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Abstract

A computer software has been developed for use in the stability evaluation and
support design of rock slopes under various geological conditions and engineering requirements,
The propesed system is not based on the known analytical solutions or theories, but are based on
the heuristic knowledge, inference procedure and experience of a slope expert backed by the
rationate and logic. As a result, other factors (beyond those considered in the classical methods),
that may have an impact on the stability can be explicitly incorporated in the analysis, e.g., slope
history, excavation methods, existing vegetation, current support, etc.

This computer software is formed by neural network of paths and decision making
procedures that use rock slope characteristics as input, evalvate the information, and lead to the
output in form of the probability of failure. The modes of failure considered are plane and wedge
sliding, toppling and circular failures. The program structure is developed on Visual Basic
software, and hence makes it interactive, user-friendly and revisable. The input rock slope
parameters are hierarchically charactetized into several groups using various criteria, e.g., site
characteristics, geological and hydrological conditions, mechanical properties, slope geometry, past
failure, vegetation, ground vibration, engineering requirements, design constraints, and project
goals, etc. The kinematics analysis is first performed to identify all potential modes of failure. A
set of rating is assigned to these parameters for each failure mode considered. Recognizing that the
role of these parameters can be different for different conditions of the rock mass, a set of
influencing factors is also derived as a multiplying factor for the corresponding parameter, The
probability of failure for each mode can be calculated by P{f} = Z{R, * 1 }, where R, is the rate for
each parameter, 1 is the influencing factor, and n represents type or number of the parameters
considered for cach slope (varying from 1, 2, 3, 4...n}. The predictive capability of the proposed
software has been verified by comparing with 32 actual rock slopes under a variety of stable and
unstable conditions. The results are satisfactory. For the support design, the system first identifies
the functional requirements for each mode of failure, Based on the slope characteristics, the
software selects the most suitable design solution for the reinforcements. A total of 9 design
solutions are available. They comgprise different combinations of the design components (e.g., rock
bolt, wire mesh, shotcrete, drained pipe, efc.). The specifications for each design component are
determined by the failure characteristics and the safety requirements. The final design

recommendations also include the constructien process for each type of rock support.
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Circular failure

N
Slope face 4 %
Direetion of sliding n

Plane failure Sliding plane

Slope face
Direction of sliding

Wedge failure

N

Slope face

Toppling failure
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1) anmMeaugn (Equilibrium)

2y msdhiuldveanamunion (Stain compatbility)

3 anwdwiutinnaanuduiasannTon (Stress-strain relation)

4y amasduusnuasaanazveunafiilu 18 nomand (nidal and

boundary conditions)

ThsunsunoufiumeiiRantudmivmsinneinomaniiussdoniihl
mnfi‘au“lu#ugmﬁqﬁﬁ’a dumufiuisenhmmuduunzarnioaludofimiues
%uﬁ'ummﬁ'mmi1u7=f'1’ummmmm1mﬂﬂsunsuﬁt%uui’fu 1 Tﬁmmui‘fu'ﬁugmﬁ
owsrmdldanudufudssnhnmuduuazamnfoaduldanmeuiaudanguss
s e llsunsdugaidbammdtymmeinmnssuidudaufewssatimmedimig
dhaman@n avnmiannsangu wienmmifaumaiadn Sudu wononihuds
nvinnziowszed luglanaiifdmin hlsunsudufiug wisagluglamiiddmi
Tdmﬂsmfuqq wilavosradonTifuamBiiuaeainsowideesndiu 3 ngu fail

1) Finite Element Method (FEM} U1 Finite Element Difference Method (FDM)

2) Boundary Element Method (BEM)

3) Discrete Element Method (DEM)

FEM uay FDM ﬂ:;i‘luﬁﬁag'"lunijmm Domain methods (Desai and
) ) 4 et 1 N , s
Siriwardane, 1984; Segerline, 1984) Hanz 165 inianaiiusenitiugeain 1 (uaedidy wie
= aa i A | w I
dhugnuisdidn 9 uawdid)  soanarilfondndu Elemens daugadavouduiintares
» ¥ »
MAifD Nodal points dumiavesyadinfianumezgniufinagluszyuuunuferfudme
Gy o 4w . o ) = Y
fuanassnamanininedosgndmuans W lunundmenin Fenaziunnimin
siaAld AsAnnamufuiutiazrereumisesduudastomars ez
Tami@oulv@ssemsiindadudu 5% FEM waz FDM ssogmulaudguidiveuenues
winfuinndnyssfinrudeniacluanaenand Contineum mechanics) Taoiudrans
s od A 2 P ° P ar w
wayraruhizdnndodiveuafiniueuinzdnsdmusansvonniiaeandosunsn
matisnarnaas (henazruga) douand1asznhs FEM ungs FDM &o FEM o=ii3tmaud
aum s lnel438 tregral dau FOM szudmmaniotulavl#35eyius (Ditferentiation)



12

BEM (Crouch and Starfield, 1983) ¥3Amuw lnemsusveumasaanyy
Hravmdsveanaituseniudoadn q uazofvmmisdidoplduntsfoanrnduuns
nnlAnupivennaiiuludazdas nmfussiddonlviiddodndorsumiismnald
Lﬁ"a“lﬁwaﬂmmsﬁwmm‘luueiaz*ﬁma;j'luﬂnmﬁuqn fienuderiaswennadiu waslnmd
fuldvesnruinion 35 BEM aunsodnunfuftaprwowiaiui hiflvewunld (nfinite
medium) o svinmsiisesinnassimmsanveuaiitmuaminiy fnhs Phnmdeya
fiftewdhfiu T sunsuues BEM Seilvinadin widosaBadeniliesiilioguemmaves
winiusdssiuriafofuduansian

DEM (Pande et al., 1690) dmsdnon Tasmianaiuseniuseudn q adw
fudtues FEM uog FDM wdnmisfniuee lierdmquivesnmusedles udoz18dnns
AnTzmgFnameaEad (Dynamic equilibrium) usins%aqﬁgﬂuﬂmnﬂ'lﬂﬂznﬁumﬂﬁau
foufiuudei hisimaliongl inemnsandeus Wifdeu@mssitnnsshendoudu
dhadios nmnamme?nﬁ’ufﬁ’uﬁ-wu\ltmm'n:ﬁ'auﬁ!.:gnﬁl"uﬁmmmsr‘rnﬁufﬁumeﬁxﬂﬁuu
wlasly DEM Sumnedwivdnnumsndoudvestouiiufironnsdafuvesseouan
Tuwandiu msmdewdaiiansoilinnnd maemsian bl ninnsesmndenios
?ﬂ'a‘laiﬁuﬁ'nﬁuuﬁgwnlmmmm‘%uaqnmn

Taimsihsadowiidnaadiuneludozagehillsegnaldumaszdiu
wiusnmn TR IABYIve WIARLUALIIATUANMY U Tshida ot 4l (1987) 1615E DEM
Tluszgadlddmiuiinseimaiannmanaiilunaaiy zho and Zhang (1998) Ti3Ema
FEM s igiiiitetmuansdadagunssidiunumadseanaiuiifsatannlu
u?nmfﬁmﬂ%'uszﬁ'uﬁ‘wm Three Gorges Dam uﬂﬂﬂ'lﬂf: Hu and Kempfert (1999) 183t FEM
Tlghesanifauiineysrnumadiemennaii Tmu'ﬁmiﬁmmﬁagjuuﬁugmmm
Noalinear theory, Fujjta (1999) 181138 FEM ni’aﬁmsﬁwmma;juuﬁumuum Elasto-
viscoplastic TUfinundailywimnfaniadiulna Nicot et al. (2001) Idfhnssenuuusswasn
WelfdmivtlostunsanvesfeuivtummumaBowomiaiulaoldss pem lunsadas
#0619m3BAN 109N eaR Forlad et al. (2001) 11458 FEM lumsiinmiednauiBmanag
winmumadswesnnniulunsadn Weodhuuminmstestunisdaunativliavin
1114 Lenart and Fifer-Bizjak (2002) 15 FDM (Program FLAC) snldluns3msienaves
ALY TR SHadensBanssuumsauad Julisn Alps Mz UANUDA Slovenia AD
11 Ugai and Cai (2002) 18135 FEM ﬁﬁmsﬁ‘nmmnéum{umuum 3-D Elasto-plastic i 141y

msdmseiiedesiumafeuiaduine Taeld pies wdnamuidausanadiu weethoga



Cai and Ugai (2002) thsafiondiidnoadwnovllldSmssvuansenufiifanndunn Tay

s P dnd ¥ o4 ¥

golseasiveanifuiomani BEM lildesurmsnavesirnmud liduiwosAuiui
¥ + >

uazafuwranssnumndnvussamaed YSnniiiyaGuduuesdy aeduisehady

an uﬁsmﬁusmwmmmm’éawmmaﬁu Jflue’fu

14  nuijiudon

Goodman and Shi (1985) 'l.ﬁ'ﬁ'mm'nq'ﬂf]‘lmi'i‘fumé’uﬂﬁqlﬁah’ﬂumsﬁmam
mumBeudvssdoudiuiduansmannndreadrmadrng nquilmitide “Block
theory” lm:nzﬁuanyﬁfﬁh “nauffindour wquﬁﬁymmzﬁ"ma’umsmﬁ'ﬂuﬁwammﬁu
Ltﬁaﬁﬂsxnau'lﬂﬁwqmmﬂﬂu'hivinu‘}mn?aa;mmiﬂutmnmﬂmu udogmoldanudu
usnisuitpendsih wdnnslumsdnousedvilniarnadavosfouiusarfirmaves
soounmniaTsen Tasld38 Stereographic projection rﬁ'awinrrau"hﬁuum'a;ﬁ’mn’f’ilﬁﬂmnqﬂ
A 9 vessetusnvedl lemmadeudanannanumaies wiefTemafivanasien
waamgTusiniennmiagTusduse umﬁﬂﬁyﬂﬁﬁUﬂﬁaﬁ'u'ii"’immﬁﬁeﬁuqaii“nﬁ’ﬂ {Limit
equilibrium analysis) Moauddudounnni n’?uwmﬁﬁm\:mi11aﬁwﬂawmmﬂumfﬂ°mﬁyu
ﬁﬂ:v’i’mﬁmﬁmmﬁqmnwﬁayjﬂmu‘qﬂ uonmmufimmavosfnfiuBs: (Free surface)
'um'Iﬂ'sm%’wﬁnﬁmiwﬁn:ﬁ'mﬁunﬁuﬁmuﬁmﬂ?umﬁuuﬁwmUﬁammmfuﬁ"m SR
denlegluglvesTisunsunnuiamofilorumeainlumifing Goodman and Shi 6
e msmﬁ"auﬁaumﬁauﬁuaaﬂmmr\ﬁﬁmﬂmﬁm1m1,,imﬁﬂ€uﬁuﬁﬂuﬁuﬁﬁﬁﬂmq
unzgisasmvni dadhannsadidiiifouivsiiafindousald Aufeuduini
anrsanionda 1 Aouitufinuguiessnmyowsilulaseanmnmsiioesiin
mimilagiliwasinanimilifien feufuaiiatiFoni Key block dm3ulnsendrafy «
ﬁa&wﬁaiﬁ'éwm’amﬁm57:ﬂuqm?nﬁu%'amwmazﬁmuﬂ Key block ﬁy’wmﬁn;ﬂu
Tnserfraiterimedisy Sinsm Key block o3 18Tru1435 Stercographic projection
mquﬁﬁuﬁﬂuﬁyﬂ'auindw‘lumiﬁmﬂuﬁ‘fﬂmmz'lumsﬁflﬂﬂs:qnﬁh’s’ uAiidoiafofeu
Auitmdezdes bifimanlBougde Bisiesihmudunfesen uagnmiean
zviefouiiu (rudvamuvesseuuan) Aoy hithaniingen Aafuwait 188 asiul s
ayEmideudhaga

*nquﬁﬁuﬁeuﬁ‘]ﬁﬁmﬁﬁﬂﬂ1J‘:zqmﬂfft”lua‘mmaﬁ’m‘iﬂqﬂﬁuﬁﬁe{n q @
oy ¥iay Hatzor (1995) v‘ﬁa‘lﬁ'nimumsﬁmqui]‘ﬁuﬁ’numﬂszqmﬂ-ﬁﬁnmmﬁusmwmw

o A Y o
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voansanmsesaniumiinnzidmgAnisuvosgmunnlursy hamnfausiuiuvg
Hatzor (1999) nms B wviativsnmnimmadosvesnafiuiloy o3 sni Masada 34
agniefinmsSunnvesBasuen Tnuldnaugiiudeou uns DDA modeling azHUH Key block
szfifmneumissiadousedumnfoufifnty A usadoamussninsommnanas
Jeong-gi et al. (1996, 2001) 'lé’“l‘ﬁ'nquﬁﬁuﬁammﬁ%ﬂn Stereagraphic projection s ina ey
wiminniigeuumamaBumennaiu nougiudeninndalunmsdestadon
ne g lalsemeuiigen Three Gorges Dam Faotrathuaiy Yangtze lavsaninmsdingize
wsauen|ddfmmaazdumitinonfsvemihmeduavonnainluduomise 1 14

1.5 ssuudygnilssfug

reuiiloygmlseAug (Arificial intelligence — Rich and Knight, 1991) w3i3n
Be 4 AT AP arssi AL ﬁl"lmﬂssqnﬁl%"lu41u'°m1nisnﬁuﬁuﬁmﬁaﬂszmm 20 $ilud
Al flo mandraniovicveanafia (Nevral network) ninvwammsinuudoudtlywiameis
mmdudou Tflvfefidesivmannmne tasiidoulimsiadulefisineuluusazdunon
infodisveunndafinSouailowusgiifuummajshinines Tanhdeyaunzilsioe
wuaiioguiiistsan Al ﬁqrﬂu‘%‘iﬁmmsﬂuﬁm%’nﬂmhmﬁumﬁusmwu’_"s‘aﬂaﬂuuu‘lu
Smassuitufidoundeiuilowiidudeuwnsinmmulnlsmeisiotin oty
At lsgudoyn (Dambase) isifuszuiiedhetulifoalnlumsfiosaniisiviifdos
odwnsufn uneriimmlrzdiudosdoudunzidowludes ighmouimmnzay &l
Aragndoldaglugd Ilsunnumeufiunedife Winmazaanlums Biaemsulpudle

VIUMTVRIMIANSIN AT 881910 9 B1eszgneenuuy iy l)awman
msfiiaguds mu msswunuaiinluszuy o system (Hock and Brown, 1980) noluszuy
RMR (Goodman, 1989} wWudu Tdsunsuves Al ﬁd?ucﬁﬂu%\m@uuiﬂﬂmﬁuqmsmq
ngiamawiuaznaadiidunslunsdsaiiuaslizanadeye Tavdaddvanudigues
doyndniwniivrsan Fefoynitaih lmsszasudamiabinnlE A1 Aol
maa:ﬁ'ﬁuwwn’hu11Jsxnau‘lum'iﬁnnmﬁ"ﬁﬁu“lmmzaanl.mum@ﬂi""aﬂwusﬁun%mﬁu'
‘J‘z‘IJUENﬁﬂ’.I‘I!Ji‘ (Knowledge-base system) u?ﬂszuuﬁtémmm (Expert system) %‘anszmumi
GouTlsunsuimsssuufesmilouduiussun A1 Mo iinsuguvediderrnlu
mmf“ﬁ]tgﬂmwwﬁmﬂ‘fwzgndwnammzﬁﬂau'mi‘luszuﬂu;ﬂuauﬂ?ﬂf«huumﬁn uae'lé
ifefueissuuilgynrsfuf 1 huidewe 9 Ta Adeli (1988) $umnmmhanuesszyy

- 4 . 4
Poygyrse@ugenmuwn flo 1) wy Forward chaining dhussunfimnzaniutigwdia



fnwdnlsdnuddesninguueshmeviiegiuuen Fingududsludnudondug
AuguAmsLesszuUivesginoufimunzaunaziioguinug 2) uuy Backward
chairing fusgvifmngaufuTyniidénaududsdmdunnsindutmouiidhmmn o
#unen ﬁa%ﬁﬁﬁmammﬂuqm’énﬁuumnwﬁmuﬁajaq{mﬁuﬁ’quﬂs'luﬁ'mn’hﬁmmzﬁuﬁ'u
A1M8U URE 3) UUY Combination Whmss uiaresiBd Faufe Adeli (1988) eFuwiedod
unzdadornsssnuflygnszAud Vi ssovllygnlfudifedfo awsofaldotdy
szunmuiddnngnananald aunsedalfedesmad e Bigedusfideasun
finson litonn dumdmdodaduleianain aunsonseaeudoyaitdhanlussuyldiy
i suany nozansnl fudlgatlvssuiing 18186 dandaifovesssuudyandssiug
fie WafineznIIRIIIAAUNZY AT ITILG 1‘§'lé'ﬁ'nmw1znijnw|.ﬁ11i"u waevouwaildria
Tuamuftym 39 Adeli (1988) ﬂﬁmuwjxumaw\seqmiﬁmmi:uu‘{lmtwﬂisﬁn{l"’fmuﬁﬁn
ﬁqﬁy 1) 595 W5 sUAsTIRMIT 0 U vinuiade Nrms unaamg FoUAlseYY 2) oﬁzq
fomitefioz W lumsasuend@nngy 3) thimiveuawdunguszidmenn
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VIETNAM
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Slope No. 3
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< Slope Nos. 4 & 5

Slope Nos. 8 & 9

-g=— Slope No. 10
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Slope No.7
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2) wiiLuiiseouann (Heavily jointed rock mass) wuﬁﬁwiﬂﬂ‘sﬁuﬁ
wazgumyi (Slope No. 6 un Slope No. 7 lumanuan n) $nlsenoudaeiufuniaio sza
fiaotuaninn ssoprssninseouanien TSmaninnn uasfimdfiusdasa 5-
25 MPa (sziiulaol93Fues 1sRM) Smsfmaehumargluuy 18y vSnutiuhou
Sandmladuy? ssWananediuiuuusvssum Clane fitre) HerfuLUWERA (Toppling
faiture) unzlurFnamdnATonmsil 9203 voamamanamuuay 344 havadanadums
maienmoduudussnusmudunu)waT8s Circular fiture) Tnuv‘;“afrmﬁmmvlms
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fvmrzunzadn uaz:ﬁmﬁmﬁux]uu?nm'lﬂﬁtﬁmﬁ'u Maroursdronmn luwaiivTannin
3 yn fedesnmd Auvilaflaesforiufsdumu (Slaty-Shale) Frogluufnmmifoaiur
wiaituiivesuan 3 yn Trzvzvhesenieseeunntion TuSuaninng uagmswanaodhuiy
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2) maﬁmmm‘?vuﬁuéauﬂﬁ'mfuﬁuu%a (Slope No. 13 luniaruan n) wud
vinuninAlamas # 6768 maduAemilovamanarminoma 2256 Ysznoudaeduiiy
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iy 3 Srwnz Ao

D woRuyiuiugeumtutyduiuds wurdnamdnd Taowma#l 196 Loz
194 éaagj‘luu?nmtﬁauﬁmmm (Slope No. 13 uaig Slope No. 14 Tumaruan ) Fuitudou
fin ﬁuﬁumwfﬁ"laimmsm”ﬂfi1mﬂ1qﬁ’qun=qumwﬁamwm'lﬁ finnuminlavnie
sz 0.1 8307 s wasduitunde Ao Funso fleommnaTeumde 03 @41 ms §
JoULAN 3 §A ﬁﬂ?mmﬁvmmiﬂummz1uqe1r~luuasﬁﬁ'numzn15ﬁmmuuuu Secondary
toppling LAz lmuiﬂéﬂuu’mﬁumm

2) YIRTEBIANI (Massive rock) WURE19R Tanims T 136 84 137 (Slope
No. 15 Lz Slope No. 16 Tumanuan ) 1ﬂumﬂﬁu1,|uﬁﬁsammn 3 ya flazoevhavesseouan
89 L5 wms fszez@ameentia Sraumqussge enssesunniinsiaiiond ol
anumedusliaosnwaoudred

3) 1afuILULHLI U (Bedded rock) WUSzNIA Tammafl 134-133 (Slope
No. 17 lunmmmuan a) dhanafufsdumuiifionmn 3 g seumniinaudenioogs
ﬁuﬂszﬁwfﬂmumiusw‘h ungilaumiivamsnlusoaen aswmatdhunoudus sy

a4 e 4 3y a P Y
wiedhnnegarinfudinsnmhvesammadonliudigissfumga

2.1.5 wiinans Barite Savni0u veauIiin PANDS Barite group

wilowsd Barite uﬁaﬁrﬂgﬂumﬁﬁuv“'lénnm%uqmu fadaan 1dviinsdinn
mwsnduadma 6 uds @UR 2.5 TaoflneazBoauestimemadrans s
MAALIN N (Slope No. 18 uaz Slope No. 23) AvmmnBoefidmnaunsodnanoeniiy 2
A fin

D AnanalBeind Footwall Usznoulildiouniv 2 frume Ao wadiu
suuwaan s waadnfu yaseouanTannio 3 ga Srsesvieszniesounnueansa:
i dnanafivdue Muunaiveuuisesunnuin S wanugmsesunnnand 3 ganes
Sszenisnounndind 10 iufinms

2} ATWMAIBYYDY Hanging wall n¥nsa09u0fiuisafefiudiy Footwall

drumensiananed 3 plinlsenoudas vuuruszu suugUay uasnuvnas
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2.1.6 ﬂ11umm%'muummmmmmm 12
4 w o 4 ' ' w =t A

mamanmneay 12 dudumadsiidouneseniumansfusenisanile

@ 1 P P e ow W o -
fusmana  Taveghuaiufiforiavouusudufmamysysel @il 2.6 msdsany
msfmasluraegleuy fo wuugd T8 wwvssi wrgddy uazmdnah Tae
wunaTsRsnmsLLLHL S usuzlay uaznmdnahluefiutusususznuinenuy

a o - 'S = '
winfieuvesiiuu Fuduamne uazfunnoiansioutls 18ud Slope No. 24, Slape No. 25,
Slope No. 26, Slape No. 29, Slope No. 33, Slope Ne. 34 uay Slope No. 35 Qumaruan f}
ar - = a o & a '
wumatanasuuy g Waluwnduuyeilssounnunuesiudumuunsisdua ldus
v P o '

Slope No. 27 uag Slope No. 28 nguanuaabuaniuilufamswanats 8un Siope No.

30, Slope No. 31 LLa¥ Slope No, 32 fuaaestwazBonleniaman n

217 dumaneannsay 105 uasdudouguain

mamnluoey 105 Audunandnfifeudessnininazuantuma
na1ﬂﬂuagi‘luv‘€u?ﬁ'ani'ﬂm1ﬂ wngSudouguaimi (Uit 27 wow i 28) smsdsmy
msfwalummegliny fo wupdTds tanduszny wuugliy wezumdned Tae
fiuduInghdluftuuls (Amphibolite schist) wozfiunzneu Fufuam fuu uaziunsin)
TagnunsWamanomuurussus uuugiliy unsiuuwana$il slope No, 36, Slope No. 37,
Slope No, 40, Slope No. 42, Slope No. 43, Slope No. 44 uaz& 1131 Slope No. 45, Slope No. 47,
Slope No. 28 i1z Slope No. 50 wunsiamatouvgl IRshunafufus it seoummnnyos
waaituiun nazyanitufitinoud@angougs 18ud Slope No. 38 ung Slope No. 41 aguaam
aadpaaiui iifanisieaty 18ud Slope No. 39, Slope No. 46, Slope No. 49, Slope No.
51 wa Slope No. 52 funandswazdosalumaruin
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2.2 ATENUMIUDSUARY

msnununsiifnuueandisligmlrzaeininie deyaennsfinu 1
WalSvudeudunsdszdivonssudidnmgdeinsedmuuande  foyailldunn
unnnufieglunsasuassnunslsspminmsdndrnsssimaiamerans sy
Tus1 #2961aM5013 181 Rock Mechanics and Rock Engineering, Rock Mechanics and Mining’
Sciences, Geological Engineering and Geotechnical Engineering, Engineering Geology Lnz#?
adwnu\numiﬂizqu Y Regional Symposium on Sedimentary Rock Engineering,
International Symposium on Geoteclmical Stability in Surface Mining, South Africa. Mining Latin
America/Minerla Latinoamericana conference, US$ Symposium on Rock Mechanics Tnuﬁny’n

daulng) Gounz 30y Wunonswaunislrzqumedsng
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Slope Nos. 48-52
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PRUNATIRIAN 200 WA wuiios 1 Tu 4 fau Ao Urzana 55
wnnwfansodunlifiug oy ld vaanudm Ingssiauedoyaisuii i
nsudnfalmidifugmdeyaild nesimsdadommaaiio ynanuerdesiitoyaly
dwitdiy By Marugavowranime@saaniy YUINYEIMTIRIUIABYY (Slope face
angle) wagmsthlldtuaesls Snuazmsdtmawniohilymiive snoavsesuan
(Number of joints set) fiHIANYISVOITOUAN (U MINIAIVBITBOUAN (Joints orientation) yu
MUBITOUUAN {Joints dip angle) TTOEHIIOIUAN (Joints spacing) 1zvzilamuounasanan
(Joints aperture) Jafuninlusetunn oints infilling) ﬁwﬁuﬂ:zﬁwﬁmmuwiwmsouuﬂﬂ
{Joint Roughness Coefficient, JRC) Ainpaduanuvasifumioussoounn (Friction angle 1o
Internal friction angle) AMITduSARAvEIRITBILAR (Joints cohesion) Ao iinsveTny
N (Joints persistence isﬁ'u'umﬁvnnmn (Groundwater level) ﬂllﬁmﬁtlﬁ’llﬂiﬂi)‘lgn%a 55 Un
armfilddadennidiuauely manuan v
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worliinns 3) fofeddidvangpinnAvsananmadessaiiy 4 uurfalumsiangudeya
5) msu"muﬂé‘:’numsmtﬁ%nawmmnﬁwmzﬂmﬁwﬁ'agmﬁmﬁ’u &) Timsusziiluiediornin

] b ]
vosliFuamgy uaz 7) nguaimssenuuumsiiue sdifumey

3.1 =u‘uwmmza’faﬁﬁmmmﬁmmﬁ’mqé’témv1fg

fiismguundnunsmensdinnveanaivumiheia@eioondy 6
Uszan fio 1) wafuianmann (Massive rock) 2) wafiuuuden (Blocky rock) 3) 19a#1
WULILLFY (Bedded rock) 4) waaRuuuuTsesuann (Heavily jointed rock) 5) uIaRULULNAT
AAT U8R (Soft rock) 1Dz 6) 'j?'uﬁuuuudauﬂﬁuu"n’a (Hard-soft interbedded rock)

mslszduiazpennrumadsnnaivesfvsammefdumaiueh
Vi waranmmmBsaeztun refuEn (Single beneh) TmsAnsagluyumsmae 4
dnvy o Uz 1As (Circular faiture) WULHALTEUN (Plane failure) sy (Wedge
failure} unzuuLWAAR (Toppling failure) ﬁ“agllﬁ 12 Tt 1 msHnsanezshinTaungu
ANUAMBEIIARY (Soil slope) HRzAIIMIABSARAT NI UM o e a0 fy {Soil
or rock fill)
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P 30 wrnanetwnniaTaei luvesoufunefwoniiofiat iy
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a”numzmmnwmﬁwmnﬁuuaziJszLﬁui’f’aymﬁfmﬁ'u {Classifications and preliminary’
evaluation} 3) daualrzdiviaBesnmauatadomatiy (Stability evaluation) uaz 4) e
m'iaﬂnuuumse‘i’ﬁuﬂnaélémmm {Recommended stabilization methods) favtlsznoumant
diuniadesedudiussuudoidoymmbzilugluig 4 Swndnidtdosmle
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33 dedtdigdenmnaninnfiosanlsafivnnumadoanaiiu

A . w de - _
ﬁ'ﬁm’a‘mcui:1uuﬂﬂsmnwaan’im_qnﬂ§ﬂi‘]wuwﬁ‘umwmmmamflu 3 nqundn
fadn'luil

331 doyoiifurdesiudnuneillvesniainisnmnv Yrznondas

) szﬁuﬁymmmﬁn;}hmwmm?mamnﬁu {Groundwater level)

2) AU (Climate)

3 psnsnednvssnnuaiadeanadiu szraudas ANUFMATA TN
(Slope height and length)

4y MINABIHTAADY IR éqﬂiwnauﬁ”suﬁﬁmwmumw (Slope dip
direction) Fm,;um {Slope dip angle) tm"mﬂ‘lamwamummmmmnﬁu
A (Upper Slope face direction Uiy Upper slope face angle}

5)  SBOUEN (Tension crack) TuAWAIABYINIATY mﬂwwﬂgnwﬁ'mmtﬁuq
o e iado

8 qUhensmnumadivaaaiy (Slope shape)

7 srRuamudaoasoidaims (Safety requirements)

8 wiAvoaiu (Rock types)

9)  dnunzussduiivitnaquaunmuaaBeaaiu {Vegetation)

10} AEmayamzanumaiduanaiiu (Excavation methods)

11) 'szﬁwmmﬂgﬂéau {Degree of weathering}

12) ussduazfiou (Vibration) luninannumaduanaiu

332 deynndmadesiunuidnusiusyasenunn Usznaudao
1} ﬁmduqﬂsaulmniumaﬁu {Number of joint sets)

2} AAMNaIMUBLsaoLAN (Toints dip direction) LagMINMYDITALLAN (Joints
dip angle)
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‘i:ﬂ:Lﬁﬂlﬂ&ﬂ‘\lﬂﬁﬂmmﬂuﬁﬁx‘i{ﬂ (Joints aperture}
TEUTHNTEMTNIDIUANUADEYR (Joints spacing)
ﬂ’l'lllF’iﬂldﬂwﬂﬁammﬂuﬁﬁ%ﬁzﬂ (Joints persistence)
Sagiumsnlusosuanudazya (nfilling)

< a
ﬁuﬂ'szﬁmmmw{\lszumm'sﬂuuﬂﬂ (Toint roughness coefficient, JRC)

333 dayamsnamanivosindiu Uszneudan

1)
2
3)

fdssunsedavestiu (Uniaxial compressive strength)
4 ,
Yuidean uug 14 (Basic friction sngle) ypasavuanlusasig

AWMU MNUYBIHU (Unit weight of rack)
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3)

'
o Py

sgivlnmaifssanluansmaBasnndiv Suunite 5 szdu fio

{1 uﬁalmuauwiﬁ (Completely dry)

¥ '

2) szdviinnaangh 25%
. .

