rock
Royal Government of Bhutan Hard Rock
Embankment and Excavations Slightly weathe‘vin%
Tajiki Up o 16m Non-softening |Up to 16m
smnenab\% [ Sohenab\e"
pto 6m More than 6 to 12m
ROAD GEOMETRIC DESIGN MANUAL E } }
The United Republic of Tanzania Hard Rock Discomposed Rock
GEOTECHNICAL DESIGN MANUAL Fvactuve|d anld slightly to moderately weathered basalt
2013 ® | |
FEDERAL DEMOCRATIC REPUBLIC <10m 10-15m 15-20m
OF ETHIOPIA Fractured and weathered basalt in blocks, cobbles and gravels of all sizes in a matrix of silt or clay]
Weathered tuff, volcanic breccias or agglomerate | [ \
[ ] | | @<iom| @ 10-15m 15-20m
Fractured, slightly weathered, thickly bedded limestone with intercalations
<10m ®5n @ 15-20m
Slightly weathered and fractured mudstone and marl
@<om| | | @015m 15-20m
Slightly , poorly ted with poorly defined stratification
<10m ® 5, @ 15-20m
Weathered, highly friable shale and jointed mudstone]
@ <0m @ 10-15m 15-20m
Standard Detailed Drawings Dccamposcd‘ Rock )
for Roadworks (2013) Wethered Rock 2-10m 1-2m
FEDERAL DEMOCRATIC REPUBLIC >2m ®0-2m
OF ETHIOPIA Rock |
$-2m ®o02m
A Guide on the Application of 5-10m)| ‘
Pavement Design Method for o0 Strong (such as slightly weathered basalt, well-cemented sandstone or limestone)
Low Volume Rural Roads(2020) <5m | 10-15m | (O
For Developing and emerging countries <5m Weak (weathered basalt, poorly cemented sandstone and volcanic ash,
in tropical and sub-tropical climates. ‘ 5-10m| 10-15m weathered limestone and marl, pyroclastic rocks)
K BN | |
Very weak (slightly weathered tuff, mildly weathered mudstone or marl) @ <5m 5-10m 10-15m
e RLRNP DX S 30 A O T P | | @
Rural road design guide (2008)
Unfavorable dip <10m
KINGDOM OF MOROCCO
Watershed Management Field Manual
Road Design and Construction| Igneous(granite,trap,basalt and volucanic tuff)
in Sensitive Watersheds| i (massive and li
FOOD AND AGRICUL TURE ORGANIZATION Metamorphic (gneiss,schist and marble)
OF THE UNITED NATIONS| Qmassive | | ¢fractured
1998 Interbedded sandstone,shale and limestone
Slate | ‘
@ massive ®fractured
massive claystone and siltstone
MFLNRO Engineering Manual |
Geometric Road Design Strong good quality ROCK mass with no significant weaknesses
Province of British Columbia Canada 111
Other ROCK types should be flatter to include any weaknesses from the effects of structual discontinuities in the rock mass ~
LOW-VOLUME ROADS Engineering { } Verl (va(lztuve‘ed rock
(Best Management Practices Most rock
Field Guide) 2003
Virginia Polytechnic Institute
and State University USA

2212 BREBNEDIZEY T HED LR CEHEMTE)
HARIZH AR A o T —F VO T 27 MBS0 02 A ORI N H 5 DIZk L, HRT 7 Hug
(Zoxany) -4, USAOJukils, 77U pHisiIEERN A I 2Z B8 KE 0,
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2.2.4 BAFZRICBVWTHREOREY L ZEAARZRET HIHR D EHRLG T E

MREDFEEFZMREL, LLFOL 572 2 SOFFHIE S TR HER AR 2R ET 5,

O3 G[E 0> 1111703 B[R0 B AR T4 BE OB TAE2SBATE L 70 > T T, BEAFOREHEY) 15T 4
BLCRIEDS A L T RWEGEIE, SEOFEEY) HIEm AR 2 R4 5,

QX RE TIREY HIEEARSRE SN TREOTH LIRET 256, b LMY Hkm Ak
ITRRE STV D DR RE O M LIHVE 2N 2 ER) TRV EOBRR T, A EORBEAFEAEL T
DY ElE, AAROKETHEIC K DM LHE & Z USRS T DAY HEm AR 2 R ET 5 FiEx i
KL LTRET S,

Z OB, MiZEOEER] - FEREESNE N M (B AROIEEL] AR AR, Y
DT HUIBITROR B AR ORI D Y, T O T HUISRSCAK IS X HEEF A < IX B D& AR E
<, 77U RIS AROBAN H D) 2R L CTRE HEm AR A RET D 2 L &R
FT D, TOLDITIE, REEEH] - EREEFI OB ZFMINCAT I 2 ERLEE LY, iU,
Bl AT 2.2.13 O K 9 7 i LI O EPMRE R L & s - s ORERINC 25 < 8] ik AR O 2 E fEik
ERLEMIRO W 24T Z&I2XY, L0 BROEEG HEm AR OREN TTREIZ R 5720 TH
2o

3 9 A

i

e

How o # % K O#F K imisec)

2213 MILDEEREE LT TEDRIALTONIRERBEEFRERBDER (K 229 58)

<BIAX#>

A H =RB(1955): TN Lk (WFn 30 42 3 H), AMEFRE

FE)NFIIE(1950) « AT, MBFRITE, B - Y Tk & (B 25 412 A), SGEXER

KEIFFAT « IRIEVE - KERC(2006) : mBEKICK T 28 HAEEY OZAL - A8, L it 584
5,Vol.54, No.9

B (1972a) : U1+ ViEofE L 7 UV avfid, + L5 168 %, Vol.20, No.2

BRI (1972b) : B L TEEICI 1 5 1 T% EOREA &2 Oxk, + & 56 177 5, Vol.20,
No.11,

W2 (1976) : U1+ ViEi 4= ViEoOsEst, TEERTEI7 4770 —12, FE 1%
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BRI (2006) : #HaE B EArOFEE & Ak DR, 1 & A 585 5, Vol.54, No.10
T (2020) : EHUESE THFETTEE (2020 FET)
TE LY 1976) : Bl Vi, HEEH# LTI /477U —12,
A AER A (2006): 5% G HEGES —5 L LR
AAGER S (1956) : EEE - TfR#E, ERK LIEEES 1046 (1BF 31 4)
AAGER S (1967) : EE L TiE, (EF 42 4)
AAERKTZ (2009a) @ EEE T L -0+ T « R E TiEEt CFRk 21 4F)
HAGER 2 (2009b) : EH - T2 (CFpk 21 )
J RILAAR(2018) : Y wb# T - fHE%E LICBT 55 E 8k
Rl (1997) @ @ERAE TR B EAIEAE (52) (1997 4FiR)
EENGAKW 2 (1982) At Al 1k THDkar & 541
EETERD B 12 (2007):58T - R REER 1 T oG & 524
HH{EHE(1964) « EAREANE OO DHME AN, 1L
AINEJRPE(2019) - #-10  EATXIE 2 &% & LSRR U7 TAfEkEs K OVE I fichh 22, ) HHHVE Q
&A PENER (FFocH 5 H), AARSHHVE -2 4 = U [E S5, pp.1-59.
[ L22iE 4 (2006) : [E 7208 HE (CFRk 17 F5) , (https://www.mlit.go.jp/hakusyo/mlit/h17/index.html,
2024 4F 1 A 15 &)
E 1228 (2017) « BARLHFERG~ =27 /b, FEHTEHR
=]+ 22844 (2020) : wx it BB F, ALk 6 R
K[EIT (2014) : A v ¥ o PR — BN A,
(https://www.data.jma.go.jp/obd/stats/etrn/view/atlas.html, 2014 £ 8 H 3 H &)
RET (2019) : #EFAED L A (https://www.jma.go.jp/jma/kishou/know/jishin/jishin/about_eq.html,
2019 4 4 H 10 AZH)
KEUT (2021) : HIFEIZ DWW T (https://www.jma.go.jp/jma/kishou/know/fag/faq7.html, 2021 4F 4 H 10
HZ M)
PRA(1939):Textural Classification of Soil, U.S. Public Roads Administration(PRA)
AASHTO(2018): AASHTO classification system of Soil(U.S.A), American Association of State Highway and
Transportation Officials (AASHTO)
ASTM(1948):The Unified Soil Classification System (USCS), ASTM D2487
IRC(1998): Hill Road Manual, Indian Roads Congress(IRC), (IRC SP 48-1998) , India,
(https://law.resource.org/pub/in/bis/irc/irc.gov.in.sp.048.1998.pdf, Accessed 15 Jan. 2024)
IRC(2002): Rural Road Manual , Indian Roads Congress(IRC), (IRC SP : 20 - 2002), India
RDPR(2013): Technical Handbook- roads, Rural Development & Panchayat Raj Department of India(RDPR),
India, (https://www.tnrd.tn.gov.in/buildings_design/Roads_Bridges.pdf, 2024 42 H 5 H &)
ERA(2013a): Geotechnical Design Manual, Ethiopian Roads Authority ( ERA ) , Ethopia,
(http://www.era.gov.et/en _US/web/guest/design-manual, Accessed 15 Jan. 2024)
ERA(2013b): Standard Detailed Drawings for Roadworks, Ethiopian Roads Authority (ERA) , Ethopia,
(http://www.era.gov.et/en_US/web/guest/design-manual, Accessed 15 Jan. 2024)
ERA(2017): Design of Low Volume Roads, Ethiopian Road Authority(ERA), Ethopia
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ReCAP(2020): A Guide on the Application of Pavement Design Method for Low Volume Rural Roads, Research
for Community Access Partnership(ReCAP), UK, (https://www.research4cap.org/wp-
content/uploads/ral/Roltetal-TRL-2020-RuralRoadNote01PavementDesignMethodsLVRR-ReCAP-
GEN2166B-200710.pdf , 2025 4F 4 A 10 HEH)

MET(2008): Rural road design guide (in French: Guide de conception des routes rurales), Ministry of Equipment
and Transport (MET), Kingdom of Morocco

MoWHS(2010): Guideline on use of Standard Work Items for Common Road Works, Survey and Design Division,
Department of Road, Ministry of Works & Human Settlement(MoWHS), Bhutan,
(https://www.mowhs.gov.bt/wp-content/uploads/2015/06/Drawing.pdf, Accessed 15 Jan. 2024)

MoW(2011): Road Geometric Manual, Ministry of works(MoW), Tanzania

KMC(2012): Automobile Roads/Highways (GNiP PT 32-02-2012), Road Design Standards in Tajikistan,
Tajikistan

FAO(1998): Watershed Management Field Manual - Road Design and Construction in Sensitive Watersheds,
FAO Conservation Guide 13/5, Food and Agriculture Organization of the United Nations (FAO),
(https://www.fao.org/sustainable-forest-management/toolbox/tools/tool-detail/en/c/263573/, Accessed 15
Jan. 2024)

MFLNRO( 2018): Engineering Manual Geometric Road Design, Ministry of Forests, Lands, Natural Resource
Operations and Rural Development(MFLNRO), Canada,
(https://www2.gov.bc.ca/gov/content/industry/natural-resource-use/resource-roads/engineering-
publications-permits/engineering-manual, Accessed 15 Jan. 2024)

Keller, G. and Sherar, J.(2003): Low-Volume Roads Engineering -Best Management Practices Field Guide , The

U.S. Department of Agriculture (USDA), Forest Service, US.A.
(https://www.resolutionmineeis.us/sites/default/files/references/keller-sherar-2003.pdf,2025 4= 4 H 10 H
Z M)

USFS(1973): Transportation Engineering Handbook, Slope design guide. Handbook No. 7709.11., USDA, Forest
Service(USFS), U.S.A..
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3. WA GHE T T HIFEY TIAEAEDEL

3.1 A&

AR ARG Hikm AL, — 7 8 - #EICkT 56 0 LRk EIC T2 50
THPNTN D, WS TIEE OENAAET 2 Rk 72 V6 2 AR HED) TR AR SR E STV
IRUNFTREMED B D
3.2 fEER
WM b ARHERG K ECRIEE & 72 2 K5 BR R HVE DMFAET 5208, 43 L b E DR R MBIk D1
Ul HEmE ARG E STV D TR 7220,

ARICBNTIE, FrkeE e LT, £33+ (fEfx) , Lo, RERCE CHIRIREL R AR 3R
ESINTWD, LUTFICAKRIZET 5562 5R7,

(1) 3L (FEEB) I8+ L EEmAE
7 3.2.1 IZF S+ HERAR A R~T, 22T, RS DOBRILIREE THBEX S L, FNEF
TITES & AR ERE LTV 5,

% 321 FEXIcHTHZEY T EBAE (TEIFS, 1979, BRERHS, 2009)

EROER 00 (=) & S
AR S ERDEE Eel e (TR
o Bes R =THL |EEEFE®E |5 10 20 a0 50
.0)1.2]1,5
rEmes | D | [Ewas [za Wi | e R
" " 1.2 L5 | L&
ESlCfES afteT, ik 0.6 [0.8| 10 1.2
BT R O |@iE (FEOSRVvLORIT ) Li~Ls | 2 | 2 | ¢ 2
W EHAER L iR 0.8 1012 L5
c . 3 & 0.4 |06 |08 10 1.z
HEPETHEACENL
T (L 4 Cu [We ? Ls~23 | ¢ | ¢ | ® : )
’ . MESRETS. ok L 0.6 |0LE| LD 1.2 1.5
Ci ER SR A A 0.3 0.4 0.6
= EL e b B th Fe N, HECHE RS ek 2.3l E ® t )
& TH. 04 0.6 0.8

DhEEERS
HESaHT IO k.

