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Author Mr.Pantawee Pantaweesak
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Academic Year 2018

ABSTRACT

Mining industries are often operated in rock mass conditions which can
be caused rock mass failures prone to risking life and property of operators. Rock mass
classification methods are preliminary rock mass stability estimation that obtained
rapid and significant results. Nowadays, smartphone is the most popular digital devices
in the world. The objective of this research is to develop an Android application for
estimating preliminary rock mass stability using rock mass classification methods. The
users can perform this application to estimate rock mass stability instantly by their
Android smartphone. This introducing application makes engineering work more safety
and suggests preliminary support. Four rock mass classification methods have been
programmed in the application, consisted of Rock Mass Rating (RMR) for estimating rock
mass stability of tunnel and dam foundation, Slope Mass Rating (SMR) for estimating
rock slope stability, Rock Mass Quality (Q-system) for estimating preliminary support
methods for tunnel that constructed from drilling and blasting and Geological Strength
Index (GSI) for estimating preliminary rock mass properties, especially cohesion and
uniaxial compressive strength ratio and internal friction angle of rock mass. Comparison
between calculation logics of this application and traditional calculation is acceptable.
The PSU-RMC was applied with case studies in 5 conditions: the sandstone intercalated
shale slope, the hornfels slope of quarry, the claystone with coal seam slope of open
pit mine, the horseshoe adit in bedded limestone area and the limestone with
dolomite slope of quarry. The results of case studies of the application were compared

with some literature reviews. All of the case study results are consistent.

Keywords: Android application, Rock mass classification, Rock mass stability
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anamnssumiisssidunisimineinssssuydimaniunasusunld
Usglond Tnedesiiunsegluannilwindenlusemaiiu dsenagnsuniuaiesnimain
nIgUIUMINAATITIRTILaEeden naihRnmuaiosnimnafiuegisaiaueiiiaru
Uaeastlumssniueidadudsddy nssiuuninaiiu (rock mass classification) 1unila
Tundnnisusudwaiosnmuadiuiildausgraunsnarsludsdamnssy (Singh and Goel,
2011) yaudurasvdnmsil fe danududouvesiunounisusadutien Tifeyareiulaiun
wazlinauszdiuioensuld ogslsfmuiiussiliudiosonfouszaumsaflumsinnsaniouly
dielildnanisusiliufififoddny wazesifuteyasiuiugunsaiiivanzen 1wy Suiinssdl
uazgunsaiiudygnaidfies msduunafiutigossenidunarevannsiiinguszasd
nsldaufiunndneiu Wy nsUsediuanafiu (Rock Mass Rating) d1nsulsediuiaiosan
wafiuvesuglinduazgusinideu nsuszifiuaiaiiu (Slope Mass Rating) dm3unis
Usgifiuafesninainiiu N1391uunAnAINLIaiY (Rock Mass Quality) 1m15uUseiilu
g“dLLUUmiéwsﬁ’mﬁaaﬁuﬁ’m%’mmqimﬁ wazAUlinIa955a8d (Geological Strength Index)
dmusnduanifunaiudoiu vonanddursunsssfiuaiiosnimnaiiulaeiily
wuhilanusideunarlindesiamatsgn anmsligunsal Auteyaintu nsaadudin
foyauvusufuiifinruiliiduszuuuazeraiiaaufinnainaningss (Weng et al, 2012)
feszuunaUszanananargudoyanisidviaaunsadanisteyamaildAsend

Tantagudugauisadvaiimaluladiunuimesranndenisdiiudin
guUnsalRdviaTiiiavEnadeuywdnigafeasnialnu Byme, 2014) Fsildnduinnninfos
ag 85 ldszuudfuinisuaunseenlunisussanana (Chau et al,, 2018) vilvidiaulanaun
LUsunsuyszand (application) dusulssilivtadssanulaiuuuaniialiuwaunsosa
%um%mﬂiﬂil,mim 19U Rock Mass Classification (Sarangi, 2013) RMR Calc (Geomecanica
Apps, 2014) Laz RMR & GRC (Saricam, 2015) azmiiﬁmmiﬂil,l,ﬂswﬁzqﬂﬁméwﬁlﬁmmm
wansransUssdinlasazdenld Feldmnedunisldnuatasinfineg femnidiiseds
FesmsiannlusunsuUszgnAusunsesddvivlseiiuaiiosnmnaiuiivinaudaiaialu
ALa9 anansakantran1sussiliulasavidenla wazinuizdunisuiludssyndldluau
maau Geasiliglinnuiaatissnmanaiudouldituiiivinny waranmsonuny
suidunulferamnzannazasnds ndnnsdnuninaiuigidvaulafmuilulsuns
ﬂﬁzqﬂﬁﬂfﬂizﬂau 4 viannns lawn n1suseiiundaiin (Rock Mass Rating) n15Useiiuainiiu
(Slope Mass Rating) N13314UNAMAINUIANY (Rock Mass Quality) wazavin1dassal
(Geological Strength Index)



nsUsEiuNlaiu (Rock Mass Rating, RMR)

msﬂszLﬁumaﬁulﬂuszwmﬁ%mamaﬁuﬁLﬁ@ﬁﬁumﬂaqﬁmmi@wg‘jﬁ’a
AfuruTudiandssinadauiulieglusuiuuueanisdadudu (rating and ranking) Tag
finnsananiteulvvesnaivluninau deldsuniseensuoraunsnansludimnssy
(Singh and Goel, 2011) lngo1@EnaNN1SN195TUNAAIERNS (geomechanics) U84 Bieniawski
(1979, 1984, 1993) fivszneudedadudday 6 Uszns Taun

[

1. NMAWBIAUNAABYU (strength of intact rock)

fdwwessogsiuus it inanuudwswesdivlunisuunmuusnoud
LLAANISARUR ImsJagjuuﬁugmmﬁwé’aé’mmeﬁm (Uniaxial Compressive Strength, UCS)
uayAFRAIsanAgn (Point Load Strength Index, PLSI) ¥esiangsiiunaaouiifianing
wueatuiinuluneawy fnasinsussiduidwesiunaasulmiuaiads R, fmiss
7l 1 Tavdnsnntadeiltndalndifsadulumdsfiufofuiinseunquitufivundn Siem
Fnsneadeuiiatsiivegetioy 5 fedrafiomanadsudilddmsunsussiuiiaiu
Jrapeslunnaaneanula IU‘UNﬂiﬁﬁﬁlr}?ﬂi%Lﬁui@jﬂzﬂﬁHIUﬂﬁiLﬁUﬁlaﬁiﬂﬂﬁUﬁ%aL‘ﬁuﬂ’]i
Uszifiuthses onvanunsaldaidssaunuiieadsvesiegsiufinageulag Palmstrom
(2000) Kapn31971 2 tieusTdiutafedinaunuld egndlsinuiussiiudosddsegianoiii
ssaeuiifugenfiaudifunnmasuwsduivsdadeatuiony nsveaeuiegsivain
uwssiUszfiuesdslinanmsussduifamnuindedeanniian

r-:l' L3 a o w a
A15199 1 LnanUseiiun1aswasiunagsy (Ry)

Qualitative description | Compressive strength (MPa) | Point load strength (MPa) | Rating
Extremely strong >250 8 15
Very strong 100-250 4-8 12
Strong 50-100 2-4 7
Medium strong 25-50 1-2 4
Weak 5-25 Use of UCS is preferred 2
Very weak 1-5 - 1
Extremely weak <1 - 0

g Mnfianidseaunuieniini 1.0 MPa Jagiuazdaindunindu
#iu7: Bieniawski (1979, 1984)



AN 2 ANNNAIDALNURLIRAYIINGIDENAUTUIA 50 LAAUNT

Type of Rock UCS | Type of Rock UCS | Type of Rock ucs

(MPa) (MPa) (MPa)
Andesite (1) 150 Gneiss (M) 130 Sandstone (S, M) <100>
Amphibolite (M) <160> | Greenschist (M) <75> | Serpentine (M) 135
Augen Gneiss (M) 160 | Greenstone (M) 110 | Shale (S, M) 95
Basalt (1) 160 Greywacke (M) 80 Siltstone (S, M) <80>
Clay Schist (S, M) 55 Limestone (S) 90 Slate (M) <190>
Diorite (1) 140 | Marble (M) <100> | Syenite (1) 150
Dolerite (1) 200 | Micagneiss (M) 90 Tuff (S) <25>
Dolomite (S) <100> | Micaquartzite (M) 85 Ultrabasic (1) 160
Gabbro (1) 240 | Micaschist (M) <80> | Clay (hard) 0.7
Granite (1) 160 | Phyllite (M) <50> | Clay (stiff) 0.2
Granitic Gneiss (M) 100 | Quartzite (M) <190> | Clay (soft) 0.03
Granodiorite (1) 160 Quartzitic Phyllite (M) 100 Silt, Sand 0.0005
Granulite (M) <90> | Rhyolite (I) 85

e ()=udail, (M=huwds, (S)=ungnay, < >=A1NT¥ALRITNNIN
17 Palmstrom (2000) wag Singh and Goel (2011)

2. stiaaunmitiu (Rock Quality Designation, RQD)

Fudgunmiiulstdsauivesanulideidesiivnnguumaiudsdnase
AULTILIIDIATIN A15aAUIALALAEATI91NNSUTZTIUMVIRIBE1MSINSTUBN A INVGY
9% (core) Fadiudosavunsnuen It udIuATiaNETNNNTMEeWINAY 10 wURLAS
feszezfiufiegns 1 was Tnetfulanesesliseiiesfiiatunusssurivay luitfusesunn
AnTUluNenSsdiaunsi 1 (Deere and Deere, 1989)

Z Core piece > 10 cm A
RQD= x 100% (@UN15% 1)
total drill run

149n91NTU8719UsZLIUAT RQD 199U leann1sTuBUILANLTIUS LIRS (Volumetric Joint
Count) LBAIUIUUIAT J, AUNENNI5VBY Palmstrom (1982) waz Sen and Fissa (1992)
FILEUNISN 2 NUUAILIUAT RQD Tagltaunisi 3 (Palmstrom, 2005) Hunauein1susesiiy
sudnaunmdulindueade R, dannsei 3

J 1

)= =17 (aunsit 2)

lne?l S FlaA1szagring (spacing) wassewinsmuliseliewewad i lumieiuns



RQD=110-2.5, (7137 3)
Tned J, Ao uununndalsuns

157991 3 inauaiUseiuavilnan i (R,)

Quialitative description Rock Quality Designation (%) Rating
Excellent 90-100 20
Good 75-90 17
Fair 50-75 13
Poor 25-50 8
Very Poor <25

#is1: Bieniawski (1979)
3. szeginsvesnulineliios (spacing of discontinuities)

Aulaseliios (discontinuity) fAMuULNEE WUILAN (oint) N15319%U
(bedding) s¥u1ULADU (shear plane) 58uLdnu (fault) LazlUnRdNe (weakness zone)
Tneluanulddeifionvariinaziinsiudulugn arulineidesyaieriulinesd
5¥881 (spacing) s¥uinsauldseiliowunazuuilndifesiu nislimnseanedalugisiay
Heannduanulidedliesiifinanmgnisainisssdiinednuwaziiediu Wy wsaauain
a = Y] = I3 a | oA v & ' Y] Y
N3 insstiwlsdugIw) Tinaainisusediuszegvinsvetsauluseiiodlmduntad Rs de
M50 4

A15799 4 LnausUseliusrezvinavasnulisatilag (Rs)

Description Spacing (m) Rating
Very wide >2 20
Wide 0.6-2 15
Moderate 0.2-0.6 10
Close 0.06-0.2 8
Very close <0.06

fun: Bieniawski (1979)
4. annvesrnuluseriiod (condition of discontinuities)

anulsisoiflesfiAatuuuinafiudnivdeuudanioniniladevare usenis
faanusssImALIadeuLazsIngmMaimessiiiner anmanulddedosiinuiadus
vadfsaninlutlagiiu fanseunquianinueuse (roughness) nsusnyin (separation or
aperture) miﬂﬂagj (length or persistence) N15KWe (weathering) Lagkign (gouge) i
Usnguuaulideiiies annsadsziiuanimuesanuldsoilesdmiluaiads R, 1d 2



sULUU Ao MsUsuliuaniniiazRouly (Myvsuliulagaziden) w1519 5 wagn1suseidi
wuugaReuly (MIUseiiiued1ade) Awm1sei 6

A15197 5 inaunUsediuaninvesanyliseiiladasaziden (Ry)

Parameter Ratings
Discontinuity length <Im 1-3m 3-10m 10-20 m >20 m
(persistence/continuity) 6 a4 2 1 0
Separation (aperture) None <0.1mm | 0.1-1.0 mm | 1-5mm >5 mm

6 5 4 1 0
Roughness of Very rough Rough Slightly Smooth Slickensided
discontinuity surface rough

6 5 3 1 0
Infillings (gouge) None Hard filling Soft filling

<5mm >5mm <5mm >5mm

6 4 2 2 0
Weathering Unweathered Slightly Moderately Highly Decomposed
discontinuity surface weathered | weathered | weathered

6 5 3 1 0

fa1: Bieniawski (1993)

= 6 a [ = 1 !
A1519% 6 neunUseiliuanmvesnulineiilosegneing (Rq)

Description Rating
Very rough and unweathered, wall rock tight and discontinuous, no separation 30
Rough and slightly weathered, wall rock surface separation <1 mm 25
Slightly rough and moderately/highly weathered, wall rock surface separation <1 mm 20
Slickensided surface or 1-5 mm thick gouge, or 1-5 mm wide continuous discontinuity 10
5 mm thick soft gouge, 5 mm wide continuous discontinuity 0

f11: Bieniawski (1979)

5. @nwilAny (groundwater condition)

UnleAulidnsnadenisievaaulisoiias vilvwsadeaniunieluiiag

=

#uanas warldnsnadeiadesnmesnmiuveunaiu laglanegegwBaiunulszianglusd
JednduladudrdniidesmidedailioUsviliuiatiosninunaiu aansaussfiuanindilanu

[

Tduarlade Rs 1a 3 sUuuude nmsindnsinisiuaveninldfu n1swidnsidiuszning
WSIRULNADANUAUNAN WAZANINIRLUNNULTAUININMTNIU AIRAN5199 7



A15799 7 inaunUseiiuan inulaay (Rs)

Inflow per 10 m tunnel length (L/min) None <10 10-25 25-125 >125

Ratio of joint water pressure to major 0 0-0.1 0.1-0.2 | 0.2-0.5 >0.5

principal stress

General description Completely | Damp Wet Dripping | Flowing
dry

Rating 15 10 7 4 0

fa: Bieniawski (1979)
6. N1571991999AUlReLTIaY (discontinuities orientation)

ANUFUNUSTEIaiAN19N15319iveeAu lisaLloswasuIaiuU g
Tonafidasanisiinn1sith nisuszliudadeddmsuaugluad emenisiuninnuidu

= v a

AsdnAny 9BINATUILUILNUDLINATINAULINUALUUINVDINIANUY AIRN151997 8 Uaued

o

a a

=1 [ [ d' o a dl' d‘ 1
NUFIUIINAERITYUNvoIaRudundnan119n 9 msandiuanuluteulanly
ooy lrileniainnisidRvesaiuuin dinueinisuseiiunisinesvesanu bl
sovladlmduadade Re famns199 10

M137199 8 NMIUsBliuNaNIENUYDINITINveIn L inalosiinasaglud

Condition Strike perpendicular to tunnel axis Strike parallel to Irrespective
tunnel axis of strike
Drive with dip Drive against dip
Dip (degree) 45-90 20-45 45-90 20-45 20-45 45-90 0-20
Description Very Favorable Fair Unfavorable Fair Very Fair
favorable unfavorable

fa11: Bieniawski (1979)

M13°99 9 N13UsBIURNANTENUVINITIMTaIA U lidoLINliNasag U N
Dip (degree) 0- 10 10-30 10-30 30-60 60-90

(Upstream) | (Downstream)

Description Very favorable | Unfavorable Fair Favorable | Very unfavorable
#i311: Bieniawski (1979)

A15197 10 nuaiUseiiun1snesivasenulusetied (Re)

Joint orientation | Very favorable | Favorable | Fair | Unfavorable | Very unfavorable
Tunnels 0 -2 -5 -10 -12
Dam foundation 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60

‘1‘71'3,n: Bieniawski (1979)




WoUsefiuA1iady R, 89 Ry t@S9du a1uisaniulnel RMR lalasnisnn

Ha3IuvennTadededanasingigane 100 wardngane 0 AdgauN1S 4 (Bieniawski,
1979) anuuwseuiiisuan RMR fidwialaiuinaeiussiliuseduduadesnnuiaiues
M1319% 11 wazisgduduiatosainundsedivisnisadunmunsandmiuauglusads

AN 12

1987 Ry, Ry, Rs, Ra, Rs k8¢ Rs AaA7iUsiiuaIntaden 1 549 6

AN5197 11 N UseiuseAuIuEnesAINLIaRuaINA1 RMR

RMR 100-81 80-61 60-41 40-21 20-0
Classification of rock | (Very good) Il (Good) 1l (Fair) IV (Poor) V (Very poor)
Average stand-up time 20 years for 1 year for | 1 week for | 10 hours for | 30 minutes
15 m span 10 mspan | 5m span 25 mspan | for 1 m span
Cohesion of rock (MPa) >0.4 0.3-0.4 0.2-0.3 0.1-0.2 <0.1
Friction angle (degree) >45 35-45 25-35 15-25 <15
Allowable pressure (T/m?) 600-440 440-280 280-135 135-45 45-30
Safe cut slope (degree) >70 65 55 45 <40

flan: Bieniawski (1993) wag Waltham (2002)

a & a ’5’ v A ] (% &a
HITIN 12 LﬂmsﬂﬂigLNUﬂ’]iﬂ’lﬁlu‘VlLWNWS&@J&’]W?UQIMW’]MU

Class

Support

No support required except for occasional spot bolting

20 mm diameter rock bolts with fully grouted in crown 3 m long spaced 2.5 m with wire

mesh, shotcrete 50 mm in crown

20 mm diameter systematic rock bolts with fully grouted 4 m long spaced 1.5-2 m in
crown and walls with wire mesh in crown, shotcrete 50-100 mm in crown and 30 mm

in sides

20 mm diameter systematic rock bolts with fully grouted 4-5 m long spaced 1-1.5 m in
crown and wall with wire mesh, shotcrete 100-150 mm in crown and 100 mm in sides,

Light-medium ribs spaced 1.5 m

20 mm diameter systematic rock bolts with fully grouted 5-6 m long spaced 1-1.5 m in
crown and walls with wire mesh, shotcrete 150-200 mm in crown 150 mm in sides and
50 mm on face, Medium to heavy steel ribs spaced 0.75 m with steel lagging and

forepoling

e alusAsuifeninfasneninnisaizssddnvuinliiiu 10 wes wassuanuduliiiu 25 MPa
#17: Bieniawski (1984)




n13Usziiuanaiiu (Slope Mass Rating, SMR)

nsUszdluaafiugniRuTuaINugIuveIn1sUsEliuLIaiu lagn1siiy
musznevuTuuiidanswdssiuielivinzauiunisusedivaindiu (Romana, 1985) &4
iusznauUiusiannsaswuniaidu 2 nqudadl

1. MUTENaUUTULAAMUFUTUSNN T TE NI UUILAN VS BLEUARYIN waninaniy
v & 1a [d 1A v ! v v &
MUsyneunquiluusiansanidu 3 ArAe MUsynouAIANUELTUSYDILLD
TITENIUUMANAUNIIRIA (F), MIUTENBUALUMYBIUILAN () wazdiusenauen
ANNFNTUS VR TEnIILanfunian (F;) lnedidseneuusuninguilagiiansan