() sedvdiwangi 50%

»
Y

(4) szdwieI0egh 5% Lag

v
o

(5) szAwihnAmegi 100% (Fully satusated) VBeRTNGIRIMAIAENBIAAY

anmgiloima Suumihy 2 dnvaz fe
(1) gilemimsuutauds (arid) waz

2) giienaunuiaudu (Tropical)

sUnsssnadinvesanuaaBasnnafiu tizneudae anunasa g
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a3 3.1 SasnawhilledosnmussyadudsdmSumsiivsennsWemenuugl 18

Slope height Slope face Groundwater Degree of weathering
angle
{m) Rate | Degrees | Rate (%) Rate Conditions Rate
<7 1 <25 0 0 0 Fresh 2
7-10 5 25-30 1 25 5 Slightly 4
10-15 8 30-35 2 50 10 Moderately 6
>15 10 35-40 3 75 i0 Highty 8
40-45 5 100 10 Completely 10
45-50 6 | Unknown | *Sor 10 | Unknown 5
50-55 8
55-60 9
60-65 9
65-70 10
>70 10
Vegetation Number of Vibration Average
discontinuity discontinuity
spacing
Conditions | Rate {Sets) Rate Conditions Rate {mm) Rate
No 10 | g2 1 | Near Blasting 10 <20 10
vegetation sites, earthquake
Onty grass 7 13 8§ | Near main 5 20-60 7
highway
Grass with 5 =4 10 | No vibration 0 60-200 5
small trees
Full grown 0 |Unknown | 5 | Unknown 5 =200 0
trees
Unknown 5 Unknown 5

* 5 for arid climate, 10 for tropical climate
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A 3.2 spdumwd e spadaunlsdmiumsiivsannisfmmonuzil 14

Rock grade | Slope height | Slope face angle | Groundwater | Degree of weathering
RO 2.0 20 3.1 0
Rl 1.7 1.8 2.2 0.2
R2 0.1 0.1 1,2 0.4
Rock grade | Vegetation Number of Vibration |Average discontinuity
discontinuity spacing
RO 0.5 0 24 0
R1 1.1 0.4 0.5 2.1
R2 2.0 12 0.1 4.9
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maafi 33 SasmanhitibesmwesadauysdmivrsRnsenasfmms ey

Number of other Slope height - Apertures of Infilling of
discontinuity the analyzed set the analyzed set
Sets Rate {m) Rate {(mm) Rate Type Rate

1 2 <7 1 <0.1 1 | Calcite 0
2 6 7-10 2 0.1-0.25 2 | Nothing 5
3 10 10-30 4 0.25-0.5 3 | Sand, Silt 10
4 10 30-50 8 0.5-2,5 5 | Clay 10
Unknown 8 >50 10 2.5-10 §  { Unknown 5
>10 10
Unknown 5
Persistence JRC first set (W p- ¢ Degree of
weathering
% Rate Rate | Deprees | Rate | Conditions Rate
0-50 0 <4 10 70-80 10 | Fresh 2
50-80 2 4-6 9 60-70 10§ Slightly 5
80-100 10 6-8 7 50-60 8 | Mederately 8
Unknown 5 8-10 6 40-50 5 | Highly 10
10-12 4 30-40 3 | Completely 10
12-14 2 20-30 2 | Unknown 8
>14 0 10-20 1
Unknown 5 0-10 1
-10-0 0.5
<-10 0
Groundwater Slope shape Vegetation Excavation
methods
(%) Rate Shape | Rate | Conditions Rate Methods Rate
0 1 Concave 5 | No 10 | Blasting with 5
vegetation pre-splitting
25 5 Straight 7 | Only grass 7 | Blasting 10
without pre-
splitting
50 10 Convex 10 | Grass & 5 | Backhoe 0
small tree
75 10 Full grown 0 | Unknown 5
tree ]
100 10 Unknown 5
Unknown | ** 5 or
10

‘;g p= sliding plane angle; ¢ = friction angle of joint

** 5 for arid climate, 10 for tropical climate




51

1 ar

wswhezimadonlicanioouan1ds nadl hiflfaqunaneziisnnnam WifleBusnng
o lwn"‘luﬂsmumnuwauiammnmumsﬂnmfnumﬁwﬁﬂﬁ'umﬁma‘musqmau‘lﬁ"lu
sydunils umammnﬂuq"lmasamli"munu Frqunanfidunsondoimaadls unz g
unsndhuumiio mqmmuwnmsm‘nu'lunmnusmwqaqnmﬂmﬁqmmwuﬂwu
mmidaiuusafoudlanmmzinmiios ﬂnm'mqwumum'lnmmmﬂs:mummmn'!#
Lmzﬁ'ﬂﬁmmmﬁmmiﬁmm1nﬁ:?}uwwmzﬁunmﬁa@umm'lﬁﬁ’a’ﬁqlmiﬂ Fuftumsena
arzttluiaoy fny

5) nmuvimﬁawmiammmmmﬁﬁmm Srasuanilinudeiosgs
darmau o nmesgeiy msseuuaniifimdaitssgusiildnszoumandeon
Tnadndieiunshiffaiufidrsznnd

P

z a o - an 4 @
6) ﬁuﬂszﬂmmmmquwmmﬁmumn‘lmgﬂwwmsmﬁ’mmmﬂwwﬁflw
ens i lifiedosnimlonas 11a~ﬁ'1'lnmmﬂmmjmmmtyﬂ~ﬁwﬂ1wﬂg1umq 10 fl4 12
Sadhrefwld Tnod s mmeminy
7 ATudTEniage mu;nm'uangﬂmmmmwmsmuuamwnm114umun
gy mam1ﬂfnmmnmqqwa:v‘h‘lﬂamwmm'hJmm\usquwu Feogludousiing
wirmaunayun hilumaeIndifteaiy ase)
o 1 A el o ] o W AL e
8) sraumsgnion ditulszdumamniougeestiligasn iliodusnm
gann Uiy wazilimsudnuusmagnioudinmgsranld i fussinhueas
4 o = w o
Fuilumsmangonludooying
oo ¥ aa 2 F .
9} sgdmpninnma hillszduveniniaiagsiussilddns e i
Z Pog . S ray
wdosamgedn wasd hinsnhhegiss wladidmngyoraundliliauhduardiieudg
= - =
dailunsmanzahudaoying
10} dnwmzgilinussnuaabos ssniesadiy 3 dauny do (13 3Uin
Whanuup)18udh wilmBesmmnnige @ phadupldunsssedsasnamtii
¥
wbasmmezindu uaz 3) Uiyl ideeen
1) dnvusduiivinlnngu ﬁ'ﬁ'mwm,;‘lﬁﬁmusﬁn'ﬁ'uum'\mw’n’uﬁ'wﬁagjuu_
Al e ngosiivnesi liianam oo nmdiag wadnseilingm
iﬁﬁ'num:“lnrﬁv?runﬂmwﬁunﬁ‘lﬁ'ﬁé‘m‘lﬂ1m'llii’ufrﬁuimwxmﬁ’uﬂiﬁﬁﬁum}umzﬁu'h’f
F da o I 4. A 2 a @A
@0 9 si‘lug1J:muvmam1m1u”luumnmmwmnmm FavruuendanTuaiabonivifianis
Wanawinlusan



52

an as _— 2 o -
12) Fasyanz sefidennrubiliedosnmgaluaumnudoeeeai
3 1_an asmd 2 q ya 3 A oo ot
nihnrganzluedasd®  Eimmsahidfianbrewnnumadeadouigessiidaranu
4 9 N s 4 @
hifiedasnmige uazlunsddlinindtmayanzdisosgerausdldducouns
rafanudimanznannmisada inou
¥
nianndimsdmuadanamhifiefesamia 12 dunls eelinmbdanls
TuudazyanuSoudivuszduanud iy Taszlmsnloudiouly 2 davuz Ao hdunlsud
- e e ey e e P .
azvlalundazrsdumhideiuusadavesfunndouifioudu  uazdwidsis 12 dan
alfudeuiues vinained 3.4 anninduunléihi 2 nqu fe
) da o A & e oo o a oo X
1 nguieyaiifitziuarmud Wymviumumidafuussdaveaiuiigatu
. . ; o i m o
dsznoudae Suugnseouan szezilanee Yoqumsn srudediss unzdudizininay
UELEE

o A ) oo e ar

! Aa " = &
1 ngudeyafiirzduanuidgasauiiomidaiunr ifnunsiugaiiu
I ¥y
dsznoudas AnsmAesEndna s osunnga iR safusnfsanuiug
ANgUBIRTINMABE Iy sTRuMIRASeU TEAuhuee dnvuegiliavesnnuma-
2 a. W v o4 P
Braaity Snvuzuaznraduisiiloagu nasimsyaes
Ao rou & o oW Lo w = o v
Wahmdusie 12 Fnufioudeuiuemududasdutlseelianuddny
' = = = = e w o Y
fonslsadusdosnmusinnuaedewaain Inoliddunsdidgedonmnnlihles
. v
fla MmATwuADA IR IR IyIMYeotMn AT anAusupuisanuRug i dadau
dssinm 22% sanugueInunrBnatuuazeudsiiswessssuanyaivinsa 12%
» ']
ToquusnuazszAima 10% dudizAvinnuaguses 9% Swnugaseiunn 8% sedums
AnsaunazTzuslamuersasnsumn)szm 5% Snpazuazviiavesimlnngy 4% Bnaye
1912 3% wazdnuuez 7 1veaa NumABe 2%
. y »
diedmsdmuanzuunfresgaudnsninzuuuiassganiguuaziig
mfudiudmnieailuvesnsfmai (Probability of failure) Tasezaglugilues
wefdudvesmafirnsdmasnuuususzuTounvgldy wagaumouaasiiunim
¥
FudufiFandiamani il

P esuee = ZERLY 0= 1,2,3,..12 (3.2)

Taw PAD) g 10 ATRRAER A SRR i sz ummznip an

a w Pl
R, @ Saswnuhifiadomnmuesdunling

o =

»
R, fio daswnulifliedosnmussiunuseouanimun

a =

R, fia desaowhifimduinmuewmiugaesnnuniadeaaiy



53

a9 3.4 ssdundigresgrdunlsdwivmsfinsainsfmatowuueusaz g iy

Rock Other Slope Aperture | Enfilling | Persistence | JRC first set
grade |discontinuity height

R2 0 2.1 0 0 0 0

R3 0.4 1.8 0.3 0.9 .5 0.5

R4 1.3 0.8 0.5 1.3 1.8 1.0

RS 1.3 0 1.9 1.8 2.4 2.0
Rock | y,-¢ | Degreeof |Groundwater| Slope | Vegetation | Excavation
grade weathering shape methods

R2 3.0 1.0 2.1 0.5 0.7 0.6

R3 2.5 0.6 1.2 0.3 0.5 0.5

R4 1.8 0.3 0.5 0.2 0.3 0.2

RS 1.5 0 0 0 0 0
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mai 3.5 Sanmn lifiefornmmussgadunlsdmiumsinssnmsfmauuuninn

Number of other | Average persistence Average of Infilling
discontinnity of set2 & 3 apertures set3
Sets Rate % Rate {mm) Rate Type Rate
1-2 0 0-20 2 <0.1 1 | Calcite 0
3 8 20-40 2 0.1-0.25 5 | Nothing 10
4 10 40-60 6 0.25-0.5 10 | Sand, Silt 10
Unknown 5 60-80 8 0.5-2.5 10| Clay 10
80-100 10 2.5-10 10| Unknown 10
Unknown 6 6 10
Unknown 10
Persistence of set 1 JRC of set 3 Dip of set 1 Degrees of
weathering
% Rate Rate | Degrees | Rate | Conditions | Rate
(-20 2 0-2 10 80-90 3  tFresh 2
20-40 2 2-4 10 20-80 10 | Slightly 5
40-60 [ 4.6 9 0-20 10 | Moderately 8
60-80 8 6-8 5 Highly 10
80-100 10 8-10 5 Completely 10
Unknown 6 10-12 5 Unknown 8
12-20 2
Unknown 5
Groundwater Vegetation Excavation methods Yibration
table
(%) Rate | Conditions | Rate Methods Rate | Conditions | Rate
0 1 No 10 | Blasting with 5 | Near 10
vegetation pre-splitting Blasting
sites,
earthquake
25 5 Only 7 | Blasting 1¢ | Near main 5
grass without pre- highway
splitting
50 5 Grass & 5 | Backhoe 0 | No vibration 0
small tree
75 5 Full grown 0 | Unknown 5
tree
100 10 | Unknown 5
Unknown | ** 5
or 10

** 5 for arid climate, 10 for tropical climate
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M 3.6 sydvnnudigueagadunlsdmiumsdnsensiimaeiunina i

Rock Other Average Average of| Infilling | Average | JRC of
grade |discontinuity | persistence set | apertures | set 3 persistence | the set
2&3 of set 1 3
R2 0.8 Q.5 0.9 0.1 0.5 0.2
R3 1.0 0.6 0.8 0.2 0.6 0.3
R4 12 0.7 0.7 0.2 0.7 0.4
RS 1.3 0.8 0.6 0.3 0.9 0.5
R6 1.4 1.0 0.5 0.4 1.0 0.7
Rock | Dip of set | Degree of | Groundwater |Vegetation| Excavation | Vibration
grade 1 weathering table methods
R2 3 1.1 0.6 1.0 0.6 0.7
R3 3 0.9 0.4 1.0 0.4 0.8
R4 3 0.7 0.3 0.9 0.3 0.9
RS 3 0.4 0.2 0.8 0.2 1.0
R6 3 0.0 0.2 0.5 0.1 1.2
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m71a9 3,7 gnswnaliiafssamuesimmfinsanmunedrnaivuunuisadusoy

Slope height Slope face angle Number of Soft thickness
discontinuities
m) Rate Degrees Rate Set Rate (m) Rate
5-7 2 20-25 2 1 2 0.3-0.6 3
7-10 5 25-30 3 2 5 0.6-0.9 3
10-15 8 30-35 4 3 7 0.9-12 4
15-20 g 35-40 6 4 10 1.2-1.5 5
>20 10 40-45 7 Unknown 5 1.5-1.7 6
45-50 8 1.7-2.0 7
50-55 8 =20 10
55-60 9
>60 10
Average discontinuity 84 Yip
spacing of hard rock
(mm) Rate -~ Deprees Rate Degrees Rate
<20 10 0-10 10 0-10 0
20-60 8 10-20 9 10-30 2
60-200 6 20-30 8 30-50 5
200-600 5 30-40 7 >5(0 10
600-2000 4 40-50 6
2000-6000 3 50-60 5
>6000 2 60-70 4
Unknown 5 T0-110 3
110-120 4
120-130 5
130-140 6
140-150 7
150-160 8
160-170 o
170-180 10
Groundwater Vegetation Vibration
(%) Rate | Conditions Rate Conditions Rate
Completely dry 3 | No vegetation 10 Near blasting sites / 16
Earthquake
25 5 | Only grass 7 Near main highway 'S5
50 7 | Grass & small 6 No vibration 0
tree
75 8 | Full grown tree 5 Unknown 5
100 10 | Unknown *Sor 10
Unknown 10

* S for arid climate, 10 for tropical climate
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M3 3.8 seAuaudidyyesadanlsdmiumsinsannuatadswiafucunds

tfudau
Soft rock & Slape Slope face Number of | Average discontinuity
Hard rock height angle discontinuity | spacing of hard rock
RI1&R4 1.8 2.1 0 0.2
R1&R3 1.8 2.0 0.7 0.5
R2&RS5 1.2 2,0 1.3 1.3
R2&R4 1.0 1.5 2.0 1.9
R3&RS5 0.9 1.3 2.5 2.5
Seft rock & 8, Yo Groundwater| Vegetation Yibration
Hard rock
RI&R4 1.0 1.2 1.3 0.4 1.0
RI1&R3 0.8 1.2 1.2 0.4 0.6
R2&RS 0.7 1.0 1.0 0.3 0.5
R2&R4 0.7 0.9 0.8 0.2 0.4
R3&RS5 0.6 0.8 0.7 0.2 0

&y = Oblique angle between dip direction of slope face and dip direction of hard formations

W, = Apparent dip angle of hard formations along dip direction of slope face
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7. @, of set I*

& Degree of weathering

9. Groundwater

10. Vegetation

11. Excavation methods

12. Vibration

h |

Probability of toppling
failure of joints set “n™ is

N ety v

U 412 wwugiims adnalssdun@ssnm so)



Probability of failure
<10%

YES

90

< TypB o< TypC
NO - _ -~ NO . " NO
v .|
—~Probability of failure - __— Frobability of failure —
NO <0% NO - <50% -~
vEs| vES|
v
__—~ Probability of failure
NO <70 % :
YES
h §
Stop
Y
Start of design

Ui 413 uwugiimis Tnadnnlszdiua@osnm (@)
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Start of design

|
! ]

< WA _So0——————— < Tyeh e

i NO ) NO
I'vss Ivzs
_— Probability of failure _— Probability of failure ~ Probability of failure
NO <30 % for drained water No < 50 % for drained water — No <70 % for drained water -
*\ras rr.s {vs
(DL} DI DI
| I I 1
Plane failure ? Wedge failure o ®Toppling fulm;—wb-' Circular failure '.lub- Stop of design
Tves YEs YES YES
D2 | D3

3N 414 wsugiimia Twadaueenuuuuas I umsiinsiiu



DI

'

,TypeAur TypeB S Slopehc:ght>30m Zgam

92

*“35 NO|
= 's_lop_g_ hcighl >_2o > (D2}
o
et .. 12 :
1) Pipe length >= Slope he:gm |
12) Maximum drained s?ucmfg 10 Averag,
Joints spacing, But > 1/10 of Slope hc:giﬂ. Bm <

1/5 of Slope height

e

1) PVC or Steel pipe
2) Pipe length: ..

3) Hole diameter:...
4) Fully perforate
5) Pipe dip angle:...

6) Maximum drained spacing:...

i 415 urugiins Tvadwesnuunaz 1A wmzhmsdidud b1

b Swpofdesign |

/
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T )3 Lrs-uJ

L}*DIIIIFMH‘.'OI 90-p

i - ok PPLY coty - coty ,]

13 Ty = (P Wosin - (Wheos y,“ an 611/
(008~ a5 - s con bk a1
S§=2%Av.J, But S>2 m.

3j‘""" C () (" i)
s FS=1.0

1 .r“. fﬂ‘l. -
B, =23°Av.J, Bu<im,
8.8 1, =8, 80d Wi, = B, Buty,,, <= Horizomal |
X
: P
CLTA < TypeB s

| l\ 8)The grout should be allowed to develop

adequate strength afier about 24 h before
tensioning take place.
I == I A
r
Block size l Mesh size < Avurqe
i S sasm "Muu,nmcosm'_“‘ 7’“‘“"5‘“‘“
T4 [
8) Galy mesh or
chain link, Size

7) Point grout  —————p
v

""*—NW”".?’*?W_J

"?)bmm-hunmmudlsou
200 kN/m*

B

~Block size
<0.5m

NO

1. Mesh size < Average
‘block size, But < 0.5 m

9) Benchwide: . =) #) Beneh wide:
m,mmm = We=dmH, o0 [ 9) Bench height...
f

¥
7) Steel mesh or
chain ok, Size...

11. Safety
&m 0m |

¥
it 416 urngiims Inadueenuuuias Idwunhinsfudu b2

—

Stop of
 design.
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(D3

l
\

_]'y\]_)errTypeB s

rsl
1. IF Slope height = 5-7 m Then

» Slope face angle < 35 degrees
2 IF Slope height > 10 m Then
Slope face angle < 30 degrees

RO& R1
YES

NO |

v 1. IF Slope height = 510 m Then
Slope face angle < 50 degrees

2. JF Slope height = 10-15 m Then

L veTT| Siope face angle <45 degrees LB
3. IF Slope height = 15-20 m Then N
Slope face angle < 40 degrees | No

NO

D2

D2

R2 b
-~ YES

1. IF Stope height = 5-7 m Then
Slope face angle < 35 degrees
2. IF Slope height > 10 m Then
Slope face angle < 30 degrees

L. I Slope height = 5-10 m Then
Slope face angle < 60 degrees

2 IF Slope height = 10-15 m Then
Slope face angle < 55 degrees

3. JF Slope height = 15-20 m Then
Slope face angle < 50 degrees |

il

1) Safe slope height = 7 m
2) Safe slope face angle = ? degrees

-4

Stop of design

4 e A
31 417 urugiimis Inadaveonuuunaz Wfuwztimsmiiudu D3
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MsHNRaNNINDS sa vl

4 i a o o s sy o P
siomiluniisssmmiannaonfawefserinidwmiunmsdssiuadesmw
¥
Y = 4 o ar
uazosfuUUMIMEUaNUMEBYI AT Faiuunitv 2 simliznoundn fe 1) nsouves
sxuvulunoufiameiaeriiag (System shell) uaz 2) AIANNRUMIOUIDIIZUY (System

[Y- ]
control) wazms St ayansdifin (Data base system)

a d 3 3
51 nievtveInaNTinneiveviis

gorii i ldidunsouvesnoufiamefvedinidmiumsesnuuunamma
@uwaafiu fin Visal Basic (Version ) yaisufiuandinaoiiadtu q fe annse
doeafugldAdhunuunswiin (GUI-Graphical User Interface) mmuFunirwlumsviani
untlwdiedu hldnanmlunswanalsunsy Visual Basic spaiuayunsiszgnd iduy
wondau e minidulsznoudusediun i ldehaaenaromiuotrsiud i
tasnouiu wdadsudrdafAumsiemn wensntiu Visual Basic famansaaiiumyuns
Maufuszuudamigudoyaldnmnuoelihendy Access, FoxPro, SQLSover w4
Microsoft W38 dBase, Oracle Ll Sybase g ﬁm%’ugﬂﬁauum Visual Basic fin Tiamnsn
ﬁﬁmqumsﬁumﬁﬂm‘:‘ﬁmum%m’s'aw?awnw-uzumau

nsouvesneuiuneizoniuaf Sudnddyiigalunsiaderufld Tavee
e g ldd lodda Wieiign Siowesldplnmlumadems azerndlilumednii

=

o w e e A oA Ea . o 2t 24 ( ] o o
@ atisA D Falfsfina1aunil Visual Basic ansoin 1A Tauliswandvaluudasdiudail

a : 441w W
5.1.1 nmuﬂmnauw‘nmwaﬂmmmu‘m'uayn

daufudaynifudiuiidefanoiudldlaonss  Sefinnwduilufiesdnail
¥ v

swdauuagmusah WG 4w folu mafanaTlunmudSdanudiiyfige
1uduuf'rnz’ﬁmi“l%i'dmwungﬂ"w'fa'ﬁ‘mmmn’fﬂn"]ﬁiw wsdaes IhnsdniinGaisdiu
Taueatswaz@Boananunlugiun Forms Tuusazdu A

1) ﬁﬂumzmaﬁsrﬁ?ﬂuwﬁaaﬁwmmaﬁu (General geologic features forms} i
dnfieedealifididlonos hudemsdaduladen Saimsudasssnuiiuglam U 32
Tuwmdt 3) Whden Taulduouwiindu “Option Bottom
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M
2) mmwmu'nxmi’mé’fwaa%uﬁuuﬁa (Thickness and orientation of Hard

. &4 o - i a
formation forms) suntasvwiledlffendnuuzvetnnumaduanaiuluded 1 dhanadiy

v [
wuududeuaiunda Taoezudeyanngidimaitwdingu “Text Box”

Py ) '
3) szduamnlanaftdifeantt (Safery requirements forms) oznARdaDIAF
' < & 4 & e o - ' a4
domaed 1 vie 2 Fivegdumsdentudon 1 TavseSudeynvndlithumausynimdy

“Option Bottom”

v
4} TTAUYBNI MR (Groundwater conditions forms) wuﬁmanﬂmlﬂugﬂmw

14 v .
ypassdutnmans 5 dnuasuazssuvzriudoynmngdldWmanmniindy “Option

Bottom™

5) giio MR (Climates forms) dz3udoyavindldinmismowiindu “Option

Bottom”

6) doyadnyuy TaufialvesnrunimiBusuaafiu (Slope geometey) 1szneudae

(N
()
k)]
(4}
(5)
(6)

(7

AW

AWM

Antsumasanthaiaden

gduyHmussnhnIAD

sedugMETIYY

sotmenluaay Swundluy 3 nadl Ao nedliiseeusn nsdhifsoosuen
uaensdi lijns

dnumzgilivesnrmaBeanaity Suundy 3 uwy fe s Tdudh

wuniduese aezuuy Tdoon

Jan (1) 4 (5) veSudeyaningldinmaneindingi “Text Box” unz (6) f (7 sxfudoya
. . 4 .
ondldrinimimeilwiindu “Option Bottom” uaauiiugiarsude 1dg A Tedw

7) AUANYULYDIIBLUAN (oint characteristic forms) Usnandy

(1}
)

3
4)
(5)
(6

Surusommn

MINIR e mndszneudwirmammine sEdugUmYs L ns e
T80LAN

ssozilanaounIsoULAN

IsuzHIeTEHIITBILAR

Faqunsnlusosuan

mmeimﬁm'[ﬂumﬁwnqmuu@m e
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) dnlssAniamuvgzvessenunn
Tavde (1) @ 9o (7) endudie (2) nssudoynandidesiumaeniingu “Option Bottom”
Tavde (2) Sudtumauelwsingu “Text Box”
8) foyamanamanivesiiu (Geomechanics parameters forms) 5znoudy
(1 Mdsfunsadavesiu
() ANy iLLesFiave iy
@) quxr"ruamuﬁuwu
Tado (1) unz (@) szfudoyarimmanetndindu “Tex Box” doud (3) szudeyarnme
netndmiu “Option Bottom”
9) dnumzuazvavosdudafivnngy (Vegetation forms) THn1symInte
(Excavation methods forms) ixﬁummuniw (Degree of weathering forms) LLﬁSLLiQ§uﬁ$lﬁBu ’
(Vibration forms) ﬁgmnﬂﬂz‘?u%’eynmnrﬁ’“h’r’muw'lauﬂﬂwﬁmq?u “Option Bottom™
10) guffoyonTuaad@onmaiy (Case history forms) AISRUMIILAHUART T

iU lwaRTY “Option Bottem™

512 nseuvasneniunesverinadueann
msnaanavzszneviléae 5 daundn fe 1) nrsfudaya 2) ndummune
4 ¥
mubszdufeyadedu 3 medszdhuedosnm 4 nsesmamdiu uae 5) msfumnad
4 . ' A e
finen FaudnzaaulfunUnAinguues Visual Basic
. " . 2 .
1y mauramansiudeya dioszuuiufoymnondléimuads  szuueeh
y .
doymmaninnuanslnvlfioilwiindy “Text Box
y
2) mausrasnamsSuunuaznsdsaiiudeyadiosdu madwundnvuemensd
e aBinaiy ssuassoonuilugiuss “Massage Box® TasuanTughaini
Yoo a 3 A do w oo a ' o =
Advamnglszdivesnn henyamdsafiddsfinsandpuunfivednts Tunsdifinans
= A w n o oy 1 5. . & 5 = a =
Prziidoyndlostufedgmifeiudeys lidvmodmiumstuunmdonsussdiuadonm
. y
visdeyaiiivndautsfu ssuuzsaasilgrurdriinasvoniumomaudilyniTaid
neUNAATYU “Text Box”
44 &
3) mamaramlssiluetosnmwezdaiudellonnms o luded 2 gufia
5 o a ' = o
Sovferuds szuvesihnsdien wazdszdfiuamnhesiiuilesfansfonmo gy

a4 uszinnueasionindeyahivdwnTavtiduodwdindy “Text Box”
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e - 4 4 ~ .
4) MinaaansoanuUumduzAaiudeszuvinsawdyinnruaabo
a & a < . ﬂ 4 s o ' &4 .
wnnwiwariesa masiannhizdufsfamsinaeluglongie 9 find 18
i a a4 a & 2 o
unh 3 spuuszefinefaiSnmiuntusnmlaumdndslassifiumiemanlfounlacg)
1 = - v ° + -~ -1
THUBINNAIAIBLANIRAEY uddunuasakadenirrantydsaduadosainlanld
wetwfndu “Text Box™
5) MaugamaN AU TSAN 9z IAARIUMS “Dat Grid” Tuduvsamsdum

uruTaus o uazueraaly “Text Box” dmiumsguazdususasoznsdifom

52 MInUgEMOhOMeI U nsdafudeyanidiinm
yoriniRidniuqumsthoumesszunes e Basic rmmadumun
mehamlassumeaTisunsussiddnymen 13 #afule (Decision) Miang (Iteration} M5 1%
Amray unz 3 ldsunTugen (Procedure) Wundn Treaunsouaaathinssatrmdnues
e Tlsunsy Taoday fail
1 Tassadamadndule 5 2 3wy fe
(W Tassefrensdadulodonon 2 wmadien fie It Then.. Else
@) Tngeadumsdrauiadonnendt 2 madon Ao Select... Case
2 Tassrdamsawh i 2 gl fe
M mymddaeinousoufiniuou 8o Fos,. Next
@ aswhdaetuouseuithindueu ds While.. Wend
@ nmwhdaiumsenilWnkeunsins sy Tassenmams i fo
Do/While... Until/Loop

o o A :
3 msld Array #oz Dynamic Array Fadhudwituiedayaonsias foyadnin

o ldd o
4)  Talsunsndon i 2 g1l fio
(1} Sub programs {Sub Routine)
(2) Function (Sub Function)
5) mstamsiiudoyonadidnm deyadamazgoiiu i lugalvas Microsoft access 1z
mifunmiemadhfideyaivaftuor ngud1deq Data Query Language (SQL) #y Data