HEAbKHTIO0® A
HBEScrdTsonE: b
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(2) Lodc& T2 REYLEEmAE
#3221 LT OEE HERARZRT, 2T, LboTams (FEEMEE) LHKkofE
T4 L, TR EAE L ikRRE TOEZBE L T\ 5,

£ 322 LodIHH2ZEY T EEmAERE) (BARERHS, 2009)

L & + ¢
5 i she L B BT A
BTy e B s i EH FE A R IR BEE ARy
Lot | ey | TRRLEY Loy | & L P
4
2630
e | s . a e | — —
() 20 L 20—~25 WA T 25| T A 20~53 1 W
H5H [
?;? .0~1.5 | 0.B~1.2 | 0.8~1.0 |0.5~0.8| 0.5~0.8 | 0.5 4 F | Lo~1.5 | 1.o~1,5
Do, (@0, |ooR, Eafi|Elrae (ERE oo [BE HE
E Wi T, @ [EET, W|ET, et | WEED, | b, W
¥ DR |Evw bk, |[Evr b, DORT | FRET
2| G By, o0 lmE  |mE By 7 i
E i |7 e B, 2wz
o %E » WY, Y — k3§
ey 9
— FIEY
% : : . _
(1) LO~1.6 | Lo~1.2 | LO~1.2 |LOFEEE| LOBE | 0.5 BE | 1.0~L5| 1.0~1.5
i molE, ool (oo, (oo, |ooig, |[Eae ouEe EE, s
ﬁ n |FEED, [REEY, LT, BEEE |EREY, EERY, v, W
'S n Fogd |Fod BRI P, Fo|Foed ook |FERiT
S| W (D, s|EE, @ |Evw b, | v ey, o wWaY, =
i E g = iy — [FF N, ¥y - Y-
1 T |rumn kgD #— k| F3EYD FaED
i 0
ek moa)
npgsn | P B By oL o f2L Y b

EL) LedikizBaesnsd<d, O moRElAESTRECHL, IFREED 27 wll FEME
TAHAES, Tl FERETLAHEL GO EHITL, PEELeTE2HS LT ORI DD
NRETEENTILDLTS,

tE2) o URERM 3 mdEALBH5E, BHEFEESELTH T m ZLICiE 1L 5~2 0mibid
BEEGD, F, BREsLOHENATOD@ICES VLS zob BHolEkitE il o b
Lz, @omicH LTSN Lo lo ikt a Lol 45,
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% 3.2.3 [THERCE DEE X 7 ORI IS HE 2 7R
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N, MERCE 2SI & ARICRBI L BT

NENOBZIMES L ITEDO RE TR S E{T->TWVWAE, FORXRSITN U-ES & AR OBZ %X
3.2.1 TRLTWA,
% 323 HERIEEDBEERX 5 (NEXCO,2006, AAERKS, 2009)
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(4) BAROEHTOFH

AARICBONTE, &3+ GREVbIERSE) , Uo7, MBHUE7R i3k tE oo an, Bis,
Y AR R AR SRR E STV D,

FEHTEE O+ & B RERICEYLEE N R 2 BT DM A R D, BYLEEIC X o Tl 2Ry
TR AR N RS, EEOBELOEREO ERIE 10m THH, X HiFmEYLRETH - T
30m FEEDEWEE N ARET, & HITEL 2o - BULIE S TIRE S S0m BRE LA SN TV D,
DIOIEREIC K > THEWEY) LR AN K & < BT 288 E R-> T 5D,

L 5900 R0s C b AR HIE, YY) HyEm AR E SIVTW DS, T OB T — kA /e E vt
Y HEE AR SEH CERWEFANZ N O THD, ARICBW TR SN TnsEEt, L
T, PERCRIZOWT, EARRER L E SIVTW LB Z DL FITR T,

F&+ BEACERS , LT, MEECaEITx U CTEAED) Hikm AR AN Em ] T & Wik s g
SEINTWABERITILTEZS 2 bND,

5 324 BRIZBITHEFHLGHELEZ DS

TEAEY) IR AR ASE T & WA IS STV S BEH
Fat+ (FEYLAE |- BUROREIIS U CRYE AN GVE L, Mk e e e E AR, &
i) NENDORALEERE TN 2 5723, BULORREEIC L > CTHEREY)+1k
HARLZ N2 D EN DD,

FRE LAY £ SR E RS T AEREITREAKICEDREEZZTROTL
TRPFER DL & LT,

Lod © EIUN ARSI D BB IR O K I LTE B RS D K HERE A O FE T
W USIRAE TR L OV 0 IR AR 24T,

Vil DR EECHEREBRBEIC X » TR N R 2 D,

FRIC S IR CLPIMEEN RS Z &6, ML LS 3Ol
FEIC X 0 ) HEm AR A 22 D IER S D,
FRIKDERIZHIN @, HAKOARET, BEREY) LA L 2 X D
ERH D, JKUEBLETH D,

PERCS - ORI K BRI, OB OREEEIE O D K Lo AR O 1 K
LAERSEC K 0 EREE D DB LML Lo Wiz, BUbS 49 A
THHE LR WEEAR LR L TB LERDH D,
FALERRELLT L, FETh>THIEL, BEUbRETT 2,

FRELCHEB LR A ENT D L, DITO XD REMO%EIE, Rk HEIZ Xy S, BRI YE
U THEmARZEDOVLEND D EEX LD,

JEALRIZ Z 0, kkx el odkigEE 29 (BYbE~E 1, RtET),

FREMIZ L > TRUED LT SR EOMEN R 5,

BREEAMIT 0 BAL DOHELT D3 E

IROZENZ T 2 R EMEDER N,
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FIET AN ETRS, b L, RHIBICE SR HUE ST 2581, FOMBEOWEA2EE L%
TEFE R FEDS W TH HEE AR 2D 2 LR D 5,

(5) B OEKhE
MEAMZ b S F I E BB N FET D0, TUCxt 4 DY) Hikm AR O EFEF 2K 3.2.5
2R,

& 325 HHRMEDREY LAEBEDKESH

AT CES B =
HEER N4 (m) (V:H)
Loess s <12 1:1.0 ~ 1:1.5 X% A K 2 (KMC, 2012)
K >12 1:15 (Vv hEER)
Laterite 7774 b HEIX 2 | 1:025 ~ 1:0.125™
£ > F(IRC, 2012)
Moorum L—T K HEL 20 1:1.0 ~ 1:0.5"
<10 1:1.0
Marl DA 10 - 15 1:1.25
ar VL) 4 - :1.
(EpCE) 5-20 s TF AT (ERA, 2013)
Red clay tetarht SR )
(Residual soil) | (F8F7+) * L 110
Compact FF 54 |6 S L 110 ~ 120 | #> =7 (oW, 2011)
lateritic soils

*1: Moorum/Murrum & (3BT R DG E + (red soil) T, @ERIC—KAIVHWONLMEITHD, 77 T4
~ETRR D,

*2: 77 74 M&, Oridinary/Softrock & [ U7 TV —IZnHEIND

*3: A—7 A3 Ordinary/Heavy soil & [F U 7 TV —|ZH8EI N5,

*4: fEOZ VG EULTES & R CHEEREH Sh T2,

*50 I ORINTEEDY, EEREOTLEEFZRLTEBYZEMEE VI MEMNTTH D,

*6: 7774 FOW, HEELEH O Ordinary soils TliE72 < s@fEfLA & F CHWTH 5,

<BIAX#>

TE TS (1979) : BYLERAE L F S Lo THMME L 20, TEERTSI 477 Y —
16,316p.

HASER 2 (2009) @ EEE L T8+ T - RimE LiEgr Pk 21 4)

NEXCO(2006) : &% FHZAEH 1 4

KMC (2012): Automobile Roads/Highways (GNiP PT 32-02-2012), Road Design Standards in Tajikistan.

IRC (1998): Hill Road Manual, Indian Roads Congress (IRC).

ERA (2013): Geotechnical Design Manual, Ethiopian Roads Authority (ERA).

MoW (2011): Road Geometric Design Manual, Ministry of Works (MoW).

113



IV Yl +ToOREICET 58 & g

4. ZEETOYLROEEREZICOVTOLEEDEFDELN

4.1 B@E

— WA AR HEY) YA AR, BRI O IR PR & B/ NROZ R IEXIR A D 2 & 2Rl
LELTRESNTWS, LL, ssMETIE, Hw-osEfba o) Lk Th - T b BAEE Tk
BEINDZENEL, EiR#E LOARR L ITIEIPIK LR EORE I NRNI ENL, 2D,
B OSSR LREANE UL, ERORENRKERREL 72> T D, £, RAKROIEHE R
HE TP ARRER O MBS STV 2 & BB TH D,

4.2 fRER

B R ASHBR I V2D 7 O SRR L B W TR ERD-osi R LA T d o T b IR R TPk TSR E e
BAERDHD, LL, bEBREOERRRELIHIHAIIINEBLE L RS, YV -1F7% LOREDE
HTIE, REORESLE(LOWEITIC L W EFRORKE & & HICRLEEN L, Hlk & OB SICRE
LTV, DF D, REREOERO/NERBRERET S LT, L0 REAREIEICHRET S
fERPESE < 720, R E O mEE R OSERH ORI EEHL, EoT, 2O X RER
DARLZEACE PG IET 5 7o OISR A R RCIE TR # TIC L 0 BT 2 R L 722 gz b,

— AT — &L
4 % BT BB 5 Tk
s : | AL, JEFEG .
iy DA T [ BRI
TEE IR & Tk B L0 Bk %
{Ziéﬁél HAWs Tk
—— EARERMTT
— & R T FERE AT 2Tk
N =z ] ZEBGIE~ > Vi T A 8 7
AERET :#%TW%? LR L
2DHD LI 5 T 72 3 0
555 A W 0T
| EEmIsE S %Lk
ZERET
R T, | mEmcrrzERETIIOLTIE
7IVLRTEATLE | OB TRBT %
— & | B K
LETORAE - 22
DIFEIA & 72 %
FK - BB E
Bt 5 Lk

X421 PIXTICENWTRELGHEERETEMRKARDIELE

114



IV O ToORREHIET 2 i & g

I RE LOFEAZ RS, ZOHR TR TIZH W CRIKRMLE & 722 25w RE L & U ClEmkk
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At W T, HREMEIEIC/ERT 2R K HEFEBEO 0T —F 77 > a v &EE L TR (T
Yy X—0DX) ICLVRDDH) EWIESN TV, T ZICEMo BEXPRIRAGECTH D 2 & I1FF#H
SINTELT, REHIHWD HEADN 1T DIZRES N TV, 2O LEREZLLTITRT (RiIES
BNLRFLTH DD, SIHMERICEFT L),

Pﬁzfzwm—a)HL+a3—4m%4P

Hg Hg
p _ 3(3-4m)?P
tmax = 4(2 — 3m)H,
_ 3—4m H
T 42-3m) °

- 521
ZZig, P orxrHEOET (KN/m)

P EE HIZBT 5K EHE (KN/m?)

Ho : 22KHDOHEE (m)
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H: Rz »S POEHAE TOHBE (m)
Dtmax : %j(j:}} (kN/mz)
m: AT P OEREOEKRIEOERS HIZHT 5 (m=0.55)

TTIE

n H,

A,
e
'_—'

e —" [

s

X 521 1985 FEFITOEFZE MM HEMBEICIEAIN-LES

HEFN 55 47 (1980 4F) 1ZFIT STz TRBIFERTE R THI <0 HUZ 31T D AR OREERGT ) (1R
WEFEAT, 1980) 1Z1Xx5.2.1 OB E LT TEEERE ) ISR EA FEUME - BREHR) LitdisihiTnd
23, 1980 AEREATIXA| FASCER O FHR (%4, 1985) X HRS Ty, Lo T, Zo51H
SCHRTZSGETEE T OIEABERCH D, AARTARSNIRRIITHKTT 2 & At - B (1980) 23
T—=FT I varEBB LT s X—DOXOFHM L5,

Rk 9 4 (1997 ) \ZELET L7 s B ) DB B E—RGHR ClET vy 7 ¥ —D HEXb B D & L
G, [, BERES 15m BED ETImLenbo b L, #IEHEO =000 &35
RADBZLZ HNLNA TS, & LT, BEBFIHINNTHDLLTORE K 522 O LESHABEH S
iz, ZTOHMITHRE S TH2RNY,

P, =kyh (h<15m)
P, =15ky (h = 15m)
£522
Z 2T, Py HJEREEE(KN/m?)
k: §RIE L ERE@E L, HMELIC b5 05 &9 2)
y o TJE O BALATE H E(KN/m?)
h: WZFEDOBEE (m)

P

H=15m

X5.2.2 1997 ERTORFREMIMHEMEECERASNE-IESfT

ERER T E— T ER (AAERTS, 1980) TILr— Y o E#EORIEEDR T 1% O E &
LCipl BEAEBALCTBY, £2I1E Tk Bl L CiamE L+, Mt toXiaZ2< 05 24
WHHDOE L, FIEHEREDOSAME LTE, S 15Sm ETEA0MHE L, 2L D IEWEFTCIX
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15Sm ORSZBIFHHERE LRI U THD EEZ D, £, Fik HEICITHE D OFEBITEHET 5, |

LRIBENTND, ZOFRITZEDEDFR 6 4F (1994 4) JLpk 29 4 (2017 4F) JRIZ & FLaiAs
HY, REEAESNTE R, ELREENERIF (1997 4F) ICBRA Lo HEREHRE (K52.2) 1%
ZOFIETLIEOBEZ FIZER LI- b D LB LD, B A ——0N8E L 72 3 4F (1991 A7) hi
DT A F—T b — MEKIFRG - i T~==7 /b GAMEEES, 1991) (IXEKIFOXRFHIFIAT S
FEE L CREICIX 5. 2. 2 O B ES A BB STV D,

TRILBANEEEORIIR (B ARIBILTAEKIGE, 1971) (XL TICBET 25803, 6L EYE
fiREH — HIT RV ROV T d D B AIEILTEK S (1987) 121E, RS 20m Kl TiL 7 v ¥ HELE
BHTDEL, E2m U EOBEOHERE LT, K521 KO S521 ERCT—F 727 a v %
BE LTV 7 F—ORXPEHINTWD, £z, ZEEEOMED HEX LB Tns, T
x&%ﬂiem3$)®&QW(E$/ Gk, 2013) THEO 3FFHO LEXNBHEHINTND

, WBHTE O3~ BRI ZEEEOMBEO HEXEFHT 2 2 8%,

CRETEDEEMES

BN BN ALY BREHR (%A, 1985) 1TI3m HEICRF D atifid 7wy, Tk 9 4 (1997
M) ZCRET Lo s ) b P AL v E—ar e (e, 1997) TliE MR HEN PR IN L GE103%
NEBELEEFZTHI>LOET D) EFEHEINTWD, Lo, REECETIEHOERZIC, I
TR OMR AR TE T 5 72D O HBRJEEORXDBEE STV D, Z OB ORI HRE IS5 LE
DERT 2560 THY, RIJEEZBETE0, PRk 34 (1991 4) RO T A F—7 L— MMEK
IR - i T~ == 70 EAMERES, 1991) CTIEB%HEICm BEE2 A L <, MEREROXTIH
AOWEEBFTT 5 FENMBH SN TS, ZOMBREROXOMEAEIIME S TV DH, #RE

(1997) OFRIZZNITESHTWDH EEZ RS,

TARMFZEATE R THI~ 0 #IZ IS 1 D HKHOMEERREE) (HAMISERT, 1980) (ZI3HIT =D HIPNIZ
RETHHEAET, TR ELUEE TOBREOEAICONT, 4 H5M0EDREENMERTLHA
OFEANBHENTND, 4 FAPLDOEEEAREELERT LI LI TERNDS, VF—h -7

