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ANNEsmeniilnga1uTesLANTeY Shotcrete UUUFIABY 3 F UATHANITIATIER
Kinematic LaAYN133TAWUL Plane failure HaN1331A312% RMR LU IV - Poor rock waz SMR
\Jlu Class Va ansauzaialusnlaiiatios amsiasugadalnd Aessuasyszuuszuiei

v fasiasaviinianisiataususiiuaialvan LLazqﬂniniﬂaaﬁumﬂ‘lmmmﬁ shotcrete,

dental concrete, ribs and/or beam toe wall AINAINLIHEHNICEN

ﬁ"'m"'ré’zy: Plane failure, Rock slaking, Kinematic analysis, Rock mass rating (RMR),

Slope mass rating (SMR)

Abstract

Slope failure appeared at the right abutment slope of Kwai Noi Bamrung Dan dam.
The slope damaged have to repair and reconstruction. Geological and geotechnical data are
essential to slope protection and repair procedure. Therefore, investigations are composed of
study regional rock stratigraphy, rock structure, study core samples from drill 11 holes and
slope stability analysis include Kinematic, RMR and SMR methods. Thus, preliminary investi-
gations have found slope failure occurred between rock strata which illustrated slope dis-
placement. Slope face appears extensive damage area approximately 28,000 square meters.
Moreover, slip depleted mass caused to shotcrete rupture. Partial slope, drain pipes and rock
bolts separated from slope face. Horizontal drain holes break down. Underground water has
been leaked from shotcrete rapture. Traverse crack appeared on partially top soil adjacent to
highest parts of main scarp which have overlap spacing approximately 1 meter. Lined slope
surface drain to collect run-off between slope face and dam crest was constricted from
depleted mass. Furthermore, rocks in study area is Jurassic sedimentary rocks of the Sao
Khua formation which is member of the Khorat group. Consequently, this formation is
composed of sandstone interbedded with siltstone which shows the slaking phenomenon.
Also, rock structure reveal folding and bedding present low dipping angles. In addition, core
samples unveil clay material between rock strata which can be correlated in each other drill
holes on slope face in 2D geological profiles and 3D modeling. These result presents
continuum of clay material layers. Therefore, these evidences are estimated cause to loss
friction angle between rock strata which has potential of slip planes. Depleted mass exhibit

low tilt angle incline to dam. Besides, resistivity profiles illustrate low to very low resistivity
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under slip planes that indicates moisture or ground water level. Kinematic analysis result
demonstrates daylight envelop plane failure. Not only RMR result is categorized into class
IV - poor rock but also SMR result is classified into Class Va. These results are indicated that
slope unstable of plane failure. Consequently, recommendation concerning the reconstruction
slope, installing drain system, movement monitoring tools, and consider protection

instruments such as shotcrete, dental concrete, ribs and/or beam toe wall.

Key words: Plane failure, Rock slaking, Kinematic analysis, Rock mass rating (RMR), Slope

mass rating (SMR)
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LEGEND DISCRIPTION FORMATION GROUP AGE

E = River Gravel, Sand, Silt, Clay and Mud Holocene

Pleistocene
= Terrace Gravel, Sand, Silt and Clay MAE TANG
UNCONFORMITY
i = Sandstone; Siltstone: Shale, fine grained, SAO KHUA
well-bedded, reddish brown, Cross-laminated.
- = Conglomerate; Sandstone, fine to coarse grained;
KHORAT Ji i
Shale; reddish brown to pinkish white, cross-bedded PHRA WIHAN st
and ripple marked.
= Sandstone; fine grained; Silistone; Shale; well-bedded
PHU KRADUNG
reddish brown, lissile.
UNCONFORMITY
Triassic

UNCONFORMITY

- = Rhyolite. Andesite, wil, agglomerate: Conglomerale,
Sandstone, Shale, Slate, Chert beds; limestone, massive

to well bedded, recrystallizeded. light grey to pinkish

MEA THA Carboniferous

gﬂﬁ 4 uwufissdimeluiiufilasens

(ARRDNLLATAALLURYAIIN Department of mineral resources, 1974)
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of slip plane v3vufinglFidu Assumed of slip plane #A1ANadumulniagiuge Medium

fi9 Very low wiaanuvianginfildidu Assumed of slip plane finanusnumuluiifivrunans
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340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 O
Station (m.)