Control 404 Visual Basic
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o a ' a < P =
171N 6.1 ﬂ'lﬂﬂ?ﬂnlv]ﬂﬂﬁz“'l"liﬂTSﬂ'Iﬂﬂmuﬁ"]ﬂﬂﬂﬂw’lmﬂf’ﬁﬂﬂﬂ!”iﬂﬂﬁﬂ'nzﬂfq'lla\i

snumABnINIRHY
Case No, Slope Actual Conditions Expert System
(Slope No.) Characteristics Prediction
Case | H=18m 1) plane failure along J1 & | 1) plang failure along
(Slope No.24) 5 =205 B &3 Pr=34%
ye="T6 2) wedge failure between J1 | 2) wedge failure
I =188732" &1L &13 between J1 & 12,11

J2=345763
13 = 233167

toppling failure ; J2 & 13

& 13 Pr=34%

3) toppling failure: I2
Saturated & 13 P;=68%
Case 2 H=19m, 1} plane failure along 12 1) plane failure atong
{Slope No.25) 8 =20 2) toppling failure J1 & J2, J2:Pr=34%
=76, N&EBERED 2) toppling failure J1 &
It =168132" ZN&EB&ER&
J2 = 345463 I3: P =71%
13 = 233767,
Saturated
Case 3 H=50m stable Pr=0%
(Slope No.26) 8r =286
=43
J1=276145"
J2=20081"
J3=91'nT
Saturated
Case 4 H=30m 1)¢ircular failure 1} circular failure :
(Slope No.27) 8 =314 2)piane failure atong : J2 Pr=65%
=62 3}wedge failure between J1 | 2} plane faiture along :
J1=§0°7/40° &J2,12& 13 J2: Py = 68%
12=291750" 3} wedge failure
13 = 164'/62" between J1 & 12, 12
Saturated &3P =T1%
Case 5 H=16m 1)circular faiture 1) circular failure :
{Slope No.28) 8 =30 2ywedge failure between J1 Pe=T0%
yp= 48" &3 2) wedge failure
I = 309742 between J1 & J3 :
J2=1827172 Py = 60%
13=47178
Saturated
Case 6 H=18m i)circular failure 1) circular failure :
(Slope No.28) 8 = 145 Pr="70%
=54
11 =309"42"
12=182172
13=47718
Saturated
Case 7 H=20m Iywedge failure between J1 | 1) wedge failure
(Slope No.33) 8 =51 &12, 12813 between J1 & J2, 12
yy=52° & J3:Pi=75%
Il =21755

2= 14070
13 =294'789
Saturated
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MIT1N 6.1 m‘mJ‘:m'umuus=mwmsmﬂﬂ:mﬁwﬂaummnwm{mmmmﬂnmswm

- a
AMUDTABUIUIGHY (D)

Case No. Slope Actual Conditions Expert System
{Slope No.} Characteristics Prediction
Case 8 H=15m Lywedge failure between J1 | 1) wedge failure
(Slope No.34) 5 =30 &2, 12&D between J1 & J2, J2
\pr=55' &J13 :Pf=75%
=215
=140
13 =2947/89
Saturated
Case 9 H=13m Deircular failure 1} circular failure :
(Stope No.7} 8 =30 Pr=48%
yr=60"
;2
J3=N/A
g,=5-25 MPa
Saturated
Case 10 H=50m I)wedge failure between J3 | 1) wedge failure
(Slope No.11) 8 =161 & J4 belween 13 & 34 ¢
ye=T71" P =53%
=274
12=13877
13=178784°
J4=211/78
Saturated
Case L1 H=30m Dywedge failure between J1 | 1} wedge failure
(Slope No. 11} 8 =240 & J4 between J1 & 14 :
we= T ytoppling failure ; J} & J2, Pe=48%
J1=2774 I &3 2) toppling failure: J1
12=1387177 &2, I &3 =
1B=78784 78%
M =211/78
Saturated
Case 12 H=30m t)plane failure along : J1 & | 1) plane failure along :
(Slope Ne. [ 1) 5 =84 12 T & J2: Py=56%
we= 80" 2ywedge failure between 11 | 2) wedge failure
J1 =274 &J2, 12&13,13 & 14 between J1 & J2, )2
2= 138777 & 13,J3& 14
=784 Pr=356%
J4=211/78
Saturated
Case 13 H=16m )plane failure along ; J3 I} plane failure along :_
(Slope No.36) 5 =215 2Yywedge failure between J2 33 :Pr=54%
y=T79 &3 2} wedge failure
Il =541 between J2 & )3 :
J2=154780° Pr=54%
13=241775

Satyrated
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= P '
ANUABUINIAHU (AD)

Case No. Slope Actual Conditions Expert System
(Slope No,) Characteristics Prediction
Case 14 H=12m Lywedge failure between J1 | 1} wedge fatlure
(Slope No.37) 8 =280 &2 between J1 & J2 :
ye=45" Pr=46%
I =474
12 =240760°
I3=177451"
Saturated
Case 15 H=10m 1}circular faiture 1) circular failure ;
(Slope No.38) 8 =80 Py =48%
yie=T5
UCS = 5.25 MPa
Saturated
Case 16 H=40m eireutar failure I} circular failure:
(Slope No.41) 8 =220° 2ywedge failure batween J1 Py =78%
=60 &3 2) wedge failure
I1 = 344703 between J1 & J3 ;
12=224'181° Py=62%
I3 =190770°
Saturated
Case 17 H=1im 1}plane failure along : J3 1} plane failure along :
(Slope No.42) 5 =105 2)ywedge failure between J1 J3:Pr=53%
we="T0 & 13 2) wedge failure
1= 10787 between J1 & J3 :
2=213'17% P; = 59%
I3 = 48766
Saturated
Case 18 H=30m Iywedge failure between 11 | ) wedge failure
(Slope No.43) 8 = 150" &2 between JI & 12 :
We="70" Pr=62%
I =107/87
12=273178"
13 = 48766
Saturated
Case 19 H=50m stable Pe=0%
{Slope No.44) 8 =150
we= 68
1=55736
12=761719"
13=330707
J4=324/76
Saturated .
Case 20 H=18m 1yplane failure along ; J1 1) plane failure along :
{Slope No.45) 5 =115 2ywedge failure between J1 T Pe=50%
=70 &J4,J3 & 14 2) wedge failure
J1=55736 between )1 & J4, J3
2.=761719° &4 Pr=51%
J3 = 330107
14 = 324/16

Saturated
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AL mBsINIaiu (He)

Case No, Slope Actual Conditions Expert System
{Slope No.) Characteristics Prediction
Case 21 H=25m 1)plane failure along : J1 1) plane failure along :
{Slope No.47) & =102 2)wedge failure between J1 J1: Py=50%
we=70" &J12 2) wedge failure
31 =59°449° between J1 & 12 :
2 =1497/80" Pr=58%
13 =240758"
Saturated
Case 22 H=20m 1)plane failure along : 13 1) plane failure along :
{Slope No.48) B = 260" 2)wedge failure between N I3:Pr=61%
yr=80 &13,12&73 2) wedge failure
N=116776 3)toppling failure J1 & )2, between 1 & J3, ]2
J2 =360783 I & J3 & 33 1P =T79%
13=279"176" 3) toppling failure 11 &
Saturated 2,J1&]13:
P=76%
Case 23 H=20m Nwedge failure between 11 | 1} wedge failure
(Slope No,49) 5 =150 &2, &13 between J1 & J2, J1
W= 75 ptoppling failure J2 & J1, & J3:Pp=7%%
I1=1167/76" 2&13 2} toppling failure J2 &
12 =3607/83" JILI2&53:
13=27916" Py =44%
Saturated
Case 24 H=16m ywedge failure between J1 | 1) wedge failure
(Stope No.50) B =130 8 12 between J1 & J2 :
Y= 72 2)ytoppling failure J3 & J1, Pr="79%
L= 116776 B&R 2) toppling failure 13 &
12=360783" JLI3&12: =
13=2797116 72%
Saturated
Case 25 H=18m stable P = 0%
(Slope No.51) 8 = 300"
W =60’
It=116176
J2=1360"183
13=219'116"
Saturated
Case 26 H=20m stable Pr=0%
(Slope No.52) & =350°
wr=160"
1 =116776
32 = 360783
13 =2719116"
Saturated
Case 27 H=10m Dywedge failure between J1 | 1) wedge failure
(Slope No.15) & =190° &12,11 & 13 between J1 & 12, J1
=50 & 13 1P =60%
I =197751
12=318"65"
13=7311

Saturated




104

a 4, ’ = ¢ 4w =
AT 6.1 ﬂ'l‘iuJ‘stJ‘umumz14ﬂan'|5mnﬂzmﬁ"wﬂam~nmawaﬂ‘mnﬁﬂuffmamswm

frabYsaiy (o)

Case No,

Case 28
{Slope No.16)}

(Slope No.)

Slope

Characteristics

Actual Conditions

Expert System
Prediction

H=15m

8 =185
ye=480"

Il =356722"
R =407187
13=115789"
Saturated

Dtoppling failure J1 & J2,
J1&13

1} toppling failure J1 &
2,00 &3
Pr=73%

Case 29
(Slope No.17)

H=10m

8 = 180
wr=350"
J1=170"780°
12=300°75°
13 =92783"
Saturated

stable

Pr=0%

Case 30
(Slope No.12)

H=50m
§=170"
wir=60°
JLR&IZ=N/A
Saturated
Hard-Soft rock

rock fall

1) rock fall : Pp=74%

Case 31
(Slope No.13)

H=20m

8 = 300°
=54

1t = 867706
12= 104789
13=310712
Saturated
Hard-Soft rock

Drock fall

1} rock fall; Py=64%

Case 32
(Slope No.14)

H=40m

85 = 296‘
=55

Il =103%06"
12 =188

J3 = 203783
Saturated
Hard-Soft rock

Drock fall

1) rock fali : P;=66%

Case 33
Dolomite,
Theodore Roosevelt
Dam, USA
(Scott, 1995)

H=34m

8 = 360"

we=284"

J1=35025

2 =180/70
J3=3518/83 = J4:58 /31
=35

Saturated

1}plane failure along J3

2)toppling failure between

12&1)4

1) plane failure along
T3P =52%

2} toppling failure
between J2 & )1 and
J2&]4: Pr=64%

Case 34
Marl, Eskihisar
(Yatagan-Mugla),
Turkey / (Sonmez and
Ulusay, 1999)

H=25m

6; =N/A

we=78"

a,= 1.14-6.41 MPa
Slightly weathered
Dry conditions

Dcircular failure

1) circular failure:
Py =60%
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Case No, Slope Actual Conditions Expert System
(Slope No.) Characteristics Prediction
Case 35 H=100m L}circular failure 1} circular failure:
Jointed Marly, B =N/A 2toppling failure P =45%
Kistakdere Lignite, yr=40" 2} Undetermined
Turkey /(Sonmezand | S]1=12 fi
Ulusay, 1999} S2=2251t
S3=32111
S4=039R
=21
c.=4{.2 MPa
¢ = 340 psf
Slightly weathered
Dry conditions
Case 36 H=20m Lplane failure 1) plane failure along
Norite, Western High | &; = 85 2ywedge failure I Pe=54%
Wall, South Africa/ wr=75" ) wedge failure
(Rye and Bell, 2001) N =73/55 between J1&]2:
J2=75 /55 Pe=74% and
I3 = 340/80 J1&J3: Pr=358%
$=31"
¥ =172 pef
Saturated
Case 37 H=23m DNot identify ) plane failure along
Highly weathered 8 =236 2)Not identify I1: P = 52%
Granite, =72 ) wedge failure
The Muak pass, Seoul | J1 =200 /65 between J1 & 12, 11
city, Koren / {Lee., Suh., | 32 =240 /30 & 13,11 & 14
Chang, & Shin, 1992) | 13 =195 /80 Pe = 56%
4 =55/75
=35
Saturated

H = Slope Height

wr = Dip Angle of Slope Face
8¢ = Dip Dircction of Slope Face
o, = Uniaxial Compressive Strength

¢ = Cohesion
$ = Friction angle

Py = Probability of Failure
11, J2, 13 and J4 = Joint Set Number (dip direction / dip angle)
814, 82, 83 and 84 = Joint Spacing for set 1,2, 3 and 4

Slope number designation as indicated in Appendix
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Probability of Failure (%)
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Slope No, Slope Support Design
Characteristics
Slope No.24 H=18m Fully grouted steel rebar with cement.
B =205 Steel produced of 0.2% carbon and Hot rolled
=76 Ultimate pressure : not less than 6 kN
J1=168"132" Recommended applied load at 30% of ultimate pressure
12 =3457/63° Bolts diametets : not less than 12 mm
13 =233°%67 Steel plates size : not less than 6x100x100 mm’
Saturated Bolts length : not less than 3 m
Bolts spacing : 3 m (Square patiern)
Bolts direction : 205 degrees.
Bolts angle : 54 degrees from horizontal.
Hole diameters : not less than 41 mm
Galvanized mesh or galvanized chain link size : less than 40x40 cm®
Use corrosion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Slope Ne.25 H=19m Fully grouted steel rebar with cement.
B =20 Steel produced of 0.2% carbon and Hot rolled
Y= 76 Ultimate pressure : bot less than 6 kN
=16812" Recommended applied load at 30% of ultimate pressure.
12 =345763" Bolts diameters : not less than 12 mm
13 =233"167 Steel plates size : not less than 6x100x100 mm’
Saturated Bolts length : not less than 3 m
Bolts square spacing : 3 m
Bolts direction: 20 degrees.
Bolts angle : 54 degrees from horizontal.
Hole diameters : not less than 41 mm
Galvanized mesh or galvanized chain link size : less than 40x40 cm?
Use corrosion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after abaut
24 hrs before tension takes place.
Slope No.26 H=5m No support required
8 =286
we=45
J=276'Us"
12 =200781"
I3=9157

Saturated
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Slope No, Slope Support Design
Characteristics
Slope No.27 H=30m Fully grouted steei rebar with cement.

& =314 Steel produced of 0.2% carbon and Hot rolled

yr=62" Ultimate pressure : not less than 5 kN

1 =80'740 Recommended applied load at 30% of ultimate pressure.

12 =201°50° Bolts diameters : not less than 12 mm

3= 1647762 Steel plates size : not less than 6x100x100 mm’

Saturated Bolts length : not tess than 3 m
Bolts spacing : 3 m (Square pattern)
Bolts direction : 314 degrees.
Bolts angle : 68 degrees from horizontal.
Hole diameters : not less than 41 mm
Galvanized mesh or galvanized chain link size : less than 31x31 em®
Use corrosion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.

Slope No.28 H=I6m Fully grouted steal rebar with cement.

S =30° Stee! produced of 0.2% carbon and 11ot rolled

yr=48" Ultimate strength : not less then 14 kN

I1 =1309742" Recommended applied load at 30% of ultimate pressure

12=18277% Bolts diameters : not less than 12 mm

=478 Steel plates size : not less than 6x100x100 mm®

Saturated Bolts length ; not less than 3 m

Bolts spacing : 3 m (Square pattern)

Bolis direction; 30 degrees.

Bolts angle : 82 degrees from horizontal,

Hole diameters : not less than 41 mm

Use corrosion protection, for example epoxy coated or galvanized
coated.

The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.

Using PVC or Steel drained pipe

Fully perforated deained pipe

Length of drained pipe : not less than 16 m

Hole diameter of drained pipe : not less than [0 cm

Drained pipe spacing : 2 m

Dip direction of drained pipe : 30 degrees

Dip angle of drained pipe : 5 to 10 degrees from horizontal
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Slope No, Slope Support Design
Characteristics
Slope No.28 H=18m Fully grouted steel rebar with cement.
& =145 Steel produced of 0.2% carbon and Hot rolled
yr=54 Ultimate pressure : not tess than 12 kN
J1=309742° Recommended applied load at 30% of ultimate pressure.
=187 Bolts diameters : not less than 12 mm
13 =478 Steel plates size : not less than 6x100x100 mm®
Saturated Bolis length : not less than 3 m
Bolts spacing : 3 m (Square pattern)
Bolis direction : 145 degrees.
Bolts angle : 76 degrees from hotizontal.
Hole diameters : not less than 41 mm
Use carrosion protection, for example epoxy coated ot galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Using PYC or Steel drained pipe
Fully perforated drained pipe
Length of drained pipe : not less than 18 m
Hole diameter of draincd pipe : not less than 10 cm
Drained pipe spacing : 4 m
Dip direction of drained pipe : 145 degrees
Dip angle of drained pipe : 5 to 10 deprees from horizontal.
Slope Mo.33 H=2)m Fully grouted steel rebar with cement.
8 =51 Steel produced of 0.2% carban and Hot rolled
=52 Ultimate pressure : not less than 5 kN
T =21755 Recommended applied load at 30% of ultimate pressure.
2= 114770 Bolts diameters ; niot less than 12 mm
13 =294"/89" Steel plates size ; not less than 6x100x100 mm®
Saturated Using plastic grout tube : Out-size and In-size diameters should not

less than 10 and 6 mm

Bolts length : not less than 3 m

Bolts spacing : 3 m (Square pattern)

Bolts dirgetion : 51 degrees.

Bolts angle: 65 degrees from horizontal.

Hole diameters : not less than 41 mm

Galvanized mesh or galvanized chain fink size : less than 31x3 1 em?
Grout pressure should not exceed 159 te 200 kPa.

Use corrosion protection, for example epoxy coated or galvanized
coated.

The grout should be allowed to develop adequate strength after about
24 s before tension takes place.

Using PVC cr Steel drained pipe

Fully perforated drained pipe

Length of drained pipe : not less than 20 m

Hole dizmeter of drained pipe : not less than 10 ¢m

Drained pipe spacing : 3 m

Dip direction of drained pipe ; 51 degrees

Dip angle of drained pipe : 5 to 10 degrees from horizontal.
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Slope No. Slope Support Design
Charncteristics
SlopeNo.34 | H=15m Fully grouted steel rebar with cement.
B =3 Steel produced of 0.2% carbon and Hot rolled
yp=55" Ultimate pressure : not less than 8 kN
1 =21755" Recommended applied load at 30% of ultimate pressure.
=114 Balts diameters : not less than 12 mm
13 =294789" Steel plates size : not less than 6x100x100 mm®
Saturated Bolts length : not less than 3 m
Bolts spacing : 3 m (Square pattern)
Bolis direction : 30 degrees.
Bolis angle: 60 degrees from horizontal.
Hole diameters : not less than 41 mm
Galvanized mesh or galvanized chain link size ; less than 31x31 om?®
Use corrosion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place,
Using PVC or Steel drained pipe
Fully perforated drained pipe
Length of drained pipe : not less than 15 m
Hole diameter of drained pipe : not less than 10 ¢m
Drained pipe spacing : 3 m
Dip direction of drained pipe : 30 degrees
Dip angle of drained pipe : 5 to 10 degrees from horizontal.
Slope No.7 H=13m Slope height is : 13 m
8 =30 Slope face angle is : 45 deprees
we=60"
11,12, 13 =N/A
.= 5-25 MPa
Saturated
Slope No.ll | H=30m The result of stability evaluation for your slepe can be acceptable
Face 1 8 =161
ye=T71"
I =274
12=138777
13=78"184"
J4=211/78
Saturated
Slope No.11 [ H=30m Rock anchor or mechanical bolts
Face 2 B¢ = 240" Steel produced of 0.2% carbon and Hot rolled
ye=70" Ultimate pressure : not fess than 7 kN
J1=27n4" Recommended applied load at 30% of ultimate pressure.
2=138A7 Bolts diameters : not less than 12 mm
13=787784" Steel plates size : not less than 6x100x100 mm®
J4=211/78 Bolts length : not less than 3 m
Saturated

Bolts spacing : 3 m (Square pattern)

Bolts direction : 240 degrees.

Bolts angle : 35 degrees from horizontal.

Hale diameters : not less than 41 mm

Steel mesh or steel chain link size : less than 40x40 cm?
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Slope No, Slope Support Design
Charscteristlcs
SlopsNo.11 H=30m The result of stability evaluation for your slope can be acceptable
Face 3 8 =84
yr=80
n=27n4
I2=13817
13 =78"784"
J4=211/78
Saturated
Slope No.36 H=16m Fully grouted steel rebar with cement
8 =215 Steel produced 0.2% carbon and Hot rolled
yr=79" Uhtimate pressure : not less than 5 kN
11 = 54737 Recommended applied load at 30% of ultimate pressure,
12 = £54780° Bolts dlametc;rs < not less than 12 mm .
13 = 24175 Steel plates size - not less than 6x100x100 mm
Bolts length : not less than 3 m
Saturated Bolis spacing : 3 m (Square pattern)
Bolts direction : 215 degrees,
Bolts angle: 60 degrees from horizontal.
Iole diameters : not less than 41 mun
Use corrasion protection, for example epoxy coated ot galvanized coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Using PVC or Steel drained pipe
Fully perforated drained pipe
Length of drained pipe : not less than 16 m
Holes diameter of drained pipe ; not less than 10 em
Drained pipe spacing : 3 m
Dip direction of drained pipe : 215 degrees
Dip angle of drained pipe : 5 to 10 degrees from horizontal
Slope No.37 H=12m Fully grouted steel rebar with cement,
8 =280 Steel produced of 0.2% carbon and Hot rolled
yr=45" Ultimate pressure : not less than § kN
11 =473 Recommended applied load at 30% of ultimate pressure,

12 = 2407/60°
13=1777551
Saturated

Bolts diameters : not less than 12 mm

Steel plates size : not less than 6x100x100 mm?

Using plastic grout tube : Qut-size and In-size diameters should not
less than 10 and 6 mm

Bolts length ! not less than 3 m

Bolts spacing : 3 m {Square pattern)

Bolts direction : 280 degress,

Bolts angle : 25 degrees from horizontal.

Hole diameters : not less than 41 mm

Galvanized mesh or galvanized chain link size ! Jess than 13x13 cm?
Grout pressure should not exceed 150 to 200 kPa.

Use corrosion protection, for example epoxy coated or galvanized coated.”
The grout should be allowed to develap adequate strength after about
24 hrs before tenston takes place,

Using PVC or Steel drained pipe

Fully perforated drained pipe

Length of drained pipe : not less than 12 m

Holes diameter of drained pipe : not less than 10 cm

Drained pipe spacing : 1 m

Dip direction of drained pipe : 280 degrees

Dip angle of drained pipe : 5to 10 deprees from horizontal,
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Slope No. Slope Support Destgn
Characteristics
Slope No.38 H=12m Slope height : 12 m.
B =80 Slope face angle is : 45 degrees
yr=175
UCS = 525 MPa
Saturated
SlopeNo41 H=40m Fully grouted steel rebar with cement.
& =220 Steel produced of 0.2% carbon and Hot rolled
=60 Ultimate pressure : not less than 11 kN
I1 = 2447103 Recommended applied load at 30% of ultimate pressure.
12 =224"81" Bolts diameters : not less than 12 mm
13 =100"70 Steel plates size : not less than 6x100x100 mm’*
Saturated Bolts length : not less than 3 m
Bolts spacing : 3 m (Square pattern)
Bolts direction - 220 degrees.
Bolts angle: 51 degrees from horizontal,
Hole diameters : not less than 41 mm
Galvanized mesh or galvanized chain link size : less than 4x4 cm®
Use corrasion protection, for example epoxy coated or galvanized
coated,
‘The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place,
Using PVC or Steel drained pipe
Fully perforated drained pipe
Length of drained pipe : not less than 40 m
Hole diameter of drained pipe : not less than 10 em
Drained pipe spacing : 4 m
Dip direction of drained pipe : 220 degrees
Dip angle of drained pipe : 5 to 10 degrees from horizontal
Design bench height ; 8 m
Design bench wide : 10 m
Working safe of slope face angle : 35 degrees
Slope No 42 H=15m, Fully grouted steel rebar with cemenit.
b = 105" Steel produced of 0.2% carbon and Hot rolled
W= 70 Ultimate pressure : not less than 5 kN
1= 10787 Recemmended applied load at 30% of ultimate pressure.
12=271318 Bolts diameters : not less than 12 mm
13 = 48766 Steel plates size : not less than 6x100x1060 mm®
Saturated Bolts Jength : not less than 3 m

Bolts spacing ; 3 m (Square pattern)

Bolts direction ; 105 degrees.

Bolts angle: 47 degrees from horizontal.

Hole diameters : not less than 41 mm

Use corrosion protection, for example epoxy coated or galvanized
coated,

The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
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Slope No. Slope Support Design
Characteristics
Slope No.43 H=30m Fully grouted steel rebar with cement
B = 150 Steet produced of 0.2% carbon and Hot rolled
=70 Ultimate pressure : not less than 10 kN
11 =107187" Recommended applied load at 30% of uitimate pressure.
J12=273178° Bolts diameters : not less than 12 mm
13 = 48%66" Steel plates size : not less than 6x)100x100 mm’
Saturated Bolts length : not less than 3 m
Bolts spacing : 3 m (Square pattern)
Bolts direction ; 150 degrecs.
Bolts angle : 47 degrees from horizontal.
Hole diameters : not less than 41 mm
Use corrosion protection, for example epaxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Slops Ne.44 H=5m Stable
8 =150
v =68
J1=55736
12=76ny
J3=3307707"
14 =324/76
Saturated
Slope No.43 H=18m Fully grouted stec] rebar with cement.
8 =115 Steel produced of 0.2% carbon and Hot rolled
yr=70" Ultimate pressure : not less than 12 kN
11 =556 Recommended applied load at 30% of ultimate pressure.
I2=769" Bolts diameters : not less than 12 mm
13=1330707 Steel plates size : not less than 6x100x100 mmn®
14 = 324176 Bolts length : not less than 3 m
Salueated Bolts spacing : 3 m (Square pattern)
Bolts direction ; 115 degrees.
Bolts angle : 47 deprees from horizontal.
Hole diameters : not less than 41 mm
Use carrosion protection, for example epoxy coated or galvanized coated.
The grout should be aliowed 1o develop adequate strengih alter about
24 hrs before tension takes place,
Slope No.47 H=25m Fully grouted steet rebar with cement.
8 =102 Steel produced of 0.2% carbon and Hot rolled
yp=170" Ultimate pressure : not less than 7 kN
11 =59749° Recommended applied load at 30% of ultimate pressure,
12 = 149°80" Bolts diametets : not less than 2 mm
13 = 2407/58" Steel plates size ; not less than 6x100x100 mm®
Saturated Bolts length : not less than 3 m

Bolts spacing : 3 m (Square pattern}

Bolts direction : 102 degrees.

Bolts angle: 47 degrees from horizontal.

Hole diameters : not less than 41 mm

Use corrosion protection, for example epoxy coated or galvanized coated.
The grout should be allowed to develop adequate strength after about
24 ls before tension takes place.
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Slope No. Slope Support Design
Characteristics
Slope No.48 H=20m Fully grouted cable holis with cement.
B = 260" Steel produced of 0.2% carbon and Hot rolled
y=80° Ultimate pressure ; not less than 13 kN
T = 116776 Recommended applied load at 36% of ultimate pressure.
12 = 3607783 Cable bolts diameters : not less than 12,7 mm
13 =2719°176° Steel plates size : not less than 6x100x100 mm*
Saturated Using plastic grout tube : Out-size and In-size diameters should not
less than 14 and 6 mm
Cable bolts length ; not less than 7 m
Cable bolts spacing : 4 m (Square pattern)
Cable bolts direction : 260 degrees.
Cable bolts angle : 61 degrees from horizontal.
Hole diameters : not less than 4t mm
Grout pressure shouk] net exceed 150 to 200 kPa.
Use corrosion protection, for example epoxy coated or galvanized
coated,
Tae grout should be allowed to develop adequate strength after about
24 hrs before tension takes place,
Slope No.49 H=20m Fully grouted cable bolts with cement,
& =150 Steel produced of 0.2% carbon and Hot rolled
W=75 Ultimate pressure ; not less than 5 kN
=1167/76 Recommended applied load at 30% of ultimate pressure,
12 =360°7/83% Cable bolts diameters ; not less than 12.7 mm
13 =279°176" Steel plates size : not less than 6x100x 100 mm’
Saturated Using plastic grout tube ; Qut-size and In-size diameters should not
less than 10 and 6 mm
Cable bolts length : not less than 7 m
Cable bolts spacing : 4 m (Square pattern)
Cahle belts direction 1 150 dogrees.
Cable bolts angle : 66 degrees from horizontal,
Hele diameters : not less than 41 mm
Grout pressure should not exceed 150 to 200 kPa.
Use corrosion pratection, for example epoxy coated or galvanized coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Slope No.50 H=16m Fully growed cable bolts with cement.
B =110 Steel produced of 0.2% carbon and Hot ralled
=72 Ultimate pressure ; not less than 6 kN

J1=116'116
12 = 360783
3=279'1¢
Saturated

Recommended applied load at 30% of ultimate pressure.

Cable bolts diamwsters : not less than 12.7 mm

Steel plates size : not less than 6x100x100 mm®

Using plastic grout tube : Out-size and In-size diameters should not
less than 10 and 6 mm

Cable bolts length : not less than 7 m

Cable bolts spacing ; 4 m (Square pattern)

Cable bolts direction : 110 degrees,

Cable bolts angle : 69 degrees from horizontal.

Hole diameters : not less than 41 mm

Grout pressure should not exceed 150 to 200 kPa.

Use corrosion protection, for example epoxy coated or galvanized coated,
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
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Slope No. Slope Support Deslgn
Characteristics
Slope Ne.51 H=18m No support required
8¢ = 3007
we=60"
n=116n6
12=3607/83"
13=27516
Saturated
Slope No.52 H=20m No support required
B = 350"
Y= 60°
I=116/76
12=360783"
13 =279716
Saturated
Slope No.15 H=10m Fully grouted cable bolts with cement,
8 =190 Steel produced of 0.2% carbon and Hot rolled
wr=50" Uliimate pressure : not less than 8 kN
1n=197"51" Recommended applied load at 30% of ultimate pressure.
12=318765" Cable bolts diameters : not less than 12,7 mm
13=73"11 Steel plates size : not less than 6x100x100 mm’
Saturated Cable bolts length : nat less than 9 m
Cable bolts spacing : 6 m (Square pattern)
Cable bolts direction : 190 degrees,
Cable bolts angle: 37 degrees from horizontal.
Hole diameters : not Jess than 41 mm
Use corrosion protection, for exatnple epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Slope No.16 H=15m, Fully grouted steel rebar with cement,
5 =185 Steel produced of 0.2% carbon and Hot rolled
=30 Ultimate pressure : not less than 5 kN
J1=356712 Recommended applied Joad at 30% of ultimate pressure.
12 = 40°87 Belts diameters : not less than 12 mm
13=115789" Steel plates size : not less than 6x100x100 mm®
Saturated Bolts length : not less than 3 m

Biolts spacing : 3 m (Square patiern)

Bolts direction : 185 degrees,

Bolts angle : 7 degrees from horizontal.