—WHERITOT A F—7 L — hkit - i L~== 7/ (2009) TiXH3 <0 HEWrHm o 2 J5m
SORMEIEIC L > THENRER L, TOERIIE Ui HENSHT R OREE S RASERT 2 &0 )
REER>TUWND,

aANGT— K TAFT—GERBITOT A =T L— FE&EF - i L~== 7L (2009) TiIH7T <0 Hy
W2 DI HIZEX E T 2K TR TJEDEE SN D5 TIRBRIVIZ 100~200kN/m?* F2E OfF /=%
LARIDERS FMOERIZOIEVIENT 26D L ET DL INTWD, Lnl, H#REKIFORKRE
ICBW IR LEZ B E L osi G Eoh e Wil micd 5, £/, BEROTARH~=a7

—WitE (R, 2015) TIE, HT_VEEI7 0 v /7 NETIIRHEEZEZET S EHR ST
%o Fiz, Skhar s U — MEKH BEH i Lv== 70 (JbREEERILE S, 2010) (2% 100KN/m?
DIFLIEEZBET 5 Z EMPFEREnTWD,

B)BEHERLEDERNES
BEFD 30 4= (1955 ) [T H AR TRUNCRE S -EKT B o X 5 1cBukdEF & L CTigsh TR
INTWET U7 AT x)L (radialwell) ZHi3 <) HIZERE L72HOT, #&EstEIZIZ 7 vy oL
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ICHEHL L T\ 2B 2 bivd, SRR ORREHFIEIY, EFIBHIEE CH 2 KR 338 L CBi%g
Shic ONIFEEEk, 1973,1974), RC LK DORREITIEIE, RC B 7 A M HAOEKIFZFHFE LT
AART Y 7 TENRFEELCHBEIN (LAAT Y7 T3, 1975),

EF0 55 4 (1980 4F) IZFEIT STz TARMIFERTE R THI~ 0 HUZ 31T 2 K OMEER G (R
B EARBFFERT, 1980) (B W THEASFOEHRFOTENMER SN TR Y, SfEE K L SkF o
7 U — NMEKHFOREERF O FIENREN TNV D, Z O T O EE K OEERR GO FEHE /313 M
— 2 WEAENMERATHAORR, -3 30 tHNHE2EE LSO (1) %
KIENRT RO E A OGS, [T—4 W) TN EBE LS 0%REE () HEARHER
TRYIMEYDLHE] D3OG LENTVWDER, HdT~0 HHRNEEE L 2 DO &R FiE
FBECEFA S TW ey, TTI— 2  HELERERT 2856 OfkEH) TR S o et ik
23, BUED E LA E RO TR ORISR O A/ Ch 5, FRIVEE T 8 & 525 4 I v
O, FRKH#TE— A2 FOREH L EBRRBREIN WD, £, EBEREEMHETRHASA TN
EMEERREEZ R r D1 %ETHEXHTLRENTWDS, LrL, AT — A b aT 47
— 7 L— N AR U CoELT D kR E O BARR e TEOFLIR I,

T A F—7 b— MUOEIKI OREEFHE O T IEITIR (L EA S ERR L — 3~ 0 iR (B AR ILTEK
23,1987) IZEHMIZRLIR AL TW D, WEEFHE O AR 225 0 1 HARFEATE RE (1980) LRILTH D
S, FEMZENE S OB X FITMHIREORIRY B2 EKELTHNRTH L, £z, #cihiFE— 2
FNaeFAF—7 L —MEMiR) 7 THELT 2B X HF HEEMICH I TWD, ZORRIL, EO%
2 [BlDOCLFET 2R 7o FIFEMEE DR (2013 4EhR) & Tilkse L THER S T\ 5, —JF, ERxE I
BT B Y — G B O FIRD SICHTR (1997) & T & M~ 0 BHIEBAfHESE L OER  (HAKRHFZEAT,
2008) 121X, T4 F—7 b — MUOHBOREFE O HFIEICET 232500 A T, AR &L
R D 1%ET D bETRBEROBMNAEETEH EINEHEL2E5T) oL ZIicbiflden
23, EElE LT ZOFERFIHS T TV D,

4.2.2 TEOEZAICET RS

(1) SvFoE®I—AVEE, FLY7XF—RKOMBER

(a) SoFVEEP/—BVIEORER

Z %+ JE (Rankine,1857) X°Z7 —1 >+ £ (Coulomb,1773)i% H AU/ B W T L < HIHILTH
HHEXTH D, SHEOBEmIIEHT 2K ELEICRE LI5S, 7oy HERE7 —r o HEK
\ZBITHREmMODEEESM 6 &2 6 =0° & LA &8T5, 2o HERIIRERO OS2
T2 XTHY, Ho, AR WIRE O THEICBET 28 Ch 5, F/KIF LIE— A2 %R T 20~50m
FREE, KT 100m X AWEOLDOLH LM, O HERITI O X 9 2R KIERE O LRIk
L7z HEXTIERY, Lo T, IO HEREHWD EERHTCITERELY REDOLEEZHE TS
ATREVEDSN B D,

Terzaghi(1943)<° Terzaghi&Peck (1948) X7 > %>+ (Rankine,1857) & M % iz L, S$HiED
BEEICER 0 LEICIIBEL LOSmE M O7 —F 7 7 v a UIMERTHZ & L, ZHUC X VEEmD
T TIEHERBAD L, ZoF 0 HELDOEPRELS DI EEZRLTND, IoT, FUrF U HE
X CHEE SN D TENER TIXFENM L Y K& 2D, RO HE &R TR bE 2 Fk & 72
HZENZNZ E0D, BICERBEOENEIRTSEEZZ 65, £, Terzaghi(1943)I3EEH DAL
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DIRZ =X > T, BEEIHERT 2 HEOSMIEREZR Y, T0F% 0 HEDO LI I =MoL 7
% 1= OV TBER O _E3 S HREVEANCEE 9 2 BN E LD HERH D E LT D, SREHFIOT —F7T
73 a VTBER NS KNS DI AR O T AMEAIENICIE Y T BN O AR AT D &
LTW5,

—J, ZEfEEoMEICT X REEMT D E, KB c ORI L0 PRBESSERICBWVLTD
ADTENRHENDL Z DD, £z, WTHEHICBWTBR R HEEZR NI it b H 5, fil
Z A, HUE DX 53 0K HUE OF AWITREE X A — 2 OFRENR@EYI7Z L, 30m LR OB T
LERRFEBLENEHEND Z ENH D, B 3~5m FEEOHEL CTHE 30m 2L Eicbz->T, &
BROT RO WA HT 2 EBMEN AT H 2 LI1E3B 2 b0, TEOWEE TO L EORIFERNER
[Z7R o T80T, B XS &S HiE O AWHRERT A —2 2 RETHEND 5,

Fiz, TUoFdrHERCT —nr BEIERICT 5 HEEGR CTH H720, ARICITEATE v, A
*ARE SR 2B UL A IS BB TE W LA FER L CRIAT A LER D S,

(b) BROEMEICHETEITILY 7X—XAOBES

HEAKRIFMERT 2 T & LT ORDPEANFBN SN O HARBIFEITE R (LAMFZEAT, 1980)
ThodH, YRHTEERBEBAMEETH ZoXBFIH I T, UL, ZoRITFH & S D Terzaghi
D EDIEZ HFLHE N, Terzaghi(1943)X° Terzagi&Peck(1948) Tlx[X 5.2.3(c)CX 5.2.4 D KL 5128
BEHEOT —F 77 aDNEETDHEOHMIH DL OO0, ZOLESAARITBIE ST,

] N Cbservea | Ll
Seria’
F T R . = Fressure 1 \\ a3
{ . = Urcontined —
\ ' b ~ Comaressive e
i | P =" Stremgtn |
1 [ ™ o
-,___ir__J & = N (i) te)
,- i 1 )
Lo = N i
e | et Rarbiie ™ 4 3
| e ! A e
g o e ™~ 3
O
g g_ 1 a~.3 [
Tors/ sg £t
Fra, 17. Failure in cohesionless sand preceded by arching. (g} Failure cansed by Fra. 160. () Resulte of taral earih piredsiire ngsdust bracing of
downward movement of & long narrow r section of the base of 4 layer of sand; open eat in medium day in tion in unconfined compressive strength
(5} enlarged detail of diagram (a); (¢) shear failure in gand due to yield of lateral of elay adjacent to out; (c) of pressure wsed as o hasis for design
support by tilting about its upper edge. of struts in o s in soft and medium clay,
5.2.3 Terzagi(1943)T® Arching D EiEA 5.2.4 Terzagi&Peck(1948)T® Arching D iR

A AR THRAT STV D HEDFAITET 2 BRI & EARNFERTE R (LARBIZERT, 1980) @
A& —E T % Terzaghi @ arching BEFa=UITHEL S TWZewn, WA O SCHkE 7LD &, Bl x0T,
Evans(1984MS)IZ{& -5 3L [an examination of arching in granular soils] & L C, Tien(1996)i% la Literature
study of the arching effect] & L C, £ ZIYIFFEER STV o fix 72 arching Bilim & L LT 5 23,
Terzaghi (ZB9 % arching Blam(XX 5.2.5 D L 5 e i ThH v, LARMIEETERHC R S 4172 52.1 D
TG LT R D,
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Lo Figare 3.7 () Flow of Seil Towund Staliow Tunsel When Yieking Happened & the Sod
By, Curve ey Actual Sliding Surfice, Line &b, Assumed Slifing Sarface,
b} Vertical Stress Profile in Sol Located sbove the Tunmel (Terzaghi, 1943)

Figire 1.3 Tereaghi's Experimental Results: Vertical and Horizostal Stresses in Sa Body
ws: Tiepth (Terzaghi, 1536; Revised by Eveas, 1584)

' 1,09.03.0

L s P
}-5:,

E e Ll e

2 i = Ja

] r Jan

i N g

= \\/'

£ %

3 | l}f:.g (] (L]

] AT
1.0°2,0 3.0
Coetf, of lut, serth press. [K} Figure 3 8 () Yiekling Zone in Soil When Tunnsl Located ot Geest Depeh, (b} Veentieal
Stress Prafil in Seil Located sbove the Tunsel (Tereaghl, 1943)

Figure 3 4 Terzaghi's Experimostal Results. Coefficiest of Laseral Earth Pressare (K] =

Depth (Terzaghi, 1936, Revised by Evass, 1984)

5.2.5 Evans(1983MS)4> Tien(1996MS) TS S4L TL B Terzaghi(1936B, 1943)D Arching M ExBAK]

5.2.6 |27 X 91T, Khosravi et al.(2018)ILV Y A A 7¢ arching D BEERTUA HLik L CTUV > 5, Pipatpongsa
etal. Q014 L RIFR DI A IT > TV B0, EH 54 Terzaghi OBRGR=TEY > Tz,

Benmebarek(2013)I XM ERIR DO UAERA T2 HIEEGR 2 L LTV, Terzaghi DEGRZCH Ll k4
ELTWD, ZI Tk Terzaghi (1943) IZHRE SN2 XE ATV AR Z ORI 5.2.3(c) DX H 7
BET OO LR L2 UTiE7e <, X165, 2.3 (a) O & 9 (TR MR D —¥BANE 4 2 Rr B2 A E (S AE 3
HHEEOXTHY, TANEFTERNCER SN 52.1 LITHRRD,

a/yH
000 005 010 015 020 025 030 035 040
0.0
Coutomb (1776)
ol —— Handy {1985)
— Wang (2000}
% ----- Paik & Salgado (2003}
0.z N -~ Khosravi et al. {2016}
k. ﬁ‘ -——Kie & Leshchinsky (2016}
03 "\a{‘ — = Khosravi et al. (2018}
AN O Data_H=2m
0.4 g ¢ Data_HsZ.5m
A Data_ H=3m
i is + Data_H=3.5m
# Data_H=4 m
0.6
0.7
0.8
0.8
Lo

Fig. 23. Theoretical predictions for the distributions of horizontal active stress
compared with full-scale measurements (Data from Tsagareli [45]).

5.2.6 Khosravi et al.(2018) CLEE SN TL S Arching ¥25H

TARBFZEATE R (LAFZERT, 1980) TIEHEXOFHEBREOHMA L H Y, HE h TO LES A ph)
73 Tp(h)y=a-h*+b-h] OBIEICHES & L TANFHE S, R a BADMHEE > TWD, ZOREEIE T+
JESARDY, RS hIZIEFI L, TRE h @ 2 3 (W?) ICADHHIEZ T 25 | 28 LT 503, Terzaghi(1943)
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TIFED XD 2 EEROFINIIE N, AAFZEFTE O3 5.2.1 13X Terzaghi(1943)?D arching #Fm D H % 70
TESMOIIRZ ICIZ, AARDOYFEOERE OMEEMBIZHEE LN THLLEBEIOND, Lo
T, ZZ T ARG EOK 5.2.1 % Terzaghi— HAF & £H 5,

Z O Terzaghi O LHEHGROARER L ERITER L T, THEAINT X HEORTE—8T
HZll, HEOHAIRO I % TR FEHNE N - HEXTH 0 B EMTFICZ Ly, Fiz,
Terzaghi(1936A,1636B,1943) X i % 2 B4 % arching B D E 2 AR LTEY, HARFZEATEED
ASE Y 45 9 REME B IFASS TG LTy,

—7, A (1969) 1% Terzaghi(1936)237~ L 7= ibHiflE C D 1 =D& 2 5 % JlZ Terzaghi BRFa 2R - T
HEFHAXEZFHE L T D, Terzaghi(1936, 1943)13HERE D DEWNZ L » THEAT 2 HIED A H A
325 LTHY, A (1969) 1ZZN %A 528 DL OIZEHL TWD,

I
|
I
I
f
|
|
|
|
|
|
|
|
|

528 BEQELERTESHOMER LN 1969)

ZOW, 1A (1969) 11X 5.2.8(a)D X 9 IZHERED Bz iy & L7z[BHE A U 5354 O Terzaghi(1936)
O HEFR Z T T OGESRME TREFEL T\ D,