RoulwmuguuuunsigRnnuusumiinmy aunsaUsediualiainaisd 13

A15197 13 1NUNUsEEUMIUTENDUUSULNIINNITINAIVDILUILANWALUTNANATAY (Fy,F,,Fs)

Case of slope failure Very favorable | Favorable | Fair | Unfavorable | Very unfavorable
P |oy — o >30 30-20 20-10 10-5 <5
T loy — o — 180]

W o — ayl

P/W/T Fi 0.15 0.40 0.70 0.85 1.00
P Bj| <20 20-30 30-35 35-45 >45
w Bi

P/W F2 0.15 0.40 0.70 0.85 1.00
T F2 1.00 1.00 1.00 1.00 1.00
P B; - Bsl >10 10-0 0 0-(-10) <-10
w |Bi - Bl

T 1B + B <110 110-120 | >120 - -
P/W/T Fs 0 -6 -25 -50 -60

nugwe): P AensiURLUUSEUNY, T Aensitdfkuuagsi, W AonsAvRLUUAL
a ADUUIIFINUIATN, oy ABUUIIIIFIVOILUILAN WA o ABLUIINAIVDILUIEUARTINS
Bs FoyINMTNATIN, Bj ADYUVVBILLILANKAE B ADLIINTDILUIIAUAAYINN

#i11: Romana (1985) ua Anbalagan et al. (1992)

2. usEnaudiuunsn1sunany

AanTsumee Ansevirenaiuinanetafosnnluszezen Tnuanizedns
gan13szrinluruniioswstazyinlminsesdnauisanluilovesiuusiutiwmes vinlad
Feulvmaadssnndeeninaniusssunanlignsuniudsianssuding1y Jadedaunse

Uszitiuduasusenaudsund Fs ldanmisied 14



M1399 14 inauanuseiiudiusenaudTuuianisnisyniang (Fy)

Method of excavation Fa
Natural slope +15
Pre-splitting +10
Smooth blasting +8
Normal blasting or mechanical excavation 0
Poor blasting -8

f11: Romana (1985)

APIUSENaUUSURN AT oA WIS A UANaden 1 89 5 vpIn1suseLliy
Wadiu (R; £4 Rs) 11501 RMR WU (RMRuasic) 3¥a13150911A1 SMR Iolagldaunisi 5

-dl
SMR= (R, +R,+R,+R,+R; )+ (F, xFxF, ) +F, (@un159 5)
187 Ry, Ry, Rs, Re Wy Rs Aomuszidiudaded 1 83 5 909 RMR
Fi, Fo, F3 L@y Fq ﬁﬁ]?‘i’]ﬁ’)ﬂi%ﬂEJUiJ%IULLﬁ‘\]’]ﬂﬂ’Ti’J'N(;f']‘UENLLu?LLWﬂLLﬁ%Mﬁ’]a’mﬁu LLﬁ%%%ﬂ’li‘QﬂL‘iﬂS

Tunsdifarafuuinugausediuduainiulndniusssuei 919a13150/A1INAT RMR
HUg1U (RMRosse) Turdossuldlaeldfanntsil 6 Banks, 2005) eelsfinuaniifuifio s
nanansadAfnaduInea liagieudsan munafiuinuads 3351 RVMR auAsnis
Uﬂaﬂqﬂﬂ%ﬂmﬂamwLma”amgaé’ma

RMR, . =0.45+52 (Aun13% 6)
lnef S AoyumvesaInRulNassTuYIF (936)

WoAIUIAT SMR 1ES9FY AvatuTauseiuseautuadesnnatniulalaelinisneai 15
A ad o a A ° ) a v a
wazUsediuisusulsadesnniimnzandmsuanuainiulaanaisen 16

A1519% 15 LnaueiuseliluseAuTuanasn nainiiuainal SMR

Class No. \Y W% Il | |
SMR Value 0-20 21-40 41-60 61-80 80-100
Description Very bad Bad Normal Good Very Good
Stability Completely Unstable Partially stable Stable Completely
unstable stable
Failures Big planar or Planar or Planar along Some block | No failure
soil-like or big wedges | some joints and failure
circular many wedges
Probability 0.9 0.6 0.4 0.2 0

‘171I3,J’1: Romana (1985)




10

157991 16 inauaiuseliiudsusuuuatiosnmiimangananal SMR dmsuainiiu

Class SMR Suggested supports

la 91-100 | None

b 81-90 | None, scaling is required

lla 71-80 | (None, toe ditch, or fence), spot bolting

Iib 61-70 | (Toe ditch or fence nets), spot or systematic bolting

llla 51-60 | (Toe ditch and/or nets), spot or systematic bolting, spot shotcrete

llb 41-50 | (Toe ditch/ nets), systematic bolting/ anchors, systematic shotcrete, toe wall/
dental concrete

Va 31-40 | Anchors, systematic shotcrete, toe wall and/or concrete (or re-excavation), drainage

Vb 21-30 | Systematic reinforced shotcrete, toe wall and/or concrete, re-excavation, deep

drainage

Va 11-20 | Gravity or anchored wall, re-excavation

e Bnsfimatesnndiegluadufe s alideulumsujus
A Singh and Goel (2011)

V19wf|799 Romana (1985) fifaUsznoudsund Fy, F, waz Fs Wuiledduly
m'aLﬁaae‘z‘fqﬁﬂﬁmﬂizLﬁul,ﬁmﬂ’nmamLﬂ?iauLﬁamamiﬂizLﬁuaQU%LammaumaﬂﬂiaanzLﬁu
W mnAdszfiuinswasuuanfisadndesasyinldseduduaiosnnasudisedg
Sundu Frewnil Tomas et al. (2007) uay Zheng et al. (2016) Faiaueaunisilaidusiaiiios
dnsulszdiuaiUseneulsuninInnsedt 17 way 18 audey

ANSN 17 NMsAuINAIRIUSENaUUSULN Fi, Fy Wae F5 989 Tomas et al. (2007)

fusznau HUN5ATUIN U
Fy L |Al7 A = Joy — o] erdunsivRiuusEUTy
16 3tan (——) 4 .
F_— 10 A = o - a Weadunswuskuuay
1= - 4‘ a wa °
25 500 A = |0y — o - 180| WieilumsiidRuuuazai
4 17B z
F, . tan%m_@ d1B <45 )
Fpz— - —————— B = |B atdunmsnUanuussunukarwuuazin
16 195 B = |B WiewlumsivRuuua
018> 45 9lviA Fo = 1
Fs Weatdunsivhuuussuuiazdn | C = |B; - By WalumsivRuwuusyunu
1 - o wa =
tan"C C = |Bi - B HodunsivRLuuan
F = + - a wa o
5=30+( 3 ) C=|B+ B WatdunmsivRuuuazih
WiodumsidRnuuaysin
tan'(C-120)
Fy=13(——)
3
p

VBV O FBLUIINAIYBIMTNATA, o) ABWWINFIVDMUILAN WaE o ABLWINFIVDUAUANYIN
Bs FaUWVRmITNAN, B) ADYILNTDIUILANLA B ADYILNTDLAUARYIN
131: Tomas et al. (2007)



11

A1519% 18 nsAmAdIUTENoUUSULA Fy ey Fs U84 Zheng et al. (2016)
MIWUA | A3Usenau | Romana (1985) | Zheng et al. (2016) | wanewin

JEUW Fi oy — oty oy — a Be.=tan”(tanBscos|ay-aL|)
e |oy — o] < 180 dle loy — o] < 180
360 - |oy — o Be.=tan ' (tanB.cos(360-|oy-ai))
e |oy — a| > 180 e |oy — o > 180
Fs |BJ — BS| BJ - Baa
fu F1 o — ol o — o a=tan (X’ 127y’ 12)

Wie Jou - ayf < 180 Bi:sin’1(|z’1z|/,/x'122+y'122+z'122)

,360 - Joi - ay Bsa=tan”(tanBscos|ai-as))
W fai - agl > 180 | &g o6 - af < 180

Fs B — Bl B~ Be Bsa=tan ' (tanBscos(360-|o—0Ls|)
e |oy — ag > 180
i Fi oy — a5 — 180) 180 - oy — o Bsa=tan " (tanBscos(180-|oy-ai))

o oy - o < 180 | uile |ay - o < 180
oy — af - 180 Bss=tan '(tanBscos(|a—aL|-180))
o oy - o > 180 | e [ay - af > 180
Fs B + B B + B
VU0 Qs ABLUIINGIVDIIENGIN, oy ADKUIINFIVDILUILAN kAT 0 ABWUIVNFIVBAAUANTIN
Bs FRUWVRMITNATA, B) ADYILNVDILUILANA B ADYILNUDLAUAAYIN
o = i x np el ny wae n, Rennumeddanniiasiuvesenuliideides 2 sen MiliAnAw
uag |, Aonnwesveaduinuinsseianulaideos 2 508 Inefl ', = i, il 21, <0 uay
I = o 10 210 >0 Tunausdi X' 12, Y 12 WaE 2’1, WWueaRUsENOU 3 fiFmsanufidnainves Iy,
fan: Zheng et al. (2016) 1z Romana (1985)

N1SAMUNAUNINNIANAU (Rock Mass Quality, Q)

NsIMUNAMNNIIATLTRILNTUINNTAIANYINUR LUAkAz Tasn (Barton
et al,, 1974) Ingitiuiinsuseiuidnsmduiaswud miulasnwazglusAiineainwminns

seidn IngAuinAIRunInaIadY (Q) na1dviiamnIniy (RQD) fannd1aludreauluy

v

PUpNSUTELULIaNAY @UNNST 1, 2 wae 3) wardadedn 5 Usen1sadal
1. FugakwIan (Joint Set Number, J,)
AIIUIUYALUILANATEUAGUTINITIITY (bedding) waznisumniduuey

(foliation) MAnFauMuduya Fanuwwanlaliauisadangulsd Tidauinduwuauan
1 .. a '3 a o Y @ 1 (Y] [ a
WuUdy (random joint) Hnauainisuseiiuvdruiuyauuinantilualady J, Awm1sei 19



12

157991 19 inausiuseidiuduIugawuIuan J,)

Condition Jn
Massive, no or few joints 05-1
One joint set 2
One joint set plus random 3
Two joint sets 4
Two joint sets plus random 6
Three joint sets 9
Three joint sets plus random 12
Four or more joint sets, random, heavily jointed, “sugar cube,” etc. 15
Crushed rock, earth-like 20

#i11: Barton et al. (1974) uag Barton (2002)
2. széﬁ’umwmgmmammmﬂ (Joint Roughness Number, J,)
& a < @ A
ANUYTYTERRURIBIkANtuanadniar A durfuvewILAnluaNa
Tngjazgniiansaniuladed Sinasinisussiuszruaruvgvszveawwiunniiduatede J,
AIA1991 20 BagAIN1TAIUINTINAUTEAUNTHUTIUABUYDILLILANL U TEU ALY

d@uanunelulananisian 22

P399 20 NaUIUTHEUSEAUANNYTVIEYRIRLILAN ()

Condition Jr

Discontinuous joint 4.0
Rough or irregular, undulating 3.0
Smooth, undulating 2.0
Slickensided, undulating 1.5
Rough or irregular, planar 1.5
Smooth, planar 1.0
Slickensided, planar 0.5
Zone containing clay minerals thick enough to prevent rock wall contact 1.0
Sandy, gravelly, or crushed zone thick enough to prevent rock wall contact -

fa: Barton (2002)

3. SEUNSWUSIUATUTDILUILAN (Joint Alteration Number, J,)

A15USHURUVDILUILANITNIIT VA NWAUL NG UBNUSLIUHTILUILAN

[ a L = '3 a [y a YV 1 [
wazdanignagluwuiuan Linaeinsussliuseaiunisulsivdsuvesuunnliilualade
J, AIR5999 21 Uaganunsarmuinsuiu J; iieyselivayudsamuniglulanmisiei 22



A15197 21 nunUseiiuseaunskUsiUasuTasuIwan (J,)

13

Condition Friction Ja
(degree)
Tightly healed, hard, non-softening, impermeable filling, i.e., quartz, epidote - 0.75
Unaltered joint walls, surface staining only 25-35 1.0
Slightly altered joint walls; non-softening mineral coatings, sandy particles, 25-30 2.0
clay-free disintegrated rock, etc.
Silty or sandy clay coatings, small clay fraction (non-softening) 20-25 3.0
Softening or low friction clay mineral coatings, i.e., kaolinite, mica, chlorite, 8-16 4.0
talc, gypsum, and graphite, etc., and small quantities of swelling clays
(discontinuous coatings, 1-2 mm or less in thickness)
Sandy particles, clay-free disintegrated rock, etc. 25-30 4.0
Strongly over-consolidated, non-softening clay mineral fillings (continuous, <5 16-24 6.0
mm in thickness)
Medium or low over-consolidation, softening, clay mineral fillings (continuous, 12-16 8.0
<5 mm in thickness)
Swelling clay fillings, i.e., montmorillonite (continuous, <5 mm in thickness); 6-12 8-12
value of Ja depends on percent of swelling clay-size particles, and access to
water, etc.
Zones or bands of disintegrated or crushed rock and clay 6-24 6,8 or
8-12
Zones or bands of silty or sandy clay, small clay fraction (non-softening) - 5.0
Thick, continuous zones or bands of clay 6-24 10, 13 or
13-20
fian: Barton (2002)
Gﬁi’]ﬂ‘ﬁl 22 mwwmmﬂ'muLﬁaﬂmumsflumhaaammﬂmsﬁwmmé’w Jr ey Jg
tan™(J/Ja) Ja
0.75 1.0 2.0 3.0 4.0 6.0 8.0 12.0
4.0 79 76 63 53 45 34 27 18
3.0 76 72 56 45 37 27 21 14
2.0 69 63 45 34 27 18 14 9.5
: 1.5 63 56 37 27 21 14 11 7.1
1.0 53 45 27 18 14 9.5 7.1 4.7
0.5 34 27 14 9.5 7.1 a.7 3.6 24

fian: Barton (2002)

4. fUsznauanasannNtlukuIwan (Joint Water Reduction Factor, Jy,)

wserudansnadeiaudeuvesuuan Mlmiansveaeiangneenain

LUILAN LAz I IALIAUANNITNDIAT danalitm1uau1salunIsSulseuuILAnNanas

WnanIsUsEiiudnswaveinndnonuaniduatade J, saesen 23
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AN5197 23 inaunUsediusiiusenouanasanntilukuiwen (J,)

Condition Pressure Jw
(MPa)

Dry excavation or minor inflow, i.e., 5 lt./min locally <0.1 1
Medium inflow or pressure, occasional outwash of joint fillings 0.1-0.25 0.66
Large inflow or high pressure in competent rock with unfilled joints 0.25-1.0 0.5
Large inflow or high pressure, considerable outwash of joint fillings 0.25-1.0 0.33
Exceptionally high inflow or water pressure at blasting, decaying with time >1.0 0.2-0.1
Exceptionally high inflow or water pressure continuing without noticeable decay >1.0 0.1-0.05

#u1: Barton (2002)

5. fUsEnaUanaaNnAULAL (Stress Reduction Factor, SRF)

AANTTUUNUTEANTBVENAARAMULAUNLIARUABILUNTU 19U NITYAUTLIN

= o a a2 a ~ o v a o X A ) Y a a
WATBELABUNIBUSNAUTLTUAWWTYY F9909Use iUt N UITDIdN INANULAUTLAR
Yuiuuiaiy Tnusinisuseliudvnsnaveasanueulmduaidade SRF sap15199 24

AN5199 24 LNURUTEIIUAUSENDUANAIIINANULAY (SRF)

Condition SRF
Multiple occurrences of weakness zones containing clay or chemically disintegrated rock, 10.0
very loose surrounding rock (any depth)

Single-weakness clay zone or chemically disintegrated rock (excavation depth <=50 m) 5.0
Single-weakness clay zone or chemically disintegrated rock (excavation depth >50 m) 2.5
Multiple-shear zones in competent rock (clay-free), loose surrounding rock (any depth) 7.5
Single-shear zones in competent rock (clay-free) (depth of excavation <=50 m) 5.0
Single-shear zones in competent rock (clay-free) (depth of excavation >50 m) 2.5
Competent rock, rock stress problems UCS / Stress SRF
Low stress, near surface, open joints >200 2.5
Medium stress, favorable stress condition 200-10 1.0
High stress, very tight structure; usually favorable to stability, may be 10-5 0.5-2.0
unfavorable to wall stability

Moderate slabbing after >1 hour in massive rock 5-3 5-50
Slabbing and rock burst after a few minutes in massive rock 3-2 50-200
Heavy rock burst (strain-burst) and immediate dynamic deformations in <2 200-400
massive rock

Mild squeezing rock pressure 5-10
Heavy squeezing rock pressure 10-20
Mild swelling rock pressure 5-10
Heavy swelling rock pressure 10-15

fia: Barton (2002)
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deUsziiutiadoiadeny annsaduand Q 18lagldaunisit 7 (Barton et
al,, 1974) leUsvifiuseiudumiaiufioufunisied 25 arndufuinfUsenounils
(Wall Factor, Q) sudaulalumisnsdl 26 (Singh and Goel, 2011) uarAIUINAILSITIFDS
THlunsmsumauuazailsglusdlasldauntsd 8 uag 9 auddu wdn J, Serdesndt 3
Tldauns? 10 waz 11 wazlunsdld Q faini 4 Fedmbufiulaiudause wuzihlddunn
Lmgﬂé’mwmmimaﬁﬂﬁqﬁwmmqimﬁﬁqaammi‘ﬁ 12 (Bhasin and Grimstad, 1996)

RQD J J ,
Q=—x—x— (@UNSN 7)
J, )y SRF

1087 RQD, Jn, Jr, Ju, b Uae SRF Aeafiuszidulaaintladei 1 89 6

a & o v a 1
$135191 25 LNAUNAUNTEAUVUNIANUIINAT Q

Classification Q
Exceptionally poor 0.001-0.01
Extremely poor 0.01-0.1
Very poor 0.1-1
Poor 1-4
Fair 4-10
Good 10-40
Very good 40-100
Extremely good 100-400
Exceptionally good 400-1000

fian: Singh and Goel (2011)

A15197 26 Waulun1sAuIuAIRIUTENBUNLY (Q,)

Range of Q Wall Factor (Qw)
>10 5.0Q
0.1-10 2.5Q
<0.1 1.0Q

fian: Singh and Goel (2011)

02
PV=J—Q 1/

lne?l P, Aousssiumumauimilvidiatesnmwed vilg MPa
Q ALY (Rock Mass Quality) uay J, AsAusuidiuainiadedn 3

(ammi‘ﬁ 8)

0.2 .
Ph=— QW'1/3 (@un159 9)

r
v

g7 Ph AokssnuAdundsnvinlitiafiosnmwed ue MPa
Qw AaAdIUsENaUNTa (Wall Factor) way J, AeA1Useiiiuanntladey 3
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— _O.ZJml/Z Q’1/3

P,= (un"37 10)

3),
1087 P, ADLSIAUAITUINANUTAVINMATIED8TANNER 8 MPa (11D Jn<?3)
Q AvAAMNNLIAYY (Rock Mass Quality), J, Wag Jr AoAsuiiiuaintaded 1 uag 3

1/2
023,/ 1/3
Ph:

(ammiﬁ 11)

3, W

g7 Ph AokssnuAdundanvinlitiafiiosnmwed uie MPa (iie J,<3)
Qu ApAMIUSENBUNIS (Wall Factor), J, ey J; Aeatuseidiuanndaden 1 wag 3

a0B ::4'
p-—qQl/? (@un1s 12)