Resitivity (Ohm-m.)

0 8 15 30 50 75 200 400 600

Very Low Low Medium High Very High

%

JUf 10 jUdamsfisuseninegudassdiine s A - A' LRZNANIANTIIANNAUNIY

T A - A (Frapnuassanladaniuasainansd, 2561)

Wyl C - C' (5U# 11) wudwSnaududseRin Wutumihduluguiwidstulaudenu
Audutudu faenusimuluiegiugae very low aglussduaulugnlndiusuinuui very
high aglusziuinasluvinaufivivandwiug uaasfinisanaszessciuanuduniassivin

Tafuavingeanlianndudou

C c

" " 1 il 1
Downstream Upstream

] DH, - 06 OH, - 03

(" 1'S'W w) vonesa|3

TT T T T T I I I I T T rrroT TTTTTyT T T
M0 320 300 280 260 240 220 200 180 160 140 120 100 B0 60 40 20 O
Station (m.)

4+

Resitivity (Ohm-m.)

0 B 135 30 50 75 200 400 600

Very Low Low Medium High Very High

gﬂﬁ 1 gﬂﬁﬂﬂ’ﬁLﬁﬂﬂﬁtﬁ’j’]dzﬂﬁﬂﬁiﬂj’iﬂﬂ’]LL‘LL’J C - C' LATHANTANITIIAMNAIUNU

T uwun C - C' (Frapnuasdnulasaniuasaifand, 2561)
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wamiLﬁsmLﬁmgﬂﬁﬂﬁinﬁ%mmﬁ\lﬁmanumzum A - A' UAZLUWI C - C' WuUsuTu
Clay material ({?u Assumed of slip plane) uusufifiaausunIuen (mm%ugo) Fowra
ﬂ’)’]ll‘l/m’]ﬂ’j’]Lﬂﬂ%ﬂﬁﬁﬂﬁ@ﬂﬁLﬁﬂﬂ’ﬁLﬁlﬂuﬁ’ﬂﬂﬂﬂﬂL‘Viﬁjﬁ’]ﬁ)::N"I’Q’]ﬂﬂ?ﬁwéuﬁ%ﬂitﬁuﬁ’ﬂﬁﬁuﬁLLVﬁﬂ
ptjseninstufiuuasludu Clay material a9nalvitis Clay material WasuausTALAZIAANT