OEHEDOT R AEERRE T 5,

QEKEHEDENINT X HEDAE LS LWET S,

Terzaghi— [11 1 DX A& LLFIZRT,

p, = V”;{a (1-epf (- 1)} (1+2)

z1=H-z
1 2 —&) —E2+28-2
_ 1 2exp(=9) —-$*+ 28 .. 2503
3 &3

Z 2T, Pz X 2B K HE(KN/m?)
y o TOBRMAKREEE (KN/m?)
H: EXRIFOHEE (m)
Ka: 7 2% OEB L ESE=tan> 45" — ¢/2)
£ BHOEAMEIZET 26858 (LR DFIMTIEE S c ERLTND)
z: M EPBOWE (m) (LD O TITHHE MmN b DO S &z £ LTN5D)
z EEI T SOES (m) (LADOFIMTIZIhEZE z TRLTND)
m: FEST P OVEREOEAIFOES HIZHT 5 (10 oFEICITE] T b o
SOELTnZBHLTWD, m=1—n,)

BHONEIZET 585 e (FHXT O o) 2ZES TGO HESMZ 529 (TR,
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1.0
C=—» 00O
0.66f—— ===~ . SR S
=
7 g oAs/__
\“ !
1.0 0 5 10
—_— th‘Ko}"H —_—C

(a) (b)
529 Z#H & (RARFTD o) DELEEREIESHADORZ (LA, 1969)

Terzaghi(1943) CIZHEEED Fig A vl & L7z EEAE U D560 HEOT ) BUTER TIIEL,
HIfR L 72D 2 L2 LTV DD, FHUTKHGT 2 BARM 2 HEORERITIRR ST,

(c) 7—FHRZEE Lz LERX

Paik&Salgado (2003)<°. Khosravi et al.(2016)1X7 —F %R &2 EE L= HEXRZIREZ L T D0, Wi
WHBEREGUA § NRAETHZ Laaitts Lz HEXTH Y, BEmEiA § N e oI XHEEHE
HTER, 7—F =7 — MUDEKIFDOGE, R & FLEDORICRIE D 0O ZRNRHFET D 2
EMBEEmEPIfA 0 e b L HEANRNE L2 D,

—J5, EAMIHBETH Y, HEHMOKEHTOT —FHENRET D, 20X 5 2HEROHE
i & AR 22 IR EN T Tl EEDAR AR DR, T % HERSY —o v HE TR ER O] mm o
TEEZREHT 5 Z EnTE R, MEROMEImIC/ER T2 LEDR L L TIE Berezantzev(1958)D LA
TOAXB MR HELTH D,

T ¢
wn(z'_zj 1 1 é 1 p
pP.=vT, (1 J+ qo—tanz(g—aj—c{l tanz[g—gﬂ coto

n-1 | Ry') R 'R
T ¢
n —2tan¢tan — ——
r(Z 2)
Rb:1+£tan(E_QJ b '524
1, 2 2

2T, pa: BRE 2 IZBT S (KN/m?)
y : TORAAEER (KN/m?)
ro @ RO (m)
qo : P E (kKN/m?)
o . LONEEEA ()
c: oA (KN/m?)

ZORAIZHOWTITHEME (1989) MEKFFITIENT 2 HEE LTT Y 7 =R & OHGEHR R
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RERLTODN, ¢=30" , c=0, qo=0 DEKM|FTOEHRKNED LT, Berezantzev D+ EIL7 /1>
77X =+t D 6 D 1FRE LD, Z O, I TIE Cheng, et al (2008), Benmebarek, et al.(2013),
Meftah, et al.(2018)72 & DN EUABMEATE L FEBRAE /e & & ol L 7o MG R A R LTV B,

0
LN o §~0mm
*.\‘\’\ " & S=003 mm
15 5 . o §5~0.13mm
_:".\\\{ “ o s §=043mm
30 VN N e SeLN2m 52.10 Benmebarek et al.(2013) CLEE SN T
eran | 1 T VRN L% Arching 23#
P | N N (X BITLEP £ v IhDFE B EHAI{KTE
[ \ % = ||~ - 4 Yo S 47 - .
she AN o e Kdise B8y CEIo-ERTE:P/B- 1))
60 &\ "\__.K,,-lmc ‘\\\
; ':Tcr.zaghi ( 194_‘-J;\ .
75 Berekantzev (1958)
0 1 2 3 4

X 521112 320 HFERIT L B HEDORKA

REMEREEZ T, TEXOENCEL D LEORKIE pmax DiE
W 10~50%FEETH D,

a) casel(c=5kPa, ¢=20" ) b) case2(c=5kPa, ¢=25" )

LE (N/m2) (c=0kPa, =20") I (kN/m2) (c=0kPa, §=25°)
W 60 80 100 120 10 160 o o 0w w
)

c) case3(c=5kPa, ¢=30" )

[ (kN/m2) (c=0kPa, $=30")

100 120 140 160 20 0 2 a0 60 80

100 120 140 160
eren s SUFVEE

cereeSURULE ceseeSUEULE
2 FLYTX—LHR FIYTHF—LHR 2 FLYTE—LHR
CESTETE S A
EXARBRS ERERBL
aaaaa 4 ‘
Berezentzav

~ = - PaikgsSalgado(2003)

= = - paik&salgado(2003)
Khosravil (2016)

Khosravi (2016)
Terzaghi1936

—— Terzaghi1936

HRE (GL-m)

K 5211 EELEHERXTOHES
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(2) gEMEER
S22 TSSO I T EIERT 2 HEOREFEE R LTZLOTH S, 2 E el H
HERAFTWANARHS O T E 2R~/ A2 X 52,13~ 5.2.15 IZ7R-7,

e

[=]

SHo

035 %h |
FI ]

& 4;4—;—@1
b

& |

' g—e:h i&,é

L 25
0.3 7h—] —0.325%h !
== T Zr Fosnt

Lk i L e

5212 BEPSHEESTFEHTE X (FERITHN1974)

o
L4

w e a|l ©o | @ | @] @ | © || @] ®|o0
BEIDESh,m 5.0 6.5 8.5 10.0 12.5 12.5 15, 8 16. 5 20,0
BEFESE hm 5.0 6.5 6.0 10.0 12.5 12.5 15. 8 16.5 20.0
BGgERE t/mt| 1.5 1.5 1.5 L5 L5 1.5 1.5 1.5 1.5

rh  t/m® 7.5 9.75 9.0 15.0 18.75 18.75 | 23.70 | 24.8 | 30.0
#E+FFPa t/m? 2.8~3.6 | 3.0~3.5 3.0 | 4.0~5.0 |5 0~6.0 8.0 8.5 9.0 10.0
HEMH Kk 0.37~0.480.31~0.36 0.33 0.27~0.330.27~0.32 0.42 0.36 0.36 | 0.33

I j X T 1 T To h; =025k

~0:35h
‘ho=h i E £ \ hy=03h—04h  ho=h *‘1:8'52',:
7 # ®|-1_] e o Ih‘ B by he>h

bxrm ot 278 b Hk
® ® ® @

5213 G ILED T EHF (BEFRIZH,1974)

wm e al o | @ | @ | @ | ® ® | ® ®
HEE D EEhym 5. 85 8.7 8.0 11.6 15,0 | 14.8 17.9 20.0
HEFEESX hm 5.85 8.7 8.0 11.6 13.0 13,0 17.9 20,0
BEE rt/m? 1.6 1.6 1.6 1.6 1.6 1.6 1.7 1.7
rh t/m? 9. 40 13.9 12.8 18.6 20. 8 20.8 30.5 34.0
HE5E+FEPa t/m®| 2.0~2.5 | 5.5~5.0 8.0 |5.7~T7.0 7.0 | 5.5~7.0|6.0~9.0 | 6.5~10.0
B k [0.21~0.270.40~0.35  0.59 0.31~0.38  0.34 |0.26~0.34[0. 20~0. 2050. 19~0, 29

#0.18h0
[ I ] 1T . 1 Loishol N 124 0,50
. ko=h ho=h ho=h ho o |‘ hs=h R )
CEEE ] L 0.3h| | 55 d8ho ] ot | 2 :'_'TL-03~0.41.-
;  had] 7
Firh Fkh— bkohd kb ki By=18 YV 7=16

5214 DBV ILE~FD T EH 0 (BEFRIZH,1974)
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WoE o O ® ® @ | ® [ e
R DEZhem 6.4 9.8 13.3 12.1 15.3 17.6
HEHEE hm 6.4 9.8 13.3 10.0 10.0 17.6
BAEER rt/m? 1.8 1.8 1.8 1.8 1.8 1.8
Sh o t/m*| 115 17.6 24.0 18.0 18.0 31.7
HEE+EPa t/m? 1.0 2.0 3.0 1.5 1.5 3.5
TERE k 0.03 0.115 0.125 0.085 0. 085 0.11
! [ 0.3~0.4ho T 0.3~0.4h.
(i?‘—c ho=h
ho=h ho=h ho=h I =
Vol R | [ 0.5ho L 0.3~0.4ho 1L Tos~oa
il e B S |
el . — 1
ksh kvh kh

52.15 fEE-=HOLTEL (FERKRFH,1974)

2 ORRIFUTIEAIREE h (3T DR CTEESMEN LT DIRE L RE L, w5k o g
206 U CHEREO DA A B 2 TV D, T DITES O ST CHRE STV 28R L IZIXFER O
A TH D, X524 1R 1LT7-LE DT Terzagi&Peck(1948) b [AIR DRRER A Z4EZE L T 5,

[ T2 3R 9 I L7 BIERGE AL (K5.2.2) 130 bEo Coiné <R T
JERDAR 2R LT D CIRITHER TE TRV Z & h, AAMEORBRTHD ATRE L H D, 7
— YV CERECRAT 5 EBE RS EO ZOLEETEH HEL Y SRS EIE HEZERN L, EEEO MR
BEALE 7R & Th o 7o T ORI ER 2 <, AU EREEZRA LD, DFED, FEEOMYE
DEELYRE R EEL2D LD/ >TnD, s EWE L, ¥ttt lotzEzx5hE LTEY,
IR HUZZ W B S ITARE LTy, 7 — Y U EREII R CRIED R E Wkl = 7 U — Mt
Thbh, @, BILEOTIEIZE > THET 2 FITEN L2l R TRE e HEE 1L LT
ELTWDEEZEZBND,

— XA 7R BRE HERUX BTG Ul HIEREZSR A L T2, B hss@A ek CE Lz ik
WX RS —E (0.5) THEICBRARL —EDOHEMEE 25, fifEtE TR E Lizid <) THE
fbEEFRE LT RO CHREICEEE 2D LD ZETHY, MR ELE G,

(3) REEDEBEIZDOT
[ A2 WA AR CIISHBE K HE OB FHI B W TR LEN TR SN2 G EIXTNEBET 5 2 L 03
I TWDA, LRI 2 FERIL4 FRofR HELZBE LG ERER A S hTunian,
REFFFAAE T b SR K TIHR TEZ BB L2V, —75, RCRMEK IS RIC B TR B ED
FARMEE 72> TRV, REEEZZE LGt ETiRE S cnin,

4.2.3 SREKATOXEEICET HERNGTAZR
I B IEEARES (EARFFERT,2008) % 0O [FE 285848 B O HE AR #HESE 1T, SRR+ T
DFEFIFITRIZ OV TR SN TV D NEITMIR Y 7 & AW e W& OFFR R B O R EXD AT
HY, ISHEEFERLTAF—TL— kLMY o 7Ol EDSHTER Y, BARRNARREFEC
DV TITFRRH I TV, HIg 0 B IR RS (AWFIERT,2008) ZEICFRHE S 41T 2 74
JRATEORIL, HHMER Th> THOERBREEENICMA 5 Z L2 R"TRTHY, Z O THEME
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DRI EDOHRNRIE SN D T LTy, SRR E L H A = ORI IV BRFE S
TRk G DV, FEMRHREFE O FIEIIBRE L RN M A — DK LW e e B2 o b, Sk
A= TR anNT—k « T4 F == (2000) BFITLTNWDHIAF—7 L —  &kit - i Lv==
T AR I OREEF A OFEMN L SN TNV DD, S0 ZHISEWFEREHA ST\ &
AbND, XoT, MERREOFEIE L ZBEEER M TR 2RI L TH 5, HEZ@mE Tt
£k & REF AR ORRGHEHRE OEWL, HRORKITE— A MR T 5 & EOMFALTEEDH 2
FOHTHD, 525 FHROHMAEREITIS CTHEmE ) (ERIMITE—A 2 N Muw) &R D
EHEXTH D, Z DX DJF T Timoshenko and Gere(1961)73 7~ L7 HER DL (ZB#E T 5 TH 5,

PU,R

Fer <+ +525
T, MumadBESHI 1 m B720 O K E— A > MKN-m/m)
PIERE M 1 m 4720 O 1 (KN/m?)
R : KD ¥4 (m)
Us : #5MZE T & (m)
PS5 1 m {720 OFEJERA +J£ (F3EIR ) (KN/m?)
EFRS A Im H¥720 DT A4 F—7L— K LR Y > 7 OGN - m%/m)

HARDIREF T EUET H DRI FEHE AR — 9=V [h i8R (B AR LG K1$22,1987,2013) Tl
FEMAE B OB ERME U T TREORIEV 507 V7T 2 (15216 28) HiAfrl LT3,
SFED, HEEZZTEFORKEFESL L T IO 52EZBEL WL LI b,

WHEREY:

1A

5216 METREETOHEDBHAEMENDEZS

E FASEA AR CTIE TR r D 1%) AHHARE LS LTV BRAM R EfE#EIcIZZ o
FLIR ANV, & OARBUE TRBFZERTE R (LARFZERT, 1980) DRt TH D, TAMIEHTER (1A
WFZEHT, 1980) TiX 3 DOBRESMF TORFITIELZRLTVDLD, TD 1 DORESMTOREF|T
ZOMAMRHAEN TS, £ 2Tl NER 3.5m 2L EOFEKHA TR~ OFIR TR M Lz MR
DEELE (@ 20 TERETDLIZLELEZOND, ZOLXTL— MNMIBETIHHRKETE—A
Y hERRICEVERT S, ERiESM A S L7 BT THEROBEOT A% BHED 20%E 5 25
N, BEFEHTIITEIHROTAEEED 1% E Lz, L7eR>T, §0=001r] tilkanT
W5, ZOXETRDOL ZEITEED 1%E W O BENRAERFOMEREM TH Y, Z D24 RFE
INTNWRNZ EThD, BIL, ZRMEHT] EWIHIRBUCHLIBER DD, BIOLEEL DY
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RFTLKEHT D L THEOTAILERD 20%728%, BE LWL S22 50 LEREEE LT, 7F
BOTHEEZED1 % EHFEL, ZOFROTHEBX WV IICKEHT 5,1 &5, 2F0, TO
TN 20% & 72 HEAM TITIELS, b o & HTHIPEDO IR & > TOTH%E 1 %LINIZ LR S
W] EWHIEFETHDLEEZOLND, LML, BEONIMEHER &) DREKHITE— A MR
THRT, o, ERIFE—A U M EBAZEENELHT LI THD, TOXTHHENLHK
HITE— AL INBIRNERD T, ZNEFRTLIHMERET L2 00, FEEITITOTH 20%
ERETDHED BT HNI%ERE LN, NEREM TR & s, LARZEITEE (A
WEFERT, 1980) O ZOFREL TN &, 100 5L RREEE L THRAOT A% 02%I27 5 & HIT/h
KR Ty £ 70D, MEORKIITE — A > MREHRUTIE LT RS — 9=V Bh kR (B
ARIBLTEKH2:,1987,2013) 72 ETHAL TWAHHER LN TH LD, ZOXRORENLERIL, &
GIKEMERT HMER (A4 F—71L— 1K) 1L T, BETLHAREOH HFEMNEREDORKIEE
A BENDIFIETRD T, ZOBHEREICH L TRAET IRRKMITE—A L NEEHT 57200 T
Hb, 2%, LAGEITEE (LAMFZER, 1980) O 2 J7 3G EFEO rTREMIC BT 2 i
ML, HIEOT A 20%% TCICHFTOTHE 1% L2 2 EOBEWRDHICHR ST,