\% .J,,

lnedl P, Aousssumdunauivilvidiadesnmwesnuie kPa (ie Q<4)
B foAnunINlATImEIAInIemng, Q AeAiAmAINNIaRl wag J; AemUsedliuaindaden 3

ANLIALAB UL (Equivalent Dimension, Do) @115Un15Useidiutatosnin
arursaaruunndeulalagldaunisy 13 sauduadnsdiuatdunisidantieu
(Excavation Support Ratio, ESR) #901519% 27 #3oA1uIaia1nal Q talagldaunsin 14

g N g a4
NTuYsTENITNsAEuTudlagn1Indene Q wag De aquunsnluguf 1 usvinen
Uszilluwsasdadeidieulununisan 28 dnuitglusAtuaunsamdudiiesla (self-
supporting) lidnduspaasumduiuiiiu

BS

Do=— (@157 13)
ESR

lne?i De AoAnfifisuimiiens, Bs AoauninalasavaanvsenugeeleAnieiuns
ESR AamuUsziiiugnstdiuadunisianiineu (Excavation Support Ratio)

ANS19% 27 ANDRIIAIUANTUNNSIUANLNIUY (ESR)

Type of Excavation ESR

Temporary mine openings, etc. 2.0-5.0

Permanent mine openings, water tunnels for hydro power (excluding high pressure | 1.6-2.0

penstocks), pilot tunnels, drifts and headings for large openings, surge chambers

Storage caverns, water treatment plants, minor road and railway tunnels, access tunnels | 1.2-1.3

Power stations, major road and railway tunnels, civil defense chambers, portals, intersections | 0.9-1.1

Underground nuclear power stations, railway stations, sports and public facilities, factories, | 0.5-0.8
major gas pipeline tunnels
#17: Barton (2008)

D, =2Q** (@un5h 14)
1neil De AoARALIBUVINMINBIAT Lag Q ABAT Rock Mass Quality
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ROCK CLASSES
G F E D |C| B A
Exceptionally | Extremely Very Poor |Fair | Good |Very Extrem. |Exce.
poor poor good| good |good
100 I ——— 20
50 s 11 @
polt SPalc“T? '°.-=
& [[]iom | - T3
£ 20 [D70/10 - D70/8 | D55/8 5 B
- clc 1.0 - clc1.7 || clc23 =
= 7. =
20l L LU e ) L e | e
S|# 10 (0596 | [Dase fDass | [Daos [F303 3 B
= cc12 | fclet |23 | |cie29 | cled2 =
e "C()/@Sfr-*kks-bﬂ l/@sm @Unsuppor(ed s
= 5 |p40 [ |p3sis [E385 | 77| 2503 | Rl =
cic1.2 clc1.7 || clc2.3 clc 2.9
(% c1.2 | c 3 c 24 =
Il
my 3 -
2 | S L5

$¢

z /'\QQS
/ Q)/
1 |

0.001  0.004 0.01 0.04 0.1 04 1 10 100 1000

Rock lity Q= ROD  Jr . Jw
ock mass quality Q In X JaxSRF

REINFORCEMENT CATEGORIES  4) Fibre reinforced shotcrete and bolting, 6-9 ¢cm, Sfr+B

1) Unsupported 5) Fibre reinforced shotcrete and bolting, 9-12 cm, Sfr (E700) +B
2) Spot bolting, sb 6) Fibre reinforced shotcrete and bolting, 12-15 c¢m, Sfr (E700) +B
3) Systematic bolting, and unreinforced 7) Fibre reinforced shotcrete > 15 cm +
or fibre reinforced shotcrete, 5-6 cm), reinforced ribs of shotcrete and bolting, Sfr (E1000) +RRS+B
Sfr/B+S 8) Cast concrete lining, CCA or Sfr (E1000) +RRS+B

The bolts are 20 or 25 mm in diameter

E) Energy absorbtion in fibre reinforced shotcrete at 25 mm bending during plate testing

p45/6 | = RRS with totally 6 reinforcement bars in double layer in 45 ¢m thick ribs with centre to centre (c¢/c)
ee17. gpacing 1.7 m. Each box corresponds to Q-values on the left hand side of the box

*) Up to 10 cm in large spans
*¥) Or Sfr+RRS+B

JUN 1 unugiuenusziannisAduredssuy Q
#ia: Grimstad (2007)

1357991 28 Reulvglusaiilidosridununaeiduunszuy Q

Unsupported Tunnel Conditions

Jn<9,J>1.0,Ja<1.0,Jy = 1.0and SRF < 2.5

RQD < 40 and J, < 2

Jv=9, J;>1.5and RQD > 90

J=10andJy, < 4

SRF>1and J > 15

If span > 10 m need J, < 9

If span > 20 m need J, <4 and SRF < 1

#a1: Barton et al. (1974)
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[

Y¥UN189558 (Geological Strength Index, GSI)

gatinndessahduszuunisanwunulaiulunirauIufenduni1snsiagaeu
ANINNISIAINGINNUTIUA8UDNVDIUATU (Hoek and Brown, 1997) wsaUseiiuas
Usgnau 3 A1 ileAuuA1siusenaudaulanuiknn (Joint Condition Factor, Jo) taele

aunsi 15 udarwanvinensail GSl Ineldaunisfi 16 (Cai and Kaiser, 2006)

Je=— (a3t 15)

e by AofUsENaUAMITUABUVBILLILAN, Js ABFIUIZNIUAIUSHUVDILUILAN
Ja ABAIUSENDUNISHUSIUAEUUDILUILAN

26.5+8.791nJ +0.9\nV,,

GSl= (@UN159 16)
1+O.Ol51lﬁJCfO.0253lﬂVb

nedl Jc Aorteulanwiunnuas Ve feUsuinsvesudenfiumhegnuiAfigufiuns

[

J998919 3 VIRVRANNISTULAIN

1. fhusenauanuduasuveawuiwan (Joint Waviness Factor, Jy,)
mwmﬂuaawammumﬂﬂa SEJEJau“U’eNﬂ’NSJﬂﬂEJEJﬂLLU’JLLG]ﬂﬂW]ENSE’NLLU’J

LLGlﬂL@S’JﬂUGIEJ‘U’Nﬂ’J’N‘?JEJﬁENLL‘Ll’JLLG]ﬂ‘L!u (Singh and Goel, 2011) maaﬁmmmaﬂwm i

NUUUNIATY NLﬂm%Uﬁ%LNUﬂ?WNL‘UU@@U%@QLLU’JLLWﬂIMLUUF’ﬂﬂﬁH}H Jw @I\‘W]’]i']\‘ﬁ/] 29

A13197 29 ﬁ?ﬂi%ﬂ@‘Uﬂ'ﬂﬂJL‘ﬂua@u%@QLLUQLLWﬂ Uw)

Terms Undulation Jw
Interlocking (large-scale) 3
Stepped 25
Large undulation >3% 2
Small to moderate undulation 0.3-3% 1.5
Planar <0.3% 1

‘mﬂ Cai et al. (2004) way Palmstrom (1995)
2. AUTENBUAMUSEUVBILUILAN (Joint Smoothness Factor, J.)
= & ' & aa P L a
AT UTDILUILANLTUD NIIHUNUNVIADAIIUNUIUNIAIIUUTVTEVOINURD

WUILAN FeLBNENARBLSLEANIULAEANEINITALUAITSULSS ﬁLﬂm%Ui%Lﬁu&lUﬁ%ﬂaU
a Y J LY [ =
ANUsEUYaLILAnAduaAUady Js M99 30
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Terms Description Js

Very rough Near vertical steps and ridges occur with interlocking effect on the 3
joint surface

Rough Some ridges and side-angles are evident; asperities are clearly visible; 2
discontinuity surface feels very abrasive (rougher than sandpaper
grade 30)

Slightly rough | Asperities on the discontinuity surfaces are distinguishable and can 15
be felt (like sandpaper grade 30-300)

Smooth Surface appears smooth and feels so to the touch (smoother than 1
sandpaper grade 300)

Polished Visual evidence of polishing exists; this is often seen in coating of | 0.75
chlorite and especially talc

Slickensided Polished and striated surface that results from sliding along a fault | 0.6-1.5

surface or other movement surface

fan: Cai et al. (2004) wag Palmstrom (1995)

3, FrUsEnEUMILUSIUA BB LALAN (Joint Alteration Factor, Jn)

nswUsilduveawuanluladeiinsounguisannvedwILaniay Jan 1

gnagluluIuan wsu1vline1aianisnendnuaziAdouay UNNURIYVRMUILANLA dinue
Uszfiususeneunsuusiudsuresmwiuanliduadade J, dannsiei 31

AN519N 31 FUTENBUNNSTLUSHUATUTDILUILAN (Jy)

Term Description Ja
Healed or “welded” joints Softening, impermeable filling (quartz, epidote, etc.) 0.75
(unweathered)
Fresh rock walls (unweathered) | No coating or filling on joint surface, except for staining 1
Alteration of joint wall: slightly | The joint surface exhibits one class higher alteration 2
to moderately weathered than the rock
Alteration of joint wall: highly The joint surface exhibits two classes higher alteration 4
weathered than the rock
Sand, silt, calcite, talc, etc. Coating of frictional material without clay 3
Clay, chlorite, talc, etc. Coating of softening and cohesive minerals 4
Sand, silt, calcite, etc. Filling of frictional material without clay 4
Compacted clay materials “Hard” filling of softening and cohesive materials 6
Soft clay materials Medium to low overconsolidation of filling 8
Swelling clay materials Filling material exhibits swelling properties 8-12

fiun: Cai et al. (2004) uag Palmstrom (1995)
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Al Gl Adualdagldsaufudnsivesianiiu (m) MUsziulagld
15197 32 Llendenasuunsmluguil 2n) dmdulssiiudandunisianizvesunaiiuse
Adssaunuiiiedvesnegmaaey uazguRl 2(v) dmdulseiiuayudsaniunieluesi
(Hoek et al., 1998)

M13199 32 Armsvesdaniiu (m,)

Rock Type m, Rock Type m;, Rock Type m;,
Conglomerate 22 Marble 9 Obsidian 19
Sandstone 19 Hornfels 19 Granodiorite 30
Siltstone Quartzite 24 Dacite 17
Claystone Migmatite 30 Diorite 28
Greywacke 18 Amphibolite 25-31 | Andesite 19
Chalk 7 Mylonites 6 Gabbro 27
Coal 8-21 Gneiss 33 Dolerite 19
Breccia 20 Schists 4-8 Basalt 17
Sparitic limestone 10 Phyllites 10 Norite 22
Micritic limestone 8 Slates 9 Agglomerate 20
Gypstone 16 Granite 33 Breccia 18
Anhydrite 13 Rhyolite 16 Tuff 15

1: Hoek et al. (1998)

§ 55
o
B 50 -
E
£ w
o Q
o E 45_
5 o
2 &
5 4 0
o O
2=
= 35+
c 5
7 &
£ % < 30

s o
x 2
[}
e £ 2
S8 /
c 8
S 5 20
c =
[
@
g 15

e ! ! oot B

5 = =3 10 I 1 1 I ]

L : L L . L 0.008 © 10 20 30 40 50 60 70 80 90
10 20 30 40 50 60 70 80 90
Geological Strength Index (GSI) Geological Strength Index (GSI)
(n) ()

dl a a v ! = a ! ! o0 v o a
UM 2 (1) NIMLNEUUTZIHUNTIEIUNITEALNIZVDINIAUUADAINTAIDALAULALD

() nymiieuyssdiuayudeanunegluvesiaiu
#1311: Hoek and Brown (1997)
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53UUUHURANITUOUATREA

ueunsosddussuuUftAnmadavesgunsaimnmnilsidfaseunsoinssuans
(non-proprietary) wazifuviafien (unified) Ao Tsunsuuszyndnisannsaldiugunsal
uounseEdlinnATes (Lovichit, 2015) MnadRdruntsmisnmsnainnuszuuufoRnisves
aun$aliu nudkeudd A, 2016 ufedagiu ueuasesdiiduuminmsnanifiouiesas
85 uariwnlialusunaniueunsosdazdsnsasesmanngliauansaliudnlngfamsad
33 (Chau et al., 2018)

q' ' ' s 1 a wa
H1519N 33 mmwwwmwmmammwiﬂuummmiz‘uuﬂgwlmi

Year 2016 2017 2018 2019 2020 2021 2022
Android 84.6% 85.1% 84.8% 85.2% 85.3% 85.4% 85.5%
iOS 14.7% 14.7% 15.1% 14.8% 14.6% 14.6% 14.5%
Others 0.7% 0.2% 0.1% 0.1% 0.1% 0.1% 0.1%

vianewe): Jeyal 2018-2022 Wuwan1svihuewuildndeaa
111 Chau et al. (2018)

ngLaviuiivauendifuiunisiauidlasessuukasianinuaiu s
3un31 APl Level (Application Programming Interface) fananisivazidunlunsnedl 34 3
Tutlgtunuigldnugunsaiuounsossiaus APl level 16 iusuluAnudosay 99.4 vas
fiavun (Google and Open Handset Alliance, 2018) faewmaiimstamnlusunsuUszgnsas
satfuil API level 16 (Huduly
nsWaulUsunsuUszgnduaunsosdldlusunsa Android Studio Faiy
lUsunsuusganuanuaninuindenlunisimuilusunsuussynd (Integrated Development
Environment, IDE) Faifuta3asiloadrsdrudnsiefld (User Interface, UD, iouya1ds
(programming), uilagaunnsas (debug), Aliug1u (run) uazdseanlusunsuuszendidu
dunuana .APK (Android application Package file) dwfufindeuugunsaiuaunsond
adafululusunsuiiieon nseoufinmesitarunsoldeulusunsuilddosdidoyasinizd
m31971 35 uadaafnge Java Development Kit JDK) titeldidusuualusunsuy (compiler)
fainsiaunlusunsuussenduounsesddedldnvneufinnesiunndeiulunigng
Tnssadredioya, MaUssanana uazmIuanssatisdu 4 nwifo
1. 29197171 (Java Language) dmsuidpulasiainauaznssnsvadlusunsuussend
2. Awendidunea (Extensible Markup Language, XML) @193uasnan1suaniug
3. AWLeaRILea (Standard Query Language, SQL) dwsuileudeyauazgiudeya
4. 7wng3 (Groovy) Jushnanslunsdeulesnenduiiud (syntax) veausaznen
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1599 34 Jukazdndrunisidnuresssuuujiinisueunsesn

Code Name Version Release Date Distribution (%) API level
Pie 9.0 6 August 2018 <0.1 APl 28
Oreo 8.1 18 December 2017 58 API 27
Oreo 8.0 21 August 2017 13.4 API 26
Nougat 7.1 19 October 2016 10.3 AP| 25
Nougat 7.0 22 August 2016 19.0 API 24
Marshmallow 6.0 5 October 2015 21.6 APl 23
Lollipop 51 9 March 2015 14.7 APl 22
Lollipop 5.0 12 November 2014 3.6 API 21
KitKat 4.4 31 October 2013 7.8 APl 19
Jelly Bean 4.3 24 July 2013 0.5 API 18
Jelly Bean 4.2.x 13 November 2012 1.6 API 17
Jelly Bean 4.1.x 27 June 2012 1.1 APl 16

Ice Cream Sandwich 4.03-4.0.4 | 16 December 2011 0.3 APl 15, NDK 8
Ice Cream Sandwich 4.01-40.2 19 October 2011 <0.1 APl 14, NDK 7
Honeycomb 3.2.x 15 July 2011 <0.1 API 13
Honeycomb 3.1 10 May 2011 <0.1 APl 12, NDK 6
Honeycomb 3.0 22 February 2011 <0.1 API 11
Gingerbread 233-237 9 February 2011 0.3 API 10
Gingerbread 23-232 6 December 2010 <0.1 API'9, NDK 5
Froyo 2.2.x 20 May 2010 <0.1 API 8, NDK 4
Fclair 2.1 12 January 2010 <0.1 API 7, NDK 3
Fclair 2.0.1 3 December 2009 <0.1 APl 6
Fclair 2.0 26 October 2009 <0.1 API 5
Donut 1.6 15 August 2009 <0.1 APl 4, NDK 2
Cupcake 1.5 30 April 2009 <0.1 API 3, NDK 1
(no code name) 1.1 9 February 2009 <0.1 AP 2

(no code name) 1.0 23 August 2008 <0.1 API'1

Manewe: NDK (Native Development Kit) fegawnsasilientinimuiaunsaldnaiw C/C++ Tunsiaunla

fian: Google and Open Handset Alliance (2018)

M1399 35 Toyad Nz IurvenaNImesNlUskNsU Android Studio #9913

Windows

Mac

Linux

Microsoft Windows 7/8/10

Mac OS X 10.10 - 10.13

GNOME %38 KDE Desktop

RAM 9usin 3 GB wugthil 8 GB

RAM % 3 GB wugtiii 8 GB

RAM Fusin 3 GB wuwihii 8 GB

NUNI9TUAN 2 GB izt 4 GB

NUNITUAN 2 GB huziin 4 GB

PUNITUAN 2 GB wuzii 4 GB

AMUATLDYANLN9D 1280 x 800

ANUAZLBEANTIDD 1280 x 800

AMUATLDYANLND 1280 x 800

GNU C Library (gilbc) 2.11

fan: Google and Open Handset Alliance (2018)
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TUsunsuuszanduaunsagnansulsslivane sn nalaiu

Tsunsuussenduaunsendmiulssidiuaiosnmanaiiulagnitmuiegng
WWSTa18UL Google Play Store Miawuunaaadlduasuuuaeniis uwiaglusunsuussenddl
AU IARBY UarTeanTuNuANAI LRSI 36

o
fal

3797 36 WiknsuUszgnaiiAedosiunsduuniaiuuy Google Play Store
o Weridfu TN T
RMR | SMR Q GSI
Rock Mass Classification X X X Sarangi (2013)
GeoToolbox X X Filipponi (2013)
RMR Calc X Geomecanica Apps (2014)
Geostation X X Geomecanica Apps (2014)
RMR & GRC X Saricam (2015)
Slope Mass Rating (SMR) X X Assis (2016)
Q-system X Norges Geotekniske Institutt (2016)
Q-slope X Sator (2016)
Q-system (tunnelling) X Sator (2016)

TUsunsuUseynav1eiuiisnAuIenaue 60 AU 3,200 U Aanislidauuy

s a ' o al . . vy Y su A

aunsaliy 1 1304 lngdunniiniisunaaes (trial version) Iaulanaasddaruluileidun

9119 ATeiRddmnaieiaulusunsuUssend waunsosnd s uUssiliuais snm

1aRuNUsENaUA8uann1s RMR, SMR, Q way GSI wialdauludaivnnis falalaai

laaluldauns lneludialdanglag dregralusunsudssandjunnassun Google Play
Store {NSuARIHARIIUN 3 uay 4

PO vAE2237 O @ O .4 2238 (ol ] DO o4E2231 &0 @ 00O v .M u2232

Reset

Strenght of intact Rock Material
Uniaxial Compr. 50-100 MPa
Point Load 2-4 MPa

Bieniawski (1993) says:

Very Rough Surfaces; Not continuous;

No separation; Unweathered wall rock Obtained RMR Value: 43

Class number: IlI

Description: Fair rock

Average stand-up time (Tunnel
than 1’ mm; Highly weathered walls Spacing of Discontinuities flace)Ik e

Slickensided surfaces; gouge less than H Spacing Disc 0.62.0m weeK for o m span

5 mm thick: Sepafatloﬁ%,sgmm; Fa | I’ rO C k Cohesion of rock mass:
Continuous

Soft gouge more than 5 mm thick;

Slightly rough surfaces; Separation less RQD 25-50 %

than 1 mm; Slightly weathered walls RM R - 56

Slightly rough surfaces; Separation less

200-300 kPa
Friction angle of rock mass:
separation more than 5 mm; Continous Disc. Length 13m 25-35°

Condition of Discontinuities

Other

Separation (aperture) 0.1-1.0mm -m

Roughness Rough

i £0 .
s Geostation Trial

(n) (¥)
U7 3 (n) TusunsuUszens Rock Mass Classification (9) TUsunsaUszgns RMR Calc free
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[N DO vAE24 & OO 010 ¥ .M i 2246
A\ RMR Calculation ? = A\ Ground Reaction Curve R ADJUSTMENT F. SMR [ ADJUSTMENTF. SMR
T L ' . Slope Mass Ratin
Discontinuities Radius (m): 3 % Basic RMR P 9
Weathering uw . Basic RMR 67
Estimates of Support Capacity F1 0.160
Joint VR ) b7 F2 0.911
Roughness Displacement (mm) LI F3 -1.588
Aperture S vs. Support Pressure (MPa) F4 15
¢ , CLEAR (F1xF2xF3)+F4 14.769
Filling Hard H 4 = |
g
2 Parameter Value Ratin
Filling Thick. 5 3 g CALCULATE
£%% Point Load 5MPa 10
Persistence 3 B RQD 55% 1 SMR 82
e —— 8 Spacing 587mm 1 Classe Ib
round Water  Completel.. : T ; e
4 ° Displacernent () Groundwater Dry 15 pesctiptionienjucod

Stability Completely stable

—— Displacement vs Support Pressur...