Hole diameters ; not less than 41 mm

Use corrosion protection, for example epoxy coated or galvanized
coated. .
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.




0 ¥ 14
a191af 7.1 fedsvammumalBsiiaiuid neenuuums AU @e)

Siope No. Siope Support Design
Characteristics
Slope No. 17 H=10m Fully grouted steel rebar with cement.
& = 180 Steel produced of 0.2% carbon and Hot rolled
we=50" Ultimate pressure : not less than 5 kN
J1=1707/80" Recommended applied load at 30% of ultimate pressure.
12 =300°175" Bolts diameters : not less than 12 mm
13 =927/83" Steel plates size : not less than 6x100%100 mm*
Saturated Bolts length : not less than 3 m
Bolts spacing : 3 m (Square pattetn)
Bolts direction: 180 degrees,
Bolts angle : 63 degrees from horizontal.
Hole diameters : not less than 41 mm
Use comrosion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 brs before tension takes place.
Using PVC or Steel drained pipe
Fully perforated drained pipe
Length of drained pipe : not less than 10 m
Holes diameter of drained pipe : not less than 10 om
Drained pipe spacing : 2 m
Dip direction of drained pipe : 180 degrees
Dip angle of drained pipe : 5 to 10 deprees from hotizontal
Slope No.12 H=50m, Your slops face angle : should be less than 40 degrees
8 =170
=60’
1N,12813=
N/A Saturated
Hard-Soft rock
Slope No.13 H=20m Your slopé face angle : should be less than 40 degrees
8¢ =300
we=354
11 =86706"
J2= 104189
3=310772
Saturated,
Hard-Soft rock
Slope No. 14 H=40m Design beneh height : 8 m
8 =296 Design bench wide : 10m
Y= 55 Working safe of slope face angle : 40 degrees
1= 103706
J2=18189
13=29378%
Saturated

Hard-Soft rock
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Slope No. Stope Support Design
Characteristics
Dolomite, H=34m Fully grouted stee! rebar with cement.
Theodore & =360° Steel produced of 0.2% carbon and Hot rolled
Roosevelt wp=84" Ultimate pressure ; not less than 45 kN
Dam, USA / J1=50/25 Recommended applied load at 30% of ultimate pressure.
(Scott, 1995) | 12 = 180/70 Bolts diameters : not Jess than 12 mm
J3=318/83 Steel plates size : not less than 6x100x100 mm®
J4 =58/31 Using plastic grout tube : Qut-size and In-size diameters should not
¢=35 less than 10 and 6 mm
Saturated Bolts length : not less than 4 m
Bolts spacing : 3 m (Square pattern)
Belts direction : 90 degrees.
Bolts angle : 56 degrees from horizontal.
Hole diameters : not less than 41 mm
Grout pressure should not exceed 150 to 200 kPa.
Use comresion protection, for example epoxy coated or galvanized
coated.
The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.
Using PVC or Stee! drained pipe
Fully perforated drained pipe
Length of drained pipe : niot less than 34 m
Holes diameter of drained pipe : not less than 10 cm
Drained pipe spacing : 7m
Dip direction of drained pipe : 90 degrees
Dip angle of drained pipe : 5 to 10 degrees from horizontal
Design bench height : 10m
Dresign bench wide : 12 m
Working safe of slope face angle : 60 degrees
Marl, H=25m The result of stability evaluation is acceptable without any support.
Eskihisar 8 = N/A
(Yatagan- =78
Mugla), g, = 1.14-6.41
Turkey / MPa
(Sanmezand | glightly
Ulusay, 1999} | weathered
Dry conditicns
Jointed tdarly, | H=100m The result of stability evaluation is acceptable without any support.
Kisrakdere 8 =N/A
Lignite, we=40"
Turkey / Si=t2f
(Sonmezand | 82=225f
Ulusay, 1999) | s3=3211
S$4=039 1
p=21"
0,=40.2 MPa
¢ =340 psf
Stightly
weathered

Diry conditicns
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Slope No. Slope Support Design
Characteristics
Norite, H=20m The result of stability evaluation is acceptable without any support.
Western High | 6;=85"
Wall, South ye=75
Aftica/ (Bye  } J1=73/55
and Betl, 12=173/55
2001) 13 = 340/80
$=31"
¥ =172 pef
Saturated
Highly H=23m Fully growted steel rebar with cement,
wenthered 8 =236 Steel produced of 0.2% carbon and Het relled
Granite, we=72 Ultimate pressure : not less than 11 kN
The Muak J1 =290 /65 Recommended applied load at 30% of ultimate pressure,
pass, Seoul 12 =240 /80 Bolts diameters : not less than 12 mm
¢ity, Korea/ J3=195/80 Steel plates size : not less than 6x100x100 mm®
(Lee., Suh,, 14=155/75 Using plastic grout tube : Out-size and In-size diameters should not
Chang, & =35 less than 10 and 6 mm
Shin, 1992) Saturated Bolts length : not less than 3 m

Bolts spacing : 3 m (Square paitern)

Bolts direction : 326 degrees.

Bolits angle: 39 deprees from hovizontal.

Hole diameters : not less than 41 mm

Galvanized mesh or galvanized chain Jink size : less than 33.25x
33.25 ent®

Grout pressure should not exceed 150 to 200 kPPa.

Use corrosion protection, for example epoxy coated or galvanized
coated.

The grout should be allowed to develop adequate strength after about
24 hrs before tension takes place.

Using PVC or Steel drained pipe

Fully perforated drained pipe

Length of drained pipe : not less than 23 m

Holes diameter of drained pipe : not less than 10 ¢

Drained pipe spacing : 3 m

Dip direction of drained pipe : 326 degrees

Dip angle of drained pipe : 5 to 10 degrees from hoerizontal

H = Slepe Height
yir = Dip Angle of Slope Face
8¢ = Dip Direction of Slope Face

@, = Uniaxial Compressive Strength

¢ = Cohesion

¢ = Friction angle

11, J2, 3 and J4 = Joint Set Number (dip direction/dip angle)
51, 52, 83 and 54 = Joint Spacing forset [, 2,3 and 4




unh 8

= d =
MTINITUHNAIUIY

n13%1::nfna4wﬁﬁmﬂuﬂuwf‘:vzu’:’u"lﬂﬁmmﬂwuﬂqu ATLgane
uazAMINzANYBANAa 33013 verweuesn e wasemupiudvesmaiuanune
PR RITSRYS- SYPRAC SSVIC IO 1=\ I o e N NPy 0 Felumsinseiosunnidom
soniffu g Uszifiu fle

1 amdSueduassfvounafa

2y wpumwavsanmsinmihuddnyazvninnuawmides

1) iledouacdninavesihfofiRersaniummlszfuedornm

4) anuasevRguuddeyannauaznIdiAnem

5 anumzauveditmslszdivatiosnm

6) aurmiuisapsmanzndasnouRimavouiiag

7 armuzantumsssnuuLmMssEuE oneuume Frenyiag

8y mathaovsiuahhlssgndld

8.1 As ﬁ!.lﬂ%ﬁﬂi‘iﬂ'\lﬂ@lm]ﬂﬁ

e 1 = o I's o o
saTInMInUmINLasAnIIsanssitszyh nenRumofwaiinddm iy
v »
midsziiuadosnmnassensuumItiiurssaluaadvanaiuitesndeoudy
Franssuddu sy anuawmiBesradu gTusd smisgy aew msvareu mId13I0 a4
newfampiaoriinfvosnumaeaaiuifieg IR 1438 Fuzzy set theory umsusuiiu
™ o @ & a dos o
wysnmagasuidudeuasdlumdilonndmivimnaily Taonmedeansifidugw
o o - = o 3 3 = I o P [

Al Syanaiuazinlssaumsanion uanmmnmnnmmnwawmnsmuagwm"lumwﬂqu
- T PR R o & s o
fanmesnuuumsfidudmivaimandodilifindsnm sof rouRuneTseryin A
a a1

wmmfa1ﬂmmuuu‘§uﬁmmﬂnusnfmnm'1 wazdinalnvesmslsaiiuwefivsamiihiods

¥ ¥
madhles aeuRumefwerinfidy I deaueuuz lumseanuuumsiitu Taserdosadon’s
in £ . R

MsoonUUY (Design  methadology) ﬁnmmamm‘.lu:zuuLmqnﬁ'mmwaﬂﬁimsmﬂrrm‘f
4 - o - o oo .
vaznamead Falavagludmeuiimedvedinad Iniifunenfalmindimsfenaileds

avsuseiivafosnmunemssanuuu@irnssus I ureddinfiftertu



122

82  vouvAveam AN U@ sinvarveIn MA@

poufiannfrevin i midteisuundnyazvesmmmaidsanaiuly
@mnssusidioonidiu 6 nuny Fasrseuagnnnit 80% vosmmmaBLsIIRAuReR
lﬁﬂ5u'lﬂumwmﬁtmmﬁﬂ€umnmsmsﬂwawqu doir 6 Snuneilfeinitudnuae
anuaadoedinIngiwueglulan Tussduiiderdesturanssnuvoninnaa
pouRuaeTveBa i uun 38 5 12fy FuRsmefeniunaBsudoufylmives
arwmiasnadinidedalndfodhnsd athalsRamdinmSedfustirzuu Sl
T (Users) Ranseniindaveumaiidfysunileit noufamefwermiinffivanniuansis
51:]111:415mﬁiﬂﬂﬂwqnvf’l#ﬁ”uﬂ91ummﬁuau‘m‘ﬁuuasmmmmﬁurﬁnﬁmm Rock-fill nie
Land-fill ifiosuinilouransznuunzaslnvemaimaevesnawaaBuamiiivsuansha
flupannumaivaaiyedann

8.3  toduuaznantenuvestodsiifnisan

3 o & 2,
Joaniode luFufdwgsunilvomouianesehindiiie anwawsn
! P 1 = a & aa
fazthiladeay 9 sthanmarmoiazsseyaguiigwivesnmymaduauindiv 35mMs
y
fimnadanmTeihdinemaaihiansoh i Taenmeileiver hiegn3eldaunsomb
. - . as 1 L ui sy "
witmumdheddnariunidnonabdfonit  venvmiuGadndldslisusonsude
“ o o - s ¢ od a1 A
wanszvuniomveailatomdrd asufiuaefrowiindfansodszfiudmadioonnlénn
doysanznafoy ssdiner wozgnomiiiinefigidldd T lussyvenmarennuves
4 o awd - o PN
e Foi ddianaeatinvess R ureuave i i naud i s in|a
v .
unoufiawesuoriiiiiaaremindrhnansenuvesih fumariive lined
¥
wiszdunlThiandnyne@namanifuusawozarmmabes  Anfuszuuialdiesen
1 & a o a a o a e a o
sanssmuveadasilofolavddnlisiviveddnion  Anafludguii hifemsdus
. . 4 ;
vosnnsznuvasdoftlurammralin 4 Gmbszrunedvedifoiny (il wuh
w o d o g Y. ar ' P - 4 = A1 8w
Fulsndnfiesilfidemsfunlsveumazilodvodramn fis aruudsvesiiu wiodiindedn
' N ) - o o e
ege @wnududnusnagare) Aol diltaiundnsenlunsfudsuedllousacd
TuGedamy s wonsznuveninnmassiindmadenuaiwesivinlszneudiuaain-
a A & ) -5 PO & &
Buadinnufanaiy  vienansznussinnugivesnmumademewdusnwezlidmniy
¥
Hriuhiiinmuudolooas dudu



123

84  AanuAseLnquussteyammmuNmznIaanm
glszasivosmufudoyasTamnmaammenanesinnlélumsasuiiou
ailofeunzdninaunaudarilotouds Sifesmsammanmavesguidnuaznnuaadeg
v ludsnsdiTnn Snanssussil uarlu@nmdosmsmdndmne @emuaoads)
waornmtraeiiuiimels waeldasounmidnuasinaranaumei Taomwizetheis
st ddiums hussornndudumel¥anbenadiiiavesTnsms Saevnmalén
aoufanefsoviis IWgnaoufioy (Calibrate) azaBLNM (Verify) vinfnunizaTmmABns
waftund 90% venlszme waziduiflvusunammadvanafiuludialismassuus
anninnseunqugudnusysnumabstduionh 70% @szdivennismmoy
asunssity) dovushlinsoungmiodnunsfnouiiamedverhiung i iamie
Wszihuriusnmidie awhifimfosnmiifannmsudaduszmsazawvoninnea
(éummmwu"lﬁ"luvfuﬁﬁmflul'uwmuﬂ5&11msﬁqmﬂqﬁvﬁmﬁqmﬁnﬂu’\’re) uag liilieosnm
fifaninmsdandouvesan aranowyBlumandadeidumsans Hud
mm1ﬂmsﬁ'un’fumzﬁnmunﬂ11uﬁtﬁuﬁmﬁalmmm{wﬂs:mﬁs5141'1
wn (@ ngeglunsmaunsiepmentsdszqunnnd) Afudaiuntdifnuves
A aBsanafuiinnnh 200 uneow wilifivs 55 imaud lidoyadsuiuseude
audfvadhnlss Tosdiumshufountumaiod. fammistoyamariulddningv
oy lufanssuvoamsaaumusiiiody Adnina uaznalovesmsdsedue@orawesszuy
Ay fﬁar’{wznﬂ'1ﬂﬂusnuuﬁ'w‘ﬂmmﬁ'uuimﬁﬂwmmﬁyms«ngaﬁ'wﬁiyﬁﬂzﬁ'lm
Amuabofoitinihlussuy doyoudotleiomard] wu Armmzmansivessoounndy
wuagvaamhanumabos anwgauazgUnsemasndn @wldy  wemshamdes

a

. . y
dhidy mpaiiumamudndng b deuedileseiuiumafidemnuiazumaannes
s a dd 1w Ve mae w Aw o ' d
lszakazouwanTinTieiimaty  uszAnf s Rdar i3l edwlsfie
saTInTEUTIMHRYsI Tl TsiuEtr eI TR RIBsanaTURTogITanIn 55 unATIY

o e a a o A
pamnsotuiumugndsivesnnfauazna lnnsdssdusissnmussszuy Eifhuiimele

85 Aanumuzanvedsmidssiiuedasnmn
mslszduadesnimyosneuiime freviiafluan i sui 1835 ns 14

AZUUY {Rating) ﬁm”l11iuﬁﬁwamznun’mﬂﬁain'nwean'mjmmé‘umm"mi‘lﬁmﬁnﬁw

{Influencing factor) °luuvia-'ﬂmuaai]ﬁﬁﬂﬁﬁmimﬂummmmaumu 9 yavoerBniwad

NumJi'thummmlmwamu'sz-'uJuWlumnﬁum unnmﬂummawuﬂummiwmn'|u



124

A0 18 (Modes of failure) Avediqnunenzunnitdefusen’ly reuuuuazsBndwaiildly
uinzilafofveianuduiuiSeduuasiuunslimsedunsindudoty Sannidietnest
azuuuysagesilooriituun: luuansdlnsuisvesusas e fuosanefuatiantn Setudy
siiavasnmimans ninaf 3 luszuniesmetushadhumaduna fdutunudnuos
vosrnuambdowaaiiy feznsznsnsdmmizvesdnuazniumabvasaiufissuy
awsoiwivsen dieeihnand 10000 as@ifidedu dafu masanalnvesmstizdu
mﬁusmﬂ‘luﬁ'ﬂumma?ui‘:'ﬁumminw"msana"ﬂumzmaﬁuumn‘%‘a’lﬁ'mhwmﬂnmu wazly
mmmﬁmﬁ’una‘lmfuﬁnzdwdanm‘ﬁ'ﬂnﬁms‘uﬁw wonnmiufiuguar Insaadewes
isuuﬂsmﬁumﬁmmw‘luﬁ'nymzﬁﬁammsﬂﬁwmsﬂ‘?u:ﬂﬁ'auunztl'i"uﬂ'wzﬁun:uummz

siniualfetrasamunziidsz@ntrmdelidoyalnidunfinsanlueunn

LI o, I3 'S o
8.6 AanuINGveInTIMAnzINd AN ING s vauYinad
savnnsgsuniuIaomaa ooy “avudssduveemsionme @
. - o 7 da v o oda 4 A 4
fuanlédnnnouRunefasdiiniiu mgmisiolsfifatin: fidwnenmasumingiirg)
i
Tommsdfnnluialismmzyh sesiunsiseriniluvamiteimunsemansmszdy
' - s a8 i 41 ]
wigsamuezaay ifiadosmmyesnnuaaBsaafiue S lBethaiiufidmels nanfe
fszuulsziivihinruninedmarsvemhondoamalafinnminnd 50% vis 60% Boz
14
. L2 o d 4 - ,
AnsowuM SN aiuT 9 metuele wasdaewudssdiuinmmingsies
a2 o -
msimoiidosndn 3040% Avzwulinsdiviohwadiuiu o exledosngeunz s

o = &
MSHINAUNAUY

87 AIMIKINZONYBIMIBBAINUNTIAMEUAIEnoNR DS Tavlvin§
wuaReilFluvwaunirvonuuunsmiuluneyiome fuoniiuag 18 8
nowuazindositvemieenuudeinnssy Taoszduonmmbzdiueiiavesnswaman
UBUABEAIINATAIBEY (Problem statements) LazfimItuBngAllszrafiamsunansooniLy
(Design objectives) mmfuwiﬂdfqmmﬁmmwmﬂﬁ1ﬁ’1ui=uun1sf‘i’1ﬁu (Funational
requirements) hudazmifszauedmeudsrussdentiii {Design solutionsy Tuusazyn
yosfmoudniznoudaunefszneBeinans 1B 1T08nLY (Design components) B9
oeflssnoumeriian nyafBu (Rock bolt) MA108IA (Wire mesh) Fruridona (Cement grout)
Hhdu mmfuszvmzﬁ1n1:ﬁmﬁnﬂﬁmauﬁmmzﬁuﬁqﬂﬁ"mmumi Optimization tamh

o o d & a - ' v 4 e .
ﬂﬂﬁﬂﬂlﬂﬂ'l'ﬁﬂ\lﬂdﬂllﬁ!lﬂsH'ﬂ1J1ﬂﬂ15‘1h$lul‘lI.Hmﬂﬂ'I'Wl{ll'llJ'l‘li’ltl1N‘l.|']J'.\LIﬂ'l‘iﬂﬂmElﬂﬂ'lluuﬂ1‘i



125

ﬁmm:ﬂuﬁqw de'ldfasuudrszunfivs s s nomnzueinfiefy Design specifications
wranazglivvesTagmisimnssuiiunld) unehogassfes idouuzindesuss
ndadeglnsaiitusareia fnhu wiemsesnuuuguitede 1 W Rumsiyhl
mumdninnsiidsimnssunmmademiafuidu ungrioud ool uGoyind @

> 1]
iy faizuussduiunsaudunnmndrzms lavhissduilefudwyisdoainsonly
LT

88  muhnsufiunesveviinasllszyndly
aunseiimnzauilvsinneufanefreindluaiteiluseyndts
flo ‘lunss’ﬁﬁwﬁmﬂimﬁumﬁusmwﬂaqmmmmﬁuamnﬁu?uumzﬁﬂﬂngm%ﬁmmmmﬁ
hidemeuaz bivunanl#3tAnnemnduinld wiotmsdiisuiudonlssdumdomnm
uaresnuuAMEMaB L vt urad ludnuuemassdinaidudeunas 1453
Amnawudairilg wiolunsdifidosnisnmuiurssdBormagrinmiadeimen
wSrudevhuiesnuuy uazdheqalunsdidmiudldRdhSmns Imiuazs lishlssaumsel
rﬁuqwa'lumsoemm‘uﬁmumnhﬂﬂuﬁme%'cﬁaviﬁmi'mﬁ'luumma‘lumsﬁuui’ad'mﬂu
frunew Eﬁ-ﬁmmskummaummnmaﬂmmmi‘lummmuunv:mmﬂuanmmnn
szmummsiiunumadsnnamrinmiain WS musvesieanstaun

e man.,ﬁ'mmmmm"ummmumunu‘lﬂmmmwugwﬂmu}s aumsanafidnmy

e

&
119 uﬂrwmuuﬂaummawaﬂmm"lﬂ q Al g ntundlenaumunthiivosinans

=

w3 aufassunmdrtormunsaiunaneneumenfoudeufunavsmsesnivudanis
fu 9 19u maldsednuiEFiuaunlensimondaugrseuudau dudu nostugede
anwdidgedaie As §lFRseszuulunuiseil lihlsegndlFosdoatilevomuaniny
munsavesszuuednazden muhwzunhidfuvevmafisruusediBerwrzt-inants

rziiudivssmuazmsesnuuufianana’ld



unii 9

aqluazdaevanuy

91 apl

¥
o) ar -

» o oo o ¢ s o P
Fogisvasdusanuifeiifie Fanonenfiusesserinadiieldiunmslssdy
L4
v o E a
wdosnuazaenuuumsiiuusInwaaBemeiy Julsznoudfenssunda 7
[} ¥
srms fie 1) manumwrsensTuiioanlszynasddnnidodenialunsdinlszma
o ; 4 4 - ;
2) msfunwalfivimeieldndunnfauasveuwninnuiuesidoang 3) madse
4 4 a - o o =
mraumdelffndaloyasTdmiviflumsasufnuuas aoununeft e nnenufinmed
. a & g 2 awd +
goriuad 4) maadramfedwmenmianiofudoyounni iU dineuidfnseplizaad
o e = o o L) [ M _ 0 - [
w i 5) msdouneuiumesrensinddmiunioviomenniuia 6) miseumuammiui
UAEATIUATSOVDISIUY uag T) madlousiesn
wdeteninrAnvenenfiuredserind i 13 dsuunsfinsantieion
o . Cds s s _
derdestuadosnmunziini itnzuns (Rating) udnzihfounsadnina (influencing factor)
A 1 o = ' Y 1= A 4 - =
fudazihfsseilmanssnudossduasm bifiadorsnm Fmavnmsdseducusnmezoan
5 4 3 o 1 4
nlugvesamnhezdluveamsimaneFansidrsends o i 100% Tasidmamniezdui
4 2 e = w - & o Ey o = @
g Temafissmansanawelnniumud vy venvndszuntmosenszduni
o o oa ay ' . P o ( o
mwaearisludedrnssufidesmyhusazarwambios e hlgdousihiumseonuum
» v 'K} w
msfiuinnnsenlundazsedt ludavussmseenuuufiesitladmin 9 fifierdsasud
o » o - Ao = o LPVI Ay
frvazyainyisnamdiRe saudedonass Taquasiinsvninisdiy Fatmunild
I 4 N . »
@eouogluTusunay Visual basic Fruzannsndndodemziudld dosuazamnunniiuiuney
’
Wlugtvosmsnssndeyauazminanswn
HAAMITBIR TR MARsDIRaNT une St Idefiendudnyme
- - o de 4 a ' = ¢ P g Y
atvsnmnIsnsWamaeitiaiueiesyh aoufamafaaiualamusenianzussdy
o ' g v §
s liifiiefosnmluueana R lnddusedatumgiiunaunzfiufivimels Taofinsmanzu
- a o 1 - 1 1 a ] L -
vosszuuezoan i ludioying nande szuueelidmamninediuveamsimarnoudh
ad oo o o 4
gluinnsdinluanmzeia il mawmamedsiiu



128

¥
TudauvesmsesnuutnisiiuneuianofverinaiaWongs fuasinmat
o a A A 2
vosszdiouiimseonvuluddinonsty TaskivwaunsveimseanuuyisEudunnmsue
] »
Tandueilgmuesnnu hifiafosamitinnud i A hudasamaBoaafiu nmiv
S w4 od H 4 ool . A w .
szdamiiweafifinzeonuuiu runszmuedmeudadiianun o Masufdiaiu tundas
fwoueziieafy sneuvesginssimfemsmunamnanaginiaivawila uoziegaszune

" a Add W . . o w2 P 2 o
LHEWITaseuanINLINY Spcctﬁcatlons Hﬂg']ﬁﬂ'liﬂﬂﬂ\'lﬂaiqﬂﬂim'ﬂﬁgu“\n‘l#ﬁ_\ﬂu

9.2  Yorruonuzdmivanddvluewna
ﬂnuﬁumﬂé’maﬂ'ﬁmﬁmmﬁs‘fm‘fﬁmﬁnﬂ%‘uﬂiﬂﬁ’ﬁmmuﬁut"nmﬂﬁuuas
avounquilaunniiidTaseedoynlini 4 frmnrmoungBuiuléeds e Seyammamin
Zroyavecdoyalmifigifuiodfozdann T snaumursmlualioumnsnuniomaning
vosugasdoiufolnamminnuindduiduesianety wedldunsodiudunlsfii
Hadu a1 umsfo ey 1é ﬂ‘l*nJ%'mJi_qTﬂiunsui{mmmﬁﬂmﬁu\im fiinaatn
wistemanmuAaiidiiuzuuns ez SeonnoildmesmnmienBmiwedunls
ugllanfenmmnudeiufiadamaniuulaild edwlsinudiesinlgaibsunsy

¥ 1]
do'liadsee funedumadnaasnsmeasusesszuuiifuedisdreudiseimalfulze
Ft4 U]



VIIBNOYATH

Adeli, H. (1988). Al techniques and the development of expert systems: Expert Systems in
Construction and Structural Engineering (pp 13-21), London, New York : Chapman
and Hall.

Adeli, H. (1988). An overview of expert systems in civil engineering; Expert Systems in
Construction and Structural Engineering {pp 45-83). London, New York : Chapman
and Hall.

Adeli, H. (1988), Artificial intelligence and expert systems: Expert Systems in Construction and

Structural Engineering (pp 1-12). Londen, New York : Chapman and Hall.

Al-Homoud, A.S., Saket, S.K., and Husein, AL (1994). Investigation of failure of highway
embankment founded on Coluvium and suggested stabilization measures forreconstruction.

Eng. Geol. 38 : 95-116.

Alim 5., and Munro, §, (1987), PROLOG-Based Expert Systems in Civil Engineering, Proc, Instn,
Civ. Engrs Part 2, Vol. 83 : 1-14,

Ast, P, Ke, C., Faure, R.M.,, and Mascarelli, D. (1995). The SISYPHY: And XPEN Projects -
Expert-8ystems For Slope Instability, Bell, D.H. {ed.) Proc. 6th Int, Symp. Landslides
Christchurch {pp 1647-1652), Balkema, Rotterdam.

Baliga, B.I)., and Singh, V.K. (1992). Geotechnical investigation and appraisal of face stability in

jointed rock mass in copper open-pit Rajasthan. Regional Symp. on rock Slopes 1992 (pp
27-33). India.

Baliga, B.D., Sign, V.K., and Prakash, A.J, (1992). Geotechnical studies for planning of a decp

lead zinc open-pit. Regional Symp, en rock Slopes 1992 (pp 35-43). India.

Barton, N, and Choubey, V. (1977). The shear strength of rock joints in theory and practice. In

Proceeding of Mechanics. (Vol. 10, pp. 1-54). New York: Pergamon.

Bell, F.G. (1992). Engineering in Rock Masses. Lendon: Butterworth-Heinemann Lid.



130

Bergamin, St., Kirchhofer, P., and Filippini, R. (2001). Rock Mechanics Investigations for the

Endangered Bristen Road. Rock Mechanics and Rock Engineering Vol. 34 (2) : 83-98.

Blackwell, G.H. (1986), Wall instability monitaring and analysis at Brenda Mines, In Singhal, RK.
{ed.). International Symposlum on Geotechnical Stability in Surface Mining (pp335-
339). Netherlands : A.A. Balkema.

Bovis, M.L, and Evans, S.G. (1996). Extensive deformations of rock slopes in southern Coast

Mountains, southwest British Columbia, Canada. Engineering Geology Vol44 : 163-182.

Brown, ET. (1981). Rock Characterization Testing and Monitoring. London, England:

Pergamon Press Lid.

Budetta, P., and Santo, A. (1993). Morphostructural evolution and related kinematics of rockfalls in

Campania (southern ltaly} : A cose study. Engineering Geology Vol.36:197-210,

Bye, A.R,,and Bell, F.G. {2001). Stability assessment and slope design at Sandstoot open pit, South
Aftica. Internationsl Journal of Rock Mechanics and Mining Sclences Vol, 38,

Elesevier Science Ltd : 449-466,

Cai, F., and Ugai, K. (2002). Some aspects of finite analysis of rainfall effects on slepe stability.
Popescu,M (ed.}. Procedings of the 3™ International Conference on Landslides, Slopc

Stability and the safety of Infra-Structures, Singapore : CIl-Premier Conference

Organisation.

Carson, A.M., and Woods, N.P. {1995). Design and construction of reck slopes in Shropshire,

United Kingdom. Int. Cong. on Rock Mechanics, Vol. 3. Japan.

Chang, C.T,, Hou, ?.C., and Chang, C.Y. (1998). Casc Study on Dip-slope Hazards in Sandstone
and Shale Altemations. Reglonal Symposium on Sedimentary Rock Engineering,

November 20-22, 1998 (pp 191-195). Taipei, Taiwan: Pssre.

Charbonneay, D. (1986). Slope design problems and proposed solutions at Key Lake Mining's
Deikmann Pit, In Singhal, RK. (cd.). International Symposium on Geotechnical

Stability in Surface Mining (pp §7-92). Netherlands; A.A. Balkema.



131

Chen, Z., Wang, J., Wang,Y.,Yin, J.H., and Haberficld, C. (2001}. A three-dimensitional slope
stability analysis method using the upper bound theorem Part Ik: numerical approaches,
applications and cxtensitions. International Journal of Rock Mechanics & Mining

Sclences Vol.38 : 379-397,

Crouch, S.L., and Starfield, A.M. (1983). Boundary Flement Methods in Solid Mechanies,
George Allen & Unwin, London, 322 pp,

Culshaw, M.G., and Bell, F.G. {1991). The rockfalls of James Valley, St Helena. Bell {ed.).
Landslides (pp 925-935). Balkema, Rotterdam.