AREF AR CIIAE FE AT & 6 2 i TREORIE Y 2 E [ L T 4~10cm OFPH CHEL T\ 5, 15
HERIZIE Sem BT 2 FH N LV, —F, EHTRWE AR TR 1.75m O— B 72 KT
WTIIFE BT R 6 25 1.75em & 72V, MEFTFHERO —XAYRETH 5 Sem & T 5 & 2.8 fiF/)h
X, Lo T, MMICRAET DRKIMTE— A hORMMEE, EEASEE RS HRE TR L Y
28 /NS RfEE 72D, BT L D W T A F—TF L— N CHFRICNEL ST 5 2 L2 b,
VBRI S E L@ E RO TR 720, SLBEEENED,

W O T CHEKRHFORIY % 1.75em BBEI NS THZ L1, FA4 77— L —hEHim) 7
DHEEREECEE ARV S OREELEET D L WEAICEE LV,

. 5.2.5 424 L7 Timoshenko&Gere(1961) Tl, FEMZEE &N FED 10%,5%,2.5%,1%D 4 735 —
NZOWTIR D 2 % fi L T D, HARNIIERTE R (HAWIFERT, 1980) D 1%I%%E Dx/MET
bV, HETARRD Sem (32D 3% & 720, Timoshenko&Gere(1961)DIEEDHFIZEH ENH K E S
Thbd,

<BIAX#>

EARE— - NHEE (1974) : FrLW R L, ERXE, pp.60-61.

R EWIE (1958) « AR B IS ELE (), 1L

AR (1976) « dREIIIWEEA A (52) FAMR - FHEwmE, (L

AR (1985) @ AERRE IO EA A (R2) atim I, (st
AR (1997) « SUERTR  BERE I PEIR RNE (2) BREHRIL, (st

R - AAEE (1980) @ Mg 0 MIZ I 1T DEEKHOREEREE, TARMIFERTE R, 5 1618 =
HZz KR (1960) @ BEERAT) IR B HAFEUE () 122\ T, AKREEGFE, Vol. 44, No.5, pp.31-32.
HASIBIIEKE (1971) @ IR Rz

HAIRIITEK A (1987) @ TR LB AL YEfFRL (M3~ By LL#R)

HAIRIITEK IR (2013) @ TR LB AL YERFR (M3~ 0 By LL#R)

TORBFFERT (2008) @ HIF~ U B LHAHE S & ORI fiEaR
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HAERH 2 (1980) : BRI E (TG « R, L

HAERH 2 (1994)  BEERTE (FEMGERE) - g, L

AAGER S (2012) @ ERRERGE (PG - RS, S

AAGER S (2017) « ERERGE (PG - R, S

MR T4 (1997) : VTP — R A X LN NN— =T )b

MBS (1991) 0 T A F—T L— MEAIRRG - i L~ =27V

ANT— b - TAFT—HAHE (2000) 0 TA ST L— FEEGE - i LY =2 T b

ANT— b - TAFT—HHE (2009) 0 TAF—F L — MG - i LY =27 b

R (2015) @ BARBGE~ = =2 7 v — B
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5. RC HEKHDIEEETEXDREE

5.1 e

A TR ST D RC UK O R R — A 2ot )% TR M MEORGEN T & 720l
L7poTHY, MiFE—A 2 MO8 & OWiE ) DR RO HK G AFE L 722V, BT, s
BOFRANTE L TERHAL TV DR EEOREFIEL ZOREFELZREZ L TV DR & fEO
FBIRMEN T2V, AARTOREEMIILYUZ AT 2 o HEMHaE%E THRMA S TV 2R HEDK
EHEE LR D,
5.2 g
5.2.1 BRICEITAERMER

AR CTRAIOEKRIFTKEDZ T V7L (radial well) ZF D F FHIFTD %R E L TEA
L, 19554EICE &Nt D THD GBIk, 2024), RC &7 A k& HAWZEKIT 1970 FHEHIC
PR TR S (FAF, 2008), RC BUEEKFHOREEFRIZE U CRERE C X 7o ficy O STkIZ A
WEFEATE R (AW, 1980) TdH D, T4 - BA (1980) (TS KH & RC A KHADOW 71
DT, BUFD 3 DORESRMFTOEAIFOMEFHHERELTLTVD (KA TIEZ D 3 2ORE LM
ZA, B, CTKRIT5),

)i g~ MM E Sk GRESRFA)

DEBIH DOHIF R HIPNIZER & S ALK (1) —HBAKAER TRV EEU L 2WGE GRIESM
B)

IEENH O~V MIANIZERE SN HEAI (2) —BARIERT RV EEY L5468 FESMEC)

B ST iSRRI E R A OFEFRERE —83 5, T - Ba (1980) D%
B B SRR E S C OSSR R RIIEE CILES L o7, PR - B4 (1980) 1% RC 4Rk
FZRET D5 Mk E LTIEE AT = vy 7 TE (1975) R HARERRH S (19700 Z EFTnb, dbH
A7y THE (1975) 13304 & LT BN ARG EEE) Litficah Tl Yy, RCHLEK
HOBRGEIHRETH D LHEHIN D, ZORFREE TR SN T eEF HEADN T - Ba

(1980) DOFFESM A OXT, BELFHIN TS EHELT D, K521 IFBEMH ST D1
EHAEA L ZOMESRMETH S,

| 2r |
I |
e
iA =
£
T S D
|
! |
P'r I P'r kg
C 55
T2 |T WHE
() RIERT B EDEH (b)FEI-RET LBHEADA T

X 521 HEHIZERTRRERIEEHEDDS T ALEERLAEFS, 2010)
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Z OREREF RO TR - B (1980)025 1 STk & L CRidl & 47 DEBAE TG s et
— = R ORGHR (AARERS, 1970)) Thd, AAREEBEA970)T 15.2.2 KFEHHO
ISR OEE O RS OF TRz e r— Y VIBIRICRT T 2 I8 DR E R L0 D, MIEWHE
IZOWTH 1 FANBIRMEZZT 556 0OMH oA BHEH S TVWD, LrL, TITHHEA
(A,B,C.D) ®4[UZBITHMHITE—AL R EfNOBERDOHZIDREINTND, WNEE 0 OB E L
TOMEHRAIT2 <, ROFBEBBOBA L 220, #HiFE— 4 > holdili ) O KAE DR H 1%
FARATH D, BARRNZIE, PEMA 0 =40" REICEN D T E— A 2 FORKESLHNEA 0 =15
FEEEIZHLN D0l O KIEO R HEASEE L722V, B AER 2 (1970) faflk S 41TV 7l st
IXZ OB OUGETI (A AE R 1523,1980,1994,1996) (26 FEH S AL TV 523, 2000 AR EARE O SUE R
(A AE R H#43,2012,2017) TIHIBRS TN D,

BAED RC BUHEARFIFO EF0ikGt~=a 7 /WL (8o r 7 V— hMEAH: 3Rt i T~==27/1
(bR ILgE 2, 2010) ) Th D, AbpREERlgEs (2010) Tidk RC RUEKHOREE R O 27244
71 LTERHA L TSR EEZHFOINEREIENT 281 HED 250 1 OfEE LTWD, 2D
i T P23 522 (1R T XD ICHFORREIT/EMT 5 LMEL TWD, b HED25D1 &7
2R HHEOJFIIT A AE R #H2(1970) Th 5,

LIHETE g
S S -
= - A
£ _a'l ¢ \ = T
#.'_" !:_\5 T
= : —‘ .
[ .
bt E RLE
P (kN/m?) P' (kN/m?)

522 FRETXEFAR (LREEEREAFSR, 2010)

HASEE 7 22(1970)0 1522 KFEHWEOISAIFHE] OB O FEg] Tix 1 5 m oA EN A
THHERKE LT, F—Y UL FEERICROEZ A CTREBIZE N T 17— AFIERICRE 2R
WERESMER T2 E Wb Tns | L, 20 [FEIARmE] & LTEBHE (HERKO0S
k) 12 %1 FRofmiEE U TER S st Tng, 2F 0, K 5210 EIX
b= O—EICFRNAERA T A HE T, B AL D ROMAESRE RITRA E 25 T T —
VS OO RO N L HXFFTH L bbb, 7r— Y U HEBIIK— 4 O X 5 72K
TOMEFTHREOIZMNIC, PFiiiEs L COMERR b ERIN D720, Hie LTOIMTm b 44012
RSN TV D, HAEBKHR1970)FTAbREERLAFS (2010) 2ME L TWD &L 9 RO ETREIC
ERT 2 W TEEZE L TONRWT L2/ 5, F7z, RCREKIZ WA T U7 RE I3k FEE
2 D AT ER T84 L 72U,

5.2.2 RC HE/KHA T DHEEHEICET LIRS

(MREDOEBEHEXDTERIZDOT

B 52.1(b)& 25 & A RO 0212 Pr ERRSH, AROEEZ2>T05S, Lo, X
52.1() DM ESMTIIRITE OSSR 2202 &0 h, #EFACIE A SOTFEIcEa &
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2%, HIZK52.1@)D B AOEHITFE—AL b2 Mo LT 5L, B-A-DHOHITE—A L N MolT—fi
W7 i L (TR D,

1
Mg = My + P'r(r — rcos) — EP’(r —rcosf)(r — rcosh)
1
= My + P'r?(1 — cosf) — EP’rz(l — c0s6)?

=M, + %P’rz(l — cos?6)

=M, + %P’rzsinze (D

521(b) TIEB mOMIFE— A~ Mo S Mo=-0.125Pr2 L 72> T H DT, ZizaA(DITRA
L, AR (0=90" ) OfiiFE—2> kN My %RDD L Moo=0.375Pr2 L7275, Z DOfEIZX 52.1(b)D
ARDEE R D, 20 X8 9T 5.2.1(0) DI /1 540 1L —H9 7e i@ ) 5 T8 TE 220, £z,
5210)DWIH AINIE LW ERE L7254, BARLD bhiFe—2 2 MR ERD 0 =40 OALE
IZOWTHBEXNRETRETHLN, ZOMEOWTE TOEERIIARHTSH D,

(2) REMGHEEFER
WD — > EEOBEFTR] (AARERHANH2,2019) 2725 & 1 G R OROHEICE

DICFHEIZERNMER & LM E ARIO G OB RIS I03ET ST Y, X521 0 &5 73R
MBR OIS FEIZER SN TH 2RV, L, ERMBROEEHERIIEMECTH Y, ZhE TRk
(A BR OISR E AN BRI TH D, A - B (1980) 13 HEEZSZ T 26 GEAMNE) @
MEREFHR N E L CX 523 ORFESMFICHTH2NEREL T D, K523 0L 5 ICHBRORIRE W
FEMERTHBEAITFOR S E LTI D OREELIET 5,

1, ‘
L
a8 b
M(L gl)M
R

=pr RE=p7r

L1 p
(@Q#EIEATRRLE OIRLEEZZT2HEOMEHEEEH
523 T RYBBHRITRLEESFEHEORELEME (P -EH, 1980)

523 ORFESFMEOSGEOMTE—A 2 b M, ORERITXQ)D & 91275 (P - B4, 1980),

TZ

p . 1
Md):T(szd)_E) - - (2
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X (2) % RC B ARIOWIER FITHEN 2 HIEN R bBEN LSRR TH D, N (2) &K
M2 LBUEDOHIGERIFEN L TR E 2 2R S, [ UR SRS U TIskip s+
W95, RO ECHMBNRAEL TWRNOTHIUE, MEEDOHEERLE LT, BELD b/
SIMELTDHENEZDBND,

B)MRLEEIZDLT

M~V HENT—RICERTH D Z &5 RCEEKIOHFE TEOHENITINA D Z LT TE R
W, £ T, MR HET) L IIBHR D2 VIEE O LJEICKT AR A BET AN ER D D, bk
RILFE (2010) CIE@E OFf Ll HEICH o FEATES (10kN/m?) Z 0% L CTHfLE - 140kN/m?
ERELT ETCREEEZZD 12 L0 HRE7 100 kN/m? (FFIELED 71%) & LT\W5, HHH

(2026) DFAEIC L D EpEROEEFH R A 5 L 58REN & JEMEE O L EEERTH AL Iz S AR L

BN, HLWHEERIER (N2) Z2#AT 5 EME 7T ROSMmANEL D, L, LHfrEs
AR L 728 1k HJE 135kN/m2 @ 1/2 & LT 68kN/m? O HJE A2 BT 2 & LW RSERH R AR L
T HBIIRER & FEMERRA O LB ABUTILIZ 4 KTRWZ L &2 D,

BEAE OREEFH R TR OB AL TR E RN RA L T o Thiug, R EORE
fili% FLE L7295 2 CH LWVBEHERA AT 2 L 0 FIERRWEEZ 5,

BB VT IR S D KIEE MO FHI BN T H G MDD OEEMIEITNZ T 2
T b OARAERBE ST D, K 5.2.1 XK MTELHIO R FHI BIE S 2 Boffrfa #1455 1 2 fdk
ENTWDLHEDEZ T TH D, WUELE L CGERE ORIED 5~20%%EE L TW\5, Hil

(2003MS) 1L REEE M TESIHLOBEE DR E I O 3T I B\ TREI RGO 7 F61] (NFR 14~
76m) ZRLTWDH, WHELED 20% %2 FEE L TWDHEFNRZN EE2RL TS, #HiktE
135kN/m? @ 20% & L T 27kN/m? i HEA T 5 &8 LWREERH R ZFIH L CTh 1Rk &+
MEERAH O MLBEEHASIIILIC I R TR L LD,