Calculate RMR: 41.4 Discontinuity 1-3m 0 Failure None
0.1-1.0 mm
v Use in other modules Max Displacement: 116057791928810000000 Rough Support:
000000000000000000000000000000000.00 None None

(n) (¥)
5U7 4 () TsunsuUszgns RMR & GRC (9) Tusunsuuszgnst Slope Mass Rating (SMR)

Y



25
IqUszaenA

Wevaunlusunsuussgndlounsesddmiuysuiiuatosnnanadiulagld
AMSIMUNIIATAU 4 ¥anN1T A. 1. MsUsElULIaRU (Rock Mass Rating) 2. n1sUseiiiuana
#u (Slope Mass Rating) 3. N133LUNAMAINIIAAY (Rock Mass Quality) ke 4. g
558 (Geological Strength Index) dwsuasnsalnussuuujianisueunsosn Yaeliaiunse
Usgiiuaiosnmnaiiudesfuldvuiiiving denusaduargniomiumdnisinis
duasaliiennsasymindinnuddaiuanulasadodaaiosnmnaiuinnd iy
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ATNITANTEUIU

mMsfaulUsuNTIUTEgNALOUATOAFINNTANKINTYIAT MwlLend
LouLea M LoaRILea uarawng s ndudeddlunindougadid antunateyadds
Tidosloauazsinulssaruiuldndoniafindslusunsy Android Studio dvsulfideu
¥afds udrIudouyndds naaeuyaids wazuiluyadds aunseialsunsulsegnd
annsolfulduuanndalnugis mndunmraeuaiugniesasnmamuinainlsuns
Uszgndlaeifisufunanisduinuuudsiuainlusunsy Micosoft Excel uazudly
Tounwsesflennazfntuuulusunsuuszendnavan aavhenaaounsldnuaielunaauns
0 ANAUNITEATUANALAIY YaIlIuTeY L. INeyaTel waranfiugesuadveniave
widleausen wrdulaunsdan 91de sunemalng dminaswan waziivunadunsdldnwain
Atedu ftumeunsiuiunulnedafsguil 5
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NALAZNITIATIZH

lUsunsuuszenduounsosdusznmudivn (native android application) 161
Qﬂﬁ@um‘ﬁumEJW%@IUiLLﬂsiJ’h “Prince of Songkla University — Rock Mass Classification”
¥3o “PSU-RMC” anunsavhanldidaasaludaedlaslidniudeddinioadnines wane
dmsuaninlnunazuiiudnueunsesdnissuuufoAnislminiiiesdu AP 16: Android
4.1 (Jelly Bean) uautuyvadldsunsudssynddmiunsdenldauluganiisg dgud 6
Uszneuselaliveslusunsuuszend Jelugatiaguiiddsldam Juuanssoazidonves
TUsunsuuszend lugadanisdeya lugamsussiiuiiadiu luganisusaiduainiu luganis
IUNANN LAY Uaglugasvilmdsssdl mua1eu

Rock Mass Rating

)

JUN 6 uauyvadlusunsuussenddmiuitenidanulunaiie

Iu@amsaﬁ’munmaﬁu

Tuganissuunulafiuutsgesssnidu 4 ndnnnsdsiinanludradu ans
wansnavesusiazlugadesgnesnuuulilidnuaziiedty Weanmududeuvesdoulunns
Ussiiuafosnwnafiunagyiliidudinsderldanumniign dadoanafiudruunndilises
Joudglusunsuuseyndlivansuuimslindenldmuanuminzan WUsunsuussenddadl
nagafden (check box) Wdldiaenuszianvestoyatoud uaddalduaudiden (spinner)
fledesvneaninasuiailunmsidenassiiudsgui 7 Yedesnadiuiiflddesdoudng
TUsunsuvssgndgnidssmudndudmadnnissadu inliannsotdeudoyaldiouasliia
auddouvidennvaudimivgldausell feifldoumnuszaunisaiannsodidunis
Houtoyaldmonuoaiieussdiunaiuludeulfindnunasnnty

R1: [@ucs []rst [] Type

Uniaxial Compressive Strength: Moreth.. ~

a i U A ° o A Y Y o A ° = i a
E‘U‘Vl 7 ﬂa@ﬂ@]'ﬂLa@ﬂﬁqﬁﬁULa@ﬂﬂﬁﬂﬁﬂﬂ@%aﬁ@utﬂqLLagLLﬂUW’JLa@ﬂaq%TULa@ﬂﬂ’]ﬂigLﬂJu
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TuganisUssdiusnafiu (Rock Mass Rating) lidasdleudiaderis 6 Usznns
dieusuifiuafivsnmanafiudowiy Tupatunzdmsunmsldnuiumafuiiiedestua
olusduazgrusinidou wilimuzAvmafiuiiAsadestuauaiaudinnislulugass
anansnUszifiuldfinig msdeuddadvunein 1wy Jeded 4 @nmvosmnsliideies, Ro)
voslugaisrneligldannsndenldnsdousniugadoyasrsie (simple) iilaay
sI5293UT 8(n) WietleurnetnsaziBen (detail) fagufl 8(v) Lilenanisuszidiudiusiug
i wansUssiwdssnmanafiuvedluga duseneudesedudumaiiu sseznandunda
wssBaine yudsavmunely usawunnui3uld suduiivasede uazdouuzthmsaduiie
wsuafosnmanaliudasuil 8(e) SsmanisUssiiumardanmsatuiinlilFeunendsldly

U ;4
lugadnnisteya
® e i W 100% 01:12 ue i0r = W 100% 01:12 e = W 100% 01:12
Rock Mass Rating Rock Mass Rating
Rock Mass Rating
R1: ucs [ Psi [] Type R3: Spacing: Morethan2m  ~ RMR:100
Class : | (Very good)
Uniaxial Compressive Strength: More th.. ~ . . .
R4: [ simple Detail Stand time : 20 years for 15 m span

R2: rRaD [JJv [ core Persistence: Lessthan1m v Cohesive : more than 0.4 MPa
S Gl B e =T Friction angles : more than 45 deg.
ock Quality Designation: 90— - A : -

; PERITES [Nt Allow pressure : 440-600 T/sq.m
R3: Spacing: More than2m A4 Roughness: Very rough < Safe slope : more than 70 deg.
e No support required
Infillings: No S
R4: Simple [_] Detail oy ne Supports : except for occasional spot
Weathering: Unweathered - bolting
Discontinuities Condition: Very rough, u.. ~
R5: [ Inflow [] P/SRatio [ ] General Data name SAVE
RS5: inflow [_] P/SRatio [_] General -
CALCULATE CALCULATE
(n) (¥) (@)

3U# 8 (n) Mudendmiudeudrladeinaiu (v) msteuriavidsavesanimaiulideLiios
(A) HansUTEdIUED g TN NI RuYeluganITUsHEuIIaAY

nIsnzn1sAUIMYedlUsunsuUsTendlllagniuTeuiisuiunisauinimeisunilagly
TUsunsu Microsoft Excel tioguduinlusunsuuszendinulagnieswmiuiideuddald yn
Weoulvuiafiuuuuduiiaseumrguynatladuuaznndidanlagnasiedu 10 nsdl wag
= ~ ° ) I3 N N v A a ~
LiJisJ‘UmEJUmamimmmmiﬂmﬂmﬂizqﬂmmmmaﬂimmmsww 37 nan1stlssungu
WUl TUNINUITEENAAIN50YINNUlAQNABIN SIUNANNSIRNNNUTENTHaTTBRANATR
drunnvedllsunsuszenaiendssindulagnasiaaeuue
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Conditions

Microsoft Excel

R

Rz

Rs | Rs | Rs Rs

RMR

PSU
RMC

UCS >250 MPa, RQD 90-100 9%, spacing <0.06 m,
slickensided wall rock surface, or 1-5 mm thick gouge, or
1-5 mm wide continuous discontinuity, damp surface,
tunnel irrespective of strike with dip 0-20 degrees

15

20

5 (10 10| -5

55

55

UCS 50-100 MPa, RQD 75-90 %, spacing 0.2-0.6 m, 5 mm
thick soft gouge, 5 mm wide continuous discontinuity,
water dripping surface, strike parallel to tunnel axis with
dip 45-90 degrees

17

101 0 4 | -12

26

26

UCS 5-25 MPa, RQD 50-75 %, spacing >2 m, slightly rough
and moderately to highly weathered, wall rock surface
separation <1 mm, water flowing surface, strike parallel
to tunnel axis with dip 20-45 degrees

13

201 20| O -5

50

50

UCS <1 MPa, RQD 25-50 %, spacing 0.06-0.2 m, rough and
slightly weathered, wall rock surface separation <1 mm,
completely dry surface, tunnel drive against dip at 20-45
degrees

46

46

UCS 100-250 MPa, RQD <25 %, spacing 0.6-2 m, very
rough and unweathered, wall rock tight and
discontinuous, no separation, wet surface, tunnel drive
against dip at 45-90 degrees

12

15130 | 7 -5

62

62

UCS 25-50 MPa, RQD 90-100 %, spacing >2 m, slightly
rough and moderately to highly weathered, wall rock
surface separation <1 mm, water dripping surface, tunnel
drive with dip at 20-45 degrees

20

20 120 | 4 -2

66

66

UCS 1-5 MPa, RQD 75-90 %, spacing 0.2-0.6 m, 5 mm thick
soft gsouge, 5 mm wide continuous discontinuity, damp
surface, tunnel axis perpendicular to strike and drive with
dip at 40-90 degrees

17

101 0 | 10 0

38

38

UCS >250 MPa, RQD 50-75 %, spacing <0.06 m, rough and
slightly weathered, wall rock surface separation <1 mm,
water flowing surface, tunnel drive against dip at 45-90

degrees

15

13

53

53

UCS 25-50 MPa, RQD 25-50 %, spacing 0.6-2 m, slightly
rough and moderately to highly weathered, wall rock
surface separation <1 mm, completely dry surface, strike
parallel to tunnel axis with dip 45-90 degrees

15120 | 15| -12

50

50

UCS <1 MPa, RQD <25 %, spacing 0.06-0.2 m, very rough
and unweathered, wall rock tight and discontinuous, no
separation, wet surface, strike parallel to tunnel axis with
dip 45-90 degrees

36

36
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luganisusziliuaiaiiu (Slope Mass Rating) ﬁﬁugmmmﬂ 5 Ja98U3nU83
TuganisUszifiumnadiu uastfindauszneuuiuud 4 dndlelinunzdmiunisusziiy
ez maniudowiudsgud o) namsussiiuaiosninannfiuveslugaidsenoudae
sefuiuantiu welesnmesainiiu msRvhflensasintu amudulliianinnsios
uardouuzinsaiuiieiaiuafiosnmaiafiudesuil o) Fmansdssifiumanianinsn
Tuiinlildeuniendslalulugadnnisteya nadwinveslugalagniusuiisudnuue
Wenduluganisussiiumaiiudsnsnd 38 Wm’mamimmmmmmmmaaLLaumaaa”Lm

e " W 100% 01:13

o @ e N 100% 01:12
Slope Mass Rating

Inflow per 10 m tunnel length: None v

Slope Mass Rating

F1: Planar [_] Wedge [_] Toppling SMR:100.0

Joint strike-Slope strike: More than 30.. ~ Class : la (Very good)

Stability : Completely stable
F2: Planar [] wedge [] Toppling Failures : No failure

|Joint dipl: Less than 20 degrees ~ Probability of failure : 0

Supports : None
F3: Planar [_] wedge [_] Toppling

|Joint dip-Slope dip|: More than 10 deg.. ~
F4: Method of excavation: Natural slo.. ~
CALCULATE

(n) (v)
5UN 9 (n) srudendmsudeuddmusznauuSunins 4 dmsumsussiiiuaaiiu

(@) mamiﬂizLﬁuLaﬁﬂimwmmﬁwaﬂu@amsﬂimﬁummﬁu

a ) ) o a a
$1319% 38 ﬂ'ﬁLU'ﬁEJ"UL‘VlEJ‘UNﬁﬂ'ﬁﬁ’]u%m‘ﬂ@ﬂim@aﬂﬁiﬂigLllua’mﬂu

Conditions Microsoft Excel PSU
Ri | R2 | Rs | Rs | Rs F Fo Fs Fs | SMR | RMC

UCS >250 MPa, RQD <25 %, spacing >2m, | 15| 3 | 20 | 20 | 4 | 0.15 | 1.00 | -25 | -8 | 50.2 | 50.2
slightly rough, highly weathered, aperture
<1 mm, water dripping, planar failure,
parallelism is >30 degrees, failure dip angle
>45 degrees, dips relationship is 0 degrees,
poor blasting

UCS 100-250 MPa, RQD 25-50 %, spacing | 12 | 8 10 | 25 | 15 { 040 | 0.85 | -50 | O | 53.0 | 53.0
0.2-0.6 m, rough and slightly weathered,
aperture <1 mm, completely dry surface,
planar failure, parallelism is 20-30 degrees,

failure dip angle 35-45 degrees, planar dips

relationship is -5 degrees, normal blasting
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Conditions

Microsoft Excel

R1

R2

R3

Ra

Rs

Fy

F2

F3

Fq

SMR

PSU
RMC

UCS 75 MPa, RQD 50 %, spacing <0.06 m,
slickenside, aperture 3 mm, damp surface,
planar failure, parallelism is 15 degrees,
failure dip angle 30-35 degrees, dips
relationship is -15 degrees, natural slope

13

10

10

0.70

0.70

-60

15

30.6

30.6

UCS 25-50 MPa, RQD 75-90 %, spacing 0.6-
2 m, very rough and unweathered, no
separation, water flowing, planar failure,
parallelism is 5-10 degrees, failure dip
angle 20-30 degrees, dips relationship is
>10 degrees, pre-splitting

17

15

30

0.85

0.40

10

76.0

76.0

UCS 5-25 MPa, RQD 90-100 9%, spacing
0.06-0.2 m, 5 mm thick soft gouge, wet
surface, planar failure, parallelism is <5
degrees, failure dip angle <20 degrees, dips
relationship is 5 degrees, smooth blasting

20

1.00

0.15

44.1

44.1

UCS 1-5 MPa, RQD <25 %, spacing <0.06 m,
rough and slightly weathered, separation
<1 mm, dry surface, planar failure,
parallelism is >30 degrees, failure dip angle
>45 degrees, dips relationship is 0 degrees,
poor blasting

25

15

0.15

1.00

-25

37.2

37.2

UCS <1 MPa, RQD 25-50 %, spacing 0.5 m,
very rough, unweathered, no separation,
damp surface, wedge failure, parallelism is
20-30 degrees, failure dip angle 35-45
degrees, dips relationship is -5 degrees,
normal blasting or mechanical excavation

10

30

10

0.40

0.85

-50

41.0

41.0

UCS >250 MPa, RQD 50-75 %, spacing >2
m, slickensided surface, aperture 4 mm,
water flowing, wedge failure, parallelism is
15 degrees, wedge angle 5 degrees, dips

relationship is <-10 degrees, natural slope

15

13

20

10

0.70

0.70

-60

15

43.6

43.6

UCS 100-250 MPa, RQD 75-90 %, spacing
0.06-0.2 m, slightly rough and moderlately
weathered, seperation <1 mm, water
flowing, wedge failure, parallelism is 5-10
degrees, failure dip angle 25 degrees, dips
relationship is >10 degrees, pre-splitting

12

17

20

0.85

0.40

10

67.0

67.0

UCS 75 MPa, RQD 90-100 %, spacing 0.6-2
m, continuous 5 mm thick soft gouge, dry
surface, wedge failure, parallelism is <5
degrees, failure dip angle <20 degrees,
dips relationship is 0-10 degrees, smooth
blasting

20

15

1.00

0.15

64.1

64.1
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Tugan1ssuungaAInsIaiu (Rock Mass Quality) iudiuiiuszneuse
vinmUspiufiidedoduunnuagiifouludeutadudeumnnnillugadu nmstieudeya
IigndnnduuaziSosdrduiiieananududeuvesndnmsusuiiiu uazldnisuszananauuy
nyreaeulioulvvesaninlnuiieanauduieuvosioulvadasdaldnadndnuvdnnis
Pdasuit 10n) Tugatimngdmunsssiduiinmsmduinafiudosiudmivanugluse
warlosd finansUssifiulsznaudosedudumaiiu ussidumeu usaddunds guidon
yuneluresinaiiu uaznimfeuuziisnisamiudosiudeguil 100) TWaunsuuseynd
Belldannsofinsannamiimasnduienuiesesnadasy Wy madiussdunsadudie
anuUaeadefiuinty vieansdunmsmiuiionuduanduasugaans dafaafiansan
Yafedusandisedisounsy waduimvedlugaildgniuisuiisufunisdiuande
Tusunsu Microsoft Excel fn1337t 39 uag 40 nudtlififeRanainannnssiuaaiiniy

=] e i W 100% 01:13 I R RE

Rock Mass Quality
Rock Mass Quality

Q:1.067

Q

Class : Poor
. ) Roof support pressure : 9.787 kPa
Jn: Joint Set Number: Massive v
Wall support pressure : 0.008 MPa
Jr: Joint Roughness Number: Disconti.. ~ Friction angles : 79.380 degrees

De:0.286

Ja: Joint Alteration Number: Healed, n.. ~

Jw: Joint Water Reduction Factor: Dry.. ~
SRF: Stress Reduction Factor: Multiple.. ~

ESR: Excavation Support Ratio: Tempo.. ~

B: RoofSpan: T v m

CALCULATE

(n) (@)
5UN 10 (n) Mdendmivtdeumladeutaiiuieussdiuisnsaduilssiunvanyay

() nanTUsTEILIENMIMSuUainuvadlugan1sIHUNAM NI A

15199 39 Reulviiaudmiunsiaasunsinuvedugan1sIuunAMAINLIa U

Conditions
RQD Joints Roughness Alteration Water Stress Purpose | Span
(%) (m)
1 Massive Clay zone Strongly Filling Multiple Temporary 5
consolidated outwash weakness zone opening
10 Few joints Slickensided, Medium Inflow, Single weakness Water 10
planar consolidated | decaying zone tunnels
20 One set Smooth, Swelling clay Inflow Single shear Storage 15
planar filling zone caverns
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M15799 39 Reulviafiudmiunsiaasumsinuvedugan1sduunAuNINLIail ()