Wausuinumihaalvan delussanhldfuiinasansifsudzeegiusuilen

6. MINATITVLEDIIANAIA VAL
mmﬁmmﬁﬂ’ﬁuuwﬁﬂmﬂ\lwdmmmmLﬁﬂ‘léﬂuﬁsimmﬁLLazLﬁﬂmﬂmsnszﬁwmugwﬁ
ﬁoﬁﬁuag Yuiladanenmaninaesiudsznaudizetd anuuds ANNLNTe witsznaudu Ad
NNNITINFATANNETEY TRLUAN WUILAN TBHLEDU FNWLIAFANENTA §nwaIna USune
W lERu winduln MIsenuuuierensfiaaalvsnuazanNaadudigaviianalusion vl
WauuumsITALUUA1Y (Raghuvanshi, 2019) g‘ﬂLLaJumﬁﬁ’ﬁmmsaLLﬂaeiaﬂaanlﬁLﬂu
4 sUuvy (Markland, 1972; Wyllie & Mah, 2004) Usznaudia M3ITALUUIZUIL (Plane failure)
mﬁﬂ’ﬁtmugﬂﬁm (Wedge failure) nM33tfRuuudnadi (Toppling failure) mﬁﬁ’ﬁgﬂﬁa (Circular
failure) TasmsiiansivRuuuszuuiaduannseilassas s irouiossenietu Auu
SUNMIINFITONTURY SEULUTDBIADY PAFUULUIDEUENURZLUILAN TasansaznnsNe
frreesTInURiAnIadeginasnainannluaian WRZIUIAYNIDEINTBITEUNLAUTIBEN IS D N
WMAALAELN AR "Daylight" (Markland, 1972; Rowland, Duebendorfer, & Schiefelbein,
2007; Wyllie & Mah, 2004)
6.2 ABMsATTTEIgsAIWAIA AL
mdeziiaiosnwainlnsmiieUssifduanmausuasaialnan Tasensiilans
M3 Conventional approach (Raghuvanshi, 2019) Tuiiasdiuasld 3 38n3 Ysznaude 5513
Kinematic method (Goodman, 1989; Hocking, 1976; Hoek & Bray, 1981; Karaman, Ercikdi, &
Kesimal, 2013; Markland, 1972; Wyllie & Mah, 2004) 45113 Rock Mass Rating; RMR (Bieniawski,
1976, 1989) 5019 Slope Mass Rating; SMR (M. Romana, 1985; M. Romana et al., 2003;
Manuel Romana et al., 2015)
6.2.1 35715 Kinematic method
N3eUIUILAT1ERNN51RUG (S Stereonet projection tiaANHAANIINITINFITBY
seunulasea31efiu ﬁﬂ‘l/l’]xiLLatagNﬂ’li’J'I\‘]ﬁ’)“ﬂENWﬁ’Wa’l(ﬂ\lﬂf\iL°IJ’] Tasasnw@pauu Great circle

'Y a

doyaiinfandsznausig AINTINMILALYNIBEMTBITEUILAY AINTINM YD
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nihaalnan waAYNLEEANU (Friction angle) ﬁayjamiﬁnmﬁu‘[wdu%L’Jm'«gﬂa"ﬁiw (gﬂﬁ 12n)
Usinguuauen 3 sununudefiu wwuenfifiysBoamlumeianz Juandesls (duldealu
gﬂﬁ 112) wwwanfidnsBeamiBasnlunmeiamile (L&’u‘[ﬁoﬁumgﬂﬁ 129) WASLUILANT
WBeninlunfiansSusanidaald (L@fuiﬁoﬁmﬁaﬁugﬂﬁ 129)  wazmIdeninzasitihaialva
S7g) (L&’uﬂsﬂﬁoﬁﬁﬂugﬂﬁ 122) FAAINNTINAITBIAIA VAL Tgierott e Dip direction of joint
1352110 242° @1 Dip direction of slope U3zq1tu 2452 @1 Dip of joint Y3zx1tu 55° @1 Dip of
slope Uszaneu 55° AyuiduanulsEanu 28.2? (RocLab, 2002) LLamTugﬂﬁ 129 NMILAU
g5 dnmUsNIAauRINLn Daylight envelope AavTaA AL Lﬁa‘lﬁ‘ﬁagamimaﬁwm
Tawadetuduiivmnguinufuliduaziianiieseiuuy Kinematic method wudniiiafianson
nseFaalraLn (Lﬁuﬂizﬁﬁﬂugﬂﬁ 122) fn39FIINLLILANTIRNSB Mz uUB Y
wlunenzFuandesls (Juldsddaluguii 129) WewRen Slope face (w5idufivluguil 121)
TrmavszunuiiBeomlumefians Suanidedld (nduqadduluguil 123) anludiuil Siope face
W l#iAn Daylight envelope wasvilivithaalnaindsusnasinsitfuuussuvluians Ju

anidedld (244?) mugUuuUN153ATIZE Kinematic Analysis Tuguil 123

Stereonet Analysis

— north direction

N————

joints dip to SW
. Jaints dip to SE

.. poles and cortour line of
jeint dip to SW

| _daylight envelope for
planar failures

E
.
| slope Umits in plane

~ crest of slope

es and contéur ine of - -
poles and contour line o
S — number of data

jointdipto N | Y

Ui 12 M33AT1EA Kinematic n) wwawanfiuluantiiainlvain
9. NANITILAIIZA Kinematic WU Plane failure