521 KFERKILICETSEEDEEBDHI

E | KFEXLBOERE-EITES | tihXEERAFREL, FE | EHEEMTEEMDRKE
#£ | (GEmEEETt 42—, 1994) | ORAE-FE-EIES (BARL | LHET (BEHTAEMGE,
i) URILIBE, 1982) 1986)
FriE HEABRAT 5, 1k TV ME AR ik EABRAT 5,
<WwE+t> %
K0=1-sing DN<50 ORbEEE7-1ZN<10 | 1)—HRIZ, K0=0.5
(Jaky DiEERZ0) DREMET : K0=0.5
+ 2)NZ=50 DY : K0=0.3 DWE L K0=0.4~0.6
FE | <HhEL> 3INZ10 OHHES - JE -
1) N=8 : K0=0.5 Gl ko 0] p=100~ | IFETET 1 K0=0.5~1.0
2)8>N=4: K0=0.6 200kN/m2 (V441 BEARAE <
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DY AT - BHEZE TS (A AERKTZ,1986) | 725 Th D, £ ZITITE BRI OEEE O R
bbb, HAREREHE (1986) TIXBIIEZE EREEIFOW S % 43 FHICNE T 2 X3 g S v Tv
%, 2009 ERR D TER T -8+ 1 - fHEZE TS, AAEKHS (2009) ) Clrdauiiti gt 5k
DOEE, 1986 FERL L A LEik TH 523, Hid RO KL LCTHWD T v — DA 135 1L R % 5 F)
MNHET 2B L TRWEHRE SN,

FEBAT N OB BT AR 47(1972)4E ) BEGTIEENED b7y, FHmismIZEF 51 (1976)
ML ST R0 OEETIR (ERRAE, 1976) WA SNz, ZOWETHO T4 13 =3~ v Bk
Mgk ErE ] OFEHO [1.1 #id <Y Pk T OERIIFMET E LTT7 A — LR STy
0, VEAHMIETOFE] OHIIET o —TICET 2B T2, 155 14 5 SR AR R
FEERFTE ] (X7 A — LICBT 2RI b 2, BREHRITIEFD 60 (1985) FIZ oMb S 7z i)
DYETIR (EFEE, 1985) BARESNR, (4% HMTOPLIEZ oK) < [Hs5E 2k
HHAIERA B MRk DR F) OFICT VA — LOBRFHIBET 2 B IXR, EHRO AL 9 FEOYTERR T
X (48 T _OBGIEEZRORE TF v — Lo FENFER S i, 8 BRI OFE el
DFLH b B D, (55 8 SERHARER Lk Of%EH (IS b 7 v — LGt O 8iLd 503, &EHAIE
ICOWTITHIR T2ERITO [T 70 R7 U —0%G - L] 285 L4252 L ORNinH
S, FARIZREEEFIEICBI T 2Rt i Ae v,

B O O FITHET ST, BRI D BA AN e BREHR CIXYGTICR T 2@ FIC “Mik T
DENRITTIFHNI N S B FEBIE LD, BEMEHLRTHHIONET 2 HEERALE” &
W EFOBHANR I TV, BARTIEAFENRIE LS X 0IEFILREMERFOE 2 T RNER S
7o SRR 2 ZEMT D53 FIH & § 5 L LBNIE 173 10~20%fRERE <25, ZNaffo Tl
BRIOFREE LW IHIBX T LIRoTND,

iRk Hobst&Zajic (1983) (X5 LR A4 L EMMT RO BIE L, MR 25 FIOmES 5
TFENTE LWHIEEZRHA L TV 5,

1.2.2 BEERIVGRRER

(1) NFEMEEEMEICRITEEROBEINMLEHEERE

FEAF RO RIT ST NV T D7 o A= OER D 3T XV mOA R HEE BRI AW %
HMSE5H50THY, WIZLEMTNOGTHE 2D,

—J5, BUERRILT > 1 — N OB X > TEEMICHT Y 2+ 550 TH Y, %W
X REMIT RO D REOM S & T2 2 EBNE LV, HIRBEZR 8 O2 TOREMITEMR S O A B
SEFFSTWVDN, ZOEMRI T ANIRIITIZDOEROME ZRTEAM (A7 —) THYH
FEL TV, DF Y, BHFIEEOEMM S CHEARTRS LR UKRE IONEZOREEDO EZIZH
FAEL TR, ZANRFAET D & ZOEIRITIE SNV TFELRWD L1272 5, ARk, HREREA
ECIEL BT O FEOTAMRSIIBIET 2 AT —TH Y, WEIL THROAHEO TR H
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WIZZFDOMEERIURE SONIREL TWRY, TROAOEAMIRE 2 LR F TEl- 7-lN
(FAW ) L7252 SR LD AT TH D, DFEANHEZIE, FAWNRS (A0 F7—)
ET1 (R bV) EEEMNE SRR,

AR CTITLERNT D01 E [ ABIRETU ) X [TRVEICH > TRESNDIEU) rbd
KET2HMELHDN, TRV EHTRIESND HABEI A X HEH) IZERREROER]
kY AW EEICRILKRE S THARHMEIZR D, KoT, TV HE TREINHIEGT
ET R FE O AR S L IIBOWHETH D, ZIUTHFOIEAEN]TH 0 IR EHrE o S FE
THHDN, £ L EHME L TORWEANE R DL EMRIT A0+ E [ ARHIRET)) 7
EERBLL TS,

(2) BDEMLEDOEEAEZNBRERLZMKDFRETY T b

WA, FOK TR0 B & 72 2 B8R O L EMRIT TR IR BET 2 F6I0H D
DD, FHEOMING S ~OuEH TITRAT DR EBRE LIR2WTERER L 2> T D, KEDEL R
ity 7 h T D SLOPE/W 1E7 1 — T L gk AL (soil nailing) DFREHIMIE L TWDH2Y, £D
Ei~=a27 Vv TIET o =N E2T R EICET 2T moEffE (X 1.22 OFRKA) &L
THTHEPDBRET H5 RO AETH L T 5, SLOPE/W XA WA EMT RIS LT
WAHM, Z I THEIRI N TV D UL E#57E  (general limit equilibrium formulation) “CiX3< 0 @D
R N BT v 1 — OB EIC X > THEEICELT 2 Z &0 D IS RN B E ST
WHZ LD, ZOJEE Hobst&Zajic (1983) D X 5 Za ity #7227 o b —43 J1 D 2 5 % LFAMGIR
PHHEIIER L7 b O TH Y, AN EX HFIZFR L TH 5,

lw F&&Y X

—

E+A4E

X 1.2.2 SLOPE/W TOMIFICERT 57— (FrEE) O ERKRLY

—J7, A4 %V T D GeoStru tEDF%FFY 7 k SLOPE TIEX 1.2.3 1287 X 918, T EI/ERT S
T U= NOKVRSY Ry % T v —OMIEN LBz, T OKERSY &30 RTINS J7 A IE L
Te EBIENRE LTHTENOEET 2 HEERA L T D, ZOHFMHIEILT v 5 — 1 DIKFERL
53 Ry &30 RN o DS AREE (cosa) THEID Rifcosa & W MBDHFIEEZRHA L TWD, Z0
M OFBEFEITHT RO IIEFLE R CE 2T TH O IFRRIBIA S5 Z & 2 E (2023) 250
LTV, ZOFETHIIET Y mEFA N 2GR & 2o 7258 b olIERRSE R L, i
sl no 2V MR®H D, ZOIFEISHMNZR IR X DR REMZ D LT o —T)D—
WAE 2 BICEHET 5 Z LI TREYTH D,
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X 1.2.3 GeoStru #tDF/XETVINMZBITEToh—ADKERS R EHILE S R/cos

(3) BHDEMXEEFIZE 1T HEIR L

WA D FT SRS & .5 L B IR R 2 S REA OBE T 2 FIERERTH D, AR TOEN & Mk
(ZHRERF IR & B LB R D J5 % 22 B AT 0D 43 BTN L T 2 ST T E O 588 O STk 20
(FEH, 2023), ZHHDOLERTIET > B —T.X° soil nail DZYEELLFD & 5 720 TR LT FIAEIC
MELTWD, ZOHXKRIIZEARTOHAEKILFA L THY, ZoXofT EE (A7) +
71 (X7 M) | &0 IPFEEARER A LT D,

T(sinﬁ ‘tan ¢ + cosﬁ)
T2, BT — 5, BT TR LT ROEE DR, ¢ T DIE O N EEE A

T E T ONFFERR RN FT R 2 BRI R T DA ZERR BRI Z 0 olE,  PEOHFEE 25 AART
EW & 2> TV DRFHINZZZIC LR TH D LHE S D,

<5|AXH>
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GEO-SLOPE(2015):Stability modeling with SLOPE/W.
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2. BATHAFHLELTERASNTOW SR EREMEDEA M
2.1 FRif

H A C 38 B RS © OAFEYEAE DY AR OFEIE A SR D DAL TV D03, MBS0 870 5 sk 002
HETOREREN A E O X D ICRRET DD FREE e b,

FERICBEES 2 FE 2 BIME & L CT v — %2 0889 5 FIEomRE [ H & okt 2 28 5 O
EE, 72 ROFRMEISNEOKEW, BREORKME, 7o 1 —(KEOREIOHED HAM
HOMETHY, UikE CTORFEMEL OBAEMENRD BN D,

2.2 fEsR
2.2.1 BRIZEITAERHRME =

(M EAEERER T

HE T 22 ORIE T 5 HE THAN 1976 FICHRIT LEZRE [7—27 v —T3 (HET%E,
1W®J_iﬂﬁgﬁﬁﬁ@%ﬁﬁ@*%%ﬁ%ﬁéﬂf“é@ﬂQho:h@%ﬁ@T_XTVﬁ_
SN EIVE TOMERT > 1 —IZB83 5 BIHEUERAE SR 2 ) £ L D7 ETH D, 1990 FiZ
Ty RT U —eREHiE TR (E T2, 1990) BRITS NN Z D —w%i%wiiﬁgﬂﬂ
N, BIIEO—HEFRGE 223) 3% S HERL L2 H DO ThHDH, b D EDHIEICHER 2.2.1
(ZFEH S LTV D L HICE, R OVE RS O X5 IR BT 2 RRE T,

: 221 7oh—OREEEZREROZEE (T EI¥%,1976)

HE OFEE FEERHC P (kg/cm?)

il 15~25

P W 10~15
e B 6~10
+J} 6~12

10 1.0~2.0

20 1.7~2.5

WX N i 30 2.5~3.5
40 3.5~45

50 4.5~7.0

10 1.0~1.4

20 1.8~2.2

b N & 30 2.3~2.7
40 29~35

50 3.0~4.0
" 1.0c

Rttt (c 1LEE D)

—J7, BEFN 60 AERRIAT) | RO B B L vE — 3% et (%A, 1985) (ZHBdk ST 2 Mg~ v Bh Ik fiak
SOV AR 1 HE R DM 1L TUZ 7 > 1 — T, SRR 9 4F O BkaT HRRIT) | D B Bl v — 3% st
M (R4S ,1997) H° 5 Hi g~ 0 B a0 A AR AR EERG I fisg OIE T8 LTT v — LR &
nNCns, TORSTEEETHE0 77Uy N7 »h— Tkt TENE, RfEN 7T v b —I2Bd
DFEERBANNEL 2> THY, TELFP2OEREBEEENO - ERPEHAINR, EROE R
LD AH T2 < ST BALARRE b OFEE &7z, BIE—MRBYICHFIH ST 2 J8 R IR T LR T

(2000) D7 T v K7 > — Lkathi LHEUE, RIfiFHUICEHEINTWAETHD (£222),
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5 222 7oh—0REEERIEROZEEE (2T 5% 2000)

VI 7y h—TOHFFIET S

A & i

o D FEFE FEEEHCHL(MN/m?)
i 1.5~2.5
g WO 1.0~1.5
A JE b 0.6~1.0
+JF 0.6~1.2
10 0.1~0.2
20 0.17~0.25
WO N & 30 0.25~0.35
40 0.35~0.45
50 0.45~0.7
10 0.1~0.14
20 0.18~0.22
b N i 30 0.23~0.27
40 0.29~0.35
50 0.3~0.4
L 10.0c
At (c LKD)

A RO OFRHEIE, 5 L0 bREFRED LI T2 X203 ME k> TnH 2L Th D, [7—2
T o H— 1Lk (HPEIFE, 1976) | OGO E T HAGRIEEY TOFPICBET 2% <, ko
T AT I —LINRR T HEREEMEN L ThoT2Z EN 5, £z, BREOLE TFEEN
(] ZERMERNR LT HFRTHATL I EBHERNTH D, K222ICFHHISNTWD TP (T
FRICHER TERWEARRA DML T, BELE->TW5,
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2)7oh—OHRFRIZET 5578

1976 347D [T =27 1 —TikE (FETFR)) ORRNDE 2000 4E370 [ 770 77
— LEREHiE CHEYE, R (MR T54%) | £ CIER 223 1R T RO ITRER T » 0 — (BE 2 ELAN)
EKAT I — (i 2 ELLE) LW 2 A TH o7, ZiE FIP (Federation Internationale de la
Precontrainte : [EFR 7L A ML Aa 7 U— MfE) NEITLET A —ICBT 554 (Design and
construction of prestressed ground anchorage) DFJR (1973 Fff) (ZFCE S IVTARGE T v 10— L KAT
H—DEFKE 1976 FFHITD [T —A7 U H—TE CEOEFEFIH LD TH D,

% 2.2.3 2000 FEHETOD 7 H—DHE (X EIZEER, 1976)
B NE
W7 > 71— (HEH 2 L) | GERIEEMIC WL T T —
KAT v I1— (2 FLLE) | KAREMIZHND T v —

T — DR REEIIIR 2 IZM E LT DR, RIZICHIEMEICRENEL T v — b %0, &
72, MEEHEZEODTALTFT ATV =T U H—ITHFE LRI LD “KAT =" L)
FKENPMBER SN2, 2012 FD 7 T w7 v R 7 0k — TakiHiE THUE, RIfgal (Ml 7% 2012) O
WERHIKAT > —L W REPEIESNE 224 1ITRTEHIRT V7 ABORFICER ST,

F 224 HRAEMERZBEYMDOEHIZEEZToH—DHE(HAD S EE) (Mg T % 2012)

A
2 o] o D) I
S DR L i
— A IS 7.7 B 0 A
Rk 72 50 T2 H D EY S0 A
(3) AEEEER T s Re =

TE T2 (1976) 13K 225 27T KO T U — RO HEEICET 2 Z2F 2 matd 5 ET%
BT LTS COREERF 2T LT D,
#225 FUN—DREFITEHT S 1976 FEOEROEEE (T EI¥=, 1976)
(I TOERF A bV ZAERITET 2325 —% (7 th International Cpnference of SM.F.E))