Conditions
RQD Joints Roughness Alteration Water Stress Purpose | Span
(%) (m)
30 One set, Rough, planar | Crushed rock Dry Open joints Power 20
random zone stations
40 Two sets Slickensided, Sandy clay Medium Medium stress Railway 25
undulation fraction inflow stations
50 Two sets, Smooth, Thick clay Large Moderate Temporary 30
random undulation zone inflow slabbing opening
60 | Three sets Rough, Tightly Filling Heavy rock Water 35
undulation healed outwash burst tunnels
70 Three sets, | Discontinuous Unaltered Inflow, Heavy Storage 40
random joints decaying squeezing caverns
80 Four sets Clay zone Slightly Inflow Heavy swelling Power 60
altered stations
90 Crushed Slickensided, Sandy clay Dry High stress Railway 80
rock planar coatings stations
f15799 40 Nﬁﬂ’]iL‘U%‘EI‘ULﬁ&J‘UNﬁﬂ’]iﬁ’lﬂ]ﬂmmiu@ﬁﬂ’ﬁfﬁ’]LLUﬂQmﬂ’]WM?aﬁu
Microsoft Excel PSU-RMC
Q Roof Wall Friction | De Q Roof Wall Friction | De
Pressure | Pressure | Angle Pressure | Pressure | Angle
(kPa) (MPa) | (degree) (kPa) (MPa) | (degree)
0.011 899.29 0.21 9.46 1 0.011 899.29 0.21 9.46 1
0.038 | 2390.08 0.40 3.58 5 0.038 | 2390.08 0.40 3.58 5
0.030 | 1930.98 0.30 5.71 12 | 0.030 | 1930.98 0.30 5.71 12
0.600 632.34 0.12 8.53 20 | 0.600 632.34 0.12 8.53 20
1.980 530.91 0.08 16.70 38 | 1.980 530.91 0.08 16.70 38
0.018 | 2274.14 0.38 6.91 8 0.018 | 2274.14 0.38 6.91 8
0.029 | 1513.17 0.22 75.96 19 | 0.029 | 1513.17 0.22 75.96 19
0.233 649.73 0.06 75.96 32 | 0.233 649.73 0.06 75.96 32
0.016 | 9524.41 0.79 26.57 60 | 0.016 | 9524.41 0.79 26.57 60
0.600 | 7588.04 0.35 9.46 123 | 0.600 | 7588.04 0.35 9.46 123

lupanvilingessal (Geological Strength Index) Tddwmsunisuseiiuauds
1787 ULU99AUIINANINNIEIUINGINNU o A1eaud tnglteondunanisnaaausiagig

WiFNeagUn 11(n) HansUsEliNUTENoUMEgns @A IdaN s wIaiusefiaIdn
WNWAEY wavyudeaniuveniaiu Jazuansandunsmvszd unafigldseseiua GSI
) ¥ [ = wa a A o & SAaa a ' a

Wgunsmimenueanagun 110) audfmnaiumaiiluladeiugunidvinaseadesam

wnAukazaunsninluUssyndldiundnnisduiiefnwiatesnmunaiulussuze il wa
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AavadlugailagniuSeuiisuiunisamuinmiglusunsy Microsoft Excel fann51991 41
WUIHAN TR UNIMUAYNABINUNENNNTIAL

= ® aOv 2 W 100% 01:14 fOv = W 100% 01:14

Geological Strength Index :

Geological Strength Index

N

GSI:46.594

mr: 22.000

Jw: Joint waviness factor: Interlockin.. ~

Js: Joint smoothness factor: Veryrou.. ~
jA: Joint alteration factor: Unweathere.. ~

mr: Rock material constant: Conglom.. ~

Vb: Block volume: 1 ~ Cucm

CALCULATE

(n)
UM 11 (n) Mdendmiutdeumladeutaiiuieussiivaudaniaiulewiy

() nansUssiiuaudRaAulewuvedugaduiingessal

a a a ° U Ao W =
M1319N 41 ﬂ'ﬁL‘LJi'EJ‘UWlEJUNaﬂ']iﬂ']U'Jm‘;U@QIQJQa@GUUﬂ"IaQﬁﬁm

Conditions MS Excel | PSU-RMC
Waviness | Smoothness Alteration Rock Type | Volume | GSI | m, | GSI | m;
(cm?)
Interlocking | Slickensided Swelling clay Conglomerate 1 16.6 | 22 | 16.6 | 22
Stepped Polished Soft clay Sandstone 5 16.2 | 19 | 16.2 | 19
>3% Smooth Compacted clay Siltstone 10 205 9 | 2051 9
0.3-3% Slightly rough Sand filling Anhydrite 50 28.0 | 13 280 | 13
<0.3% Rough Clay coating Quartzite 100 28.1| 24 | 281 |24
Interlocking | Very rough Sand coating Mylonite 1000 503 | 6 | 503 | 6
Stepped Slickensided | High weathered Schist 10000 | 409 | 6 | 409 | 6
>3% Polished Low weathered Slate 100000 | 520 9 | 520 | 9
0.3-3% Smooth Fresh rock Granite 500000 | 70.1 | 33 | 70.1 | 33
<0.3% Slightly rough Unweathered Tuff 1000000 | 68.1 | 15 | 68.1 | 15

Tupadanisdaya

lugadnnisteya (Data Manager) l¥dmiutuiinuanisusziduianesnn
wafiuLaziaiesnmaIniunlugansussiluiaiukarlugansussidiuainiiu Yeyai
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Fosmstiufinanunsadaerfuiilevseiivssdiuatosawls Tnglusunsudszegniagyin
nsasatudin (time stamp) TnedaluiAdlenadufindeyadasud 12(n) swazidonnis
Ussidiunnoghsaeasegasuduuuuieaiulugadunesmnuszns puteuadlilulugaie
giutoya SOL Fsldiuiiveamisanusiden laifesendoidnines wavansodiu-auteya
I¢ognadasedaguil 12() uuzthnafudeyalasiadsnaduiugulignussglilulugad
werdunumsliungldselisogui 12(a)

o ® 0w = W 100% 01:14 e = W 100% 01:14 e = W 100% 01:14
PSU-RMC
Quick Guide
Data manager ¢
Let's improve mine safety.
Dataam  14/11/2018 1:12 Dataxm  14/11/2018 1:12 P ¥
RMR = 100 Class: | (Very good) RMR =100 Class: | (Very good)

Data:i  14/11/2018 1:13 Stand time : 20 years for 15 m span
SMR = 100.0 Class: la (Very good)

Cohesive : more than 0.4 MPa

Data:n 14/11/20181:13 Friction angles : more than 45 deg.
RMR = 100 Class: | (Very good)

Allow pressure : 440-600 T/sq.m

Data:g 14/11/2018 1:13 .

SMR = 100.0 Class: la (Very good) Safe slope : more than 70 deg.
No support required

Supports : except for occasional spot

bolting

ACCEPT DELETE

&

(n) (@)
JUN 12 (n) nanmsUszdiuatissnmanadiw/aniuniuiinly (1) Teazideananisussiiiu

() Awuznsiudoyadmsudldsel
nsldaulusunsuussgnanunsalfne

TWsunsuuszendldgnmaaeuiuiteulamassaiine1asuaziiouiiiouna
Msuszdiufueniddedy WefnwenugniesasanumnzaniiosiFousieidu 5
nsfAny) anmsiudeyaulaiulaedide 2 nsdfinw wagdedianmuiaiuainauie
3 3 n3difinw AseuARUNISILUNIIETiuTh 4 ndnmsfeglulusunsudseend

nsdiAnudl 1 andiunsedimaunsnaduiuiuniuimmddsadeu ve.
Ineyasal Sunemelvg Sminasvan wuanalidees 41 51U Uszneufeuuiunn
36 SYUTU WAENITITU 5 SPUNU MENAIATLLAY 215 09F1 YA T8 B9AT AIING 6 LT
19 12 wns Mndreehsiiunageuiiaay 10 foehs NUIRYUAAWTINAYAVDIRAUNT I8
ANRAY 5.52 MPa 91NN153ASIEALLILANTIUINSYEERITEMINUUILAN (spacing) d3uan
9E581719 0.2-0.6 AT WIaRuLAsEn ﬁuﬁ’sﬁu?{ﬁmﬁﬂﬁaa WUTDI508NTHAIATH T Lo
(aperture) LaAgUszL 1 TaAUAT LUANVBLLILANTALRAY 344 B3 YaNLDAY 81
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091 Yuefin1sstuiiuuam 1 osm g 22 e Sdnwazulieudigud 13 wans
UssifiuadosnmnafiudeluganisUssifiumaiiu lunsdiideanaianzglusduuauouds
anAunthanmiiu wuindan RMR wirdu 65 daifuanafiusedud 2 (Good) wadiesnmegly
i annsofundalasliiadumsuldodei 1 Y winglusddvwalaiiAu 10 wes dans
8aLn1¢ 0.3-0.4 MPa yuldeAN1uTENINg 35-45 9360 SULTINAVUlA 280-440 AumBAITIS
s yuduiaendedeliiiu 65 asm msifisadosnmuinnlasmdandonisldadnds
#uue 20 Jafiuns AN 3 SEUEnne 2.5 LUng 5@5@5’114‘141?1'LLU?LLMﬂﬁgﬂﬁuﬂuumeu
Tdnzunsemn uaziaiunsunIaviumun 50 fadums vaiiusziduaiosnwaindfiuseluga
MsUsEiuamiiu wuinddn SMR winiu 76 Safuaafiusedud 2 (Good) wafiesnmegly
it femasesay 20 flonaifansfithoundnldluuine lidudufouaiumiuudans
LLmﬁguU‘%Lamgmmmﬁmﬁaﬂmﬁuﬁwéu dmfunansusziiiuandiuladiuniglugasivil
fdsssdinudn GSI BAviy 405 wag m, ey 19 lissduldinanaudin
deoanunigludseann 35 a3 uaglssdainig 4.75 MPa

. o - o o at 41
LS = s e e, - el
a

JUN 13 mihauaeiunseunsnasuiinauaumdlsaseu ue. Ineyasel

nsalfnu? 2 anfiusesumadidoudsdimaamdy a nfwemilosdudie
azSuoanves USEm witulaunsian $ain Ussvudesiaail 27667/16228 Saninavan
Ma19AINES 8 1UAT N9 30 LUAT WU 232 BIAT YU 70 BIAT WULWILAN 53
FEUIU DINNTIATIZARUILANNUTIITEHENTENTNULILANAIUNINDYTENTNG 0.2-1 LA
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PSU-RSR v.1: An Initial Android Application for
Estimating Rock Mass Stability
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ABSTRACT:

PSU Rock Slope Rating (PSU-RSR v. 1) is an initial android application for estimating preliminary rock
mass stability. It is performed on Rock Mass Rating (RMR) and Slope Mass Rating (SMR) classifications. PSU-
RSR v.1 is a handy tool which run on android smartphone devices that easily occupied. It has been provided
users a chance to estimating preliminary rock stability as routine works and allow them to track the change of
rock mass stability daily, according to plan to handle it properly and make them work more safely and
sustainably. The application was used to analyze rock mass stability on cut slope rear PSU Wittayanusorn
School, Songkhla and analyze a secondary data of open pit Mae Moh mine at Lampang as a testing example. The
testing result of the application on a condition of all cases found the similarly result comparing with the
conventional method and other report. Therefore, the PSU-RSR v. 1 can be an alternatively application for

estimating rock mass stability.

KEY WORDS: Android Application/ Rock Mass Stability/ Rock Mass Rating/ Slope Mass Rating.

1. INTRODUCTION

Nowadays, most of mines in Thailand are open
pit mine. The design of mine is safety bench design
that rock slope face is always appeared. Mine workers
must work at the base of the slope which they cannot
know the recent slope stability of the site. Although, it
is one of the causes of danger, but some mining
operators do not pay attention because it has no direct
effect on production efficiency. One of the theories
for estimating preliminary rock mass stability is Rock
Mass Rating (RMR) and Slope Mass Rating (SMR)
classifications. The RMR is practice for evaluating
rock mass stability in tunnel and dam foundation,
while SMR is suitable for estimating rock slope
stability both in mining and natural [1]. Although both
theory is estimated stability in the term of ratings, but
some operators considered it is too consumed time to
receive result and complicated.

Technology is an importance thing that make our
life easier. Smartphone is the most popular digital
devices. Android operating system is the most popular
operating system in the world because it is affordable,
easy to use, and versatile [ 2]. Current android app
store has few RMR application [ 3,4,5,6] and SMR
application [ 7] which some applications are not
detailed and insufficient to apply with rock failure
protection plan.

This research presents an Android application
for estimating preliminary rock mass stability using
Rock Mass Rating and Slope Mass Rating which

rarely has in the android market. This application
makes an estimation of rock mass stability easier,
which helps mine workers to access the initial
stability of the site investigating and plan to handle it
in time. This action can be developed as a routine,
which makes the work safer. In addition, it can be
applied to use in civil work such as the cut slopes of
the road construction on the hillsides mountains.

2. BACKGROUND THEORY

Rock Mass Classifications was developed from
practical knowledge in the form of rating and ranking.
The objective of this theory is for evaluation civil and
mining works stability from the characteristics of rock
mass [1].

2.1 Rock Mass Rating (RMR)

Rock Mass Rating system is a geomechanics
classification. It was initially developed by the South
African Council of Scientific and Industrial Research
( CSIR) . This system constituents the geological
structure into 6 parameters including strength of intact
rock, rock quality designation ( RQD) , joint or
discontinuities spacing, discontinuities condition,
groundwater condition and joint orientation. The
ratings of RMR parameters are given in Table 1.
when completing the six parameters evaluation, sum
of each rating to provide a RMR value. Then compare
RMR value with Table 2. to estimating rock mass
stability and suggested supports for less than 10
meters in diameter of tunnel [8,9,10,11].
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2.2 Slope Mass Rating (SMR)

The SMR was developed for estimating rock
slope stability based on basic Rock Mass Rating (first
five parameters of RMR). This system consists of four
factors added include: three adjustment factors related
to correlation of joint orientation and slope orientation
with one correction factor for method of excavation.
The ratings of SMR parameters are given in Table 3.

After evaluated the four factors, then calculated SMR

by following equation:

Table 1. The ratings of six parameters of RMR system.

SMR=RMRy,;. +(F, xF,xF3)+F,

156

)

where SMR is Slope Mass Rating value, RMRjausic s
sum of the five parameters of RMR, F; F, F; are
adjustment factors related to orientation of rock and
F4 is correction factor for method of excavation.
Comparison SMR value via Table 4. for estimating
rock slope stability and suggested supports for each
class of SMR [1,12,13].

Strength of Intact Rock
Uniaxial compressive strength (MPa) >250 100-250 50-100 25-50 5-25 1-5 <l
Point load strength (MPa) 8 4-8 2-4 1-2 - - -
Rating 1 15 12 7 4 2 1 0
Rock Quality Designation
Rock quality designation (%) 90-100 75-90 50-75 25-50 <25
Rating 2 20 17 13 8 3
Spacing of Discontinuities
Spacing of discontinuities (m) >2 0.6-2 0.2-0.6 0.06-0.2 <0.06
Rating 3 20 15 10 8 5
Condition of Discontinuities
Persi e (m) <1 1-3 3-10 10-20 >20
Rating 4.1 6 4 2 1 0
Separation (mm) None <0.1 0.1-1 1-5 >5
Rating 4.2 6 5 4 1 0
Roughness of discontinuity surface Very rough Rough Slightly rough Smooth Slickensided
Rating 4.3 6 5 3 1 0
Infillings (mm) None Hard filling Soft filling
<5 >5 <5 >5
Rating 4.4 6 4 2 2 0
Weathering discontinuity surface Unweathered Slightly Moderately Highly Decomposed
weathered weathered weathered
Rating 4.5 6 S 3 1 0
Groundwater Condition
Inflow per 10 m tunnel length (L/min) None <10 10-25 25-125 >125
Ratio of joint water pressure to major 0 0-0.1 0.1-0.2 0.2-0.5 >0.5
principal stress
General description Completely Damp Wet Dripping Flowing
dry
Rating 5 15 10 4 4 0
Joint Orientation
Assessment of Joint Orientation Effect on Tunnels
Strike perpendicular to tunnel axis Strike parallel to tunnel axis Irrespective of
Drive with dip Drive against dip strike
Dip 45-90° Dip 20-45° Dip 45-90° Dip 20-45° Dip 20-45° Dip 45-90° Dip 0-20°
Very favorable Favorable Fair Unfavorable Fair Very Fair
unfavorable
Assessment of Joint Orientation Effect on Stability of Dam Foundation
Dip 0-10° Dip 10-30° and Dip direction to Dip 30-60° Dip 60-90°
Upstream Downstream
Very favorable Unfavorable Fair Favorable Very unfavorable
Rating 6
Assessment for Very favorable Favorable Fair Unfavorable Very unfavorable
Tunnels 0 -2 -5 -10 -12
Dam foundation 0 2 -7 -15 -25
Slope* 0 -5 -25 -50 -60

Notes: *It is recommended to use slope mass rating.

Sources: [8,9,10]
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Table 2. Design parameters and engineering properties of rock mass.
Properties of rock mass RMR
100-81 (classT) | 80-61 (class IT) 60-41 (class IIT) | 40-21 (classIV) [ <20 (class V)
Classification of rock mass Very good Good Fair Poor Very poor
Average stand-up time 20 years for 15 1 year for 10 m 1 week for S m 10 hours for 2.5 30 minutes
m span span span m span for 1 m span
Cohesion of rock mass (MPa) >0.4 0.3-04 0.2-0.3 0.1-0.2 <0.1
Internal friction angle of rock mass >45° 35-45° 25-35° 15-25° <15°
Allowable bearing pressure (T/m?) 600440 440-280 280-135 13545 45-30
Safe cut slope >70° 65° 550 45° <40°
Suggested supports for less than 10 meters tunnel
Class

Support

I No support required except for occasional spot bolting.

11 20 mm diameter rock bolts with fully grouted in crown 3 m long spaced 2.5 m with wire mesh, shotcrete 5O mm in crown.

in crown and 30 mm in sides.

m 20 mm diameter systematic rock bolts with fully grouted 4 m long spaced 1.5-2 m in crown and walls with wire mesh in crown, shotcrete 50-100 mm

v 20 mm diameter systematic rock bolts with fully grouted 4-5 m long spaced 1-1.5 m in crown and wall with wire mesh, shotcrete 100-150 mmin
crown and 100 mm in sides, Light-medium ribs spaced 1.5 m.

\% 20 mm diameter systematic rock bolts with fully grouted 5-6 m long spaced 1-1.5 m in crown and walls with wire mesh, shotcrete 150-200 mm in
crown 150 mm in sides and 50 mm on face, Medium to heavy steel ribs spaced 0.75 m with steel lagging and forepoling.

Sources: [9,10,11]

Table 3. The adjustment factors and correction factor of SMR system.