6.2.2 35115 Rock Mass Rating (RMR)

A8M5 RMR (Bieniawski, 1989) {Jui5n1siansviuardanguiiuainmsnatsan 6
1123p1/9enauAIY 1. Uniaxial compressive strength of rock material 2. Rock Quality Designation
(RQD) 3. Spacing of discontinuities 4. Condition of discontinuities 5. Groundwater conditions

6. Orientation of discontinuities (mi’mﬁ 1)
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12" THAICID NATIONAL SYMPOSIUM

A.1 Intack uniaxial compressive strength 175 Mpa = 12
a A
A2 RQD (%) a8t A 36.25 = 8
. . . g o g; 1 £ =3
A.3 Spacing of discontinuities UIzN10 ANLA 1 LHUALNAT 0N 2 LIRS =
g . . g U J a A = a A a
A4 Condition of discontinuities UB&NIN 1 NARLNAT 09 S NAALNAT WIN = 20
. X da “L =
A5 Groundwater conditions U NWUNNNITILARTNDDNN = 4
B. Orientation of discontinuities U5eNneu Fair Tu slope = -25
Wa334 RMR = 24
a . . .
M19799N 1 Rock Mass Rating System (After Bieniawski 1989).
A. CLASSIFICATION PARAMETERS AND THEIR RATINGS
Parameter Range of values
Strength Point-load > 10 MPa 410 MPa 2-4 MPa 1-2MPa For this low range - uniaxial
of strength index compressive test is preferred
1| intactrock yniaxial comp. > 250 MPa 100-250 MPa 50-100 MPa 2550 MPa 525 | 15 | <1
material Strength MPa MPa | MPa
Rating 15 12 7 4 2 1 0
Drill core Quality RQD 90%-100% 75%-90% 50%-75% 25%-50% < 25%
2 Rating 20 17 13 8 3
Spacing of >2m 062m 200-600 mm 60-200 mm < G0 mm
3 Rating 20 15 10 8 5
Very rough surfaces Slightly rough surfaces Slightly rough surfaces Slickensided surfaces Soft gouge =5 mm thick
Condition of discontinuities Not continuous Separation < 1 mm Separation < 1 mm or Gouge < 5 mm thick or Separation > 5 mm
(See E) No separation Slightly weathered walls Highly weathered walls or Separation 1-5mm Continuous
4 Unweathered wall rock Continuous
Rating 30 25 20 10 0
Inflow per 10m None <10 10-25 25125 =125
tunnel length
Growndwater | [Ifm)
5 (Joint water press)f 0 <01 0.1-0.2 0.2-05 =05
(Major principal &)
General conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 « 81 BO « 61 60« 41 4021 <
Class number | I il v v
Description Very good rock Good rock Fair rock Poor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number | I il v v
Average stand-up time 20 yrs for 15m span 1 year for 10 m span 1 week for 5 m span 10 hrs for 2.5 m span 30 min for 1 m span
Cohesion of rock mass (kPa) =400 300-400 200-300 100-200 <100
Friction angle of rock mass (deg) =45 3545 2535 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Di inuity length (pers: ) <1m 1-3m 310m 10-20m >20m
Rating 6 4 2 1 0
Separation (aperture) Mone <0.1mm 0.1-1.0mm 1-5mm >5mm
Rating 6§ 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Shickensided
Rating 6 5 3 1 0
Infiling {gouge) None Hard filling < 5 mm Hard filling > 5 mm Soft filling < 5 rmm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderately weathered Highly weathered Decomposed
Ratings 6 5 3 1 0

239



THAICID

F.EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING*™

Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45-90° Drive with dip - Dip 20-45° Dip 45-90° Dip 20-45°

Very favourable Favourable Very unfavourable Fair

Drive against dip - Dip 45-90° Drive against dip - Dip 20-45° Dip 0-20° - Irespective of strike