REE TEE F &

WRAYDT—A T 1.5 REMEA THLETHRE LSS | R 3nTnb T b

J—HEERE 133 R E A EHECTHAE LSS | —ICERIZG A bk
' NS e

Descoeuders (A A) Ls FERIZT =Tz BT RATEICK U CIRER KA T 71—
’ S

Maeste (77 > A) 2.0 KT v H—
1.5 WKERHET v 1 —

Jorge (77 ' R) 1.5 7 V=7 E DREICK LT

Criveli (AA &) 1.5 J—ay BRI RV HESHIAGET v =I5\ T

£ : SMFE: Soil Mechanics & Foundation Engineering

HETHE (1976) 1TU O HE TESICRBE SN [T —RAT U 1 —OREEER OO DEE L
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ICBWTER 226 IR TEEENHERINT-Z ENFEI STV,

% 2261976 FLBDT—RT7UH—OEEERD-HNDEBERDHE(E

X5y RS
WGRT v T — 1.5
IKINT o T — 2.5

D ETHET S (1976) TIEFkK 227 OLEREHELEL T D,

227 tBIFE1976)NHELI-REER

X7y LR s
R T v T — 1.5
— I ECEI RO R EZ T AT v — 2.0
KT o h— RELLLE B D3 &>
WHREOME (BRYIHE) 220557 v — 3.0

F 228 T L DI 1990 FERD 7T 7 KT vk — Lakathe THNE, [FIfifs (Ml T2%43,1990) T
VIKAT v I — DRI 1976 4ELEFOT — AT > 1 — O FEVERR D 72D DR B2 OHELHE 3 B
Sh, HERFOZERNBIMENT, TD%, 2012 FEROT VI —n3E0 RE LM Thbni=n, Z48
FITE SN TN D,

%228 WRFIIFEHICHTEHIEREE f(HEET S, 1990)

T A — D5 LER S
RExT v T — 1.5
. i 2.5
KT v F1—
HuE R 1.5~2.0

229 WREIFEHICHTEHIREE (M TS, 2012)

T v —D453 KR LR L[
5.7 B 1.5
_ T IRE 2.5
T A
R 1.5~2.0
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(B)TURIETSOLDHFRMNEGNE
1976 FIHATOT — A7 U I — T3k (FETHF2)TIEIPCHI L VR E 7T U NOFFEMEBISEDT
—HNZLWNE LTEEEE L THREOBRE PO OFEREDOEZ T LT\,

£ 2210 TEIZS(1976) THRNMSATW=HERENDSEE

a) BEFR
£ # (kg/cm?) = B (kg/cm?)
AT 0.06 XF., 7> 13.5LLF B K5 (0 15 45
BTG 0.1XF, 7> (13.54+0.04XF.) LLF
byt KE¥Ex
025=120~ | 025=140~ | 025=160~ | 025=180~ | 025=200~ | 0 25=240 LL
140 kg/em® | 160 kg/cm? | 180 kg/em? | 200 kg/em® | 240 kg/em? | | kg/em?
o i 5.0 55 6.0 6.5 7.0 8.0
B8R 10.0 11.0 12.0 13.0 14.0 16.0

1990 FEhRD 77 7 v K7 > Jr— Takatin THEHE, [FfiEan (18 1.592,1990) TlibARFEEa 7
U— "N RFEZBEICLEEHP LRSS A DT ILOMAEE L LTE 2211 DEEZ R LTS,

F 2211 JS5DRETURVQHBAERNE (kef/m?) (LB ITHFE,1990)

N 7 Z 7 b OXEH AR UER .
Gar| B |3k RN 150 180 240 300 | 40004 1
PCHi#RE
N PCHilt% 8 10 12 135 15
iEx PCHi & v #%
% # PC 4l L 0 R
HIE PC Hifs 12 14 16 18 20
PCHHR
\ PCHFE _ g 9 10
N PCH L v #
%8 PC 8l L 0
FIE PC ik 16 18 20

i T 42(2000) 1% SI ANV RBUCAE T SN2 b ODEZ D b OIFME S iz, 2012 D 77 7 v K
T — LERE N TAEYE, AR (MR 1222 2012) TF U —5080 RE LAMThhE 22.12 1OR
FTEICHENH SN TV DI L Ir o7z, T2 TEZ 77U hOIYERE 15M/m? (23 L7 EA
HIBRE TV 5,
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2212 59T UORVDHEBMABERAE (MN/m?) (i T 5% 2012)

} 77 v b D% UETRE .
Bar| B |3k RN 18 24 30 4004 E
PCHi#RE
- PCHfi % 1.0 1.2 1.35 1.5
77 B PCH X v #
% 8 PC il L 0 %
FLE PC Sk 1.4 1.6 1.8 2.0
PCHHR
PCEi#% — 0.8 0.9 1.0
T A PCH X v #
%5 PC 4l L 0 #%
B PC St 1.6 1.8 2.0
(5) BHEORIEEHIR

TETF2(1976) 11X 7T v 1 — O H HEOHIRICE T 2 50l iE v, dET Sz 8 154 (1990)
*iFEWkLT‘mnkﬁéJ EHRR ST, K223 X HETEE (1990) THIAT SAUTU i
NREECB T D7 o I—OEREOHEEF THL, ZNLHEZRLUENE, BRNERORS I3
k%%ﬁbft; FEOEFEBEZOHRTHAMAB OREENED LI,

#2213 TEIZE990) BN TNV =EBATOT U Hh—BEREDEEE

By EEE BEHREORS
U.S. Dapartment of Transportation B, b TRV E—0 5l EE<T 5, (1.5m Lk
Federal Highway Administration +)
YiERE TR EIONLE D & i RBERE = D 1/5 2N A
reRE (B 7.1)

(EzH)
DR L T2 RUERIN T LA R L RAIZEVIER LN &,
)T R BOFHEN 7R B eEE b BRI bl &y
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e T i i e
o 1

i o0
y 51n(45 2) i

sin(45 o+0+%> 551n<45 0+9+%>

RAHBAEX) =

2R 2.1 &R/NEHEDEI(U.S. Dapartment of Transportation Federal Highway Administration)

(6) 7o h—RRDOTRIES LIRIE

THETFE (1976) (23T & —REOHIRICET 2502w, SGET Sz HE T2 (1990)
i TEANE LT, 3m Bk, 1omBLFET 5,1 MRS, F22.14 13 1E I?é(W%)T@
TSN TN EREIZB T 57 U I —DEEROHEFEN TH D, ZhbaBZRLANL HETL
EOFEEEOHTHAME ORAERED bz,

%2214 TBEIZS(1990) ITBNIN TV BN TOEERDEEE

BV EEE EERORS
1. BSI (DD81) T —REEE—3m Lk 10m LU F
FLP DEAEROR SIE, #BHIGE, HERY, WEH, 770 MNEDCKVRES D,
WP HIE L0 MR DIZ O N T U —IREBFEEEL T 5,
2. PTI TN — K EAFE—4.6m Ll L

VA OMIEMEIG L, RO AWERE, MR, HIFLGE, HIALR, 77
7 NREIZLVIRESILD,

) LW OMUERFISINE, HIFLTE, HEOSM:, EBEEME, HIALE, 777 bR
FEIZL W REIND,

3P L 0 REEHAR DIF O T U I — R EEEEEL T 5,
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2.2.2 BEERAVGERER
(1) FAEEZER ©
JEEBEEIRHTIC OV TIE, SRR RO LRTIC T v 7 — AT AR BlkE3BR) 12X vk
DT ENMELE T2 D O THRASHNIIAEEEIIE A S 7220, B E T OISR G HRFIZ ISR EE 3
HL7esh, HAROEEMEIZBOITFHOLZ258E LIl e TEY, BARRHE CES OIS
& IR DEBRBEAE T OW TS, Wos, BURSE R EORENRKS ER> TN D,

—J7, 22151 LUHE (2009) MFHTZEEFT, 7 A U@ PTI (Post Tensioning Institute, 8 A k7
vvaz=murlmE) RHELTWAT o —TIZBd 5% (Recommendation for Prestressed Rock and
Soil anchor) (ZREH STV D 7 v I — DORRIRJE H BT CTh 5, Z 2 TITEYLIRIKE (Weathered
Marl) % 0.15 ~ 025MN/m?, #E E A7 0.2 ~0.8MN/m2, BYLib /A% 0.7 ~ 0.8MN/m? L9 572 L,
A OFFRCREZ ML L THEAZED TV 5D, FRIZEYRTEIK S Tl Ty Ao R bE D 1/4 12
FED BB E LTV 5D, MHRORGAFHII"ROCK”E 725 T D Z &b 2O PTI OFEHEIT R
I T NIRRT h D EEDbD,

& 2215 TA)AEE(PT) TOT7A—OER E mEZREH (LA, 2009)

AVERAGE ULTIMATE BOND STRESS-ROCK/GROUT

MOt Mpa PSI

Granite & Basalt 1.7-3.1 250 — 450
Dolomite 14-2.1 200 — 300
Limestone

Soft Limestone 1.0-14 150 — 200
Slates & Hard Shales 08-14 120 — 200
Soft Shales 0.2-0.8 30— 120
Sandstones 08—-1.7 120 -250
Weathered Sadstones 0.7-0.8 100 — 120
Chalk 02-1.1 30— 155
Weathered Marl 0.15-0.25 2535
Concrete 14-2.8 200 - 400

T U=, Bkb BA S HARRHIRE O IR e EONGET o — L LTRB L TE T, TR
TUR—ITRBWTHRRE A DR, BARTIIHE L2 2038, BELIEKETHHHKT
AL D Z LB, ZOFENRT U —OJEREEEGIC I T 2 HE S FDOBEWIZEN TN D AT
REMERH D,

R ANE T O JE T BEEIR L & F DL R fs OREFH 2K 22.16~FK 2.2.18 [T, AFEOXIFITIE
FULEICBT 250N EENTVD, ZOHITIFAFEICL > TEEFEEEZ TWHLIEAILH D, i
2k D LT v —OmRE wEEERIEGUL, OB L2 EVWAIETHY, HE, E, BMuEs
WO R TILEVWERBTE RN LR35, FRCIREROS TIHE, HME T e L bk L Ol
PR RSP O I3/ N S VBN 5 D, EIC K » THURORHlSRFIT R D b oD, £ 22.16~F
2218 ZRAHMVICENTIE, REZRDEDT > — OMIRE mE IO B 22>V T, Hg
THEEREL VNI RAIREEEZZLNDH(UHE, 2009),
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i 72k —T.0

REHIET 5

S

|

&

%2216 7oh—DiGREEEEREREZESEDBIERF —1 (LUE, 2009, Originally published in

Littelejohn & Bruce (1977))

24

EF

Bl

NEE
hERKE 5.73 3.0~4.0 AR, Rao (1964)
AEfECS5AE 1.50~2.50 BA, AR (1972)
THE 1.21~1.38 3.86 28~32 AF1 R, Wycliffe-Jones (1974)
bty = 1.38~1.55 483 3.1~35 AF1 R, Wycliffe-Jones (1974)
ERUE 0.45~0.59 1.55 26~35 AF1 R, Wycliffe-Jones (1974)
IR &KEA 1.72~3.1 15~25 AF1) R, Wycliffe-Jones (1974)
EHE
TUNYBUEE 0.70 2.8 40 USA, White (1973)
HiRE&EEES 0.83~1.38 15~25 USA, PCI (1974)
AIREHEE
"BRE 1.00 2.83 2.8 AA R, Losinger (1966)
Fa—49(JL—FK1~1) 0.22~1.07 1.5~2.0 AF1R, Littelejohn (1970)
E=RARE 0.83~0.97 2.76 29~33 AF1 R, Wycliffe-Jones (1974)
Fa—YARE 0.86~1.00 2.76 28~32 AF1 R, Wycliffe-Jones (1974)
RERRE 1.03~1.52 15~25 USA, PCI (1974)
rOvA NERRE 1.38~2.07 15~25 USA, PCI (1974)
WEMRS
EEANE 2.45 1.75 5174, Coates (1970)
AmE 0.69~0.85 30 Z2—U—FUF, Irwin (1971)
Ef5Rb A .0.69 20~25 Z2—U—FUF, Irwin (1971)
Tos—fE 0.40 3.0 AF1) R, Littelejohn (1970)
T A—B % (a.>2Mn/m’) 0.60 3.0 A% R, Littelgjohn (1970)
EEMARE 0.69~0.83 2.24 2.7~33 AF1 R, Wycliffe-Jones (1974)
BE 0.83~1.73 15~25 USA, PCI (1974)
M EHEES
HAN—RRE 0.17~.025 A1) R, Littelejohn (1970)
HEES 0.35 HF45, Golder Brawner (1973)
RERE-BES 0.10~0.14 0.37 AF1 R, Wycliffe-Jones (1974)
HEES 0.10~0.14 0.21~0.83 USA, PCI (1974)
(/¢ 0.35~0.70
hiEs 0.70~1.05 F—ZRJ 7, Koch (1972)
s 1.05~1.40
NRE-EREE 1.05 2.0 A—RKRF, CA35(1972)
0.98 TTV R, Fargeot (1972)
0.50 ZA R, Walther (1969)
0.70 AA R, Comte (1965)
RiEERE 1.20~2.50 A4 R, Comte (1971)
0.70 3.0 A&')7, Mascardi (1973)
0.69 2.76 40 HF45, Golder Brawner (1973)
1.40 4.20 3.0 USA, White (1973)
avil)—k 1.38~2.76 15~25 USA, PCI (1974)
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£ 2217 7oh—DGREEEEREREZESEDBINERF —2 (LUHE, 2009, Originally published in
Littelejohn & Bruce (1977))