Case of slope failure Very favorable Favorable Fair Unfavorable | Very unfavorable
Planar failure Joj —osl >300 30-20° 20-10° 10-5° <50
Toppling failure loj —as— 1801
Wedge failure Joi — ol
Factor 1 for planar, toppling and wedge failure F1 0.15 040 0.70 0.85 1.00
Planar failure Bil 20 20-30° 30-35° 3545° >45°
Wedge failure B
Factor 2 for planar and wedge failure F2 0.15 040 0.70 0.85 1.00
Factor 2 for toppling failure F2 1.00 1.00 1.00 1.00 1.00
Planar failure B - Bsl >100 1000 (03 0-10)° <10°
Wedge failure |Bi-psl
Toppling failure B +psl <110° 110-120° >120°0 - -
Factor 3 for planar, toppling and wedge failure F3 0 6 -25 -50 -60
Correction factor for method of excavation (F'4)
Natural slope Pre-splitting Smooth blasting Normal blasting or mechanical excavation Poor blasting
+15 +10 +8 0 -8

Notes: os is slope strike, o] is joint strike, ai is plunge direction of line of intersection
Ps is slope dip, Bj is joint dip and Pi is plunge of line of intersection

Sources: [12,13]

Table 4. Slope stability classes in term of SMR values.

Classes SMR

0-20 (Class V) 21-40 (Class IV) 41-60 (Class III) 61-80 (Class II) 80-100 (Class I)
Description Very bad Bad Normal Good Very Good
Stability Completely unstable Unstable Partially stable Stable Completely stable
Failures Big planar or soil-like | Planar or big wedges | Planar along some joints Some block failure No failure

or circular and many wedges
Probability 0.9 0.6 0.4 0.2 0
Suggested supports for each class of SMR

Classes SMR Suggested supports
Ia 91-100 [ None
b 81-90 None, scaling is required
Ila 71-80 (None, toe ditch, or fence), spot bolting
1Ib 61-70 (Toe ditch or fence nets), spot or systematic bolting
I 51-60 (Toe ditch and/or nets), spot or systematic bolting, spot shotcrete
b 41-50 (Toe ditch and/or nets), systematic bolting/ anchors, systematic shotcrete, toe wall and/or dental concrete
IVa 3140 Anchors, systematic shotcrete, toe wall and/or concrete (or re-excavation), drainage
IVb 21-30 Systematic reinforced shotcrete, toe wall and/or concrete, re-excavation, deep drainage
Va 11-20 Gravity or anchored wall, re-excavation

Notes: less popular support measures are given in brackets.

Sources: [1,12]
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3. APPLICATION DEVELOPMENT

Android application developers use the official
integrated development environment program such as
Android Studio with Java development kit for
developing an android application [ 14] . In this
research we use Android Studio 2.2.2 to develop
PSU-RSR version 1. Target of the application is for
smartphone which newer than 4.1.x (Jelly Beans) .
The programming language used in this program are
Java language for creates the logic of the application
and XML language for creates user interface. Wiko
Sunny smartphone was selected for running and
testing the application. Major hardware and software
specifications include: Android 6.0 (Marshmallow),
CPU Quad-core 1. 3 GHz Cortex-A7, Mediatek
MT6580M Chipset, 512 MB RAM and Resolution
480x800 pixels on 4 inches screen.
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4. FEATURES OF THE PSU-RSR V.1

When used in site, it can be estimating rock
mass stability of tunnels and dam foundation and
estimating slope mass stability of cut slope. However,
the basic geological knowledge is required.

4.1 RMR module

RMR module (Fig. 1) consist of six parameters.
Each parameter was separated individually to simplify
the user interface. The user can choose only one
choice per parameter. Some parameters such as
condition of discontinuities, ground water condition
and joint orientation assessment are several options to
estimating, user can select only one as appropriate
condition. Result of this module lead the potentially
vulnerable sites were identified the situation of site
immediately. This is benefit in deep rock tunnel and
rock foundation that difficult to access.

A 149 A 877 11:49

Rock Mass Rating

Rock Mass Rating

A i - A
Rock Mass Rating Rock Mass Rating
Rl R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6
Uniaxial Comprassive Strangth Rock Quality Designation
(@) More than 250 MPa @ 90-100%
O 100-250 MPa O 75-90%
() s0-100MPa O s0-75%
(O 25-50MPa QO 25-50%
O 5-25MPa O Lessthan25%
O 1-5MPa

(O Less than 1 MPa

CALCULATE CALCULATE

(a) Calculation of R1 (b) Calculation of R2

A @77 11:50

Rock Mass Rating

Rl R2 R3 R4 R5 R6 Rl R2 R3

Rock Mass Rating

R4 R5 R6

Rl R2 R3 R4 R5 R6 Rl R2 R3 R4 R5 R6

Spacing of Discontinuities Condition of Discontinuities

@ Morethan2m Type: SIMPLE or CLASSIFICATION

Ooe-2m =
Simple
O 0.2-06m @ Very rough and unweathered, wall rock
tight and discontinucus, no separation
O o00s-02m Rough and slightly weathered, wall

O rock surface separation less than 1
O Less than 0.06m mm

Slightly rough and moderately to
highly weathered, wall rock surface
separation less than 1 mm
Slickensided wall rock surface, or 1-5
mm thick gouge, or 1-5 mm wide
continuous discontinuity

O 5 mm thick soft gouge, 5 mm wide
continuous discontinuity

CALCULATE CALCULATE

(c) Calculation of R3 (d) Calculation of R4

A @77 11:50 A @77 11:50

Rock Mass Rating

Groundwater condition
Type GENERAL  FLOW
General

(®) completely dry

O Damp

QO wet

O oripping

O Flowing

CALCULATE

(e) Calculation of RS

Fig. 1. User interface of each p.

Assessment of Joint Orientation

P/SRATIO Type. TUNNELS DAM  SLOPE

Strike perpendicular to tunnel ax

(O orive with dip 45-90 degrees More than 45 degrees

60010 440 T/m2
(®) Drive with dip 20-45 degrees

e than 70 degrees
(O orive against dip 45-90 degrees
(O orive against dip 20-45 degrees
Strike parallel to tunnel axis
O Dip 20-45 degrees
O Dip 45-90 degrees
rrespective of strike

O Dip 0-20 degrees

CALCULATE CALCULATE

(f) Calculation of R6 (g) RMR result

arameter of RMR Module. (a) Uniaxial compressive strength, (b) Rock quality

designation, (c) Spacing of discontinuities, (d) Simple condition of discontinuities (e) General groundwater
condition, (f) Assessment of joint orientation on tunnel and (g) Result of rock mass class and suggestion.
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4.2 SMR module

This module is continuous from RMR module.
SMR module added four adjustment and correction
factor to combine with first five parameters of RMR
or RMRyic (Fig. 2.). In this module is cooperated
with geological compass to gathering data of
discontinuities and slope face orientation. This feature
is suitable for operating bench and reclaimable bench.

~%ow® A 77 11:50 ~o®

=  Slope Mass Rating 3 =  Slope Mass Rating
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4.3 Calculation verification

The application was verification by compare
random calculated result with manual calculation by
Microsoft Excel both RMR module ( Table 5.) and
SMR module (Table 6.). The result displayed that the
application calculation completely matched with the
manual calculation.

A 477 1150 ~o® A a7 1151

=  Slope Mass Rating

Rl R2 R3 R4 RS Rl R2 R3 R4 RS Rl R2 R3 R4 RS
F1 21 B3 REA £l HE2Y BE0N EES F3N REZ7 EEdi B
Parallelism between joints and slope face Failure dip angle Relationship between slope and joint dips
Type. PLANAR WEDGE TOPPUNG Type. PLANAR  WEDGE  TOPPLING Type: PLANAR  WEDGE TOPPLING
Joint strike - Slope strike Joint dip angle Joint dip - slope dip
(®) More than 30 degrees (®) Less than 20 degrees (®) More than 10 degrees
(O 30-20 degrees O 20-30 degrees O 10-0 degrees
() 20-10 degrees () 30-35 degrees (O 0degrees
(O 10-5degrees () 35-45 degrees O 0-(10) degrees
(O Less than 5 degrees () More than 45 degrees (O Less than -10 degrees
CALCULATE CALCULATE CALCULATE
(a) Calculation of F1 (b) Calculation of F2 (c) Calculation of F3

~o8

Aurs

11:51

= Slope Mass Rating

Rl R2 R3 R4 RS

F1 F2 F3 F4
Method of excavation
@ Natural Slope
O Presplitting
(O smooth blasting

O Normal blasting cr mechanical
excavation

O Poorblasting

CALCULATE

(d) Calculation of F4

A u e 1151

Slope Mass Rating

CALCULATE

(e) SMR result

Fig. 2. User interface of adjustment factor and correction factor of SMR Module. (a) Parallelism between joints
and slope face, (b) Failure dip angle, (c) Relationship between slope and joint dips, (d) Method of excavation and

(e) Slope mass classification and suggestion.

4.4 Field test

Application tests were conducted in the most
upper cut slope of jointed sandstone intercalated shale
at rear PSU Wittayanusorn School area, Prince of
Songkla University, Hat Yai campus, sounthern of
Thailand [ 15] . Discontinuities were measured 41
orientations composed of 36 joints and 5 bedding
planes. This slope is wide 12 meters and 6 meters in
height (Fig. 3.). Average point load strength index is

5.18 MPa. Mostly, joints have spacing between 0.2-
0.6 meters. Joints condition is completely dry, slightly
rough, weathered with aperture around 1 millimeters.
Dip direction of joint are about 336-352° and dip are
approximately 72-90° while dip direction of slope face
is 215° and dip angle are 78°. The result of estimating
revealed that this slope has RMR value about 65
classified in class II (Good) while SMR value of this
slope is 76 classified in class II (Good) too.
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Table 5. RMR manual calculation compare with PSU-RSR calculation.
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No

Conditions

M

| Calculation

| App

R1

R4

RS

R6

RMR

UCS >250 MPa, RQD 90-100% , spacing <0.06 m, slickensided wall
rock surface, or 1-5 mm thick gouge, or 1-5 mm wide continuous
discontinuity, damp surface, tunnel irrespective of strike with dip 0-20°

20

10

10

5

55 55

UCS 50-100 MPa, RQD 75-90% , spacing 0.2-0.6 m, 5 mm thick soft
gouge, 5 mm wide continuous discontinuity, water dripping surface,
strike parallel to tunnel axis with dip 45-90°

26 26

UCS 5-25 MPa, RQD 50-75% , spacing >2 m, slightly rough and
moderately to highly weathered, wall rock surface separation <1 mm,
water flowing surface, strike parallel to tunnel axis with dip 20-45°

(58]

13

20

20

50 50

UCS <1 MPa, RQD 25-50% , spacing 0.06-0.2 m, rough and slightly
weathered, wall rock surface separation <1 mm, completely dry surface,
tunnel drive against dip at 20-45°

25

46 46

UCS 100-250 MPa, RQD <25% , spacing 0.6-2 m, very rough and
unweathered, wall rock tight and discontinuous, no separation, wet
surface, tunnel drive against dip at 45-90°

30

62 62

UCS 25-50 MPa, RQD 90-100% , spacing >2 m, slightly rough and
moderately to highly weathered, wall rock surface separation <1 mm,
water dripping surface, tunnel drive with dip at 20-45°

20

20

20

-2

66 66

Table 6. SMR manual calculation compare with PSU-RSR calculation.

No

Conditions

Manual Calculation

[ App

R1 | R2 | R3

R4

RS

F1

F2 |

F4

SMR

UCS >250 MPa, RQD <25% , spacing >2 m,
slightly rough and moderately to highly weathered,
wall rock surface separation <1 mm, water dripping
surface, planar parallelism between joints and slope | 15 3 20
face is >30°, planar failure dip angle >45°, planar
relationship between slope and joint dips is 0°, poor
blasting

20

0.15

50 50

UCS 100-250 MPa, RQD 25-50%, spacing 0.2-0.6
m, rough and slightly weathered, wall rock surface
separation <1 mm, completely dry surface, planar
parallelism between joints and slope face is 20-30°, | 12 8 10
planar failure dip angle 35-45°, planar relationship
between slope and joint dips is (-10)-0° normal
blasting or mechanical excavation

25

0.40

0.85

-50

53 53

UCS 50-100 MPa, RQD 50-75%, spacing <0.06 m,
slickensided wall rock surface, or 1-5 mm thick
gouge, or 1-5 mm wide continuous discontinuity,
damp surface, planar parallelism between joints | 7 13 5
and slope face is 10-20°, planar failure dip angle
30-35°, planar relationship between slope and joint
dips is <-10°, natural slope

0.70

0.70

30 30

UCS 25-50 MPa, RQD 75-90%, spacing 0.6-2 m,
very rough and unweathered, wall rock tight and
discontinuous, no separation, water flowing
surface, planar parallelism between joints and slope 4 17 15
face is 5-10°, planar failure dip angle 20-30°, planar
relationship between slope and joint dips is >10°,
pre-splitting

30

0.40

76 76

UCS 5-25 MPa, RQD 90-100%, spacing 0.06-0.2
m, 5 mm thick soft gouge, 5 mm wide continuous
discontinuity, wet surface, planar parallelism
between joints and slope face is <5°, planar failure
dip angle <20°, planar relationship between slope
and joint dips is 0-10°, smooth blasting

0.15

44 | 44

UCS 1-5 MPa, RQD <25% , spacing <0.06 m,
rough and slightly weathered, wall rock surface
separation <1 mm, completely dry surface, planar
parallelism between joints and slope face is >30°,
planar failure dip angle >45° planar relationship
between slope and joint dips is 0°, poor blasting

25

0.15

37 37
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Fig. 3. Cut slope of sandstone intercalated shale rear PSU Wittayanusorn School area, Hat Yai campus, Thailand.

4.5 Verification in a coal mines case

Previous research showed that C1 west wall of
Mae Moh Mine has coal seam with fine to very fine
medium brownish grey claystone. One of the slope in
this zone has three joint sets with dip direction about
325-344° and dip angle about 55-80°. This slope is 5.5
meters in height and 50 meters in wide. Conditions of
this slope is large blocky rock around 0.2-8 cubic
meters with moderately weathered. Spacing is about
10-50 centimeters, aperture less than 2 millimeters
and persistence is more than 3 meters. Discontinuities
surface is very rough and dry [ 16]. Rock sample of
this site has average uniaxial compressive strength of

6.25 MPa and average RQD around 64% . The result
from PSU-RSR showed that this slope has SMR value
about 57 classified in class IIT (Normal). So, this slope
is partial stable, it can occur planar failure along some
joints same as previous research [ 16] found rock pile
at the toe of the slope (Fig. 4.).

Using the PSU-RSR application with geological
compass will assist coal mine workers to evaluate
preliminary rock slope stability and get instant results.
This can be developed into routine works which can
be planned appropriately. Mine workers will be safer
from slope failure, and the mining operation are more
sustainable.

Fig. 4. Cut slope of C1 West wall section fifth in Mae Moh coal mine, Lampang, Thailand.
Source: [16]
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5. CONCLUSIONS

PSU-RSR version 1 (Fig.5.) is an alternatively
application for estimating preliminary rock mass
stability and slope stability. It can be installed on most
android phone, so it can be used easily and obtained
result as fast as connecting mobile phone. The result
of the application is accurate, reliable and fast. PSU-
RSR may make mining operators pay more attention
to safety. This application will be developed into
safety culture and routine work cause sustainable of
mining safety. However, rock mass stability and slope
mass stability still need long-terms site investigation
and monitoring to improve the pit wall stability. This
application will be continually developed with sensors
which more comfortable used in the future.

n I "

Fig. 5. QR Code of PSU-RSR version 1.
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Android Application Development for Estimating Properties and Preliminary Stability of Rock
Mass using Rock Mass Rating and Geological Strength Index
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ABSTRACT

Rock mass stability is one of the key factors which influence mining and civil engineering operations. Rock
mass rating (RMR) and geological strength index (GSI) are very useful classification theories for estimating preliminary
rock mass properties and stability with discontinuities analysis. Engineers can plan their work properly and safely if
they know the stability of the rock mass. Android smartphone are portable devices that have a microprocessor. PSU-
RG Android application was developed for estimating the stability of rock mass using rock mass rating and geological
strength index. The application allows users to evaluate rock mass stability instantly in the field. PSU-RG application
was verified for reliable and accurate estimations. The application was tested with geological data from other researches

(case studies), the results are satisfied.
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Introduction

Rock mass stability is one of the most important factors in mining and civil engineering operations. The stability
aflects safety, cost and operation progress. Information of the stability of rock mass helps engineers plan their work
safely. The rock mass data can be applied to a wide range of planning and design. Engineering rock mass classification
called Rock Mass Rating (RMR) and Geological Strength Index (GSI) are basic principles for evaluating preliminary
rock mass stability. Rock mass estimations with these principles is based on visual inspection of geological conditions,
compass is required in some cases. In this way, the experts canknow the stability of rock mass without any equipment.
These principles are widely accepted and attracted, both in the development of principles to use for specialized purposes
such as tunnel excavation with TBM and rock bolting [1-4], combination with technology such as image processing
[5], and practical applications such as tunneling and quarrying on the Earth [6-7], including concepts to be usedon the
Mars [8]. Rock mass classifications are not complicated calculation but classifications are principles that encompass
many conditions and possibilities. It is difficult for a person to remember the combination of many conditions and it
hard to review the theories during site investigation. Microprocessors cansolve this problem. Desktop and laptop are
useful devices for computation and logical processing, but these devices are suitable for indoor use. These things are
large and requires a lot of electricity, so it is not easy to use outdoor, such as mine or geological field. The smartphone
is more attractive choice in a situation like this. From many smartphone systems, Android is the most popular system
in the world [9]. Android operating systemis open source and fiee, developers can develop the application freely.

Android smartphone was selected in this research. We plan to develop an application for estimating preliminary
rock mass properties and stability using rock mass rating and geological strength index. At present, there are many
commercial applications that applied with rock mass rating from Google Play Store [10-13] and applications with
research purposes [14-15], but there is only one application that applied to geological strength index [16]. The
applications mentioned earlier, there have no applications that can estimate in detail and save the results. Some
applications from Google Play Store are expensive. This researchis an alternative rock mass classification application
which canassist geologists and students in the field. Whenever android smartphone is available, the application allows

users to estimate initial rock mass stability.

Background theories

The principles used for this research are rock mass rating (RMR) and geological strength index (GSI). These
principles are summarized in the following.

Rock mass rating

Geomechanics classification, also known as Bieniawski’s Rock Mass Rating, developed from practicalknowledge
of tunneling in sedimentary rocks [17]. This theory consists of six important parameters used in the assessment of rock
mass stability. The rock mass rating is suitable for tunnel and dam foundation design. First parameter is the strength of
intact rock measured from uniaxial compressive strength (UCS) or point load strength index (PLSI) in the same
conditions as the original [18-19]. Normally, this value is already known from the exploration phase. If the engineer

does not want to test the rock samples, strength of rock can be indirect evaluated from average uniaxial compressive
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strength of rock from previous research [20]. The schmidt rebound hardness test is another way that researchers try to
determine the strength of rock mass [21], but this method is infrequent. Experienced geologists and engineers can
measure the strength of rock from geological hammer’s reaction force [8], this method requires a lot of e xperience, it
is not recommended. Indirect estimation may fail in some cases, these methods should not be used if it is not necessary.
Second parameter is the rock quality designation (RQD) which determined from the percentage of 100 millimeters and
longer core pieces per 1-meter core length [22]. The volumetric joint count is another way to evaluate RQD that does
not require core sampling, it is the ratio of the number of main joints that appear on the rock massto the total distance
[23]. Third parameteris spacing of discontinuities. Discontinuities including joints, faults, beddings, shear zones, and
weakness planes. Rock mass assessors must be able to distinguish the type of discontinuities before measuring its
spacing. Forth parameter is discontinuities conditions consists of roughness, aperture, persistence, weathering and
gouge materials [24]. Rock mass conditions of eachare unique, especially the roughness and weathering which requires
the experience of assessors. Significant conditions from experienced assessors are necessary. The fifth parameter is
groundwater condition, measured by the flow rate of groundwater around the rock mass, or described in simple; dry,
damp, wet, dripping, flowing. For tunneling project, this parameter can be measured from the ratio of seepage pressure
per major principle stress [25]. The last parameter is the orientation of discontinuities, relation betweenrock mass face
and discontinuities, both dip directions and dip angles. Orientation has a significant effect on the failure mechanism of
natural rock and project appropriateness. Finally, RMR value can be calculated from the sum of six values, each
parameter can be converted from the conditions into a value by Bieniawski’s principle. Rock mass rating value can
indicate the stability of rock mass in the form of tunnel stand up time, rock cohesion, internal friction angle, allowable
bearing pressure [26] and safe cut slope [27]. The principle mentioned above is compatible with dam and tunnel.