Denby, B., and Kizil, M.S. (1991). Application of Expert Systems in Geotechnical Risk
Assessment for Surface Coal Mine Design. Int. Jul. of Surface Mining and Reclamation

Vel. 5(2): 75-82.

Desai, C.8., and Siriwardane, H.J. (1984), Constitutive Laws for Engineering Materials with

Emphasis on Geologic Materials. Prentice-Hall, Tnc., Englewood cliffs, 469 pp.

Dauglas, T, H., end Arthur, L. I. (1983). A guide to the use of rock reluforcement. London:

Construction Industry Rescarch and Information Association.

Durkin, J. (1994), Expert Systems Design And Development. United States of America:

Macmillan Publishing Company.

Endicott, L.J., Tong, ., and Kwong, J. {1981). Design of final face for Tai Sheung Kok quarry.

Asian mining © 81 (pp 195-202). Singapore: The Institution of Mining and Metallurgy.

Encki, M., and Kokubu, A.A. (1999). Relation between slope stability and grouwndwater flow
casued by rainfalls. Yagi, N.,, Yamagami, T & Jliang, J.C. (eds.}. Proceediag of the

International symposium on slope stability engineering (pp 169-174), Shikoku, Japan.

8-11 November. Balkema, Rotterdam.

Farquiar, O.C. (1980). Geologic Processes Affecting the Stability of Rock Slopes Along

Massachusetts Highways. Engineering Geology Vol. 16 :135-145.



132

Faure, R.M., Mascarelli, D., Vaunat, J., Leroueil, S. and Tavenas, F. (1995). Present State of
Development of XPENT, Expert-System for Slope Stability Problems. Bell, D.H. (ed.)
Proc. 6th Int. Symp. Landslides, Christehurch (pp 1671-1678). Balkema, Rotterdam.

Faure, R.M., Mascarelli, D., Zelfani, M., Charveriat, L., Gandar, J. and Mosuro, O. (1991).
XPENT - An Expert System for Slope Stability. Topping, B.H.V.(ed) Artificial

Intelligence and Civil Engineering (pp 143-147). Edinburgh : Civil-Comp Press.

Fenton, M.M., Trudell, R.M., Pawlowicz, 1.G., Jones, C.E., Moran, S.R., and Nikols, D.J. (1986).
In Singhal, R.K. (ed.). International Symposium on Geotechnical Stability in Surface
Mining (pp 225-234). Netherlands: A, A, Batkema,

Forlati, F,, Gioda, G., and Scavia, C. (2001). Finite Element Analysis of a Decp-scated Slope

Deformation, Rock Mechanics and Rock Engineering Vol.34 (2) : 135-159.

Froldi, P., and Sartini, G. (1991). Investigation on rock landslide in complex formations, Bell (ed.).

Landslides (pp 75-82). Balkerna, Rotterdam.

Fujita, T, (1999), Geological characteristics of landslides of the soft rock type. N, Yagi., T,
Yamagami & J.C, Jiang, (eds), Praceeding of the international symposium on slope

stability engineering {pp 169-174). Shikoku, Japan, 8-11 November. Balkema, Rotterdam.

Galster, R.W. (1992), Landslides near abutments of three dams in the Pacific Northwest, USA.

Bell (ed.), Landslides (pp 1241-1248). Balkema, Rotterdam.

Ghosh, A, and Dacmen, LK.K, {1993). Fractal characteristics of rock discontinuities, Engineering

Geelogy 34 : pp.1-9.

Ghosh, A., Harpalani, S., and Daemen, JLK.K. (1987). Expert System for Coal Mine Roof Bolt
Design. L'W. Farmer, J.K.X. Daemen, C.8. Desai, C.E. Glass, §.P. Neuman (eds.). Proc.

28th US Rock Mechanics Symposium, Tuscon, Arizona. (pp 1137-1144). USA.
Goodman, R.E. {1989). Introduction to Rock Mechanics, John Wiley & Son, New York, 562 pp.

Goodman, B.E,, and $hi, G.H. (1985). Block Theory and Its Application to Reck Engineering.
Prentice-Hall, Inc., New Jersey, 338 pp.



i33

Grivas, D.A., and Reagan, J.C. (1988). An Expert System for the Evaluation and Treatment of
Earth Slope Instability. Lausanne, Bonnard, C, (ed.). Proc. 5th Int. Symp. On Landslides
{pp 649-654), Brookfield VT : Balkema, Rotterdam.

Hadjigeorgiou, J., Coutore, R., and Loca, J. {1996). In-situ block size distributions as tools for the

study of rock avalanche mechanics. Rock Mechanics (pp 509-514), Balkema, Rotterdam.

Hantz, D, (1986). Pit slope design in Franch surface coal mines. In Singhal, RK. (ed.}.
International Symposium on Geotechnical Stability in Surface Mining (pp 107-111).
Netherlands: A.A. Balkema,

Hao, 5.Y., and Zhang, Q. (1994). An Expert-System for Stability Analysis of Rock Slope
Morgantown, Siriwardane, H.J. & Zaman, M.M. {eds.). Proc. 8th Int. Conf, Computer

Methods and Advances in Geamechanics (pp 435-439). Balkema, Rotierdam.

Hatzor, Y. H. (1995). Application of block theory to rock slope stability stdies. Daemen and Schultz
(eds.). Rock Mechanics {pp 71-77). Balkema, Rotterdam.

Hatzor,Y.H. {1999). Dynamic reck slope stability analysis at Masada national monurment using
Bleck Theory and DDA. Amadei, Kranz, Scott and Dmeallie (eds.). Rock Mechanics

for Industry {pp 63-70). Balkema, Rotterdam,

Hoek, L., and Brown, 1W, (1980}, Empirfcai sirength ecriterion for rock masses, J, Geotechnical

Enginecring Div., A.S.C.E., Vol. 106, No. GT9 : 1013-1035.

Hoek, E., and Bray, J. W, (1981). Rock Slope Engineering (Reviscd third edition). Institution of

Mining and Metallurgy,

Hoek, E. (2000). Factor of safety and probability of failure. [On-line). http:
www.roescience.com/roc/Hoek/Hocknotes2000,hitm.

Homoud, A.S. and Masri, G.A, (1998}, An Expert System for Evaluating Failurc Potential of Cut

Slopes and Embankments Using Fuzzy Sets Theory. Geotechnical Enginecring Bullentin
Vol, 7, No. 4 : 249-276,



134

Hu, Y., and Kempfert, H.G. {1999). Geological characteristics of landslides of the soft rock type.
N, Yagi,, T, Yamagami & J.C, Jiang, (eds), Proceeding of the international symposium

on slope stability engineering (pp 349-354). Shikoku, Japan, §-11 November. Balkema,

Rotterdam.

Hudson, I. A., and Harrison, J. P. (1997). Engineering Rock Mechanics An Introdnction to the

Principles. UK : Pergamon.

Ishida, T., Chigira, M., and Hibino, S. (1987}. Application of the Distinct Element Method for
Analysis of Toppling Observed on a Fissured Rock Slope. Rock Mechanics and Rock
Engineering Vol. 20 : 277-283.

Jaeger, J.C., and Cook, N.G.W. (1979). Fundamentals of Rock Mechanics. London: Chapman
and Hail.

Jeong-gi, Um., Pinnaduwa, H.S., and Kulatilake, H.S.W. (1996). Maximum safe slope angles for
proposed permanent shiplock slopes of the Three Gorges dam site in China based on
application of block theory to major discontinuities. Aubertin, Hassani and Mitri (eds.).

Rock Mechanics (pp 529-536), Balkema, Rotterdam.

Jeong-gi, Um,, Pinnaduwa, H.8., and Kulatilake, H.8.W. (2001). Kinematic and Block Theory
Analysis for Shiplack Slepes of the Three Gorges Dam Site in China. Geotechnical and

Geological Engineering Vol. 19, Netheriands: Kluwer Academic Publishers : 21-42.

Jermy, C.A. (1991). An assessment of the slepe stability of some oponcast coal mines in South

Aftica. Bell (ed.). Landslides. Balkema, Rotterdam : 1279-1285.

Kandaris, P.M. (1999). Use of gabions for localized slope stabilization in difficult terrain. In
Amadei, Kranz, Scott and Smeallie {eds.). Rock Mechanics for Industry (pp 1221-1227).

Balkema, Rotterdam.

Kawamura, K., and Ogawa, S. (1997). Slope failure in major tertiary mudstone zone.

Deformatlon and progressive fallure in geamechanics (pp 701-706). Japan.

Kulatilak, P.H.S.W., and Fuenkajorn, K. (1987). Factor of safety of tetrahedral wedges: A

probabilistic study. International Journal of Surface Mining Vol. 1 : 147-153.



S T T T T T T S e TR T SRR AR T BT AT e TR

135

Kumsar, H., Akgun, M., and Aydan, O. (1998). A Back Analysis of Circular Slope Failure at
Pamukkale-Golemezli Irsigation Canal in Turkey. Reglonal Symposium on Sedimentary

Rock Engineering, November 20-22, 1998 (pp 197-203). Taipei, Taiwan: Pssre.

Kumsar, H., Aydan, ., and Ulusay, R. (2000). Dynamies and static stability assessment of rock

slopes against wedge failures, Rock Mech, Rock Eng. Vol. 33(1) : 31-51.

Lee, C.J, Suh, Y.H., Chang, K.M., and Shin, 8.C. (1992). Malanjkh and copper project-Overview
of the geotechnical investigation for optimum mining exploitation. Reglonal Symp. on

rock Slopes 1992 (pp 69-78). India. (pp 65-75). Balkema, Rotterdam,

Lee, C.L, Suh, Y.h,, Chang, K., and Shin, S.C. {1992). Stability analysis and remedial works on a
rock slope at the Muak Pass in Seoul City. Regional Symp. on rock Slopes 1992, (pp 147-
151). India.

Lenart, 8., and Fifer-Bizjak, K. (2002) Numcrical analysis of a scismic response of the Stoze
Landslide. Popescu,M (ed.). Procedings of the 3™ International Conference on
Landslides, Slope Stability and the safoty of Infra-Structures. Singapore ; Cl-Premier

Conference Organisation.

Leung, CF., and Lo, K.W. (1993). Stability Analysis of Multiple-Block Sliding Surfaces.
International Journal of Rock Mechanics and Mining Sclences & Geomech.Abstr.

Vol. 30, (7) : 1579-1584,

Eeventhal, AR., Barker, C.5., and D¢ Ambrosis, L.P.(1992). Malanjkh ard copper project-
Overview of the geotechnical investigation for optimum mining expleitation. Regional

Symp. on rock Slopes 1992 (pp 69-78). India.

Mairaing. W. (1997). Thai Knowledge-Based System in Slope Stability Analysis, Natlon
Conferences in Civll Engineering, Procd th (pp GTE 12-1-10). 12-14, November.
Phuket, Thailand.

Mammine, A., and Tonon, F. (1999). Stabilization of Candide landslide, In Amadei, Kranz, Scott

and Smeallie {eds.). Rock Mechanics for Industry (pp 1205-1212), Balkema, Rotterdam.



136

Mario, V.A., Jaime, G.R.Patricio, G.A., Cristian, V.L., and Mahtab, M.A. (1986). South wall
stability at Rio Blanco mine, Chile. South Africa. Mining Latin America/Minerla

Latinoamericana conference (pp 413-419), England : Barnes Design+Print Group.

Martin, D.C., Steenkamp, N.S.L., and Lill, LW. (1986). Application of statistical analysis
technique for design of high rock slopes at Palabora mine, South Africa. Mining Latin
America/Minerla Latinoamericana conference (pp 241-255). England: Bames

Design+Print Group.

McCaffrey, M.A., and Sacco, E.G. (1999). Stability of high overhanging rock slope subject to rapid
drawdown, In Amadei, Kranz, Scott and Smeallie {eds.). Rock Mechanics for Industry

(pp 71-77). Balkema, Rotterdam.

Moon, HK., Na, .M., and Lee, C.W, (1995). Ariificial Neural-Network Integrated with Expert-
System for Preliminary Design of Tunnels and Slopes. Fujii, T. (ed.). Proc. 8th

International Congress on Rock Mechanics, Tokyo, Japan Vols 1 & 2. (pp 901-905).
Balkema, Rotterdam.

Moula, M., Toll, D.G., and Vaptismas, N. (1995). Knowledge-based systems in geotechnical

cngincering, Geotechnique, Vol. 45 (2) : 209-221.

Mules, G.J.( 1991). Landslide features reflecting valley-wall rebound, Kaiya River, Porgera, Papua

New Guinea. Bell (ed.). Landslides. Balkema, Roiterdam ; 1311-1316.

Najm, K., and Ishijima, Y. (1992). Graphical back analysis of slope stability A case study.

Regional Symp. on rock Slopes 1992 {pp 189-194). India.

Neaupane, K.M,, and Adhikari, N.R. (2002). Application of Neural Network for the Prediction of

Setilements above Tunnels. Research and Development Journal Vol.13 (1), Thailand: 9-17.

Nicot, F., Cambou, B., snd Mazzoleni, G. (2001). Design of Rockfall Restraining Nets from a

Discrete Element Modelling. Rock Mechanics and Rock Engineering Vol.34 (2) : 99-
118,



137

Ozgenoglu, A., and Ocal, A. (1994). SEVDUR - An Expert-System For Slope Stability Analysis,
Karpuz, A.G., Eskikays, C., Hizal, 8, (eds.). Proc. 3rd at. Symp. Mine Planning And
Equipment Setection, Istanbul (pp 625-628). Pasamehmetoglu, Balkema, Rotterdam,

Ozgenoglu, A., Pasamehmetoglu, A.G., Kulaksiz, S., and Sari, D, (1992). Slope failure associated

with soft layers- A case study, Regional Symp. on rock Slopes 1992 (pp 445-451). India,

Pande, G.N., Beer, G., and Williams, J.R. (1990). Numerical Methods in Rock Mechanics. John
Wiley & Sons, New York, 650 pp.

Papini, M., and Scesi, L. (1991). Geological conditions and stability of rock slopes: Two case

studies. Belt (ed.). Landslides. Balkema, Rotterdam ; 177-182.

Perera, AK.S.A. (1986). Control over geomechanical processes during the formation of quarry
slopes. In Singhal, RK. {ed.). International Symposium on Geotechnical Stability in

Surface Mining (pp 305-312). Netherlands : &, A. Ralkema.

Qin, S, Jiao. 1.1, and Wang, 5. (2001). A cusp catastrophe model of instability of slip buckling
slope. Rock Mech. Rock Eng. Voi, 34 (2): 119-134,

Ramamurthy, T., Rao, K.8., Goel, S., and Mchi-ud-din, A.G. (1992). Stability analysis of some

slides in Garhwal Himalayas. Regional Symp. on rock Stopes 1992 (pp 219-224). India.

Read, L.R.L., and Maconochic. (1991). The Vancouver Ridge landslide, Ok Tedi mine, Papua New

Guinea. Bell (ed.). Landslides (pp 1317-1321). Balkema, Rotterdam,

Rechiski, V.I., Reznikova, V.I, and Gusarova T.J. (1992), Design of rock slope in hydropower

enginecring. Regional Symp. on Rock Slopes 1992 (pp 459-465). India.

Reid, G., and Stewart, D. (1986). A large scale toppling failure at Afton, In Singhal, R.K. (ed.).
International Sympesium on Geotechnical Stability in Surface Mining {pp 215-223).

Netherlands; A.A. Balkema.
Rich, E., and Knight, K. (1991). Artificial Intelligence. McGraw-Hill, Inc., New York, 621 pp.

Robert, J. B., and D. V Jerome. (1988). Principles of Engineering Geology, John Wiley & Son,

Singapore.



138

Sagaseta, C., Sanchez, J.M., and Canizal, J. (2001). A general analytical solution for the required
anchor force in rock slope with toppling failure. International Journal of Rock

Mechanics and Mining Sciences. Vol, 38, Elesevier Science Ltd : 421-435,

Saini, G.S. (1992). Slope stability analysis of presplit rock cuiting at Rubha Mor, Loch Lomond,
Dumbertonshire, Scotland. Regionat Symp. on rock Slopes 1992 {pp 225-234). India.

Schalkeff, R.J. (1990). Artificial Intelligence. An Engineering Approach. Singapore: MeGraw-
Hill.

Scott, G.A. (1995). Rock slopes: Some construction case histories, Rock Mechanles. {pp 65-75).

Balkema, Rotterdam.
Segerlind, L.J. (1984). Applied Finite Element Analysls. John Wiley & Sons, New York, 427 pp.

Siddle, H.J., and Hutchinson, LN. { 1991). A sliding and multiple toppling failure in South Wales,
UK. Bell (ed.). Landslides. Balkema, Rotterdam : 213-218.

Sijing, W. (1981), On the Mcchanism and Process of Slope Deformation in an Open Pit Mine.

Rock Mechanics. Vol.13. Springer-Verlag : 145-156,

Singh, B., and Goel, R.K. (2001). Rock Mass Classification; A Practical Approach in Civil

Engineering, Nethertand: Elsevire Scicnee Ltd.

Sinha, A.K., and Singupta, M. (1989). Expert system approach to slope stability. Mining Science
and technology. Vol. 8 : 21-29,

Sirat, M., and Talbot, C.J. (2001) Application of artificial ncural networks to fracture analysis at
the Aspo HRL, Sweden: fracture sets classification. International Journal of Rock

Mechanics & Mining Sciences. Vol, 38 : 621-639.

Smith L.G.N., and Oliphant J, (1991), The Use of a Knowledge-Based System for Civil Engineering
Site Investigations. Topping, B.H.V. (ed.). in Artificial Intelligence and Civil

Engineering (pp 105-112) Edinburgh : Civil-Comp Press,

Sonmez, H., and Ulusay, R, (1999). Modifications to the geological strength index (GSI} and their
applicability to stability of slopes. International Journal of Rock Mechanics and

Mining Sciences. Vol. 36, Elesevier Science Ltd : 743-760.



139

Sonmez, H., Ulusay, R., and Gokeeoglu, G.(1998). A Practical Procedure for the Back Analysis of
Stope Failures in Closely Jointed Rock. International Journal of Rock Mechgnies and

Mining Sclences .Vol. 35. (2). Elesevier Science Ltd : 219-233,

Spering, T., and Freeze, A.R. (1987). A risk-cost-benefit framework for the design of dewatering
systems in open pit mines. 28" Us Symposium on Rock Mechanles/ Tucson/29 June-1
July. (pp 999-1007). USA.

Stewart, D.P,, Coulthard, M.A., and Swindells, C.F. (1996). Studies into the influence of

underground workings on open-pit slope stability. Reck Mechanies (pp 515-522).

Balkema, Rotterdam,

Swamy, N.R., and Trivedi, V.P. (1992). Factors considered to cvolve measures for rock slopes
stability in open excavation of hydropower complex of Sardar Sarovar (Narmada) Project,

Gujarat State, India. Regional Symp. on rock Slopes 1992 (pp 321-331), India.

Tan, B.K. (1998). Assessment and hazard zonations of limestone cliffs in the Tambun area, Perak,
Malaysia. Regional Symposium on Sedimentary Rock Engineering, November 20-22,
1998 {pp 211-215). Taipei, Taiwan: Pssre.

Thompson, A.G.,Windsor, C.R., Robertsen., and Reobertson, LG. (1995). Case study of an
instrumented reinforced pit slope. Daemen and Schultz (eds.). Rock Mechanics (pp 381-

386). Balkema, Rotterdam.

Tocher, R.J., and Fishel, W.K. (1986). Design of the development pit highwalls at the An Tai Bag
mine. In Singhal, R.K. (ed.). International Sympesium on Geotechnical Stability in

Surface Mining (pp 31-38). Netherlands: A_A. Balkema.

Toh, C.T., Yap, T.F., and Chee, S.K. (1993). Slope Stabilization in High Level Granites. Eleventh

Southeast Aslan Geotechnical Conference, 4-8 May 1993 ( pp 679-682). Singapore.

Toll, D.G. (1995) The Role of a Knowledge-based System in Interpreting Geotechnical Information,
Geotechnique, 45, 3, pp. 525-331.

Tominaga, Y ., Kon, N., Arakawa, M., and Yamaguchi, 8. (1989), Development of an expert
system for climate control underground. Today ’s technology for the mining and

metallurgical industries. Japan : Dotesios Printers Litd.



140

Ugai,K., and Cai, F. (2002). Threc-dimensional finite element analysis of landskides prevention
piles. Popescu, M (ed.). Procedings of the 3" International Conference on Landslides,

Slope Stability and the safety of Infra-Structures. Singapore: Cl-Premier Conference

Organisation.

Ulusay, R., and Aksoy, H. (1994). Assessment of the failure mechanism of a highway slope under

spoil pile loading at a coal mine. Eng. Geol. Vol. 38 :117-134.

U, I, and Kulatilake, P.H.S.W.. (1996). Maximum safe slope angles for propesed permanent
shiplock slopes of the Three Gorges dam site in China based on application of block theory

fo major discontinuities. Rock Mechanics (pp 529-536). Balkema, Rotterdam.

Wade, N.H,, and Peterson, T.W.P. (1986). Highwall monitoring, instrumentation and stability
analysis at Highvale Coal Mine, Alberta. In Singhal, R.K. (ed.). International

Symposium on Geotechnical Stability in Surface Mining (pp 373-384). Netherlands:
AuA, Balkema.

Wang, I., Tan, W., Feng, §., and Zhou, R. {2000). Reliability analysis of open pit coal mine slope.
International Journal of Rock Mechanics and Mining Sciences Vol. 37. Elesevier

Science Ltd : 715-721.

Wharry M.B., and Ashley D.B. (1986). Resolving Subsurface Risk in Construction Using an Expert

System. Tech, Report UTCEPM-86-1. University of Texas: Austin.

Wibawa, J.L., and Nicholson, G.A. (1996). Rock slope stability analyses for a proposed intake

tower access road at Seven Ozks Dam. Rock Mechamics (pp 537-542). Balkema,

Rotterdam.

Wyllie, D. (1980). Toppling Rock Slope Failures Examples of Analysis and Stabilization. Rock
Mechanies Vol.13 ; 89-98.

Wyrwoll, K.H. {1986). Characteristics of a planar rock slide: Hamersley Range, Western Australia.

Engineering Geology Vol. 22 : 335-348.



141

Zhang, Q., Mo, Y.B., and Tian, 8.F. (1988). An Expert System for Classification of Rock Masses.
Cundall, P.A., Sterling; R.L. & Starfield, A.M,, (eds.). Proc. 29th U.S. Symposium,
Minneapolis {(pp 283-288), Brookficld VT : Balkema.

Zhu, W., and Zhang, Y. {1998), Effect of Reinforcing the High Jointed Slopes of Three Gorges

Flight Lack. Rock Mechanics and Rock Engineering Vol 33 (1): 63-77.



MANUIN N

dogamamNnNNMIADEINIaRY




JoyaNAaNANNAAIBEIARY

1. anumadaanaiueidimelse

mmanBsaradiuiindinelng suresyé Simdavasy? Idaniunsi
Aumeidos 2 uradegUdl n-1 Tnssademadmnssussidhuuuduivsenaiudhsiugs
Taedufudeu ﬁaﬁuﬂ:nam{fﬂﬂi:ﬁmuﬁmgjﬁmdmm:%uﬁuﬂu'mﬁ'mﬂrﬁmuu fauana

s7uazEEalu Slope No.1 1z Slope No.2 i

Slope No 1, avmanagsaraiiuidiatolng dwmansglil n-2 uas g0 n-a
ﬁ"md'lm’iruﬁmméuﬂawﬂﬁ fonfanengd  Tansahemadmnssussdvenvidmelng
1|ssﬂavﬁ’au'§uﬁuﬂmwﬁm;jv’ﬁu‘uu umﬁunznamt{aﬂszﬂmﬁfnﬂ:1‘506] (Fine-grained
clastic sedimentary rocks) :mﬁ”ua;iﬁmtiu ﬁu‘l?l’\iﬂtlwﬁﬂﬁ Strike 160 §4 200 degrees Jum
(Dip anglc) 2521311 25 #1130 degrees Tuneneiionlss muifensifun ualeldidu 3 #u fe

D %ufim{ﬂ Sufufuduanidisomnn naeliteduiewnidumiin {Clay)
Wamsn

2) Funas fiuiduanidiseunt un:ﬁq’?’uﬁuwﬂmmmagj

3) duan adﬁaﬁu%uﬁuﬂt; Senhiiumig-unsoudli (Sandsione une

. A ar =1
Siltstone) HAnvueAoudwi

v
AuansazuesTeuian (Join) i Strike Yo U (Bedding plancs) 8YIEHIN
140 §9 160 degrees wazibyumeagrzniig 20 i 25 degrees Aammu Tavmay 16 53 20 cm il
;
szozlamen (Aperture) TEHAI5BALONTHUIMHINYNISUNTAUBIEOUTUAD (56 (Calcite
filling) U1 0.3 3 0.5 em Uazv1HaliaznouAiumilon (Clay) ¥u1 6.1 9 0.3 om Tiaw
sinflpagauasiiinS oy Tuiudunwwusesnn 3 ga Asaaalugli n-4 uazgdi ns
seamangah 1 1 Swike 55 §9 65 degrees unzflyin 80 79 90 degrees TzozM
o 73 - ] Py r
Touunn Taunho {Average spacing) 10 019 20 cm U7zozdlaMgD FENIRTOUMONUNWUHINY
1 o = 1 a o =t el o
MsENIAvDIILIURA TeAnUT 0.3 §9 0.5 em WauMalinzneuAumilovu 0.1 Sa 03 em G
oA ' atm
arwdeiiniAeudhagunzdinao
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Slope Nos. 1 & 2
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4 . v TN S S
311 n-2 MsWanaouLY Secondary toppling yaaw o Ing vinw Inguiaiugin

(Slope No.1)

3N -3 dnvuzvearaoianiagluniadsvennaiuusidiainive) TuuToaing

yaugiay dauide liwamais (Slope No.1)



Slope Ho.l Kao Mang Panturat CONTOUR PLOT
1DT LE
A

< o Ed

< 3.5 »

< 7 #%

< 10.5 E3

< 14 “

< 17.5 £

<« 21 k4

24.5 *

<
EQuaL AREA
LHR. HEMISPHERE
80 POLES
80 ENTRIES

HO BIAs
CORRECT 10N

€5

Aock Slope Engineering Data

Wi 04 Contour plots ynasBOUANYBITIUANA VBN IAABLRAL M0 TH)

(Slope No.1)

Slopa No.l Kao Nang Panturat

v

J/

MAJOR PLANES

N ORIENTATIONS

STRIKE/DIP

0

1 101775
2 1s50-/22
3
a

323782

Jolnt 2 043/81

EQUAL AREA
LHA . HEHI SPHERE

+
ction anale

\\ /Inl
E]

5

Rock Slope Engineering Data

j,IJ'?I N-5 Representative plane, Slope orientation 1A% Friction angle HUAUAIIUDA

anmmaBsaaiu a1 Slope No.1)



‘mmmn‘mﬁ 2 1] Strike 130 4 140 degroes waziiyum 80 84 90 degrees T3ty
Wisosuanlaomds 10 89 30 om Trzvzilamee sEviresuonilvur LTI HVeS
dousunn ladvumlrzam 0.0 §4 1 om vnuHadngneuAumilsanun 0.1 84 0.3 em Haw
AeifisalouuaziifiiGonhnaa

sopumnyatt 3 & Swike 245 §9 260 degrees nozihyumegszni 70 81 80
degrees 35t I00UAN TAoim o 10 8 20 em Tiiimsdlanve frnsanlssroutiatoonn
uaziiiAoudnaSey

m'sgﬂm'lu%uﬁuﬂu (Limestone) wusouian 3 4n danaaatugilil n-6 uax
-7 Sufiai Strike BgTENIT 170 519 180 degrees 1M 15 §4 25 degrees 11 | m AIWReLiTBag
mmmm;ﬂﬁ 1 "lm?vuﬁmjuﬁ Strike 270 §14 285 degrees um.‘ﬁyllm 85 degrees
503 HNTB0UAN 10 B9 15 m szozdlamue 1 892 m Wil Saqunsn Saudediod
‘:ammmmﬁ 2 1m?¥uﬁu1juﬁ Strike 215 §9 225 degrees uaziiyun 80 degrees
TeozvIaTauen 10 81 15 m szozflamon | fe2 m hiiSagunsn Tardediod
sounnnyad 3 lududiunfull Strike 65 79 80 dogeees Ty 85 1 90 degrees

] - = a L
STUTHIITOUUAN 512 10 m 2820]9H0 0,554 1.0m HATUATUADIND I

- o ]
Slope No 2, Anwaalussaiuvudoeivg d3518 n-g uaz n-9 lszae
v ¢
FawfiuazasuilonszamilonsiBun (Fine-grained clastic sedimentary rocks) ffirm 113 1196
¥ 1]

VOIUTU (Attitude of bedding) T Strike 180 04 220 deprees uazyIN 15 B9 25 degrees
. s v
AMNUURAY 15 B 30 em Fudiuuuveiin wiluinai mumousina ladimsnisunaluej
wagnwedn Tasianumimlizna 03 82 20 om naialinzneudumilvamsnoguazinn

»
o o VA - W w
sz 0.1 9 02 om wwrduiudisrudediesgamziion dmfvqudnuzvessoounn
= a o = = 3 oo o
Tuuduan Saaaluglil n-10 uazgdil n-11 ndozyaseouanildall
soaunnyai 1 1 Strike 5 9 15 degrees unsiunagszning 85 2 95 degrees
szupvnToouanTaomdy 5 §1 15 om Hvzozi@laimun 0.1 §1 0.5 em wuMIINMINVE IO
unaleduas Doz noudumtormumsn rocuaniinawdaiieaguaslanIouun
ToeunAnyad 2 3 Stike 145 1 155 degrees unziipumagszning 80 8 85
| 4 P
degrees zvzHsaonanlaumie 10 120 cm Sszozdlamie yzuduseouoniinwuawy
1) e =1 ) oA - £ .
msunsnvodmonTuna lsnunlssne 0.1 §1 15 em wadailazneudumiivamsneg