Fair Unfavourable Fair

*Some conditions are mutually exclusive. For example, if infilling is present, the roughness of the surface will be
overshadowed by the influence of the gouge. In such cases use A4 directly.
** Modified after (Wickham, Tiedemann, & Skinner, 1972)
WaN133A31zA RMR léwasan 24 9anglu Class IV - Poor rock fin1suusisanuuy
nstlasiuniswenanuvesiiu (Bieniawski, 1989) lagansaunandnsausrtitouiunsdly

sWil ¥ Rock bolt vinduszuu Tae 14 Bolts 817 4-5 ms 5v8z¥9 1.0 - 1.5 AT AgusY Wire

mesh 911 Shotcrete ¥UNUIZN1U 100 - 150 HAALNAT

6.2.3 35n15 Slope Mass Rating (SMR)

819 iseianalviaianlay SMR (M. Romana, 1985: M. Romana, Serén, & Montalar,
2003; Manuel Romana, Tomos, & Ser n, 2015) W1131NI5015 RMR (Bieniawski, 1976) 16l
il HuegunanasTunuglsduazeuiduunaaaiiu (M. Romana et al., 2003) uay
danldivauaalvaiznls wigefidomdadniadudedinsoeynuazirn1en13198289U)
LLﬂﬂﬁﬂ’iﬂﬂguuViﬁ’]aﬂﬂ\lem'} M. Romana (1985) IﬁLﬁuLﬁuﬁa%mﬁNmLLatsgNLﬁmmmm
WUALANUSIUMTINAALUELTN ﬂ’]i’)’l\‘i(;f’]LL@::HNL‘SENLVI?IE)ON’]G]IVI@L‘IJ’]TH%%WW? RMR i l#id s

MseTziaIalvan laesuni8n15ilin "Slope Mass Rating” (SMR) unsuisdsnnsusu

¥
a

WAAINNNF B ILANBAEHTAIAlAEY (A5 197 2 wazms i 3) Hanniseaeil

SMR = RMR +(F. xF xF)+F
B 1 2 3 4

Toe RMR_ muailagldilase 5 aduan Bieniawski (1976) Usznause

1) strength of intact rock; 2) RQD; 3) spacing of discontinuities;

4) condition of discontinuities; and 5) water inflow through

discontinuities and/or pore pressure ratio

F = ANAMNTFNNUSNTTUIUDDILUINTTINGD (Strike) TTATNLUILAN
(Joint) wazvithaie lwan (Slope) fiFegsznine 1.00 - 0.15
At lanaNE LS F =(1-sin A Tag A = ANUNITIN
LUINTINAILARSLUILAN

F = AsaBeNwBILWILeN SFpgarring 1.00 - 015 TunsiiRuuLsTUL

manuFNRuSIFa NN 3 TunsdimadivRuuudnain F, A1 1.00
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F = ANAMNTNTUFTENINYNBEINTBILUILAN LATYNIDENINTDY
aalviaiannduiuslFanaised 3
F, = mﬂzLLuummﬂLﬂﬂmmmﬁ’uﬁuﬂﬁmﬂmsmﬁ 3
Tagen F.F uaz F, Tnnsiaansnesnzesiulauuntiiaianaien luauin el
Algundsulunisameyaiidlunisduin §uan F, LﬁmmamwmmmLﬂml,at%‘ﬁ'msﬁ“[%’
ypsiulnavuniiaialvan

RMRb v l@an (#1519 2)