Geological strength index

Geological strength index is the rock mass classification which based on visual inspection. The original GSI is the
comparison between discovering rock mass conditions and geological quantitative chart [28]. This principle is more
suitable to field application than rock mass rating but difficult to convert into the application. Over two centuries,
researchers try to convert the geological quantitative chart into an equation. This research uses GSI calculation

techniques of Cai and Kaiser [29] as following equation,

26.5+8.79 InJc +0.9In V,
GSI= (€)]
1+0.0151 InJ_ -0.0253 In V

Jwls 2

c

Ia

where J_is joint conditions factor, V, is block volume in cm", J, 1s large scale waviness ofdiscontinuities factor, J is small scale
smoothness factorandJ , is jointalteration factor[30-31]. Each factoris converted from the conditions into a value with rating
table. Waviness is the undulation percentage of discontinuities or amplitude ofrock surface per length of full cycle in large

scale. This factor indicates the overall strength ofthe discontinuities structure. Smoothness is small scale surface roughness
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examine by touchandsight. Alteration is governed by the laws ofthermodynamicsrelated to environmental conditions, consists
ofjoint conditions and coating materials. Smoothness and alteration indicate the strength ofdiscontinuities surface includes the
fiiction of joints. Block ofrock, caused by multiple joint sets, indicates the frequency of discontinuities that appear on rock
mass. Rock materials constant (im,) is another factorthat depends on the type ofrock [32], this constantassume that rock mass
is isotropic and donot disturbed by heavy breakage activities such as blasting. When plotting m, constant against GSI value in
the results graph, you can estimate the ratio ofrock mass cohesive strength per uniaxial compressive strength and internal friction
angle [28]. Cohesive strength and internal friction angle are important parameters in the asse ssment ofrock mass stability, the
values derived fromthis principle are only approximations.

Internalfriction angle and cohesion

Angle of internal friction and cohesionare the values that indicate some properties of rock mass, especially related
to stability. These two values are the components of rock shear strength. In the laboratory, relationships betweennormal
stress and shear strength can be estimated by triaxial compressive strength test with Mohr-Coulomb criteria or direct
shear test. This failure envelope is divided into two types: peak shear strength andresidual shear strength. Peak type is
the maximum shear strength of rock mass before collapse andresidual type is the maximum shear strength of rock mass
after collapse. Residual strength is commonly used in rock mass stability assessment. Many rock slope stability
estimations, such as the factor of safety calculation by limit equilibrium analysis and stereographic projection, are

required cohesion and friction angle.

Methodology

The researchis divided into two parts; application development and application verification with the case studies.

Application development

Android Studio 2.2.2, official integrated development environment program, was used to develop this application
[33]. Java language, Extensible Markup Language (XML), and Standard Query Language (SQL) has been coded
together to create calculation logic, user interface, and database, respectively. Android 4.1 (Jelly Beans) has been
selectedas minimum requirement and Android 6.0 (Marshmallow) is target operation. Quad-core 1.3 GHz Cortex-A7
with 512 MB random access memory on 4 inches screen (resolution 480x800) was used as a real tester during
application development.

Verification

After the development ended, application was verified by comparing the results between the application’s display
and Microsoft Excelcalculation. Random rock mass conditions are generatedto cover all parameters. The results have
been compared case by case to ensure that no extra errors are made from the application. Finally, put the real rock mass

conditions from previous researches into the application to illustrate the actualuse.

Results
PSU-RG is the name of this application. Developers want the application to suit everyone. The most important

part of the application is the correctcalculation and user friendliness. Simple usage reduces the complexity of the rock
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mass theory. However, users have to know basic geological structure of rock mass. This application is divided into
three parts; rock mass rating module, geological strength index module, and data manager module. Each module is
clearly separated and designed to prevent duplicate rock mass conditions entry. This application requires a geological
compass to measure the discontinuities orientation. Simple guideline was attached in this application to help users
understand the basic geological factors.

Rock mass rating module

Preliminary rock mass stability estimation is one of the first steps that geologists should do. This may help to make
the work decision more confident, safety is the most important factor. Just entering a few basic values of rock mass as
mentioned above, the application calculates immediately. This module was programmed to cover all 41,015,625
possible cases. The simplest factors set is rock type, joint counting, spacing, rock conditions, water condition and
activity of the rock mass. Each parameter was separated clearly and sequentially. Users do not need to enter values in
sequence, they can design their own input sequences. The display of this module is shown in figure 1. The forth
parameter part is divided into two modes; simplicity and detail. Simple mode is a set of rock mass conditions created
by the application, suitable for initial assessment. Detail mode allows the users to enter detailed condition values,
suitable for re-assessment to improve the stability as shown in figure 2. The results of this module consist of rock mass
properties, cohesion and friction angle of rock mass, safety suggestion, tunnel stand up time, safe cut slope angle and
support suggestion as shown in figure 3. The results of rock mass canbe saved in data manager module for future use.

Geological strength index module

This module is suitable for assessing of the stability of rock mass at inaccessible points. Only data from visual
inspection canbe used to evaluate the stability of rockmass. Although detailed gathering is better but sometimes it may
be risky. Geological strength index allows users to evaluate the rock mass stability from a distance. This module was
programmed to coverall 140,400 possible cases. Figure 41s the user interface of this module, conditions are categorized
easily but still computable like original theory. This module is applicable to rock masses that partly flooded, blocked,
or located ina risk area. The results of this module is only simple rock mass properties, cohesion to uniaxial compressive
strength ratio and friction angle as shown in figure 5. These values are important properties of rock mass as mentioned
above. The user interface design of this module is similar to previous module.

Data manager module

This module is a useful add-on for saving data. The database is createdin the form of SQL table and designed to
save memory space of smartphone. The data managermodule allows users to save the estimated results from rock mass
rating module. The savedresults are sorted by chronological sequence with data names and time stamps as shown in
figure 6. Users canname the data in rock mass rating module before saving to the database. The database of this module
is private, for the privacy of users. Sometimes the rock mass covers a large area, this module can be divided into smaller
sections. Users will be able to gather more details if they work in small areas, the results are more accurate.
Segmentation allows users to estimate the rock mass in different cases. The savedresults in this module are the same
as the rock mass rating module as shown in figure 7. This module eliminates mistakes from handwriting, reduce the

error caused by the large amount of data. The application has a simple geological guide for beginners in this module.
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Calculation verification

Random rock conditions were generated to verify the calculation of rock mass rating module and geological
strength index module. This is a very important step to make sure that the application is reliable. The generated
conditions were calculated for the RMR value and GSI value by Microsoft Excel. These results were compared with
calculations by the application. Some comparison results of RMR and GSIare shownin table 1 andtable 2, respectively.
All comparisons reveal that the calculation of the application are the same as Microsoft Excel calculations. Now the
application is ready to use in the field.

Application of PSU-RG with case studies

The application was tested with real rock mass conditions from previous research as using example. Carbonate
rock quarry case in Phang Nga province of Thailand [7] was selected this time. This rock mass was excavated to be
slope face in open pit mining. The nature of rock in this area is light-dark grey and brownish-reddish grey limestone
with calcite vein and brownish grey calcitic dolomite, known as Ratburi Group in Permian period. Point load strength
of rock sample is 3.52 MPa, uniaxial compressive strength is 66 MPa, androck quality designation from the volumetric
joint count calculation is 70%. Spacings are between0.1 and 0.8 meters without trace of groundwater. Discontinuitie s
surfaces are slickensides with thick infilling and highly weathered. The aperture of joints is between 5 and 10
millimeters. Slope face is oriented at 64°/073° (dip angle/ dip directions) with 15 meters in height and 10 meters in
width. Two joint sets and one bedding were found on this slope at 62°/305°, 40°/130°, and 14°/296°, respectively.
The RMR result of this rock mass is 60 classifieds in class IIT (Fair), a little bit less than the previous research (63). The
GSI value and m, value are 54.5 and 8, respectively.

Another case study is excavated sandstone slope, we used the conditions of jointed sandstone intercalated shale,
the cutslope atrear PSU Wittayanusorn School in Songkhla province of Thailand [14]. The height of slope is 12 meters,
the width is 6 meters. There are 41 discontinuities divided into 36 joints and 5 beddings plane. The direction of these
joints is between 336° and 352°, the dips are between 72° and 90°. Joints surface is weathered, completely dry and
slightly rough. The average aperture is 1 millimeter and the spacings are between 0.2 and 0.6 meters. Slope face is
oriented at 78°/215°. The average point load strength of rock samples is 5.18 MPa, equal to 113 MPa of uniaxial
compressive strength. The RMR result is 65 classified in class IT (Good), the same as previous research (65). The GSI
value and m, value are 40.5 and 19, respectively.

The results of these two case studies using PSU-RG are summarized in table 3. In both cases, the RMR value is
close to the previous research. Some value is not equal because of the rock mass conditions details. The Phang Nga
case study may have some details that we do not know. However, significant stability wasassessed. The GSI values of
both cases give the same friction angle as RMR classification. The calculated cohesion from GSI value is about 10
times higher than the RMR estimation. These case studies show that PSU-RG canbe used to estimate the preliminary
rock mass stability in the field. The application saves time in assessing rock mass stability and provide useful details to
increase stability. The results of PSU-RG are only preliminary assessments, it has theoretical inconsistencies in some

case. However, the multi-theories application will bring more choices to engineers.
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Discussion and conclusions

PSU-RG is a useful tool for estimating preliminary rock mass properties and stability. This application is
exclusively for Android phone users. The rock mass rating is used to estimate the stability and properties of rock mass
that can be directly gathered. The application consists of several theories that give users a variety of assessment
approaches. Stability recommendations fiom this module are the guideline for increasing the stability of rock mass in
the future. The geological strength index can assess the rock mass properties by visual inspection, suitable for partly
flooded, blocked, or located in a risk area. Estimated results canbe saved in data managermodule, use a little memory
space by using SQL database. The application respects the privacy of users, so it can be used by private parties. The
application has been verified that the estimation is correctand reliable. The simple rock structure guide is included in
PSU-RG, students can learn how to use the application by themselves. The case studies show that the application
actually works, although Phang Nga case study (limestone) is slightly different. Detailed inputs are important to make
accurate calculations as found in the Songkhla case study (sandstone). Rock mass classification in this researchis only
preliminary assessment. Users should be aware if the assessmentresults are not consistent with reality in special case.
Cohesion and friction angle results can be applied to more complex stability assessments such as safety factor
calculation by limit equilibrium analysis and stereographic projection. The application saves time in estimating rock
mass stability, makes you have more time to do other works. Sometimes, the application requires a geological compass.
If you do not have a compass, you canuse a digital compass application from both Google Play Store or digital compass
application for research[34]. However, users should use the digital compass carefully because some research has shown
that digital compass is inaccurate [35-36]. This application is not recommended as the primary rock mass stability
estimation, long-term stability studies are needed. In future, this application will add other stability estimation theories
to serve a variety of purposes. If you want to save your working hours on preliminary rock mass study, you can

download PSU-RG from QR code as shown in figure 8.
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Table 1 Comparison results of RMR between Microsoft Excel calculation and PSU-RG application.

Rock Mass Conditions Excel PSU-RG
UCS RQD  Spacing Joints Conditions Inflow Orientation RMR RMR
(MPa) (%) (m) (L/min)
<1 <25 0.06-0.2  Tight, discontinuous, rough  10-25 Fair 36 36
>250 90-100 <0.06 Slickensided, continuous <10 Fair 55 55
1-5 75-90 0.2-0.6 >5 mm wide continuous <10 V.favorable 38 38
25-50 25-50 0.6-2 <1 mm highly weathered = Fair 50 50
>250 50-75 <0.06 Rough, slightly weathered >125 Fair 53 53
25-50 90-100 >3 Slightly rough, <1 mm 25-125 Favorable 66 66
100-250 <25 0.6-2 Very rough, no separation 10-25 Fair 62 62
<1 25-50  0.06-0.2  Rough, separation <1 mm - Unfavorable 46 46
5-25 50-75 >2 Slightly rough, weathered >125 Fair 50 50
50-100 75-90 0.2-0.6 Soft gouge, continuous 25-125  V.unfavorable 26 26
Table 2 Comparison results of GSI between Microsoft Excel calculation and PSU-RG application.
Rock Mass Conditions Excel PSU-RG
Waviness Smoothness Alteration RockType  Block V.(em’) GSI m, GSI m,
Interlocking Slickensided Swelling clay  Conglomerate 1 166 22 166 22
Stepped Polished Soft clay Sandstone 5 162 19 162 19
>3% Smooth Compacted clay Siltstone 10 205 9 205 9
0.3-3% Slightly rough Sand filling Anhydrite 50 280 13 280 13
<0.3% Rough Clay coating Quartzite 100 281 24 281 24
Interlocking Very rough Sand coating Mylonite 1000 503 6 503 6
Stepped Slickensided High weathered Schist 10000 409 6 409 6
>3% Polished Low weathered Slate 100000 520 9 520 9
0.3-3% Smooth Freshrock Granite 500000 70.1 33 701 33
<0.3% Slightly rough Unweathered Tuff 1000000 68.1 15 681 15

Table 3 Estimated rock mass properties of Phang Nga limestone quarry and Songkhla sandstone slope by PSU-RG.

Rock Mass Rating Geological StrengthIndex
Case Study RMR Friction Cohesion GSI Friction Cohesion
Angle Angle
Phang Nga limestone 60 (I, Fair) 25-350 0.2-0.3 MPa 54.5 30° 2.97 MPa
Songkhla sandstone 65 (I, Good) 35-45° 0.3-0.4 MPa 40.5 35° 475 MPa
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Abstract. Nowadays, tunneling is applied to a variety of constructions such as subway
station, water supply tunnel and underground mine. Tunnel safety is one of the most
important factors of construction. Most tunneling is operated in remote area that is difficult
to reach. This research aims to develop an alternative software for Android smartphone,
which use for estimating preliminary rock mass stability and suggesting support method for
the early state tunnel. Suitable rock mass classifications for tunnel are rock mass rating (RMR)
and rock mass quality (Q system). They are applied to the application. Android operating
system is chosen because it is the most popular operating system in the world. The
application 1s programmed by the official programming software from Google, the Android
Studio. PSU-RQ is the name of this application. PSU-RQ is easy to use because it reduced
the complexity of the theories by numerical logic. The application results are verified by
comparing with Excel standard worksheet. PSU-RQ is reliable and accurate. The application
is tested in a tunneling case study as an example. Whenever a smartphone is available, the
user can estimate preliminary rock mass stability and support method of tunnel instantly.
However, long-term stability investigation s necessary.
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1. Introduction

The rock mass rating (RMR) was initiated at the South African Council of Scientific and Industrial Research
[1]. This principle has been developing by adjusting the parameters and equations for applying a variety of
purposes such as rock slope stability estimation by slope mass rating (SMR) [2], hard rock TBM perform(mce
prediction [3] and strong-weak interbedding rock layers stability estimation H] RMR system is a ennple
geomechanics classification for estimating preliminary rock mass stability in mining and civil engineering.
This geological rating is suitable for tunneling and foundation construction. The rock mass rating is popular
not only with geological study on the Farth [5-7], but also with tunnel construction on the Mars [8].

Another suitable rock mass classification for estimating the rock mass stability of tunnel is the rock mass
quality [9]. This principle is otherwise known as the QQ system. This classification is used for evaluating
ultimate support pressure and reinforcement method for tunnel. Q system was chosen in many studies such
as cement grouted rock mass evaluation [10] and blast induced rock mass investigation [11]. Sometimes, the
rock mass rating and the rock mass quality were studied together [12-14]. As mentioned above, the RMR and
Q system have been using by many researchers. These two principles are chosen for this research.

Nowadays, technology is widespread in most areas of the world. The smartphone is one of the most
popular digital devices. It makes our life easier to manage a lot of tasks by reducing the steps of many
processes, especially communication and calculation. The Android s the most popular operating system in
the world [15]. It is easy to use, diverse, affordable and compatible with a variety of devices. Non-official
developer can develop the Android application free of charge. Smartphone unlocking is not required to install
the non-official Android package. However, the android smartphone should meet the mmnimum requirements
to run the application without bugs and errors.

The objective of this research is to develop an alternative Android application for estimating preliminary
rock mass stability and suggesting support method for tunnel using rock mass rating and rock mass quality.
Many researchers have been interesting in the geological application on smartphone for a decade. The
application for investigating geological site were developed on both opemrmg systems, Android [16] and 108
[17]. However, some errors may occur when discontinuity orientation is gathered by the smartphone [18-19].
The user must be careful with this function. In 2013, the first commercial rock mass classification application
appeared on Google Play Store then it was followed by other applications as shown in Table 1. Some
applications only have the rock mass rating or the rock mass quality function while some applications have
both. However, the Rock Mass Classification [20] and the Geotoolbox [21] cannot reveal the detail of
estimated results. The Geostation [22] is the only application that can reveal detailed results, although the
price is quite expensive. Very few of the apphcatlons are suitable for use n remote areas like tunnels. An
application that can save the result for future use makes the estimation easier, but most applications do not
support this function. This application is an option for the user to assess preliminary rock mass stability.
However, long-term stability investigation 1s important, the user should use this application with other studies
such as stereographic projection analysis and safety factor calculation.

Table 1. List of the rock mass rating and rock mass quality applications which operate on the Android
smartphone, this list grouped main application, extension parts and free version of each application together.

Application Name lgl::;{s lﬁcatlans (’II)‘lI.fIc];) Developers
Rock Mass Classification X X - Sarangy (2013) [20]
GeoToolbox X X - Filipponi (2013) [21]
Geostation X X 8.320 Geomecanica Apps (2014) [22]
RMR Calc X - 60 Geomecanica Apps (2014) [23]
Slope Mass Rating (SMR) X - - Assis (20106) [24]
Q-system X - Norges Geotekniske Institutt (2016) [25]
Q-system (tunneling) - X - ator (20106) [26]
PSU Rock Slope Rating X - - Pantaweesak et al. (2017) [27-28]

*Updated 27 February 2018.
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2. Background Theories
2.1. Rock Mass Rating (RMR)

The rock mass rating (RMR) is one of the effective rock mass classifications which based on practical
knowledge of shallow tunneling [29]. The six parameters of RMR (Ri-Rg) were defined to determine rock
conditions. These parameters can be simplified for using in the tunnel by applying to other theories. The sum
of rating values is the RMR value which can be calculated by Eq. (1):

RMR=R;+R,+R5+R4+Rs+R )

where Ri=rating of strength of intact rock, Ro=rating of rock quality designation, Rs=rating of spacing of
discontinuities, Ry=rating of discontinuity conditions, Rs=rating of groundwater condition and Rs=rating of
discontinuity orientation. Each rating is compared from Bieniawski’s charts. The RMR value relates to rock
mass stability. Estimated results from RMR charts consist of average stand-up time of the tunnel, cohesion
of rock masses, internal friction angle of rock masses, allowable bearing pressure [1] and safe cut slope angle
[30]. Each RMR parameter is described in the following sections.