HAREG HEREF DT 1B R A7 I 5 5
2 HiE EibHE ng | FIE | BRREE i
(MN/m?) (MN/m?) (MN/m?)
KpE
ZHE 1.93 AR, Paker (1958)
A% = 1.10 3.60 6.37 3.3 USA, Eberhard & Veltop (1955)
BRIE 0.80 TSR, Camberfort(1966)
ZRAE 0.63 0.72 AX1)R, Cementation(1962)
EI5% 1.56 1.72 A1) R, Cementation(1962)
ks =] 1.56 1.72 AX1J R, Cementation(1962)
FLYMTARE 1.56 1.72 A1) R, Cementation(1962)
EEERE 1.56 1.72 AX1)R, Cementation(1962)
BEEISS 1.56 1.72 AX1J R, Cementation(1962)
LRE-BRIE 1.56 1.72 A1) R, Cementation(1962)
TEmRARRE 1.09 AX1)R, Cementation(1962)
WRRARE 1.01 USA, Saliman & Schaefer(1968)
BITEZSE 1.24 USA, Saliman & Schaefer(1968)
BRAE 0.93 USA, Saliman & Schaefer(1968)
R—TS54~ 0.32~0.57 AA R, Descoeudres(1969)
IRRIRE 0.95 AA R, Descoeudres(1969)
TEZ5% 0.63 0.81 5134, Barron et al (1971)
FE 0.31 AA R, Birkenmajer (1953)
ERESE 1.20 T4k, Maijala (1966)
BLIR RS 1.56 1.72 1.1 AX1J X, Cementation(1962)
FEHRE 1.52 1.67 1.1 AX1J X, Cementation(1962)
BEMRHEEY 1.10 1.23 1.1 A1) R, Cementation(1962)
FhiRE 0.43 A¥1) X, Cementation(1962)
HiRE - EETL1I9T 1.57 1.73 1.7 AF1)X, Cementation(1962)
TERARE 0.36~0.69 Ry x—F >, Broms (1968)
i s 0.51 #—ZK51)7, Rawlings (1968)
RAL - ERURIKES
JLAIvir 0.34 0.29 KA, Heifold & Schaefer (1969)
Ha 0.93~1.20 1.02~1.32 11 AF1) X, Gossch alk & Taylor (1969)
FRE 0.95 A #%1)7, Mantovani (1970)
WwESRE 0.05 457, Berardi (1972)
BRAE 0.10 A%')7, Berardi (1972)
BE-RIRERS 0.63 A#%1)7, Berardi (1972)
B 0.95 1.24 1.3 AA X, Moschler & Matt
SR HIEE 0.83 1.08 1.3 USA, Buro (1972)
BE-JLAIvT 1.08 1.40 1.3 R4, Anom (1972)
BEER-HEE 157 FAY, Abraham & Porzig (1973)
ERAA BEERBARKE 0.53 0.80 1.5 USA, Nicholson Anch Co. Ltd. (1973)
=F= 0.63 0.90 1.80 1.5 3.0 AF1 X, LittleJohn et al.(1974)
EBRE 1.74 2.16 USA, Feld & White (1974)
ERAS 0.52~0.74 1.24 USA, Feld & White (1974)
REREE MRS
O—LBERRE 0.63 A1), Berardi (1972)
FLYMRIKE 1.08 1.19 1.1 AF1) X, Cementation Co. Ltd. (1962)
aRE 0.60 RA R, Muller (1966)
ERERKE 0.32 7T, Hennequin et al. (1966)
BIRBRE 0.39~0.78 752X, Hennequin et al. (1966)
HILANERIRE 0.54 75>, Hennequin et al. (1966)
BE=RAKRE 1.00 2.83 2.8 AA X, Losinger Co. Ltd.(1966)
RIRAE 4.55~4.80 AA X, Rutter (1966)
ARE 0.03~0.07 A4R1) 7, Berardi (1967)
BIRE 0.27 USA, Saliman et al.(1968)
BIRE 0.29 A1), Berardi (1969)
FOv/rERIRSE 1.80 $1+4, Brown (1970)
RIRAE 0.39~0.94 A%31)7, Berardi (1972)
BIRE 0.26 A %), Berardi (1972)
ARE 0.41 752X, Soletanche Co. Ltd.(1968)

182




#2218 7oh—DIEREEERIERETEEDENEH —

VI 7o h—T0OiE:

3 (1L, 2009, Originally published in

Littelejohn & Bruce (1977))

BB

FEREF O £

HBIR AT E S

s niE BIENE ng | FIE | BRREE e
(MN/m?) (MN/m?) (MN/m?)
AIRE 1.18 1.42 12 USA, Buro (1972)
Fa—4 0.07 A1) R, Associated Tum Co. Ltd.(1973)
rKa<(k 1.66 $HF+4%, Golder Brawner (1973)
FOvArEYILNE 0.43 USA, White (1973)
ABIRE 037 0.55 15 A%')7, Mongilardi (1972)
BEMRS
wE 1.44 1.58 1.1 AF") R, Morris et al (1956)
BENE 1.42 1.56 1.1 AX1JR, Cementation Co. Ltd. (1962)
Toa—E 0.95 0.98 1.0 AF1)R, Cementation Co. Ltd. (1962)
na 0.76 0.84 1.1 AF1J R, Cementation Co. Ltd. (1962)
e 0.74 Fx3, Hobst (1968)
BE 0.31 0.40 1.73 13 5.6 UAS, Drossel (1970
wWa 0.80 USA, Thompson (1970)
BENE 1.14 K4V, Brunner (1970)
WE 0.38 752X, Soletanche (1968)
[3 = 0.95 F—RES1 7, Wiliaws et al.(1972)
Toa—fbaE 0.60 1.20 20 AF1) R, Littlejohn (1973)
WE 1.17 #A—ZbZ1) 7, Mcleod (1974)
M EHEES
B 0.62 HF45, Jueraens (1965)
RKE 0.10 0.28 03 A%)7, Berardi (1967)
BE 0.30 0.63 2.1 HF4, Hanna et al.(1967)
HEIEES 0.39 USA, Saliman et al.(1968)
BS 0.13~0.24 USA, Koziakin (1970)
VLA 0.62 AR, Uni Anth Co. Ltd.(1972)
T ERKE 0.14~0.24 0.21~0.26 KAV, Schwarz (1972)
BE 0.62 15 $H17F4, McRosite (1973)
=1 0.82 HF4, Golder Brawner (1973)
BE 0.63 0.88 14 F—ZFS51) 7, Mcleod (1974)

(halE s aRAY O Ry )

# 22.16~% 2218 IR LTcaMNEOFEFNL, AfE e B Kk, Y7 by 7/ n—Ray 7
R EOEA AW ILSETH D, EANETOMEIIEFEICHEERLEE LR 0D, &
i, #HEAR, Bk REVL, Y7 hay s o= Ry 7 g R RS Lo L IR LRIC
WD ERTERY, HEEE TORHIOEENS % TIC Lﬁa$@%mA*(@E,%E,i@)@
KA ITREAME T L ILUHAICRIA T RETH 5, AARDHCE & BYLE DXy HIEIIEK TH 5, HARD
e 1 2Bk &Il 5 ORBLENTH 5,

JE i BRI DWW TR BN FEARRBR CHER T 5 L W D AR Th UL, FriD Piaxahic
5%@@%Eﬁ®%@@w,EK®%@@%N~X:,LmbtiOK%%ET@EW%ﬁ%LT&
ETHZENEE LY,

(2)Poh—OHRAERIZET 558

AARTERHA SN T D EHFEEICEET 2 08ITAHE L=k 222 0@ THD, b L7k HIiCh
ARKO57FEIT 1973 245D FIP  (Federation Internationale de la Precontrainte : [EfE 7' LA hL A7
— M) OREEZITTICLTEY, BAMEOSETIIRV, YeZEIIME OB EAER & 55513
TNZEEHAL, BWNGRITEAROEELERHTHZ ENEE L,
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(3) FEEZERICET I REE

HARCTERH ST 2 MR & R EHRTIC BT 2 L2 RITRiHE L 72K 22.7 @Y Th 5, £2.2.12
~F 2214 IR TANFH & B RE S Bleo>TWnD, At L723K 223 13 1979 FLRTO A EIZ I T D
TUN—DEEROETHLHN, ZNHEBEICLE LT, YO TR CRE ST v —
REHCBT 2 ZBEEDOH TR 227 OFROREENRERINT WD, IEFR1E LET%IZ XV K
SNT-ARYE 7 AR T 2 AR TITHBE R R ABCHE R FENZ N2 b, HAMNEL YV ETRE
REERERELZLOLEbhD,

(A)TURVETSONDHBRMNERNE

PC $# O T E I B B AREMENR 5 D Z LD, WD PC 8k 13T 5 Y E O L HEE R B
UZFNEZEHA L, 2085 7R IEHER2 WAL H AROIEAER (8 2.2.10) 2_X—RA (2752 N
F LY,

(5) BEEDORIEED IR

AARTEMEN TV HHEDOREM (4m) 1% 1990 EEORCKOFAME L 7 o h— 1) OB GRE H
DRBENLEESNTZHOTHY, WAL 2> T D, FHAEIZRWTE B ARDHIFRAE 2 12 1
e ENEE L,

(8)Foh—ARKDTRIESL LIRIE

AARCTEASNTWDET I —REEE B~10m, AL, Tm UL FZE LVY) 1% 1990 HEEDOFCK
OB E 7 o I —NOBREFEHORBRNOHREINIZLOTHY, HWHNRELE > TWD, ok
EIZB W TH HAROHIREZEEEE T 52 ENEE LU,

<BIHXH>

TETHE (1976) « 7—A7 A —TiE—A - PEIPET — A7 0 —ikGh - i LEEYE, 236p.

FEITHE (1990) : 7T 02 K7 ok — Liketii THUE, [FIfigai, 148P.

HE T 522 (2000) : 75 7> K7 v — Li%ithe TIHEUE, [FIfEa, 219P.

g T2 (2012) : 75 0> R7 v A — Likathn THEYE, [FfERR, 211P.

R (1985) @ GERRETIWDBHEAN ELYE (22) AR - AkGHm I, (Lt

R (1997) @ dGETATHUE BT S e (52) RS « Batim IL,  (Lifgst

AT v —a (2013) : 7T 0 v KT v h—&ithi T~==7 /1, 263P,

(I (2008) : 77 v KT v —TIEEAT O E ZORER (20 1) —id & e TH, #HEbh
SEHT, Vol.35, No.2, pp.42-53.

I (2009) : 77 0 v K7 U —TiEENOMER & ZDEL (20 3) —EMEOEN & 5% O 8

— B BL S AT, Vol.36, No.1, pp.18-26.
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3. GFT T RERD KRG HEDTHE—

3.1 &R
PRI ORGSR, GBI HZERNRE SND Z END DD, AARICEBT DHIHT B ERDH
FED = SR TR,

3.2 fRER
3.2.1 BRIZB+REEMER

T A — LHRHE AR T e UCTERMH & 4072 1990 4FRUEIX 3.1.1 /"3 K 918, SZERBE AT M K&
ORET I DR L& 2 CTkEHE1T-> Tz,

Lx Lx

- -

w=T /0, T R=T, n w=T,/B(kN/m)

,,,,,,,

ErE 1

3.1.1 1990 =R DERFTEHI

—J3, 2000 FEENSHIRO T o —&EHY 7 FAMER S D £ 912720, —EOREHY 7 TN
32T LD ICHIEOZ ERE 7 b0 ARZ R & ARGE L TGN 2 FIER TR S e, ZomiikY
TR TIEHTE A M EOREMELBHRICRETE DL, REFEIZL - TREHERNR
5 LWV RENREAL TV D,

FafEEw
T ¥ :%ﬁ?ﬁﬁiiw
1 L TE l pev
‘ | T |« VAR
:I E:I ///
d jl .
: L xd |
()@ (b) BT E

312 HIRYIFTOEERETEHI

—J7, MNLZERTHOOTIHRGZ R E LRt~ =2 T Ve LTI T U BT U —% ERER
it e~ =a 7 (EARMFTEE S Z—,2004) DFATSNTZ, £ ZIZITHERO RC ZERORRGE HkE
LEEEn T (43.1.3),
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IS OERORIHFIENSBHETHIRIEL, RAFEST—SATHARL,

L L fe g T;

(a)fERZ Z TR ()7 ORBZER
X 31.3 RC ZERDBELME (T ARAHE L 42—,2004)

3.2.2 BERILARER

RC ZHEMITI TG TH > THHEIHTH Th > THHEESHREIIFRI L THh 5, EWFTar 7 U —
N DIRFERLREER H OREEDHTH D, - T, VI 70 R7 v —2ENERE - R~==27 /1 (£
ARWF7Et > 2 —2004) ITHE SN TN D RCZERDOFRFHIETH—T D22 ENEE LY,

4 3.1.1 12 L7k EEAIEI, YREOERN THENICHIA SN T HFIETH D, AR EEES
i~ = o2 7 VEIZEE SN FETIER Y, ZOHFESHNTICIIRE 2BEIE RV, AR
fli~v==a 71t UCBRICHE SN TV 5 HABITEE v 7 — (2004) OFIECH—T5HB L0 BV
E2 5,

<BIAX#E>

EARMTEE 2 — (2004) : 7T Ty RT Vv h—ZEREG « 3B~ = = 7V pp.13-24.

T HE T (2018) 1 7 > 71— 1. RC ZJEMR DR FHHIEDH—IZOW T, HAMT Y 725, Vo.55,No.3,
pp.128-131.
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4. R ERZEFDHDOFERMABRDRRIRE DT EHE

4.1 B8

HARCIIEMEE N7 o — AT RER 7 & O KB ERER N Ehi S, T 0B

BT A HMNKELEEAFET 50, BR@ EETITZZN S OBIHEER S —RAIEE ST
WA NS D,

4.2 fEER
4.2.1 BRIZETAEENE R
TETFEN 1976 FITRIT LT v — LoOEGHE LICET 5 AARIIOMETH S [7—27
I —TE (PB4, 1976) ) (sl E iy, SR, MalslRo FiEnii#s s Ttng, 2
T FA VRS (DIN) BSFITTHRET v —DRHEE (DIN4125-1972) ([Cit#iShTnd
FARER, B ERER, ElRBONEE2BICLTEDELDOTHD, [T—2AT7 v h—Ti5 (HET
43, 1976) | IZIXBEEENE LT DIN 4125-1972 O H AGERR M E# ST\ 5,
HARCHENE STV AHIEAREBR AR (JISA1219) 13t Bk CIEHEL S L7 b D& HARIZEYD AL
=HDTh b,

4.2.2 BEFREVGAEER

YZENT IV THMEBRIZ BT 2 IR E LB S TWARWgGalE, ZoRBGIEDOBIGT
A — LORFITIEDIFEREFIINZ D BN 2

7 7 —IZ7 % DIN %E@W%ﬁ@%ﬁ % DIN4125-1990 (GROUND ANCHORAGES; DESIGN,
CONSTRUCTION AND TESTING) & L THRIE ST D, Z OHIZHAGRER, #IEHER, Madikiio
FERTH SN TWAHOT, TNELYHETHHATL2ZE L AETH D,

BEUE B AGRBR OVESh O YEI X ASTM D1586 CK[E), BSENISO22476-3 (3:E), AS1289.6.3.1 (%
E) Z2Endb b,
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<JFREARL D 7= & A Pyl >
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