A.1 Intack uniaxial compressive strength 175 Mpa = 12
a o~
A.2 RQD (%) wane A 36.25 = 8
. . . g 2; 1 £ =
A.3 Spacing of discontinuities UJIzN10 ANLA 1 LEUALNAT 0N 2 LUAT = 5
g . . g U ! a A = a A a
A.4 Condition of discontinuities B8N 1 NRALNAT 0N 5 NARLNAT WIW = 20
iy A Ada 1 ~
A.5 Groundwater conditions UNNWUNHNNITLARTNDDNNI = 4
RM Rb = 49
P ° ' . . .
A1979N 2 N1IAUIUAT RMRB  (Bieniawski, 1979)
RMRg-BASIC RMR -ZRATINGS (Bieniawski, 1979)
PARAMETER INTERVALS
COMPRESSIVE STRENGTH <250 260-100 100-50 5025 255 |51 | <1
OF INTACT ROCK 15 72 7 4 z 7 7]
MATERIAL
RGD () 100-80 890-75 75-50 50-25 <25
ROCK QUALITY DESIGNATION 20 17 13 8 3
SPACING (mm) = 2000 2000-600 G00-200 200-60 < 60
DISCONTIRGITIES 20 5 0 5 5
VERY ROUGH SLIGHTLY ROUGH SLIGHTLY ROUGH SLICKENSIDED WALLS|
CONDITION OF SURFACES NO SEPARATION < 1 mm SEPARATION < 1 mm Or GOUGE < 5 mm Or SOFT GOUGE »5 mm
ROUG?:iESO: J;gz;TJL‘E?ENCE SEPARATION SLIGHTLY WEATH WALLS HIGHLY WEATH SEPARATIONT.S mm or SEPARATION =5
SEPARATION, WEATHERING OF UNWEATHERED WALL NOT CONTINUOUS WALLS mm CONTINUOUS
WALLS AND GOUGE NOT CONTINUOUS
30 25 20 10 Q
GROUNDWATER IN COMPLETELY DRY DAMP WET DRIPPING FLOWING
JOINTS (PORE (] {00.1) @1-02) (0.2-05) (0.5)
PRESSURE RATIO) 75 70 7 7 ]

SMR v l@ian (A15797 3)

@hﬁ’“fmmﬂﬁuiwdqﬂd’ﬁwﬁ 9 @1 dip direction of joint () 133104 230° @1 dip direction
of slope (O) U3z 244° f dip of joint ( ﬁj) 152a10u 45° @1 dip of slope (B) Yazaeu 55°

nwam s Iarnsneshzasiulaaiiolunulunsed 3 woh F. =07 (yneinnu
14°), F, =085 (NuLBEIM 45)), F, =-50 (WAFN9YNLDEN = -5) LA F,=0 (GerialgerTall
Lﬁmmnagﬂlnéﬁuﬁiau) HotNUNUAIINENNTT LS

SMR = 19.25
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A15197 3 N13AUIUAT SMR (Bieniawski, 1976; M. Romana, 1985)

SMR =RMRg +F4 x F; x F3) +F4 (M. Romana, 1985)
ADJUSTING Ol = DIP DIRECTION OF JOINT 8 = DIP OF JOINT
FACTORS FOR Cls = DIP DIRECTION OF SLOPE  [Bs = DIP OF SLOPE
JOINTS F4, Fz, F) VERY FAVOURABLE FAVOURABLE FAIR UNFAVOURABLE VERY UNFAVOURABLE
PLANE FAILURE | Ctj-Cts| =
> 30° 30°-20° 20°-10° 10°-5° <5°
TOPPLING | O - 0ts -180F| =
Fi VALUE 015 040 070 085 100
RELATIONSHIP Fy=(1-sin | ogj-oes]f
181 = <29° 20°-30° 30°-35° 35045 > 450
PLANE FAILURE 015 040 070 085 100
F, VALUE | TOPPLING 100
RELATIONSHIP Fa=tg? Bj
PLANE FAILURE 3. fs = =10° 10°-0° g 0°--109) =109
TOPPLING Bi+ps= < 170° 110°-120° = 120° - -
Fi VALUE o -6 -25 -50 -60
RELATIONSHIP F; (BIENIAWSKI ADJUSTMENT RATINGS FOR JOINTS ORIENTATION, 1976)
F.ADJUSTING FACTOR
FOR EXCAVATION F,-EMPIRICAL VALUES FOR METHOD OF EXCAVATION
et NATURAL SLOPE PRESPLITTING SMOOTH BLASTING BLASTING or MECHANICAL DEFICIENT BLASTING
F.VALUE +15 +10 +8 0 8