4 ¥ a oA oo m
DY UATUADIHDIVETEUUAN LA UHIT B



Slope Mo.l Kao Nana Panturat CONTOUR. PLOT

N SCHHIDT POLE
CONCENTRAAT IONS
% of total per

1 ¥._area
%
=

s

kg
*
Ed
P
“
w =+ E ®
AREA

LHA. HEHISPHERE
29 POLES
29 ENTRIES

NO  BIAS
CORRECT 10M

Rock Slope Engineering Data

Ui -6 Contour plot veaaseauanveaiuy v AMABLUNATIY I TN
(Slope No.1)

Slope No.l Kao Mang Panturat MAJOR PLANES

ORTENTATIONS
W STRIKE/DIFP

1 174719
z 272/83
3 2z21/83
a a79/85

aunL AREA
LHR. HEMI SPHERE

~—_frtcfion angle

b, \S\mﬂ‘?’{/‘/

]

A

Rock Slope Engineering Data

Eﬂﬁ -7 Representative plane, Slope orientation 4@¢ Friction angle ﬁ111J1JMﬂdr1 SNERGIGHE!

waatiuwudiawlng (Slope No.1)



4 v da a a 4 a v .
31_"!1 n-8 0 tmnmm-qmﬂmamuﬂuﬂumm1u1mi;’;m§m‘umw 1a IUTI'IHJU

(Slope No.2)



n-8

= ¥ ¥ a da \ oA A a d -
leTI N-9 AT NYBIHIIATINAIAIBLINNATINA TR T d IuiE U uAu U U1

gisuaaudaio e (Slope No.2)



n-9

Slope No.2 Kac Nang Panturat (Shale zone 4) CONTOUR PLOT

SCHHIDT POL
L'DM:EHTHAHDNS
% of total per

¥ _ares
o k4
2.5 “
S ®
7.5 %
10 £
12.5 ES
13 %
17.5 £
EQuAL AREA

LHA. HEHISPHERE

59 POLES
39 ENTRIES
NO  BIAS
CORRECT [ ON

Rock Slope Engineerinag Data

U7 n-10 Contour plot wasoIANYRITUAUA MBI AR Ba w0 T

(Slope No.2)

Slope NHo.2 Kao Nana Panturat (Shale zone 4) MAIOR PLANES

ORIENTAT IONS
W STRIKEZDIP

1 00570
z 217717
3 009/83
a 157481
5 072776

EQUAL  AREA
LHA . HEMT SPHERE

\i- )
f_
/~

Aock Slope Engineering Data

"il'ljﬁ n-11 Representative plane, Slope orientation 18 Friction angle HUAUATUYD

anumaBoaa il (Slope No.2)



=16

sauuanAl 3 i Siike 60 i1 80 degrees uaTIHIM 65 2 75 deprees TTUZHN
4 a o N
seounn taentin 10 §1 20 em szozmsamos 0.1 §1 1.5 om Fnywderilesguuasifiadey
dunan

2. ﬂ1m'mmﬁmmmﬁuﬁnmmﬂm’a’uaaﬂ

& o 2, - o
fuiuinane fusenvesdszmanouFoneostammmamondnuazaiy
& d v o o o =t a1
183 lnsmspunguituiuedssimiaunsswdin deing asufy fund nersways
s 1w A o w -
TihmadrisensmanBes 8 udedeqli n-12 Tauswozuavesdnuusmeimnssuias
1u Slope No.3 4 Slope No.10

Slope No 3, u3haméniTaiwasd 70 yemiamaremunsay 304 duneingade
wToil 47 P 0813538 Uz UTM 1600267 #3107 1-13 uaggaldl 14 dunadarugiiunsy
YAWTEINS (Phra Wihan sandstone} erdudufufufuay (Shale) My tundasduiiv 0.7
uay LS m auidy anuaimdesiafugalizae 4 845 moomilisen 36 m Swike Tao
mavve sutharaadeiwaatiu 020 degrees yrme 1A 1Al 35 degrees sy AT
galamnwizluggel sefuntmunnsou (Degree of weathering) hanaduRusuiidigs Trzey
HINOUY (Safety distance) Uszunu 6 m Ysznoudaesoeseaduity (Dieh) fian Hawdn
L5 m 24192 m wazhuodiunnedsesmnange fio

‘mmmn'qﬂﬁ 1 li‘]u‘]{ﬂﬁlﬂﬂﬂ?‘uﬁu (Bedding plane) §1 Strike 136 degrees LIDE M
21 degrees nieilmyreiufiovefuunuasedy (Near horizontal) AMUMNRAEYE TN
Uszanm 0.7 m MdulseAnTaumguss Toint Roughness Coefficient, JRC) U3zanat 3 uazk
framilonfludmguusn

'mmmnfqﬂﬁ 2 §i Strike 240 degrees YUK 80 degrees T5UEHINIBULAN 0.8 m
swyzlanen 2 fie 10 om FaumiisaihuToqunin mdnlsz@nianuugusy 3 uaviniwse
iadssana 20%

souANYAR 3 § Strike 335 degross i 57 54 80 degroes TEAYHINTOUAN 0.5
m szpzilanos 2 fi4 10 om fidumilvadhuegunen uessdulseAnFauuguss 3 uazd
smwotited sy 80%

wuhdimadmawlugduvumswdneh Taowuvuepusafoudiuiis1may

UIUIUDIR I AT ST U IR TR 0.7%0.8%0.5 m’
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Slope No. 3 =T
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Slope No.7
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n-12

Ui n-13 misWanaInUY Secondary toppling YesnTmIABoaINS adUgou LS

Mani lawasi 70 Yo uduMana1ImLIuEY 304 (Slope No.3)

Ui n-14 mssimawvesiuiumieinaduTuiuiiuauaw Taovnaues

Block U521 0.7 x 0.8 x 0.5 m’ (Slope No.3)



n-13

Slope_Ne 4, USnmmunasnnsay 3462 whudunidysssznindanda
misui Audunentyd fandaunsswdun woil 47 P 0811068 oz UTM 1582341 Hagal#t n-15
fadmuguifunioganssins adudusuAuAuam AmamABrInivglismg 15 m
s1l3zine 30 m Strike TaomAvveamiinnunialBoaaafiu 035 degrees yunysanihaa-
183 30 degrees s:ﬁuﬁwwmmnﬁuwﬁ'wqq‘Iﬂummx‘luqq&lu fszpgviieeinawu 2 m Usznen
Fwsossesiuiudenaundiinnudn 07 m s 12 m anumadoedeudnedicdesnm
fimsldnouniaviu (Shoterete) MEINTIAIN (Wire mesh) wazvionlwa (Weep holds) viaudu

guinanalizui 5 em wawilaafumainesnamamBoaaiy

Slope No_ 5, wSiamiagvansniioew 3462 dhudunadyesszniadania
arzufa Audunensyyd Sandeunssrin nied 47 P 0198523 oz UTM 1548638 rdunieda
HTUQEIHUNTIEYANTE IS afuduRuRuAy Sififefunssdeesiiu 50-100 waz 2550
MPa gy Srommmaludiiummeszana 08 & 1 unzdufuAua 1 m anamados
waiugalisnm 5 m antiene 20 m Swike Tasnfovesnhnrumedvanadiu 4o
degrecs JunuBamiaIAGos 60 18 70 degrees ‘ssﬁﬂfi’mmmqﬂﬂumwwhqﬂdu FEAUANY
sndeulioiuduamdinge Hrvszreeno 2 m Jssnoudeseseduduianannds
finnw@n 1 m a%e 1.2 m Ddulivnaingguumds Back slope) vosrTmmabes uwozlu
wniunrwiisesanaiugn fe

iammnmﬁ 1 Lﬂuqﬂmmi&uﬁu i) Strike 330 degrees HAZIPNN 20 degrees L)
nedaeveylunusedy Tnmumnmiovesiunge | mmdulszdnianmuvgse 3

mmmmgmﬁ 2 1) Sirike 253 degrees 31M 90 deprees sTozVaTeLLAn | B4 1.5
m szuzfamoe 2 89 10 an SAumioafuioamn ddnlzdninnmgse 3 waziinn
dorionlszam so%

‘muumnqﬂ‘ﬁ 3 i Strike 340 deprees JULN 80 degrees SEUTHITEONAN | m 32U
@ainee 2 84 5 an Daumilvaiheiagunan mdulszdniaruigess 3 uassmamuseriag
ssuin 80%

1A liRumsfanawusanumabeaatiu

y 4
Stope No 6, uSnudisafiuduamu sunaldahiou fardadunyd wiahi 47 p

o 1d 4 o Lo ww w
0203877 Uz UTM 1427846 Aaglfl n-16 uazgUh a-17 Aufumdisiiidafuusada 5-25 MPa

AuatmBsaIaHugnlIzina 8 §a 10 w o1)sEina 30 m srike Taambsvennhanumea-
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n-

SRR

ouluuinm

o

o

-15 MIAANUABUNTAVUHIN 1-71\"\') IHAAIRUINITHULUUIUNTAUD

)

(Slope No.4

3462
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|

¥

LTUNHHANNL



. .
i 016 milesinAuausudunelhiou Taniatunys dndusvewaaiy

Hsoauanunn uaznssuIunMsHRIeg iR g (Slope No.6)



n-16

»

-

Ui 17 ileaiiuAuauuinusune ldahiow Sandatunys wariuiisesuaniin

HATNTZUIUNMITHIIDY TUAATIFI (Slope No.6)



n-17

iipaunaiumlsfiuein 080 fa 150 degrees yUMVBINTHaIABES 80 dogrees syfnhang
aaudugalaumwizluggru szAvanurniouTuinaifuliagain (Highly weathered) nog
TumnFuiiseuunnauyea fo

iammnmﬁ 1 Li'lwmmq'#uﬁuﬁ Strike 340 degrees UDZYUIN 85 degrees
Srmumunnde 0.1 81 0.2 m ardurlszdvinnuuguss 1 Baumfivadhuiequain

sonuAnyAf 2 i Strike 015 14 085 degrees i 73 §4 90 TzUE¥IELUAN
0,05 3 010 m 7zzdlamue 0.1 §1 0.5 cm TumilvadhuTaqunan dudszdninuguse
1 ungfinmueiiosszinm 50%

=

-mmmmgm‘f‘i 3 3§l Strike 015 degrees yumMatufovoglunnszdu szozv
so0uAn § msousdamue 0.1 51 0.5 on Sumilvaihuagunsn ddulseAnianuuguse |
843 uneArAnudeiienl sz 60-80%

P n IR TR et annuazes lram

UHUTEHY (Plane failure)

Slope No 7. USneminhlnweshl 92+600 YDIMSHANHLIAY 344 910
Tandadunyfidhgfanderayi vdef 47 P 0784101 ung UTM 1421792 Ragilit n-18 wasjilé
a-19  dadiuiinwngeidsznoudofudiumufiinnideivusdalssne 525 MPa

o 4 d
anumeBuaraiugalszano 13 m edssun 180 m Suike Tasmbovomriharmmindos
¥
2B 300 degrees Yumewaivihatmdeg 55 T9 50 degrees seininnaagelasamzlugg
i szduemugnieuluraiulimge Srssshanneumalsanu 6 m Tavdrzneudanias
v oo o P < ¥ aoa -
sesfufivdianasuiinamin 0.8 m e 1.5 mueshunsiiviisesusnassys fle
[ b4

soaunnyafl 1 ugrvesduiiug stike 190 s 205 Loz 40 §9 45 degrees
fianuvuimisvesfiunsy 0.05 #1015 m mdnlsednianuegusz 3 weelifumionii
Jegunsn

soELARYAR 2 3] Strike 270 9 305 degroes YHIN 60 14 85 degrees 1202H19TOY

=) - a ar iooar n’
uan 0,05 m Tsuzilawon 0.1 83 0.5 cm DAumiiouinSaqunsn sdudseninimugus 3
a4
uaziinnudeiloizyim 70%
: o &
vinmdmesyhiinsmmeiaiucuslva i (Cicular failwre) Hvina

= ' . ‘= g
1maf’l’auﬁwummﬁﬂﬂwauﬂqmmugm&mammnmtﬁuunnﬁ’au



n-18

P = o o= v as = ¥ & o
éﬂﬂ N-18 ANUAADBIIAHUUTOIUNAND [AIUATN 924600 YD AT UNIIHAIIHU LAY 340 3{11]

dnmEvenaRURiToIANIIN LA NITUIMMITHRIeYlUEATIZA (Slope No.7)

- o < a o - o m= -
E]Jﬂ n-19 nN1awIna IHHU‘]IEW‘ 114 YDA INHUAUANUIIWHAND LauaTn 92+600 w84

ll"hHH1‘||i‘1']d1ﬂﬂl'\ﬁfﬁl 340 (Slope No.7)



Slope No 8. U3nugnszung Jawndvssd Saniawayd wiefl 47 p 0712817
uaE UTM 1411742 Ragalt n-20 mamenaossaiiugadsesna 170 m orndszanm 20 m v
Yuiilishidsiunsedn 50-100 MPa, Stike Tasidsvasihnruaaduradimnaniield
yunveanmaBeduiuunavesmnsnodon (Fault seam) Ussanat 60 § 70 degrees 2
innmadouthagelamamelungd svdvanugndontuaiuilinmnmidesdod
ﬂﬁﬁm?kuﬂﬁv'sﬁu (Rock bolts) 11nzﬁas=u101f1 (Drained pipe) YW iadurnguinatnlsznu s

om u?nmm’fwmmmmmﬁuq

Slope No 9. Uinaumilosiuidndiusawtegsd Simiasm wied 47
P 0713246 une UTM 1409209 fagilit n-21 nagqalit n-22 mwmedvunaiiugalszana so
m glsinnl 40 m ﬁuﬂuﬁﬁmﬁﬁﬁuuﬂﬁ'ﬁ 50-100 MPa, Strike Tauim#sveamtanwata-
@Boauraity 030 degrees YumvoahaABus 60 §3 70 degrees USUAMTRIIM ARG
azerwnny Lisldu 18 uAlud e mimadudifumonmszanu 5 81 10 m ey
0y ixﬁuﬁywmmnﬁam’hqqﬂnumwwﬂqur-lu srdunugnienhanaiuiind uns i
Hufiseuuananga fo

'mmmmgﬂ?'] 1 ﬁ'lm;mmﬂ"?uﬁuﬁ Strike 120 degrees UBTYUIN 45 degrees &)
AR Aeve sy 0.2 8903 m mduszfniniwnguse 3 84 5 naviifumilvauiiniag
unsn

J08unnaft 2 5 Strike 225 degrees JUM 61 degrees TzOTHITOILAN 0.2 e
0.5 m szveilamue { om HaumivadhuTaqunsn edudssdnianugs: 3 s s uasdnaw
seriloalszana 80%

sammnﬂmi‘"l 3 1 Strike 320 degrees 3N 35 degrees I5UEVINTROUAR 0.5 T3
0.7 m szvzflamna 0.5 4 2 om DiumileadiuTaquasn ﬂ'ﬁnﬂizﬁn%“mmm‘;ﬂs: 3645upe
snAoitonlszng 70%

sendIhiinsfmmomundnniifedy  Tovenumaavesieu

Ui amanuTnug Ve s vatafiuuw I 52N 0.3%0.4x0.5 m’

a4 o oA e a . o =
Slope Mo 10, uSnouwmilesituduans vienindudesdanfavays limedis

o { P A i
milodszanaernai Tawns 3ol 47 P 0714024 unz UTM 1405039 A331 n-23 nozqalf n-24
anumdsaaiugalisnn 12 m oalisma 20 m Fuiuamdisndiousede 25-50

MPa, Strike Taamfiovesmhanuaiadoanaiiu 080 degrees ypunvosnihmaibes 65 s 7



n-20

Ui 20 mahanumadswaaiuanlszgnddluenuivesiivaluuiiowe

FanFossd (Slope No.8)



4 o 3 . P B
E‘lJfl n-21 lilock_v rock YBINITUD 1ﬂLﬂf!31.[']':11111‘1J1!1J§HU.!L1HJUvl“iﬂ.-l"ﬂﬂ i'FJ[JlIIﬂHU

- o a - e
1AIY1%0550 991 IAYAL3 (Slope No.9)

a ) e a A A a Ao g Y
E'\JTI =22 Blocky rock 1If:13i'l.ﬂljﬂlﬂl?lﬂ-!]Jlfﬂi'lﬂHl’,]fl-!l'ﬁ'}lﬂﬂﬂﬂlﬂ]ﬂ[ﬂﬂﬂﬂ]l

» R =
IANHIT T VINIATALT (Slope No.9)



U7 n-24 Blocky rock veannummBsaativuinumilosiuauaiivinuim iavays

(Slope No.10)



degrecs USIMRMOTIRMmABEauas b 1 s:ﬁuﬁ’1u1mﬁqﬁﬂﬂ:nwwluqq
A sedunaugndeutuwradiuiinh uarluaaduiisesnnmiga fe

somAnyad 1 ﬁluﬁzﬂum'f;:uﬁuﬁ Strike 250 119 255 degrecs uAzYUM 75 04 85
degrees finamummuinfovesiufuanlszanm 003 § 0. m arduilss@ninnuaguiz 3 8 s
fiaumtivmasienfuvin (Rock fragment) luSngunsn

'mmmmm?‘l 2 1) Strike 160 degroes Y1 80 degrees S5U¥HITBOLAN 0.03 B
0.05 m szezillamu 1 82 om Fdumilvadiuiaquasn midulssAninnuuguss 3 uazd
avwidaionlszio 60-80%

sonumnyat 3 i Strike 100 degrees YN 80 cegrees 3802H1TELUAN 0.1 m
szvziflanuorasgasenuan 0.5 & 2 em Saumioufudagunin frdulszAnfanuaguse 3
uagmnuABIiDIsEINN B0%

windsenidmskmascnminaiifedy  Taeszwunneuesfou

= o 1 a o a
AuiamauniinagiuuesnimataBsaaTuImlszIm 0.03x0.40x0.05 m’ Wudnion

3. anumaBoaveawilieafiuywvienland nazniamaianumay 2256
madreaseunguituitvoandleciiujumanlon!  uesmesthemanaas

WY 2256 'ﬁqﬁmﬁmuﬁnd'luwﬂﬁ?uﬁﬁmﬁwﬁ"ﬂawq? 1dhmsdrasanuaabog

1 2 wiedagili n2s TaoiiswneBervosdnuasmadmns e 131y stope No. 11

D% Slope No. 12 fin

= A a Y ¢ e w = om e
Slope No 11. vinumilpsiuduinmnmuinml Swmiaomyi wiedi 47 p
0748946 ung UTM 1672234 degqUlfi n-26 uazqilit 27 anumnaBeauaiugalszum 4o fa
60w on7Uszanae 120 m dsznevdouiuyugarisyi Inddeiunseda s0-100 MPa, Seike
Tasnfovemtharuea@emaafaniaiiveuni fo {Suike/Dip) 354/86 degeces D70/65
Yy = 9 =t = 3 v A’ o W
degrees LA 150/70 degrees V3nméhmihanuniabvsrsoniidu Biuazdundiubnioy
Y .
sgauheags lnsmwizluagay szfusrwsnsenluafuiisndwnzhunafiulisesunn
Fyn daueraslugl n-2s war Ul n2o fie
' .
soaumngad 1 Shigpuosifiull Suike 280 degrees IRZYUM 25 degrees
i A A ' Y . o
Aanuvuunisuesduiuam 03 8s 05 m mddseAnianueguse 3 8 5 Tmewiuealed

HuFaqunsn uasdanudailng



Slope No. 11 Slope No. 12 Dan Khun Thot

Tha Luang

= o ' a = o . o
:5.1]1‘1 n-25 ‘ﬂ'\llHu\!'\lleﬂ']‘tlJ'ﬂ1ﬂmﬂ~IHTﬂ1"luﬂu1U1ﬁﬂﬁ11uﬂqﬁl'ﬂ1ﬂ'ﬁiﬂﬁiu Hagniavag

Mgy 2256 Buneduain andnanys



“ - a o« P - ” - -
]Lh'l N-26 Blocky rock Y93R11U21RIDUILIOH UL 'lﬂU'ﬁ‘.I‘J‘DN‘HULllﬂ?l\‘l\'l(ﬁl Inay

Tandanm)3 (Slope No.11)

3 027 dnwaizsosuanvauaiuuioguinamilaiu FufaensisumidAun:

9INTATZIUA (Slope No.11)



n-20

Kaa Son Pot Ouarcy CONTOUR PLOT

£7a'Rtar
o *
i.5 %
3 %
4.5 3
3 £
7.3 %
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seauAnya® 3 1 Strike 315 degrees YLLK 80 degrees TLYLHITOOUAN 0.4 9
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i:ﬁm;(mm'iwfi"uﬁuﬁumu anumaBoaseiuegrannueuouulising 65 m uaylu
waadiuneilyssuandiuya SaqUil 6-38 uneplit n-ag e

-xammnqﬂﬁ 1 xﬂuagﬂmaqi;"uﬁuﬁ Strike 013 degrees H3{un 06 degrees TA11W
wuuRAD 03 79 1 m ssoedamus 1595 om mdwlszAninmugase 3 SaumieadFey
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Adefuusedn 50-100 MPa, Stike TnowmAvuemihnimamdoaaiiu 100 degrees uazd
AN 50 degrees ViaAmThAIIRBY i 10 izﬁuﬁvnnmaqﬂﬂumm:"luqqdu
szduanumnsouhunaiiufimsedud Srenshenioveumudsane 4 m uasluai
sovupna e Aa30% n-42 uogqalil 043 e
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souunnyati 3  Stike 087 dogrees HUW 51 degrees T502V197000AN 0.2 m
sevzilamuovoagmsonan 0.1 em Fdumilomaznie duTaqunsn sadnlssEnia
UqUsE 1 unziaMusaionlizue 70%
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% of total per
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Dy % N ox XX KX

flock S lope Engineering Data

Ui n-112  Contour plots Y81sBOIANVEITUANATMYBIN A RIBEIIATULT W

WAnA TawiAsh 68+200 MINAILIAY 105 (Slope No. 37)

Slope No.37 Tak-Mae Sot Highuaw MAJOR PLANES

ORIENTATIONS
# STRIKE/DIP

1 190,53
2 314/33
3 177755
a D68/357
L‘ERJ‘-\L AREA
« HEMI SPHERE

FAock Slope Engineering Data

FUM 0-113  Representative plane, Slope orientation 1@ Friction angle THAUATUYDIATILAIAIT L

WIAHUUTIMNANA TauAsh 68+200 MAanaIananmas 105 (Slope No. 37)



¥
vingasenanisauyah nnumadsanativhifiadosawm dgleoums
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Hatuudsauny nureduisudufigrvsmumaBsunafiueing 001x0.02x02 fie
0.2x0.4x02 m’

Slope No 38, S namEnR Tanmsd 62+500 VAN AMAIHWAY 105 TIWAIN-
idon Sav3amn w3ofl 47 Q 0466571 nas UTM 1854099 Fagldh n-114 unzgalfi n-115 Aamw
maduszegdnimiornsnm farugaizine 12 m eszns 50 m dssnaudaviiudiv
fMuHaT Argillaceous limestone oA uusesn 525 MPa, Stike Tntindoveaninam
anBuaadi 3150 degrees naziiyun 70 §9 80 degrees wﬁm‘i”m1maqq‘[ﬂﬂmw1ﬂuqqdu

gdvamumniouhuaiueiussfuyge Tmaugavssramanluneiiulizne 3 @
finusotedTaaminhunm Sizazvinnovenoumlizing 10 m Hiesfumuiunduuas

curiamlTzng 0.5 m afalizwe | m punsRmaeivudhuoozl e T8
Aatuivadnidoy

Slope No 30, USNGUANATAWATR 534250 YBIRNHEIIMIWIAY 105 A10M1-
winen Yawianin wind 47 Q 0472233 wae UTM 1852690 Sagalil n-116 sumaBusnzeg
Familovenuu Tanugailssan 30 m o1z 40 m Strike Tavwdvveandinyaia-
Boanaiiu 075 degrees Syuin 40 degrees Aowuzgiaihudunsa szﬁ’mﬂmﬂmqﬁﬂﬂ
wwy luggey ‘lﬁmmiwmuﬂm\laqmmmn‘lumnﬁmﬁmmnu%‘nmﬁmﬁwmmmmﬂ
Bummridaeuniatari Smsdanzunsian uasesanoimaaduihgudnmalizing
5 em g19tlsEHIn 40 em Hrzogvuaninveuouulizinm 2 m fsevtuimyiumaunngszuih
Fntlizann 0.4 m nhadssim 15 m

Slope No 40, UT0MEnA lawn il 494250 04N IMAIIHNLEAY 105 Gwan-
wigon Sm¥amn niof 47 Q 0476575 unz UTM 1853523 agulit n-117 AnuaimiBuavzey
Sumilovesnuu Srmgalseuna 25 5130 m mnlseanu 50 m Usznoudieiu Calearcous
shale fiff18a3Un 887 30 MPa, Strike TatinGtwo sniinTwaiaBuauantiu 230 degrees iy

. =] o) L3 - 3 =l 1 = 3 a
M 61 degrees guinvesnuanEsathudunsy vinafmibnmwmaduarndmiaung)
F o da o . S
Fuagia Il uTnaflpimd 9 wazdduldvualvgfifiowpnnds 3 Yeguundaaanu
wwiBer  uahsnaiiumadiipmgedeuinaidans R inuduiiadnagu

a

b »
svdminaags oz luggrhunzmmsninhgrunusoouanveaniiu. syAunwg-
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114 aumaBoanaiuuoundniTawash 62+500 veudumanadlananoay

105 170 idea (Slope No.38)

d a

Ui n-115 - misWanaonuy Circular MiAAUSDRAIMYBIR MMM IADIIRTY

Calcareous shale (Slope No.38)
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gﬂﬂ -116 AIMIABRNatuUiaManD lamuasi 534250 YBAFUNWHAWMUIDY

105 AIN-1TeA (Slope No.39)
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nssulwnativeglussduge fiszumheannvevauslizng 2.5 m esfuepiunduuag
senmbindszang: 0.4 m nfdsznu 15 m e hanaitudssuanmuga faglilt n-ns
worgufl o-119 fn

sammwﬂﬁ 1 Lﬂuqmm'i’;"uﬁuﬁ Strike 324 degrees UM 33 deprees 3l
AIMUERTY 0.15 81 0.4 m szozdlamee 0.5 81 1 em Saumiisaozuduna ladidhuTaqunsn
fisdulszandnam 7899 unsiidnomdedlonl sz so-100%

‘mmmmgmﬁ 2 1 Sirike 064 degrees UM 80 degrees T2AY19TOLUAN 0.04 A
04 m svozdlamoe 05 81 1 cm SAumituazudunaladiiuaqunn sdaseaniany
wgurz 9 89 11 uazdlnawdaiiealszinu 700

seuunngaR 3 i Stike 151 degrees 3 75 degrees 3Tz 1aTDOMAN 0.2 B
0.4 m szovdlamue 0.5 34 1 cm Saumidvaazsuiiuufaqunsn midulszdninmuguss
9 uazemeloalszm 0%

ninnrdTnuTnamralaiu lfimies am Teodinsfemmouuy
wanr ez LR AR R mTeo YTIUY VD IATAIRB 0TI T U
wyBuTvaudnioaung 0.4x0.2x1 w’

Slope No 41, V3eumdndTammsfi 31-32 ¥09NHANMUIEY 105 T16AI-
wimen Savieein wioR 47 Q 0488782 nx UTM 1853952 sagtlil n-120 wazgald o121
mwaaduszegdnumiouasaun Taugalszane 40 m enalszue 60 m dszneudan
fudumy Deideiuusede 525 MPa, Suike laumisvermhnwmadoaaiiu 130
degrees tazTiyumn 60 degrees gil51avesrummBsaiindunss vinafimdmiwanbe
vediRundhiusgiy a4 uee i it lugitogunnd 3 Jeg
ndrosnaaden wdluuinafinunnsndpmgmieuinufidamstaes Livy
fuilslnagy izﬁuﬁ’mmmqqTﬂ{lmmmiuqa_ﬂmxﬁummqn‘fﬂu“luu'mﬁua;ﬂuizﬁuqxi
wnn fiszesviemnveunutlszana 10 m uagharafiulioumamuee dgid 0122 uaz
il 123 fe

sounnngatt 1 Mugavesiuiiuil Suike 254 degrees Siuin 03 degrees 3
ATMMIENEY 0.01 89 0.05 m szozillamen 0.1 em DaumisadihuTaquain fisdnlssing

. 4
AmuaUsElssm 3 wagimanuseriiaanlzaiel 80-100%
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Slope Ho.40 Tak-Hae Sot Highuay

CONTOUR PLOT

N

SCHMIDT POLE
CONCENTHAT 1 ONS
% of total par
1.0 % srea

flock S lope Engineering Data

Ui -118  Contour plots Y813801IANYBITIU Calcareous Shale VBIRMBIMABBaNTATTY

UTUHANA TAATR 49+250 NAHAIIMINAY 105 (Slope No. 40)

3 lope No.40 Tak-Hae Sot Hishuau MAJOR PLANES

ORIENTAT10NS
# STRIKE/DIP

232761
322/31
064,83
150,73

l.m—lﬂtm

AUNk

m

5

Rock Slope Enginesring Data

31Jﬁ N-119 Representative plane, Slope orientation 1A% Friction angle # Calcareous Shale

= a - o an A
VBIANUMNABUDRIAHUUTIIUNANN [AIATN 494250 NHUAINILNBIAY 105
(Slope No. 40)
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it n-120  ATwaIRBrAnaTuAUATLILTNUHAND Tawash 31-32 veudunianan

NINOAY 105 AN-1ABA (Slope No.41)

it n-121 - awamiBsanafiuivamdwiinniiouns 14 nazszenloeaivvo weuouui

149 mgmiman‘mmmﬁrn1 (Slope No.41)
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Slope No.41 Tak-Hae Sot Highway

Rock Slope Engineering Data

U =122 Contour plots YBITBUNANYBITUANA MY IR LAABIINATIULT N

AN Tawnash 31-32 MaNasHLI@Y 105 (Slope No. 41)

Elope Mo.41 Tak-Hae Sot Highuau

MAJOR PLANES

M ORIENTAT 1 ONS
* STRIKE/DIP
i 131760
2 275706
3 134s84
L] 065769
AREA
e

5

Rock S lope Engineering Data

U7 n-123  Representative plane, Slope orientation U¥ Friction angle TUAUATHUBIA MBS

WINHUUTOUHAND Tama s 31-32 NINDNINIAY 105 (Slope No. 41)
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souunAnyAfi 2 5} Surike 134 dogrocs JUIM 81 dogrecs TEaEH1SIBOUAN 0.02 9
0.5 m szuzdlamee 0.1 om SAumfaiFaqunan mdslisdniaommgues 5 wesd
armdetiosyzi 70-80%

souumayadh 3 T Strike 098 9 134 degrees YUIM 63 8 81 degrees TYHEWIITDY
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v{¥sE 3 e nuAeiionlizana 50-60%

vinmsmsdaewuhaumadsanadu bileiosam  Imsfediy
seuuuazsnlva Tde uoivfwumﬁnﬁwﬁuasﬁm’fauu?nmgmuﬂammmmﬁuqmaﬁunzwu

. .
WA sanauua o imaasnays asitfnameiamizyead

Slope Na 42, USNOWANT fawasi 21-22 Y8IMIMATNIWERY 105 T0aIn-

widon Simiamn iR 47 Q 0495395 uar UTM 1857734 fagihfi n-124 uneqaldl p-125
anumadszegnumilovasauy Sermgalizinn 15 m enszm 5o m thiznaudan
i Sohist Senfndaiuusada 2550 MPa, stike TasmfovosmimnuaaBoanaiy 0is
degrees Tiayann 70 degrees gUlivasnrmadoaihuduasy vinuinnhauaindonns

1 T

dadidunshinediluuuTondipmeh q uasidulfnnalngatiogunnt 3 Deguu
wEwean e whasnadnrumadelumgamdeuinuiifans i linudy
Hmlnngu sedninnaagsTanmmwz uggeh sdvamgnseuanafuegiuszdud &
seatvannveunulsEe 25§ 10 m HostumuRunduuazszhAmlssnm 04 m
ahatiznm 1.5 muazhonefulisosmnaugs S n-126 wazgalil n-127 fio

mmmn'qﬂﬁ 1 finrsmadeglusmatszana 617 degrees Slyuim 87 degrees §i
R 02 84 1 m ssuzdlanue 0.1 om il Faqunan wasfidusyAnTeogasy
35 uagiimmnusentenlszin 60%

TouunAYAf 2 1 Suike 183 degrocs 1M 78 S2UTHNOUUAN 0.2 B1 | m 7202
Flawon 0.1 em Sawwflewozssluauduirqunin sfuslizAnamnguse 5 degrees uaz
e nusailoatsin 20%

souuAnyAf 3 3 Stike 318 degrees Yuin 66 seEzHIBOLAN 0.2 F1 0.4 ™
sroyDamunyosyasoonan 0.3 84 0.5 om Saumiloasus mdhuTaquarn dutszdnd

AT 5-7 degrecs uazd mnusoionlzinm 30-50%
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i o = - v as o y
3N n-124  AnwaaBoaaaiu Schist USRuUWANA Tawasi 21-22 voadumanalanuiomy

105 A1N LABA (Slope No.42)

= - - - w_as 4 9
j_dﬂ N-125 ANUMABUAIBHHUTNUHANN [AWATN 21-22 1D ATUNIHAIN LAY

105 AN HTDA HAZANHUEMSVANMOUUUNANAT (Slope No.42)
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Slope No.42 Tak-Hae Sot Highuwau

Aock Slope Engineering Data

U 0126 Contour plots Y94780UANYBITTY Schist YBIAIWAMBINIATY

VSUHAND TaATH 21-22 NHRANNINBIY 105 (Slope No. 42)

Slope Mo.42 Tak-Hae Sot Highway

MAJOR PLANES

ORIENTAT IONS
# STRIKE/DIP

aunk
8
"
w
5
]
&

318765

EQUAL AREA
WA, HEM1SPHERE

Aock Slope Enginesring Data

]ﬂﬁ N-127 Representative plane, Slope orientation 8% Friction angle 1 Schist 484

AnuaMAB s UYSIUNAN lamasi 21-22 NN Y
105 (Slope No. 42)
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Slope No 43, vivunanf Tawns# 21-22 vasmananamnuiay 105 asmn-
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Togumdsvesnnumades whadoafawmedudpumgaieuinuifamsoy 1
wudufsnagu izﬁn&wmmaqﬂﬂummz‘luLmv-luim"um'mpgnﬁ'au‘lumaﬁuﬂ;j"luszﬁ’u
d1 Drzesriraninsounuurszina 25 81 10 m SiesfuruRunduazssinedidndizan
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‘mmmn-qn‘?"l 1 fimzaiedaegluuumnlszum 017 degreos Hyaun 87 degrecs
ATIMIIRAY 02 fe 1 m svozdlamoe 0.4 e LillTagunn enduuszaniarmmguss
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‘iﬁliﬂmﬂ\lﬂ‘?‘.l 2 9 Strike 183 degrees YJUIN 78 degrees TRUEH1IT00UAN 0.2 84 1
m szvzilamon 0.1 co Saumivwazus lunduTagunan mdnissEniaruigess 5 iazd
araAniioasenm 20%

‘mmmnqnﬁ 3 i Strike 318 degrees YMIN 66 degrees FTUEWIITAOUAA 0.2 19
0d m o szozilamgaunigmsnouan 6.3 81 05 em SRminwanswonihSvgunsn
ﬁ'lﬁmh:ﬁw%"mmuzmz 5-7 uagmaTdoios sz 30-50%

swmsdsewrinmadeseiubiieissaw  Tmstamuwinad
uamnmgﬂﬁ"mwiﬁxﬁﬂﬁmﬁumﬁﬂﬁau virug el s aniuIzneEiui T
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Hoaniesy

Slope No d4, VSIMHAND TawwnTH 20-21 YBIMIIHATIMIAIDEY 105 TBRn-
wicen Jandasin winfi 47 0495531 uaz UTM 1858081 Fagalit n-132 ArmmaiBusnzog
frumileyvesouy Sanmgeuszin 56 m onatszane 60 m Ussneudaefiy Schist fiFids

Tuusada 25-50 MPa, Stike lavmfivaaninanuaiadonaiu 060 degrees Taun 68
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qUfi n-128  AnwmAdoaaiiv Schist uSnwANG Tawnsh 2122 veudumanalmoay

105 AIN-1i70A (Slope No.43)
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U n-129 dnvmznisWanaeiiiaiuauaABonIaiiu Schist (Slope No.43)
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Slope Ho.43 Tak-Hae Sot Hishuay

N

3

¥ area

119 POLES
119 ENTRIES

NO _BIAS
CORRECT 1ON

Rock §lope Engineering Data

U 1130 Contour plots YBTHUIANVEATU Schist YBIAIWAIABLLIOTY

yFunanh lamash 21-22 ManaaMe@y 105 (Slope No. 43)

Slope No.43 Tak-Hae Sot Highuay

L

MAJOR PLANES

ORIENTATIONS

W STRIKE/DIP

1 060,73

2 039,79

3 211/82

4 320/64

El L AREA
- HEH1 SPHERE

Rock Slope Enginesering Data

Iﬂﬁ n-131 Representative plane, Slope orientation 1182 Friction angle iU Schist Y89

AU IABIAIDTHVTIUHANT TaaTN 21-22 NANAININGIAY 105

(Slope No. 43)
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wagdieantdorioalsean 80 %

snmmn‘qﬂﬁ 2 1} Strike 346 degrecs JUIN 79 degrees 2UEHIASOUAN 0.2 T
0.4 m szozAlange 0.1 34 0.3 om TaumileaunzusunalsdifhuSaqunsn ardudszdnina
a3y S naziinnusedionlyzie 0%

mmmnm’ﬁ' 3 1) Strike 240 degrees YN 07 degrees TrUEvATBANAD 0.15 T
0.4 m sz0zAlaingevogAsEIAn 0.1 §403 em Saumiloathidaqunsn sidslszdnianm
YUTE 9-11 nazmnTmmeIio sz 20-30%

mmmmgﬂ‘?'l 4 1 Strike 234 degrees YU 76 degrees sEaevsanuan 0.3 fia
08 m szvzdamosuesmssouan 0.5 A 2 om TAumilvaduiagqunsn frdudlseAniaa
V{3 5-9 unzmInTIHARBIIDN ST 20-30%
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TRHAURNUDY

Slope Neo 45, USIUNAND IAATH 20-21 VRINNHATIVIN@A 105 710010~

wigan Fanianin wiedl 47 Q 0495531 way UTM 1858081 AagUft n-135 anuataideanzay
dnumilousoun Hanwganlszuia 18 m evaszinm 20 m Usznaudasiiu Schist Tidd
Fuussda 25-50 MPa, Strike laomBoveandharuniaBomnnfiy 025 degrees Hyum 70
. o e P e ;o aw P
degrees 31 vRmTuamBouthaduar: vihudmmhm A wiidumgiuey
wllluuSonaditymdr 9 weslidufunalugiidogrnned 3 Yeguundeemnumea-
a . - 4 a A a4 A d a o ' P o
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Slope Ho.44 Tak-Hae Sot Hishuay CONTOUR PLOT

SCHHIDT POLE

T 1ONS

% of total per
1.0 % area
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L] %
.5 #
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12.5 =%
15 *®
17.5 3

EQuaL ARER
LHA. HEHISPHERE
53 POLES
33 ENTRIES

HO BIAS
CORRECTION

Rock 5 lope Engineering Data

Ui 0-133 Contour plots Y84700LANYBIT Schist Y8InIMMIABEWIRTHLSTT0

o _a e
yani lawasi 20-21 MIHAWHUIWIAY 105 (Slope No. 44)

Slope Ho.44 Tak-Mae Sot Highuaw MAJOR PLANES
ORIENTATIONS
® STRIKE/DIP
1 061768
2 240,07
a 345,77
a 23477
5 033/81
EQUAL _aREA
R sPRERe

Rock Slope Engineering Data

11]1-‘\! N-134  Representative plane, Slope orientation 118 Friction angle 14 Schist Y84
ATUmAIBERNATUUTOUNANG Tamwasi 20-21 MAMaIIHIIEY 105

(Slope No. 44)
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owlszanm 2.5 84 10 m fesfumiunduinyssnnhinssnm 04 m n¥arena Ls
muaz huraduilseouantyn Aozl 0-136 uazgilit 0-137 7o

mmmnw-‘}‘; 1 ﬁ‘Jwﬂwqﬁ’uﬁuﬁ Strike 325 degrees TyIIn 36 degrees finam
uundn 0.05 81 1.2 m rzesiowmwe 0.1 81 1 om T1iftYamuensn fisrdunssdniaommguss s
wazfisnudenioanlszanu 80%

sammnqmﬁ 2 ¥ Strike 346 degrees JIIM 79 degrees TEUZYIITALIAN 0.2 B
0.4 m rzoziilames 0.1 4 0.3 em HRumitvwozusunaladfiuaqunsn mdinksefniany
wyusz 5 wozfinmaeiioatssanu sov

mmmnﬁnﬁ 3 1] Strike 240 degrees 3JJMIN 07 degrees JrurHIaIaLuAn 0.15 B4
0.4 m szuzilaruovasyatoouan 0.1 84 03 em HaumileadiuSaqunsn mdnlsefndan
¥ju3E 011 unzimwdeiiow sz 20-30%

so0uANYAT 4 § Strike 234 degrocs 1IN 76 degrees TEUEHIITOONAN 0.3 9
0.8 m szvzlamuavesgasesuan 0.5 i1 2.0 em TAumiloudiuToqunsn sdlsednia
wyUsE 59wz stz 2030%

vingasoouaniaeratldramaadnaiu lifiofusom fnska
wannhuasiangBufitetuieadnios Unagwsmyuedsmaiusznms ity
srandudrmion

Slope No 46, yiamdni tamasfl 1920 vommarmanuoy 105 aomin-
wieren Sandaen uiedl 47 Q 049553100y UTM 1858450 daplid n-138 uazglil p-139 a1
amiBnezagdnuniovesnuy Srmigulszine 40 m umtizsm 70 m Stike Tnoindousa
mhnawaadoannaiu 020 §1 075 degrees 1M 70 degrees dnvmzpliaiugl hsoen
i“‘ﬂﬁj‘lﬂ’lﬂﬂ"I’lﬂ’dTFlUlTl’M“‘luqm-hl ml1u'au'mmmsammn1umawuﬂmmu 3 gn finsda
aan iy fns18 Gabion WAFS 1 m 612 1.5 m euRguasn @ iudeasu
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L
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Slope No 47, 151109290 Talash 17-18 YBAMSEHEMHLILAY 105 T10RA1n-

e 4 oo o .
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Fuuada 25-50 Mg, Strike Tanndoveswihanuaradunaiiv 012 degrees Hayuim 70 9 75
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Slope Mo.A5 Tak-Mae Sot Hishuau

Aock Slopae Engineering Data

51 1136 Contour plots ¥e438LUANYBATTU Schist YBIANAABINIATUTIY

wanRTawATT 20-21 MINATIMLLEY 105 (Slope No. 45)

Slope Ho.45 Tak-Hae Sot Highwau MAIOR PLANES
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W STRIKE/ZDIP
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233776

346778

os1/84
AL AREA
- HEM1 SPHERE

gg aauNE

Rock Slope Engineering Data

gﬂﬁ n-137 Representative plane, Slope orientation L& Friction angle WU Schist B4
anuaRBuaaiusnuMann lamasi 20-21 NIUANHINBIAY 105
(Slope No. 45)
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Wi 138 AnwmaBsanaiuAuauTnumant Tawasi 19-20 veudunianais

MUY 105 AN LUADA (Slope No.46)

i n-139. msvianaouwy TvalfaiivinuimhvesnnumaBoaaiviuau uay

ansuzvemonIai 19 e aiunasramduueafouiiu Slope No.46)
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Uit n-140 A mmiaBoananiiu Schist VinAMANT TamATi 17-18 vauduN1IHan

WINUIAY 105 A0 11iAA (Slope No.47)
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Slope No.47 Tak-Mae Sot Highuaw

Aock $lope Enginesering Data

g1 0141 Contour plots ¥8330uIANYETY Schist YBIAIWATABINIATULTIIN

A -
WANN lamAsi 17-18 NANA1HUIAY 105 (Slope No. 47)

Slope No.47 Tak-Hae Sot Hishwau

MAJOR PLANES

OHIENTATLONS.
STRIKE/DIP

-
1
2 az9s49
3
a

LER REn sPhERe

Rock $lope Enginesring Data

Ui 0142 Representative plane, Slope orientation 1 Friction angle 1 Schist YBINTIWATAIB

nafiuUSDUNaNn lamasi 17-18 NINAAHINAY 105 (Slope No. 47)



-120

31 143 nrwmaBoaaiunswuina@euguaind Simaveununy (Slope No.48)
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Slope Ho.48 Ubonrat Dan

Rock Slope Engineering Data

71 n-145  Contour plots ¥845BUHANYBATUNT VYDA MAAB I IBT YS90

Weuguaimi Saniavenunnu (Slope No. 48)

Slope No.48 Ubonrat Dan

MAJOR PLANES

ORIENTATIONS
W STRIKE/ZDIP

Rock Slope Enginesring Data

jﬂﬁ N-146 Representative plane, Slope orientation 118% Friction angle HUN3I 10U

a a = : @ o .
?11113?1WHEJENIJ'JﬁH!J'UTI.'JnIH?B‘HQUﬁiHH WHIAVDUIUNY (Slope No. 48)
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31 0147 ArmaaBeaniaiiunnouinudeuguaimi Sandavounniu (Slope No.49)
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Slope Mo.49 Ubonrat Dan

Rock Slope Engineering Data

U7 n-148 Contour plots Y83BLUANYBIHUNTBYDIATWAIABLNIATULT I

Wouguaimi SamIaveniiv (Slope No. 49)

Slope No.49 Ubonrat Dan

MAJIOR PLANES
L

ORIENTAT IONS
/J'n_“i_—-k # STRIKE/DIP
~ /

1 060,76
2 026726
\‘K 3 269/83
/}’ + fati ‘*( 4 188/72
At 160), SO
7 £0UAL _AREA
5 //;Lu"‘\ﬁ \ X LR, HEMI S PHERE
- \ N

Rock §lope Engineering Data

1‘1]1-‘.! N-149 Representative plane, Slope orientation UaE Friction angle HUNT WD

AnuaRBsaIanHLn Wouguaimi Saniaveunnu (Slope No



3uf n-150 AnumaBoanaiunseinudsuguaimi Sariavauuny (Slope No.50)
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Slope No.50 Ubonrat Dan

ARock Slope Engineering Data

U7 n-151  Contour plots YD45BUUANYBITUNTYBIA M IADALIATULT I
4 JEUFBILE .
Aeuguaial Saniaveuunu (Slope No. 50)

Slope No.S50 Ubonrat Dan

MAIOR PLANES

ORIENTAT IONS

# STRIKE/DIP
1 021,72

2 oz2ars27

3 2707984

a 18971
EQUAL  ARER
LHA. HEHI SPHERE

Rock Slope Engineering Data

Iﬂ?l N-152 Representative plane, Slope orientation 1182 Friction angle TUNT 1044

a = 4 [N '
mmmm‘ﬁmmaﬁuummwauqumnﬂ' VINIAVOULNU (Slope No. 50)
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= a - = : @ e w '
a'l.h'] N-153 ANUDTADUIWIAHUNT Wﬂﬂﬁllﬁﬁlﬁﬂilqﬂc\‘]ﬂu VINIAVOUINU (Slope No.51)
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Slope No.51 Ubonrat Dam CONTOUR PLOT

1.0 % are

@

¥ N ®aw O
L] @
¥ X X X X %X x ¥

A AN AP AR

< 10.3%
EQuaL AREA
LHA. HEMISPHERE
125 POLES
125 ENTRIES

HO BIAS
CUORRECT ION

Rock $lope Engineering Data

UM n-154 Contour plots veasBEIANYEITTUNS WYBIRTMABBANALT

wauguaimi faniaveunniu (Slope No. 51)

Slope No.S51 Ubonrat Dan MAJOR PLANES

ORIENTAT1ONS
W STRIKE/DIP
i 211760
2 028,27
3 269782

a
E?.IH& AREA
LHA. HEH1 S PHERE

Rock Slope Enginearing Data

zﬂﬁ N-155 Representative plane, Slope orientation L2 Friction angle HUM3 10904

mMmmABsaaiuuTnwAsuguaimi Saniaveuuniu (Slope No. 51)
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31U n-156 AumaBuaaiuneuinadeuguaimi Smdnveunnu (Slope No.52)
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Slope Ho.52 Ubanrat Dan CONTOUR PLOT

SCHMIDT POLE

CONCENTRAT 10NS

¥ of total per
1.0 % area

X X X X X X X X

5

Rock Slope Engineering Dats

U 1157 Contour plots VDITOUIANYDITUNTIBVDIATMAIAIBINIAVT D

@Wouguaiei Tav iaveuunu (Slope No. 52)

Sione Ho.52 Ubonrat Dan MATOR, PLANES
L ORTENTAT1ONS
o= = W STRIKEZDIP
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v i { 2 027/27
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& ré\ a 19071
} ~ /"’ BARkn sPRERE
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Rock §lope Engineering Data

31]?1 n-158 Representative plane, Slope orientation a2 Friction angle HunIwued

- a = d w e "
ﬂama‘mmu:maﬁuusnml%uqunmu Janiavouinu (Slope No. 52)
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Location Rock Type Intact Slope Shape Joint Joint Juint Joint
strength | Height | Orientation Set Orlentstion Spacing  |Aperture
{MP'a) (m} (strike/dip) |Numbers|  (strike/dip) {m) {em)
Eskihisar Marl & Thin 1.14-6.41 27 /78 4& | SE/75-851¢ NE, | J1:0.65(bed)] 0.1
(Yatagan-Mugla), | coal bed Average: wo J12:0.71
Turkey, Cusel 4.15 lengion J3:0.82
erack J4:1.20
Baskoyak barite, | Schist 42-6.15 18 134 3 - Average: 0.1-0.3
Alolia, Turkey, Average: 0.04
Case2 5.2
Kisrakdere Jointed marly | 35.4-44.3 110 =40 4 Hedding plane JE04 (bed) | <01 &
lignite, Turkey, Soft clay Avcrage: Werking dip opposite J2:0.75 0.1-0.3
Case 3 Coal 402 face with slope J3:1.07
T R For Marly . . 140,13
Himmetoglu Marly reck - 8.5 -f16 3 - J1:0.1t{bed) -
mine, Turkey, mass J12:0.37
Cascd 13:0.65
Yima coal mine, | Sandstone 30.14 33-67 2010 32 - - 027 -
Chi- Claystone
Singapore, Face: | Weathered 9.9 08 - - -
W-W shale
Singapore, Face: | Weathered - 17.36 -f63 - - - -
X-X shaie
Singapore, Face: | Weathered - 178 /50 - - - -
Y-Y shale
Weathered
. sandstone . }
Singapore, Face: | Weathered - 10.9 -158 - - - -
Z-Z shale
Weathered
o sandstone .
Lincoln Counly, Sandstone & - - 178- Near paraltel -
Nerihern of Shale 085/28-32 with slope face
Taiwan Alternation
Pamukkale- Conglomerated - 46 N-f>45 - - -
Golemezii canel, | Loosely sand,
Turkey silt
Southwestern, Granite - 20 - 3 Perpendicular & 2.3 -
Brilish, Columbia paraliel slope
Case:1 face
Rocky Sandstone - 150 - - Overlurned & B:2-3 -
mountains, dip=70
Columbia, Case:2




Infilling Persistenee JRC{Friction Ground- Slope Stable/ Rock References
(type} (%) Angle/ water Type Unstable Supports
Coheslon Conditions
degrees’kPa
Seft coating High JRC:Smooth Dry Surface Circular - Senmez, I,
persistence | surfaces & mine frilure Ulusay, R.
Slightly (1999)
weathered -
Soft coating High JRC:Smwooth ta Dry Surface Circular - Senmez, H,,
persistence | slickensided failure Ulusay, R.
surfaces & (1999)
i . Elighly weathered . .
Soft coaling High 17.7{c) Dry Surlace Circular - Sonmez, H.,
persistence | 21(¢) Smooth & mine failure & Ulusay, R.
Slightly Toppling (1999)
e | eAhOTCd ) N
Soft coating | - JRC:Slickensided Dy Surface Circular Sonmez, H,,
surfaces & mine failure Ulusay, R. and
Moderale Gokceoglu, (5.
— . . osey T
- - 25% Surface Cirgular - Wang, ., Tan,
niine {ailure W., Feng, §. and

Zhou, k. (2000)

- - 5% w1 Shoterere | Leung, CF La,
sliding KW (1993)
I c=20-25 s0% | Roadew | Circular | Rockbolts | Loung, C.F, Lo,
failure KW, (1993)
- +=20-25 5% | Roadowt | Circular | Rock boits & | Leung, C.F, Lo,
=6 failure Shotcrele KW, (1993)
- $=32
o LT em20ds 5% Roadcul | Cireular | 7 Shoterete Lcu]xg. CF. Lo,
=0 tailure KW, (1993)
$=32
T ) S $=31 Fully | “Tiome | Land slide” l'{él'ni'n'ihé. \.,vull, Chang, C.T.,
i saturated Pre-stressed Hou, P.C. and
anchors, Conercle | Chang, C.Y.
S A .| id Drained pipe | (1998)
- - =7 Dy Canal Circular Bench Kumsar, H,,
$=32.5 Akgun, M. and
Aydan, Q. {1998)
T ST emrT ] T Raiiway | Black | Reck baits, | Wilie, I, (1980)
oppling | Blast
S - Side-25(4) . Coal minc| Secondary | Modified Shape | Wyliis, 13, (i 980)

Ruse:42(d) toppling




Perak, Malasia

Location Rock Type Intact Slope Stope Jolnt Joint Joint Joint
strength | Height |Orientation | Set Orientation Spacing  |Aperture
{MPa) {m) | (strlke/dip) Numbers| (strike/dip} (1) {em)
Southwestern, Andesite - 120 -MVertical | 2 Falts | Perpendicular & - -
British, ~70 parallel slope
Columbia, Case:3 face
Western high Narite 190 20 355/70-75 3 J1:343-24/17-55 02" 0.2-6
Wall (150-210) Working J2:239-288/65-90 4.3 4.2-2
(56-59) J3:201-261/70-90 0.4 0.2-2
North / South Caleile 140 - 265/ 3 J1:357(345-8)/85 0.4 0.2-2
Foot wall Silicate {100-180) Working =80, 163(143-
51y 182)/75(60-90)
Nozth / South Calcite 140 - 265/ 3 12:284 (265-302) 0.5 0.2-2
Foot wall Silicate {100-180) Working 846 {81-90),
(51 106 (R7-125)
79 (68-90)
13:34 (8-59)61 0.3 0.2:2
. . {42-80) I ]
North hanging Parapyroxcnite 200 - -151-59 4 11:354/72, 173773 0.5 -
wall & loot wall | Serpentinitzed | {180-250) Potential 12:26778,93/82 04
270 TFailure 13:220470, 35/62 .3
e (200-3103| with J1: Ja: 147472, 33506 015
Notth Quarry, - - 100/ 4 B: 166755 - -
Tanbun area, J1:288/30
Perak, Malasia {daylight)
12:20/90
J3:300/80
J4:140/90
——— B=donzinant .
Section 43 to 44 Limestone - 60 & 190 - Mostly - -
Tanbun area, lower Vegetation
Perak, Malasia haft
overhang
Scction 44-45 Limestone - 30 /90 - - - -
Tanbum avea,
Perak, Malasia
Scclion 45-46 Limestang - 50 -f50 - -
Tanbun area,
Perak, Malasia
Scction 46-47 Limestone - Major -3 clift 1 B:180/60 - -
Tanbun area, Overhang faces 1:320/40
Perak, Malasia 100m. & B:180/60
N 50m. 90 R T
Section 47-48 Limestone - 120 90 - Vepgelation - -
Tanbun area, cover




Infilling Persistence JRC/Friction Ground- Slope Seable/ Rock References
{type) (Ya) Angle/ water Type Unstable Supports
Cohest T
{degrees’kPa)
- - ¢=15 - Rail way Block Rack bolts & Wryllic, D, (1980)
toppling | Blast
Thick caleite - e=100 Suturated | Platinum | Plane slide Bench Bye, AR, and
Serpentine =31 ming Beli, F.G, (2001)
Some
tnactive clay . R
Calcite - $=32 Saturated | Platinum Wedge - Bye, AR, and
mine slide Belt, F.G. (2001}
| Serpentine, - $=32 ‘Saturated | Platnum | Wedge Bench | Bye, AR and
calcite mine slide Bell, F.G, (2061}
Caleite
Serpentinite, '- ’ ¢=55 Salurated | Platinum 'f5lcxura1 Bench Bye, AR, and
cateile Caleil mine Toppling Bell, F.G. (2001)
Serpentinile failure
Caleite _ o . o
- - - Saturaled | Quarry | J1:Plane Rock bolt, Rock | Tan, B.K. (1998)
slide, dowels, conerete
Massive buttress
Rock fall
J3:&1B
Wedge slide
- - - Saturated | 'Qllarrg.;m NIL - [ Tan 3K (199'8')“
- - - Saturated " Hill NI " &wable ] T'an, B,II(,'('I'&)"%.)
B - N Smwrated | Tiill NIL T Skable Tan, 5K, (1998)
T - ‘Sarated [ Hill NI suble " Y Tan, BRI (098]
- - : Saturated | Hill TR Stable Tan, B.K. (1998)




Location Ruck Type I[ntact Slope Slope Joint Joint Joint Joint
strength | Height | Orientation Sat Orientation Spacing  |Aperture
(MIa) {m) (strike/dip) [Numbers|  (strike/dip} {m) (em}
Section 48-49 Limeslone - - Overhang - Limestone's - -
Tanbun area, Pinnacles
Perak, Malasia B:147/52
Base of chiff
S R . Face B168/6)
Section 50-51 Limestone - 30 Overhang - 3:182/54, 180460 - -
Tanbun area, Av:181/63
T'erak, Malasia
Section 51-52 Limestane - 120 Verical - Bil35#02 - -
‘Tanbun area, cliff face
Perak, Malasia
Limestone - 30 Overlang 2 Av:R:180/76 B:1/2 -
Tanbun arca, Av:]1:03/84
Perak, Malagia Av:]2:280/88
Tai Sheung Kok | Granite - 100 -7 Falts | I:-/75-88 - -
quarry, Hong Velcanic rock
Kong Arca: A
Tai Sheung Kok Giranite - - -{70 Falts | 1:-/75-88 - -
quarry, Hong Voeleanic rock
Kong Area: B
Tai Sheung Kok | Gramile 130 “isg Falls | Fos65 - -
quarry, Hong Voleanis rock
Kong Area: C
huan apen Miginatice - 120 Drag-sliding] Falt & | Intersect-ion - Major
pit, Southwest Marble zone 30-40 | Fracture| line §1/33 & fracture
slope, China Schists Main-sliding 65433 =20
R A none 49 . )
West I'it Wall, Loess - Hive =127 - - - -
Tai Bao mine, Alluvium 21,
Chaina kNI -8 - - -
Falts zong - V= 16 - - - -
3
Red clay- - 1hv= =137 - - -
Crravel 1.5:1
R Coal - - . - Herizental - -
Cver burden Qutwash sand - - NEA22 - - - -
Fresh 3171 0 Working - B:Near horizontaly  B:=0.5
Sandstone face=NE/37 J:070/80
Weathered 332 Bench=NE 330/ Vertical -
Sandstone 180 145/46
LNW/30-50
Basc-Ment, Key Gneiss - - NE/30-50 - - -
[%
s, Sandstone - 400 -440-55 Heavily - - -
South of France Siltstone Iraciure




15000(c), 40(4)