Wfa1iA1 SMR = 19.25 fil@luifisuiu Description of SMR class L{u Class Va Tus1s19
i 3 nuhdnsusanlraaidnsur weNn niaalnanliwies dneusnsieusaduuwuy
szufilvgiann m3ssnuuuilosiuaalnas (M3wdl 4) arsRarsuvhnsgadentiiesn
Tl szuuszonsihusnamthaelnsmwazandilyTuaialvan uazfarsai Shoterete,

Dental Concrete, Ribs Las/1138 Beam toe wall WNLAN (115797 5)

A15197 4 N139AFUN SMR Classes (Manuel Romana et al., 2015)

DESCRIPTION OF SMR CLASSES
cLass e b | va b ‘ va b | iia 11b | a Ib i
DESCRIPTION VERY BAD FAIR GOOD VERY
L 21 .40 41.60 1.80 R
STABILITY COMPLETELY UNSTABLE UNSTABLE PARTIALLY STABLE STABLE COMPLETELY UNSTABLE
FAILURES BIG PLANAR or SOILLIKE PLANAR or BIG WEDGES wﬁ;‘fﬁg‘g’gs SOME BLOCKS NONE
SUPPORT REEXCAVATION IMPORTANT .CORRECTIVE SYSTEMATIC OCCASIONAL NONE

AN 5 AT IILEAIANBEUZANSIUAMINAT SMR WazdaLausuzIsn 191y
a19lMaL (Manuel Romana et al., 2015)

PROBABLE FAILURES ACCORDING SMR VALUES

PLANE FAILURE [ VERY BIG MAJOR | NONE
WEDGE FAILURE MANY SOME [ VERY FEW [ NONE
TOPPLING | MAJOR | MINOR | NONE
MASS FAILURE | POSSIBLE NONE
| | | | | | | | | I | | I |
SMR 2 [ 10 15 20 30 400 45 30 35 i 65 Fi/] 75 80 o) 100

REEXCAVATION
WALLS
SURFACE DRAINAGE

REEXCAVATION

IRAINAGE
SAINAGE DEEP DRAINAGE
SHOTCRETE
DENTAL CONCRETE
ONCRETE
St RIBS and/or BEAMS
TOE WALLS
BOLTS
REINFORCEMENT
l ANCHORS ‘
TOE DITCH
PROTECTION TOE or SLOPE FENCES
NETS
e ) SCALING
NO SUPPORT | o

SUGGESTED SUPPORT METHODS
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7. afispuasasUNan1sine

aRBmefRsTuae e Wil lnadueanan Shotcrete fidnapnanii ieftszune
wheananviiaalnailiwonislvazesin walvasensmng Shotcrete aaiaN13gasuvi K
ihlnasslazansewinetuiiu Auiiwoludufusoieiifdneus i Clay material 87u15znay
Judulaau Au wazfiulaatunse dslusnegreiilépulasy wazfulaautuniediiiuas

mmﬁugmﬁmﬂé’mﬁ’uwan’nﬁnmmmﬁ’mmu\l,w%u%LamTﬁﬁ’u Clay material i ¥ifia Slip plane

o = o

a % 4' = = a d'nl 4” 4' 1 33 a
fidnanusumulniinishfeinanndausaaeisuiianifianutugs Taauilunsnszninduiunse
I inFaanuanas avanifilnansluaalvaildsmisalrasenldlussuuvioseuns
NIA gj 1 % &’ 1 [~ Y3 d' 1 1 al 1
Afassluaalnalzn inuaranuduluaialvaiuilasundnasataiasnInaasainlvratn
(Wyllie & Mah, 2004) uananduanis@nessaiinelaseaieluusnunulasensiiafnm
ANMULNITINFITITUALLABTINTUUS D ULATINITWU I TUNUT L ATINITRULE A A NI TURY
AALAY wnuduAueiUssinauamile - 1§ yuBpantduiusgscning 13°- 20° aeandieiu
sutpusugusuilirnlugdssnivmaneadwlasenis (Uil 13) lassadwiuiunaaldevinli

1A Complex rupture surface with multiple steps (gﬂﬁ 14)

sUfl 13 suheusiugusuilyrnlugwssnivmstesiulasmsusasnsiinduiu

ﬂﬂTﬁdLLa:iaﬂLﬁﬂuﬁﬂuquﬁﬂ (ARRDNLATAALURIIN 5B UIIINN,2548)
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Locking Downstream -

Complex rupture surface with oy
multiple steps or undulations

oL
¥

=

Irregular compound slide

UM 14 JudalaseaswMITuuaalAsuSInaalre 1

(PAADNLLAZAALLUAYIIIN Wyllie and Mah, 2004)

HaNITIATITAETEI AR lrRINeedE Kinematic AiuuShuaialvaiuusiiud
f#nunmN151An Daylight envelope for plane failure zone LRauadlunefiAnsTunndesls
frneranndaeiuuuuIIane 3 i 3NFUARsIaAneY Nan193lAszh RMR é’ﬂaﬂu IV - Poor
rock LAZNAN1IILATIZH SMR agﬂu Class Va wuindnsauzaialuanfidnsazuguin viain
nanlwios dnwucmsdousiiuuuussuuiilvaiinn n133e31es RMR was SMR
Tlufiemaifiediu wamsiias1ei RMR teBaunwaasfiulacnansiiasnzs SMR dnsdseifiu
AAN19NN5INAITaIThaa s yudeBUAUAANSULAT B BN LUILENUTENBL
Feléiwaunanaini8ns RMR wiaean RMR gnasnuuusnldlusuglued (Romana et al, 2015)
HALUUAADY 3 A HAaNIILAT1Z9 Kinematic Way WaN1331AT1eH SMR 1933 11ansiaunuy
szuuuinuguiuiivnisnenaasndeiiaas fuandoeldaamiianaluaen sgUnans
Anwlaeotl

1) AnNEEmEaINII AU YN FRUANAANMS A UAIMARNTUUTEN 1 1NAT shotcrete
ian1sdnznesnainiu wasfithlnasenuiainioedn Auiiniianisideusitseann 28,000
AT ILNAT

2) #uvsnugwiuilsifunneiueds aglunguiulasy Uszneufefuaznou
winfiunsauds Fieawnauas waziiuginn fdunse fuaseu WenuadniasBuaunng
funmiau Aulasu Aufueu uasiunsouil fuesdeona sdufAunTe Juaeag zam
uasFuasunyn laensafiuad Iansauennemwoosfiu Usznauditufiusduiunuy
cycles §ANMNNUIBETLNIN 200 - 760 wasTuiuilasens suiuluiuilassnsuaasdney

FURUARNLF
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3) mMIdpufusnuaalvaizin gy Clay material ﬁm’m&iaLﬁaaIuLLﬁia:wquLaﬂz
vunthae g u Clay material ﬁﬂmu%’uw%aﬁﬂg\aﬁﬂﬁmsﬂuLﬁﬂmmmzmmﬁﬁﬁﬁuaﬂao

4) uuuudnaed 3 df wazMIIATIEAEdusINaalraLEa LI 1HenTITR
aalvalLuITUIUi g uiuilien Shensidaudlumefiaes Tuanidesld

5) HANM3 AT RMR 908glu IV - Poor rock UarHan133tA31:7 SMR gl Class Va
fnvauraalvanddnsusugan viaalvanldaies dnsucnisieudiiuwuussuy
Alvigunn

6) “ﬁaLauaLLuzﬁ\lﬁaﬁﬂmsﬂ%’uﬁqamsﬂm‘L°1n 35119 RMR dmsusidiaanuuumstlaeiu
NMSWINaBTe9iu (Bieniawski, 1989) (arsannanansauzwiinauiunsdily) gl ¥ Rock
bolt viduszuy Tae 1% bolts wire mesh, Shotcrete Wiatlasiuaalviaizn Tuzusiiins SMR
Tinsgadantheenlne viszuuszunmivdnumihaialnaion AaduiedsefioTanisiadaud
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