Infilling Persistence JRC/Friction Ground- Slope Stables Rock References
(lype} (%) Angle/ waler Type Unstable Supports
Cohesion Conditions!
(degrees/kPa)
- - - Saturated Hill Major Rock belt, Rock | Tan, B.K. (1998)
Rockfalls | dowels
- - - Sawrated | Hill | Major Rock{ Rock boit, Rock | Tan, B.K. (1998)
falls %210 8 | dowels
m, length of
. . | bouiders
- - - Saturated Hill Rock falls | Rock bolt, Rock | Tan, B.K. {1998)
dowels
- - - Saurated Hill Jizinterseet | Rock bolt, Rock | Tan, BK. (]998')'
hedding- dowels
Blocks
Possible
. Rock fails e
- - 0(c}, 40(0) - Quarry Stable Butiress in weak | Endicotl, L.J.,
Falt zone: mine 2one & Modified | Tong, J. and
13(c), 25(¢) slope face Kwong, J. (1981)
- - 0{c), 40(¢) - Quarry Stable Butiress in weak | Lndicott, L.J.,
Falt zone: minc zone & Modified | Tong, J. and
13(c), 25(4) slope face Kwong, 1. (1981}
- - ey, 40(4) . Quarry Stable Buttress in weak | Lndicott, L.J.,
Falt zone: mine zone & Medified | Tong, J. and
13(c), 25(0) slope face Kwong, 1. {1981)
- - - - Open pit Sliding, - Sijing, W. (1981)
mitie Toppling
- - $=30 Saturated | Open pit Stable Modified shape | Tocher, B.J. and
¢=14.44 mine ofslope, Bench | Fishel, W.K.
=30 {1986)
¢=38.52
§=22
¢=144.5
$=40
- - =35 Saturated | Open pit Slable Bench, Dilch, Charbonneau, [,
- - c=48 mine Sump, Dranage | (1986)
$=35.5 System '
kaolinite - o= Stable
chloriteggrap 4=35.5
hitehemutite - $=12-26 Stable
- - 25000(c), 45(¢) | Saturated | Openvpits | Circular Bench Mimtz, D. (1986)




Location Rock Type Intact Slope Slape Joint Joint Joint Joint
strength | Height |Orientation Set Orientation Spacing  |Aperture
{MPa) {m) | (strike/dip) |Numbers| (strike/dip) (m)y (em)
Tarn open pits, Sandstone - - - Normal | NW-SW - -
South-west of Siltstons fault,
France Fracture
Alfton mine, Volcanogenanic | ¢.06-68 250 EW/H40 Fault, | F:20-30/65-75 - 3.2-318
Canada sediments Fracture
Rubha Mor, Phyllite & - 0 8-N/45-50 4 J1:160450 J1:0.3-1 Tlitight-
Scotland Mica schist to cast J2:081/90 12=1.0 moderate
I3:120/50 I3widely | J2:open
J4:040/60 Jd:widely | J3:open
vt i ] JAitight
Highvale mine, Sandstone, - 45 LW/70-80 | Fracturc| NW/ - - -
USA Mudstone, EWwi -
Coal
Huge iron mine, Clay, - 11.6 132 - - N -
Russia Carbonate,
Sand, Loams
Brenda mines, - 270-400 -f40-45 Joints, | LEW0 - -
British Columbia Fault
Tilten mine pit, Granite, - - 1587/ 4 J1:093/53N JI:LO -
Ottawa river, Granodiorile, J2:020/84E 12:2.1
Canada, Hanging j Limestone 13:136/265W J3:1.¢
Wail Sandsione 14:165/59E J4:2.10
Hilton mine pit, Granite, Grano - - 298/- 4 J1:093/55N .6 -
Ottawa river, diorite, J2:020/84E J2:2.]
Canada, Liast Limestone, 13:136/268W J3:1.0
Wall Sandslone J4:165/5915 J4:2.10
Hilton mine pit, Granite, Grano- - - 178/ 4 J1:093/55N J:1.8 -
Ottawa river, diorite, J2:020/84E J2:21
Canada, East Limestone, J3:136/265W REHRY
[langing wail Sandstone J4165/59E J4:2.0
Hilton mine pit, Ciranite, - - 2324- 4 J1:093/55N I:1.6 -
Ottawa river, Grano-diorite, J2:020/841 J2:21
Canada, North Litnestone, J3:136/268W J3:1.0
cast Hanging Sandstenc JA:165/59E 14:2.10
Wail




Infilling Persistence JRC{Friction | Ground- Slope Stable/ Rack References
(type) (%) Angle/ water Type Unstable Supports
Cohesion Conditions
(depreesiPa)

- - - Saturated | Open pit - - Hantz, D. {1986)
Clay, - 2068-3448(¢), Saturated | Open pits | Unstablelarge| Drain pipt, Reid, G. and
calcite, 15-25() toppling Extensometers | Stewart, D
chorite, (1986)
nematite e .

Jl:thick 1180 J1:smooth Present Road Plane & Height=50 m. & | Saini, G.8.
gouge J2:~80 JZ:undulating Wedge Fuce angle=45 {1992)
J2:nothing J3:~50 J3:undulating slide degrees
I3:clay J4:-20 Ja:smaooth
14:nothing & 30(by . P SO SO i
- - - Saturated | Open pits | Semi- Rench, o35, Fenton, M.M.,
Circular, Buttress, Drain- | Trudell, R.M.,
Circular pipe Pawlowicz, 1.G.
Block Jones, C.E.,
slide, Shump Moran, S.R. and
. — e | Nikals, 1), (1986))
- - Clay:2(c), 14(4) - Open pils | Landslide | Bench or Perera, AX.S.A.
Drainpipe (1986)
Pre-loading
Clay - - - Open Pits | Unstable Bench Blackwell, G.H.
from Hy=15m (1586)
Blasling Wy=30n1
& Watcr @,=50-70
- . N _Monitoring J—
- - - Saturated Pit Wedge Investigation o’ | Wade, N.IL and
slide shear strength Peterson,
desipn of T.W.P.(1986)
artificial support
near haul read
. . o or critical area e —
- - - Satwrated | Open pit Wedpe Scale benches, Wade, N.IL anl
slide contrelled Petersan,
blasting, possible | T.W.I'. (1986}
use of inclined
- I:(lce e e
- - - Saturaied | Open pit Plane shear strength Wade, N1, and
Wedge investigation; Peterson,
pooible attificial | T.W.P. (1986)
support near
twal roads and
. sriticy) atea . —
- - - Saturated | Open pit Planc shear streng(h Wade, N.EL and
Wedge investigation; Peierson,
pooible artificial | T.W.P. {1986}
support near
Lual reads and
critical area




9-10

Location Rock Type Intact Slope Slope Joint Joint Joint Joint
strength | Height | Orientation | Set Ovlentation Spacing  jAperture
{MPa) (m) (strikefdip) |Numbers|  ({strike/dip) m [CL1]
Hilton mine pit, Granite, - - 0164 4 FL:093/55N I:Lé -
Ottawa river, Grane-diorile, 32:020/84E J2:2.1
Canada, Fast Limestone, J3:136/265W J3:1.0
Footwsll Sandstone J4:165/59E J4:21
Hilton mine pit, Granite, - - 324/ 4 J1:093/55N J1:16 -
Otlawa river, Grano-diorite, 12:020/84F J2:2.1
Canada, Sout- Limestane, J3:136/268W 13:1.0
west nose Sandstone J4:165/59T Ja:2,1
Hilion mine pit, Granile, - 2327- 4 J1093/55N J:1.6 -
Ottawa river, Grano-diorife, J2:020/84F, J2:2.10
Canada, Wesl Limestone, J3:136/268W J3:1.0
tootwall Sandslone J4:L65/39F J4:2.1
Palabora minc, Fenite, 37-70 | Working - - - - -
South Africa Micaceous slope:
pyroxenite, 200-350
Foskerite,
P . [ Carbotite s - .
Rio Blanco mine, | Andesite - 53 =160 2 J1:023/85 - -
Chile Level 8-9 J2:183/66
Rio Blanco mine, | Andesite - 95 -/180 3 11:061/78 - -
Chile 12:334/86
Level 9-11 13:156/69
14:323/58
15:065/48
The Paddington Quartz vain - 70 - 3 J1: 18075 - J1:Closely
Gold Mine, 12:330/83, 17082 12
Western, Australia J13:351/20, Moderate
144409, 344/64, to widely
339788 I3
Meclerately}
The Hamersley Massive chert, 15 12 150/26 3 11:65/17 (b) J1:0.01-0.23| J1:50- 10
Range, Western Argillaceous, 12 J2:51/nearly 12:2-8 J2:-
Australia shale verlical J3:8-10 13-
J3:150/ nearly
vertical




VY-11

TI2-4(JRC)

bolt, =152 mim.
500-1000 kN,
Portland ccment
Length {5-20 m.
Boll spacing=4-6

J2:16-18{JRC)
13:16- LB{JRC)
19-22(¢})

Plane slide”

m, Drainpipe

Infilling Persistence JRCFriction Ground- Slope Stable/ Rock Reforences
(type) (%) Angle/ water Type Unstable Supports
Coltesion Conditions
{degreeskI’a)
- - - Saturated | Open pit Mane Use ofinclined | Wade, N.H. and
Wedge faces, shear Peterson,
strength T.W.P. {1986)
investigation;
possible artificial
support near hual
roads and ¢ritical
. . o |urea
- - - Saturated | Open pit Plane Use of inclined | Wade, NH. angl
Wedge faces shear Peterson,
strength T W.P.{1986)
investigation;
possible artificial
support and <Irai-
e in critical urea
Artificial suppart
. N where reqired
- - - Saturated | Pit Plane Use of incline Wade, N.H. and
Wedge bench faces, Peterson,
possible some T.W.P. (1986)
artificial suppori
. o OE WeTE rEquired)|
- - =15-35 Saturaled | Open pil Wedge, Beneh Martin, D.C.,
Plane Steenkamp,
N.S.L. and Lill,
LW, (1986)
- c=62 - Open pit Wedge, - Mario, V.A.,
$=36 Plang Jaime, G.R.,
Patricio, G.A.,
Cristian, V.L.
aml Mahtab,
. . M.A. (1986 )
- - =62 - Open pit Wedge, - Mario, V.A.,
4306 Plane Jaime, G.R.,
Patricio, G.A,,
Cristian, V.L.
and Mahtab,
B ] MAAL(I986)
- - - Open pit Toppling | 4-row of rock Thempson, AL,

Windsor, C.R.,
Rebertson. and
Roberison, 1.G.
(1995)

Wyrwoil, K.H.
(1986)




1-12

Locatlon Rock Type Intagt Slope Slope Joint Joint Joint Joint
strength | Height |Orvientatlon] Set Orientatlon Spacing  |Aperture
(MPa) (m) | {strikefdip) Numbers| (stelke/dlp) (m) {cm)
Granitees Rail Granite - 10 -165 4 Discontinuity - -
quarry, USA (Qverhang) pacallel to the
face
Jame valley, St Basaltic & - 109 38 - - - -
Hele-, South Andesite
Atlaniic island
Paceima Dam, Diorite, - 30 - 4 11:78/84 - -
California, USA Schistose, J2:1°70/82
Gueiss, Granite,) J3:264/44
. Gabro, Peprmatite J4:65/28
Horse Mesa IDam | Volcanic and - 4.6 - - - - -
road, Cenlral Volegnoclaslic,
Ariro-, USA Volcanic Wit
Keles lignite coal | Clay, Coal, - - NW-SE/55- 4 Coal:NW-8LE/ - -
niine, Turkey, Marl, 60 5-15
Region A Limestone FaultNW-SE &
NE-SW
J:2204, 2407,
G2/AN set verticall
_ . - dipping -
Keles lignite coal | Clay, Ceal, - - NW-5E/34 4 Coal NW-SE/ -
ming, Turkey Marl, 5-15
Region 3 Limestone Fault: 300/0,
250/85
I 347, 3244,
TO/AN set vertical
R dipping il
Keles lignite conl | Clay, Coal, - - NW-5F/M43 4 Coal:NW-SE/5-15 - -
mine, Turkey Marl, Fault:230:70,
Region C Limestone 330470, 345/80
13217, 6¥Al set
S vertical dipping, .
Ok Tedi nune, Siltstene, - 500 - Closely - - -
Papua New Sandstone, juinted
Guinea Limestone,
. Mudstone et s ] . .
Candide landslide, | Schist, highly 30 50 -30-33% - - - -
norther, aly weathered
phyllitic
Sels - - Irregular pattern | 0.05-0.3 Open
highways, USA and Schist Basalt & steeply dipping| discon-
Basalt tinuly
Keshwar tunnel Calcareous - 120 N-§/as - Rock mass - -
Tehran shale, Heavily dip:N-8/65
weathered




a-13
Infilling Persistence JRC/Friction Groundd- Slope Stable/ Rock References
{type) (%) Angle/ water Type Unstable Supports
Cohesion Condltlons
(tlegrees/kPa)
- - - 5% Quarry | Rock fall, Quarry McCaffrey,
Toppling M. A, and Sacco,
E.G. (1999)
- - - Saturated Home | Rock lall - Culshs'i"\\';-,. MG,
Toppling and Bell, F,G,
(1991)
- - =22 Satrgted Dam | Plane slide | -, Using block Haizor, Y. 1.
abutments theory (1995)
- - - Saturated | Dam road| Unstable Rock back fill & | Kandaris, P.M.
Use Gabiens (1999
stabilized
Fault:Clay - - 5% Open pit Wedge Bengh Ozgenoglu, A,
slide Fasamehmetoglu,
A.G., Kulaksiz,
S, and Sari, D,
{1992)
- =30 7% Open pit Toppling Bench Ovgenoglu, A,
failure Pasamehmetoglu,
AG., Kulaksiz,
§. and Sari, I>.
11992)
Fault:Clay - - 5% Openpit | Toppling Bench Ozgenoglu, A,
failure Pasamehmetcgly,
ALGL Kulaksiz,
S, and Sari, T,
. [T
- - - Suturated | Open pit Larpe - Read, L.I&.L. and
lanl slide Macone hie.
(1991)
- - $=35 - Cldlest Large Cableboll, Mamannn, A,
padaces of | land slide Mocropiles, andd Tenow, F.
archilectury] Reinforced (199%)
. . ww | .. | conerote & Drains|
Quartz. - Irregutar 50% Main Toppling Riprap Farqubiar, OLC,
highway (1980)
- 50% Railway Laugh Remove aver I:Jaj'm, K. and
circular burden ishijima, Y.

(1992)
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Location Rock Type Intact Slope Slope Joint Joint Joint Joint
strength | Height | Orientatlon | Set Orientation Spacing  |Aperture
(MPn) (m) (strikefdip) (Numb {strike/dip)} (m) {em}
Campania, South | Limestone 50-100 120 NW-SE/45 [} J1:40/16 0.8-1 -
of Italy Fault 32:295/64 {Average)
plane=210- J3:120/80
220 14:73/75
{East slope) 15:276/72
. . 16:150/85 N
Campaniz, South | Limestenc 50-100 160 NW-S1i/M45 6 J1:76/15 0.8-1 -
of Laly Fault J2:322/85 {Average)
plane=210- 13:148/74
220 J4:116/84
(West slope} J5:118/54
! B — - 16:56/85 . v
The Masada Dolomite & 300 250 Last face | Intensely [ 124714(h) ¢.25-0.5 Closely
mountain, Israel Limestene & fracture | Parallel and (Average) | spaced
North face narmal to the
long axis of the
S N . - . mountain .
Lignite strip co Coal, - 26 Section:3-3 6 Ri-/3 Average  [Moderate]
ming, Turkey Laminated J2:NE-8W/B0-99 | spacing of | spaced
Marl, Clayey 25 Section:2-2 T3NW-SL/80-90 | discontinui
hmestone, FLENEE-SWW ty: (.39
Claystone 25 Section:1-1 160-80812
F2LNE-SW/
60-8ONW
F3:NW-SF/
The Bawang Limestone B 940 -140 - Parallel with - -
Mountain slope face
landslide, Japan
Seven Oaks IDam, | Gneiss, Quartz - 12 NW-8L76 | I11:130/60-85 - -
UsA diorite Fault zone:
Region 1 18 NW-SE/76 extensively
jointed, highly
] e | Tracturcd S
Seven Oaks Dani, | Gneiss, Quartz - 12 NW-SE/6 2 J1:170/60 - -
UsSA diorite F2:110/60
Region 2 18 NW-SH/6 Fault zone:
extensively
jointed, highly
U SR R . PR T fracrured -
Charmeneticr Megmatic - 600 NW- - Foliation: - -
tandslide, French | amphibole, SEASNE Parallel with
Alps. Granite, slope face with
Sedimentary 30-40 degrees
Thomton pit, - a0 -/25 - - - -
Canada
Eskihisar strip Marl - - E-W/- 2 F:-/22 - -
coal mnine, I-/84
Turkey Dip of intersection
line=50




U-15
Infilling Persistence JRC{Friction Ground- Slope Stable/ Rock References
{type) (%) Angle/ water Type Unstalle Supports
Cohesion Conditions
(deprees/hPay
- - - - Home | Rock fall - Budeita, P, and
Wedge Santo, A. (1993)
failure
- - - - “Home™ | Rack fall - Budetta, P. and |
Wedge Santo, A. (1993)
failure
: Nation | Toppling, - Iatzor, ¥ 11|
dolomile persistence park Tlane slide {1999
B:Clay 80 RB: Smooth- 75% Open pit | Circular - Ulusay, R. and
planar Failure Aksoy, H., 1994
12: Smooth- Fail in Marl
planar
- - =40 Ty Bucking : 1 Gin 8., Jiac. 137
$=17 and Wang, 5.
(2001)
- 80-100 T3 “30% | Dam Toppling, | Bench, Overall | Wibowa, 11,
e=1100 Wedpe, face=50 and Nicholson,
Plane slide G.A.(1996)
- 100 =23 30% | Dam Toppling, | Bench, Wibowa, LI
=111 Wedge, face=50 and Nicholson,
Plane slide GA (1990)
. - - - | Mountain Large - adjigeorgiou,
landslide I., Coutore, R,
and Local, J.
(1996)
- - - ) ¢.:58.-.35 ‘Open pit - "Bench Sperling, T. and
Freeze, AR,
{1987)
- >80 - VO[’!Ei:lﬂp'lt Wedpe - Kumsar, H.,
slide Aydan, €. and

Ulusay, R.
(2000)




v-16

Laocation Raock Type Tntact Slope Slope Joint Joint Joint Joint
strength | Height | Orientation Set Orientation Spacing  |Aperture
(MPa) {m) (strike/dip) (Nembers|  (strike/dip) (m) (cm)
Zelve Open - - - 165/81 2 J1:228/64 - -
Museum, A-tolia I2:118/44
Dip of inlgrsestion!
line=78
Ankara Castle, - - - 72069 2 J1:103/45 - -
UsAa J2:15/62
Dip of intersection
Earthquake-prone - - - SW- 2 JISE-NW/TGNE - -
Arca, Turkey NE7GNW J2: SL-NW/T4SW|
Dip of interseciion|
T, line=50 :
Mt. Mayu; - - - N-5/35 3 11:300/45 - -
Japan 12:60/46
13:45/65
Dip of intersection
[T e e e s |71“6=23 .
Open cast coal Caoal - 17 305170 2 J1:288/42-65 - -
mine, Duvha 12:186-200/61-87
colliery, South
Aftiea e
Open cast eoal Coat - 17 297/85 3 J1:340/82 - -
ming, Liikeboon J2:149/88
colliery, South J3:281/66
Alfiea 4 - B
Kaiya River, Mudstone - 70 NE-SW/80 - B:-f30 - -
Porgera Papua
New Guinen
Fsino Lario and Limestone, 20-70 50 180 - F:NE- - N
Parlasce, Italy marls and SW/Subverticat
dolomite JNW-SF/25-45
e .| and E-W/25-40
Pre-Alps, Laly Micaschist, - B - - NW.SE/-, - -
(inaiss, NE-SW/-
Granile
The South Wales | Sandstone,Silist) - ~130 - - RNE-SW/ B:0.3-1 R:More
Caalfield, UK ong, Mudstone, 4-5NW {Sandstone) | closely
Ceal, Scatearths| J:120-200/ near | J:1-3 spaced
S A . vertical A3
The Note Mudstone 0.0553 16 First:-/40 - - - -
Peninsula, Japan Second:-/26.5
Copper ming, Hanging wall: | 74.5-80.3 148 -f60 4 J1:280/85 - -
Rajasthan, [ndia Phyllites, (Qverall) J2:250-257/86-88
Footwall: J3:122-130/26-30
Felspar, J14:20/88
amphibole,
Quartzite
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Infilling Persistence JRC/Friction Groumd- Slope Stable/ Rock References
{type) (%) Angle/ water Type Unstable Supports
Cohesion Conditions
{degrees/kPa)
- - &=30 - Open pit Wedge - Kumsar, H.,
Slightly rough slide Aydan, O, and
surfaces Ulusay, R,
RCET —
- - ¢=30 - Open pit Wedge - Kumsar, H.,
slide Aydan, O, and
Ulusay, R.
£2000)
- - ¢=41 - Home Wedge - Kumsar, 11,
slide Aydan, Q. andl
Ulusay, R.
. . . (eooy
- - =30-40 - Home Wedge - Kumsar, H.,
slide Ayduy, O, and
Ulusay, R,
(2000)
- - - - Open pit | Plane slide - | semmy, AT
(1991)
- - - - Open pit | Plane slide - Jermy, C.A.
{1991)
- - - Saturated River Circular, - Mules, G.J.
Toppling {1991)
- - =34 - Mountain| Landslide - Tapini, M. and
area Seesi, L, (1991)
- - - Mountain| Landshde pim, M.,
area Scesi, L. (19%1)
B:Smooth 150 R:Planar rough - Mountain | Secondary - Siddle, 1.1, and
surface: {Medium surfices area tenpling , Hutchinson,
Siltstone & persistence) | J:Undulating Landslide LN, {1991)
Mudstone I:- _rough failure
- - - =50% - Circular Temporary Kawamura, K.
failure retaining wall, and Ogawa, 5.
Drainpipe (1997)
- - $=24-30 - Open pit Stable Beneh design: Baliga, B.T> and
c=28045-30411 Average heights | Singh, V.K.
1530 m & wide | (1992)

=3-9, Face angle
=75-80 degrees
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Location

Rock Type Intact Stope Slope Joint Joint Joint Joint
strength | Height | Orientation Set Orientation Spacing  {Aperture
(MPa) () (strike/dip)} {Numbers|  (strike/dip) (i) (cm)
Malaysia Residual - - - - - - -
Granite
Upper Stillwater | Sandstone, - - 95176 2 Ji: 110445 - -
Dam Abuiment, Argillites J2:195/85
UsA
Stewart Mountain | Granite, - 44 350/80 2 J1:330/32 -
Dam, USA Cuartz diotite (slide}
12:55/87
e . (release)
Sugar Pine Dam, | Weathered - 30 - 2 I11,210/30 - -
USA rock 12:155/46
Theodore Dolomite - 37 270/54 - B:320/25 - -
Reosevell Datn, J1:50:70
UsA J2:228/83
o S B O < N .
Theodoere Sandatone, - 12 264476 - B:320/25-50 - -
Roosevelt Dam, Siltstane J1:90770
USA J2:228/83
o | 13328731
Deerfield Dam, Biotite schist - 18 110463 - J1:100/45 -
usa 12:005/70
J3:285/70
Granile - Slopel: | Slope 1:-/63 G J1:-/80-80 - 1
pumped storage, ~35 3:1) I2:40-65 Average
Russia Slope2: | Slope 2:-/50
~30
Kureiskaya Dolerite, - 75 -162 - - - -
hydroelectric, Sandstone,
Russia Siltstone
Inguri river, Arc | Limestone, - - - - 132 -/55-60 $i¢ - -
dam, Russia Dolomites
Lead zine, Gneisses, - 70-80 NS-SW/ [ TENASW/T0S - -
Rajasthan, India Schists and 50-35 8L W 1o vertical
Intrusiverock J2ZNASWITONE
to vertical
J3:N44ESTS SE
JAENOTW/IIE6NE
JE:NISW/4NE
J6: NGB WHANT
Faults:N6Q E-
N/6s E




u-19

Infilling Persistence JRC{Friction Ground- Slope Stalle/ Rock References
(type) (%) Angle/ water Type Unstable Supports
Coliesi .
(degrees/kPa}
- - =25 Saturated | Highway Creep Anchored Toh, C.T., Yap,
caisson wall: T.F. and Chee,
109 ton capacity | S.K. (19%3)
35(0) - - Saturated Dam Block slide | Temporary rock | Scott, G.A.
30(¢r) bolts (1995}
700(c)
- =80 Saturated | Spillway | Block slide | Temporary rock | Scott, G.A,
of dam balts (1995)
- - $=20 Saturated | Spillway | Planeslide | Rock bolts:7-10 | Scott, G.A
of dam i long, Bolt (1993)
spacing:2 m,
Drain holes: 16
m, & Spaced of
. - drain 7 m.
- - $=45 - Road Toppling | Rock bolts: 6-m | Scott, G.A.
failure long bolts on 3-m| (1995)
spacing
Clay - e=15-20 Saturated | Spillway | Plane slide | Rock bolts Scolt, G.A,
of dam (1995)
- - - Saturated | Spillway Rock Seott, G.A.
of dam reinforcement (1995)
- >80 Zone Bie=40 - Open pit - Face 1: N i, V.1
Zene Cie=60 Face 2:50 & Reznikova, V.1
bench desipn and Gusarova
. 1o e e T0992)
- - Zone Bie=50 Saturated | Spillway Unstable | Decrease face= | Rechiski, V.1,
Zone Cio=20 60, Bench Reznikova, V.IL
design and Gusarovy
. - e e T O%
- - Satwrated | Dam Unstable | [nercased Rechiski, V.1,
abutment cohesion=20 Reznikova, V.1
kPa and Gusarova
- - - Low Open pit Unstable | Design:Slope
face=38 degrees | Sign, V.K. .nd
for footwall & 48| Prakash, AL
degrees for (1992)
hangingwall,
Bench height in
weste rock=10m,
& Ore=3 m.
Overall face=65-
68 degrees




Location Rock Type Intact Slope Slope Joint Juint Joint Joint
strength | Height | Orientation| Set Crrientation Spacing  |Aperture
{MPa) (m} | (strike/dip) |[Numbers|  (strike/dip) {m) {cm)
The Muak pass, Highly - 20-30 | Region A: 3 J1:155/80 B -
Seoul ¢ity, Korea | weathered (0-60 m} J2:235/81
Granite 150476 13:330/60
The Muak pass, Highly - 20-30 | RegionB: 9 11:52170 - -
Seoul city, Korea | weathered {60-148) J2:200473
Granite 147/73-84 J3:300/80
J4:100/83
The Muak pass, Highly - 20-30 | Region C: 3 J1:215/85 -
Seoul cily, Kerea | weathered {148-222) 12:140/80
Ciranite 145/50-87 J13:40/83
The Muak pass, Highly - 20-30 | Region D: 4 J1:200/65 - -
Seoul city, Korea | weathered (222-280) J2:150/80
Granite 146/69-75 13:105/80
. 14: 65/75
The Muak pass, lighly - 20-30 | Region K: 3 1110047 -
Seoul city, Korea | weathered (280-320) J2:200/80
Granite 148/78 13:22/75
The Malanjkhand | Granite, Quartz,) Footwall 100 - Y AVerage: - -
Copper Mine, Granite, Basics |Granite=155| =70 o Liast
India Orebaody
Granite &
quartz=161)
Hanging wal
Granitece=
176
e — Basics—138 -
Crarhwal, Thyllite & Phylite:68 | ~60 Phyilite; 3 Phyllite Phyilite -
Himalayas, India | Quarlzite Quartzile: 290/45 J1:120/45 J1:0.01-0.06
Section: 103.5 Quarlzite: 12:315/23 12:<0.06
Kirtinagar slide 280750 13:345/56 J3:0.01-0.07
Quartzite Quartzite
J1:005/70 I, 12 & 13
T2:270/66 1.02-0.06
13:65/45
Garhwal, Phyllie Phiylite:! ~120 015742 3 Phyllite Phyllite -
Himalayas, India 783 J1:045:42 J1:0.05-0.2
Sectien: J2:- J2:-
Devprayng slide 33 13-




Infilling Persistence JRC/Friction Ground- Slope Stable/ Rock References
(type) %} Angle/ water Type Unstable Supports
Cohesion Conditions|
(deproes/kPay
- - =35 Saturated Home | Small scale 150/40 Lee, C.I, Suh,
wedge Safe face Y.l Chang,
failure: K.M. and Shin,
_ . o . . SC.(1992)
- - $=35 Saturated Home | Toppling 147/45 Lee, C.L, Suh,
failure, Safe face Y.H., Chang,
Rock fal] K.M. and Shin,
. _ S.C.(1992) |
- - $=35 Saturated Home | Wedge 145/45-50 Lee, C.1,, Sub,
faifure Safe face Y.IL., Chang,
K.M. and Shin,
U N IR I Yo (T N
- $=35 Samraled Home Toppling 1406/42 Lee, C.1., Suh,
failure Safe face ¥ .H., Chang,
K.M. and Shin,
— . S.C.(1992) |
- - $=35 Salurated Home Local 148/68 Lee, C.1, Suh,
wedge Safc face Y.H.,, Chang,
failure K.M. and Shin,
. .. , .1.5C.09m)
- - - - Open pit | Plane, Bench design: Leventhal. AR.,
Wedge, Bench Height Barker, C.8, and
Failure =12 m. & Dip 70 | De Ambrosis,
degrees L.P. (1992)
Phyllite - Phyllite <25% Highway | Landslide - Ramamurthy,
I1:Clay J1l:smooth T., Rao, K.5.,
I2Z:NO J2:maderate Goel, 5. and
J3:NO 13:smooth Mohi-ud-din,
Quarizite 15-25 () AL (1992)
J1, 12 Quartzite
Fine sand 1,12 & 113
J3NG moderated
S 15-35 (9) . [
Phyllite Phyllite <25% Highway | Landsiide - Ramamurthy,
Il:Sand J1: moderate T, Rae, K.5.,
J2:NG 12 Goel, 5. and
I3:NG 13- Mohi-ud-din,
125-35(p) AG. (1992)
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