2.1.1. Strength of intact rock (R)

This parameter can be obtained from the uniaxial compressive strength or unconfined compressive strength
test (UCS). Rock sample 1s compressed according to natural conditions. The compressive strength is the
compression force per compressed area of rock sample. Another method to obtain the strength is point load
strength index test (PLSI) [31-32]. In general, the strength has been tested during the exploration, rock mass
in the same area is similar. However, the new test will estimate the most accurate results. In some cases, the
user cannot test the rock sample at that moment, but need to know preliminary tunnel stability, the user can
use the average uniaxial compressive strength of Palmstrom [33]. In the worst case, the experienced geologist
can roughly recognize the strength of rock by striking the geological hammer to the rock surface [8]. The
reaction force of the hammer and experience is the strength indicator.

2.1.2. Rock quality designation (Rz)

The rock quality designation (RQD) s the percentage of core recovery along coring axis. It is the sum of
length of core pieces that are greater or equal to 100 mm per meter [34]. Normally, core logging is operated
before tunneling, most tunnels already have this value. At the earliest stage that core is not available, RQD
value can be calculated from the volumetric joint count (). Assessors must identify and count the appeared
discontinuities along the tunnel to find the number and type of them. The sum of number of horizontal
discontinuities (such as beddings) divided by the tunnel height and number of vertical discontinuities (such
as normal joints and faults) divided by the tunnel length is the volumetric joint count. If the tunnel is very
long or discover the structural change of rock formation, engineers should zone the tunnel into smaller areas.
Rock quality designation value can be calculated from J, using Eq. (2) [35].

ROD=110-2 5], ©)
2.1.3. Spacing of discontinuities (R3)

Discontinuity 1s divided mnto several types such as joint, bedding, shear zone, fault and weakness surface.
Discontinuities usually occur in sets, the same set has similar type, orientation and pattern. Spacing is the
distance between discontinuities in the same set. This value represents the frequency of discontinuities which
occurred from geological force. Normally, the spacing can be measured by distance tape, ruler, laser distance
meter and rough estimating by sight. The spacing is very important because this value relates to the strength
of the rock mass.
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2.1.4. Discontinuity conditions (Ry)

Discontinuity conditions include roughness, separation (aperture), persistence, weathering and infilling
materials (gouge) that exposed on the surface. Discontinuity evaluation requires a lot of judgment and
experience because some conditions are not numerical values. Descriptive conditions (roughness and
weathering) make the different interpretation of each person, the user must carefully evaluate these conditions.
The roughness of discontinuity surface is divided mto five levels from slickensided to very rough. The
weathering is the degree of decay of discontinuity surface that is divided into five levels from unweathered
to decomposed. The aperture is the width of discontinuity that stretched out and the persistence is the
continuous of discontinuity length. Infilling materials are the substance in the discontinuity gap, normally it
is clay or soil. These conditions can be individually evaluated before combined to create the condition value.
The simplest way to obtain this value is the series estimation, which discontinuity conditions are grouped into
the series [30].

2.1.5. Groundwater condition (Rs)

Groundwater condition is very important parameter of the tunnel. Water pressure affects the strength of the
rock mass. Generally, this condition is divided into five levels: completely dry, damp, wet, dripping and
flowing. This parameter can be numerically measured by measuring the flow rate of groundwater in liters per
ten meters (length of the tunnel) or the ratio of seepage water pressure per major principle stress [37]. Based
on our experience, water flow measurement is difficult in the field and not required. Any areas that can
measure the flow rate indicate that the groundwater condition is flowing.

2.1.6. Discontinuity orientation (Re)

The relation between discontinuity orientation and tunnel axis is a very influential factor in stability of the
tunnel. The orientation is dip direction and dip angle of discontinuity plane. Dip direction is the direction
that water on the discontinuity plane directly flows to the ground. Strike is another value instead of dip
direction. The strike is the discontinuity alignment refer to the magnetic north (azimuth), perpendicular to
dip direction. Dip angle is the angle between horizontal level and discontinuity plane, it can be measured in
the same direction as the dip direction. This angle is between 0 and 90 degrees. The relation between tunnel
axis and discontinuity orientation indicates the suitability of drive direction of the tunnel. Unfavorable drive
caused unstable tunnel. This parameter can be used to assess the rock mass stability for other constructions
such as dam foundation and slope. However, this principle is not suitable for estimating rock slope stability.

2.2. Rock Mass Quality (Q System)

Rock mass quality was introduced at the Norwegian Geotechnical Institute. This classification based on the
knowledge of 200 case studies of tunnel and cavern [9]. Over the last 3 decades, 1,260 case studies have been
proven that the Q system 1s the effective design of tunnel support assessment [38]. The (Q parameters are like
RMR parameters, but they are compared from Barton’s charts. Q value is calculated from six parameters
using Hq. (3):

Q=RQD/Js)(J:/Ja) (w/SRE) 3)

where RQD=rock quality designation, J,=joint set number, J,=joint roughness number, J,=joint alteration
number, Jy=joint water reduction factor and SRF=stress reduction factor. The estimated results of Q system
are mternal friction angle of rock mass [39], ultimate roof support pressure and ultimate wall support pressure
[40]. The equivalent dimension (D) is calculated from tunnel span or height and the excavation support ratio
(ESR) of Q system. The excavation support ratio is the indicator of tunnel construction purpose. Type of
utilization affects the stability requirement and tunnel size. The Q value and D. value can plot on the
reinforcement categories chart (Fig. 1) to estimate reinforcement method [41]. Each QQ parameter is described
in the following sections except the rock quality designation (RQD) which already described in the rock mass
rating section.
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Fig. 1. Design chart of reinforcement conditions and supports [41].
2.2.1. Jomnt set number (Jn)

Joints are usually formed in sets which can be identified by its orientation (strike or dip direction and dip
angle). Rock mass without joints is called “massive rock mass”, this is the strongest rock mass in the same
conditions as other rock masses. Some joints that individually appeared are called “random joint”, which
commonly found with joint sets. The worst condition is heavily jointed rock mass or “sugar cube rock mass”
and earth-like rock mass, if this condition is found, the engineer must proceed with extreme caution.

2.2.2. Joint roughness number (J.)

Roughness of joint surface is mainly classified into three levels: rough, smooth and slickensided. This factor
indicates the remaining friction force between joint surfaces in small-scale. Formation pattern of the rock
mass face is the large-scale roughness indicator, it 1s mainly classified into two levels: undulating and planar.
The Q roughness factor can be estimated from both roughness and formation pattern of the rock mass.
Internal friction angle of rock mass can be calculated from this value and joint alteration number.

2.2.3. Jomnt alteration number (J,)

Natural rock joints always altered by the atmosphere, joint surface is decayed into crushed rock fracture and
sandy surface. Sometime, hydrological activities and geological activities can cause mineral precipitation,
which coated on the surface of joints. The minerals, dirt, clay or other materials that fill in the joint gap are
called infilling matertals or gouge. The gouge may heal the joint if the coated materials are non-softening
mineral such as quartz or epidote. If gouge is clay mineral, it can swell and cause joint expansion. Internal
friction angle of rock mass can be calculated from this value and joint roughness number.
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2.2.4. Joint water reduction factor (Jy)

Water pressure influence on shear strength of joints. When water flows through the joints, it will wash out
nfilling materials and soften clay gouge. Sometimes, the clay minerals can swell in joints and cause the
decrease of shear strength of joints. In long run, groundwater may change the rock mass structure and
discontinuity conditions.

2.2.5. Stress reduction factor (SRF)

Stress reduction factor can be determined from rock mass pressure loosening when excavated through shear
zones or weakness zones. This factor can be calculated from the uniaxial compressive strength per major
principle stress (the ratio of strength and stress). Another way to estimate this value is appeared tunnel
conditions such as depth of the tunnel and rock mass structure.

3. Android Application Development
3.1. Device

The application is programmed and complied on a laptop computer with processor AMD A8-4500AM 1.9
GHz, installed memory (RAM) 4 GB, operated on Windows 10 Pro. The first run proceeded on Android 6.0
(Marshmallow) smartphone with processor Quad core 1.3 GHz Cortex-A7, 512 MB installed memory,
resolution 480x800 pixels on 4 inches screen.

3.2. Methodology

This Android application is developed by the official integrated development environment program, Android
Studio version 2.2.2 and the Java development kit [42]. The application is suitable for Android smartphone,
which operating system later than Android 4.1 (Jelly Beans) while the target operating system is Android 6.0
(Marshmallow). The calculation is verified by comparing the calculated results from this application with
Microsoft Excel worksheet case by case. Finally, the application is tested with geological data from previous
tunneling research to confirm the application results.

4. Results
4.1. PSU-RQ Application

PSU-RQ is the name of this application. The application consist of three main modules (1) rock mass rating
module for estimating preliminary rock mass stability of the tunnel which can use with other construction,
(2) rock mass quality module for estimating support pressure of roof and wall of the tunnel and finding a
suitable reinforcement method and (3) data manager module for saving the calculation results. The user-
friendly interface 1s designed for beginners, instant module switch is allowed. Rock mass investigation
guideline for the newcomer is contained in the application.

4.1.1. Rock mass rating module

Rock mass rating module consists of six geological parameters as mentioned above. The user interface of this
module is simplified by separating each parameter individually to eliminate data input sequence. The rock
mass parameters are aligned in order, this way is suitable for the new user that need to follow the guideline
of this application. For professional users, Non-sequential input is allowed. Only-a-choice check box is
applied to prevent the recount error. Each parameter has several ways to mput the raw data. For example,
the user can input uniaxial compressive strength, point load strength index, or rock type as the strength of
intact rock parameter (Ry). For discontinuity conditions parameter (R4), user can enter a simple condition set
or input each data individually as shown in Fig. 2(a) and Fig. 2(b) respectively. The results of this module are
shown 1n Fig. 2(c).
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Fig. 2. (a) The user interface of the rock mass rating module which designed user friendly. (b) Several ways
to mput data set to the fourth parameter of rock mass rating (discontinuity conditions). (c) The results of
rock mass stability estimation from rock mass rating module.

4.1.2. Rock mass quality module

Rock mass quality 1s complicated principle that has many ways of calculating. Each geological condition has
their own way to calculate and estimate the Q value and other result. PSU-RQ solved this problem by
numerical logic that simplified rock mass quality estimation. The user does not need to worry about many
conditions of the rock mass quality system, just input a simple data set then the application report the results.
The user interface of this module like the rock mass rating module for the unity of application as shown in
Fig. 3(a). The module results reveal the ultimate roof and wall support pressure of tunnel, internal friction
angle, rock mass quality value (Q) and equivalent dimension (D). The support methods of tunnel (length of
rock bolts, shotcrete thickness and liner specification) can be estimated by plotting the QQ value against D,
value on the reinforcement chart as shown in Fig. 3(b). The user can apply this suggestion with the tunnel to
improve the safety of the early phase tunnel. In this research, the application does not plot the Q and D.
value automatically, so the user can decide the support methods according to the opinion. For example, when
the user increases the support level from estimated results user will receive more safety factor of the tunnel.
If the user decreases the support level, it may lead to less tunnel stability, but receive more economic value.

4.1.3. Data manager module

Estimated results of the rock mass rating module can save into the data manager module. This module allows
users to access the results later. It 1s a helpful function to index the data from several rock masses. The module
is suitable to divide the long-distance tunnel into several parts. Detailed estimation can be obtained by
investigating the appropriate areas. Case studies comparison can be attained by this module. It allows the user
to compare similar cases, which helps to solve the problems easily from practical knowledge in the past. The
user interface of data list is shown in Fig. 3(a) and the detail of each data 1s shown in Fig. 3(b). In addition,
the rock mass study guideline for gathering the geological data is included in this module as shown in Fig.
3(c). PSU-RQ 1s a good choice to save the rock mass stability estimation hours. The human errors from
handwriting to note the results are eliminated by this module.
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Fig. 4. (a) The data list page which allows user to save estimated results. (b) The saved results mnclude data
name and rock mass stability from the rock mass rating module. (c) Rock mass study guideline for new user

and who unfamiliar with geological field.

4.2. Application Verification

Verification is a step to confirm that the PSU-RQ has the correct processing logic. The correct results are the
most important. Calculated results are verified by comparing the application results with manual calculation
from Microsoft Excel worksheet. MS Excel is a calculation program that s recognized around the world. The
rock mass standard worksheet is created and reviewed several times to ensure accurate calculations.
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The comparison results are significant. Estimated results of PSU-RQ perfectly match the standard
worksheet. Non-sequential input, double check box selection and other uncommon usages are tested to
eliminate bugs and errors. PSU-RQ application for estimating rock mass stability and suggesting support
methods 1s accurate and reliable refer to the theories. Some random conditions that are used to compare the
rock mass rating results are shown in Table 2. The rock mass quality conditions are shown in Table 3 and
Table 4 is the results of the rock mass quality module. However, these theories are only preliminary stability
estimation, other precise principles should be used in long-term study. In very unusual cases, evaluation

results may be faulty.

Table 2.  Comparison list of rock mass rating module with random rock mass conditions.

Random Rock Mass Conditions Excel PSU
UCS RQD Spacing Conditions Ground  Orientation = RMR RQ
(MPa) (%) (m) water
) 80 0.4 Soft gouge, continuous Dripping  V.unfavorable 26 26
15 60 3 Slightly rough, weathered  Flowing Fair 50 50
0.5 35 0.1 Rough, slightly weathered Dry Unfavorable 46 46
175 20 1 Unweathered, no aperture Wet Fair 62 62
40 95 3 Slightly rough, weathered ~ Dripping Favorable 66 66
251 60 0.05 Rough, slightly weathered ~ Flowing Fair 53 53
40 35 (| Slightly rough, weathered Dry Fair 50 50
3 80 0.4 Soft gouge, wide Damp V.favorable 38 38

continuous discontinuities
251 95 0.05 Slickensided, gouge, Damp Fair 55 55
continuous joints

0.5 20 0.1 Very rough, unweathered, Wet Fair 36 36

no separation

Table 3. Random rock mass conditions for verifying the calculation of the rock mass quality module.

Random Rock Mass Conditions

RQD Joints Roughness Alteration Water Stress Purpose  Span

(%) (m)

1 Massive Clay zone Strongly Filling Multiple Temporary 5
consolidated  outwash  weakness zone  opening

10 Few joints Slickensided, Medmum Inflow, Single Water 10
planar consolidated  decaying weakness zone tunnels

20 One set  Smooth, planar  Swelling clay  Inflow Single shear Storage 15
filling zone caverns

30 One set, Rough, planar Crushed Dry Open joints Power 20
random rock zone stations

40 Two sets Slickensided, Sandy clay ~ Medium  Medium stress Railway 25
undulation fraction inflow stations

50 Two sets, Smooth, Thick clay Large Moderate Temporary 30
random undulation zone inflow slabbing opening

60 Three sets Rough, Tightly Filling Heavy rock Water 35
undulation healed outwash burst tunnels

70 Three sets, Discontinuous Unaltered Inflow, Heavy Storage 40
random joints decaying squeezing caverns

80 Four sets Clay zone Slightly Inflow  Heavy swelling Power 60
altered stations

90 Crushed Slickensided, Sandy clay Dry High stress Ratlway 80
rock planar coatings stations
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Table 4. Comparison results between the standard worksheet and the PSU-RQ.

Standard Worksheet (MS Excel) PSU-RQ Application
Q Roof Wall Friction D. Q Roof Wall Friction D.
Pressure  Pressure Angle Pressure Pressure  Angle
(kPa) (MPa) (degree) (kPa) (MPa) (degree)
0.011 899.29 0.21 9.46 1 0.011 899.29 0.21 9.46 1
0.038  2390.08 0.40 3.58 5 0.038  2390.08 0.40 3.58 5
0.030  1930.98 0.30 571 12 0.030  1930.98 0.30 5.71 12
0.600 632.34 0.12 8.53 20 0.600  632.34 0.12 8.53 20
1.980 530.91 0.08 16.70 38 1.980 530.91 0.08 16.70 38
0.018  2274.14 0.38 6.91 8 0.018  2274.14 0.38 691 8
0.029  1513.17 0.22 75.96 19 0.029  1513.17 0.22 75.96 19
0.233 649.73 0.06 75.96 32 0.233 649.73 0.06 75.96 32
0.016  9524.41 0.79 26.57 60 0.016 952441 0.79 26.57 60
0.600  7588.04 0.35 9.46 123 0.600  7588.04 0.35 9.46 123

5. Application in Tunneling Case

The application is applied with a tunneling case of limestone quarry as an example. The horseshoe adit with
5 meters span of Stam City Cement Public Company Limited (SCCC) was designed to reduce haulages cost
in the limestone quarry, Saraburi province of Thailand [43]. The rock mass in this area is divided into three
zones: bedded limestone, thrust fault, and spatic limestone. The adit entrance was designed in bedding layer
of dark-gray micritic limestone, chert layers, calcareous siltstone, and siltstone. The average strength of rock
samples 15 93.6 MPa. The rock quality designation is 51%. Tunnel axis was driven to 8 degrees (azimuth).
Main joint set strike/dip 1s 130/60 degrees. Some rock layers are silicified and very hard. The aperture of
joints is between 2.5 and 10 millimeters without infilling materials. The spacing is between 30 and 50
centimeters with tight surfaces. Estimated results from the application shown that this rock mass has RMR
value equal to 62 classified in class 1T (Good) and Q value is 20.4 classified in good class as shown in Fig; 5.
The results are slightly different from previous research because it may have more detail than this re-
estimation. The estimated results both rock mass class and support as shown in Table 5 are consistent. This
comparison proves that the PSU-RQ is a reliable application and suitable for actual use in the field.

m 65% 14:40

Rock Mass Quality
Rock Mass Rating Q:20.400

RMR: 62 Class : Good
Class : Il (Good) Roof support pressure : 0.009 MPa
Stand time : 1 year for 10 m span
Cohesive : 0.3-0.4 MPa
Friction angles : 35-45 deg.

Wall support pressure : 0.005 MPa

Friction angles : 63.435 degrees
De:2.778

Allow pressure : 280-440 T/sq.m
Safe slope : 65 deg.

20 mm diameter rock bolts
with fully grouted in crown

Supports : 3 m long spaced 2.5 m
with wire mesh, shotcrete
50 mm in crown

SCCC adif SAVE

@ ®)
Fig. 5. (a) Rock mass rating and (b) Rock mass quality results of SCCC transportation adit project.
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Table 5. Estimated results from PSU-RQ application and the previous research of SCCC bedded limestone.

Value and Support Boonbatr and Fuenkajorn (2012) [43] PSU-RQ
RMR (Class) 66 (Good) 62 (Good)
RMR support method Locally 3 meters bolt length in crown 20 mm diameter rock bolts with
and wall with 2.5 bolt meters spacing fully grounted in crown, 3 meters

and occasional wire mesh. Shotcrete on  spaced 2.5 meters with wire mesh.

crown, 50 mm thick. Shotcrete 50 mm thick in crown.

Q (Class) 21.25 (Good) 20.4 (Good)
Q support method Unsupported Unsupported

6. Conclusion

PSU-RQ 1s an accurate and reliable Android application for evaluating preliminary rock mass stability and
tunnel support methods using rock mass rating and rock mass quality. This application is designed to use in
remote areas. It is an effective tool that assists geologist to assess preliminary rock mass stability faster than
ever. The case study re-estimation proves that the results are credible. It saves a lot of working hours
whenever the Android smartphone is available. The data manager module is an important part of this
application. This module can reduce human error from hand writing and traditional calculation. A lot of data
1s organized systematically. PSU-RQ s the first rock mass rating and rock mass quality application that has
the data manager module. This application will make the operators more interested in safety.

The application needs the effective input for estimating the significant results. If the raw data is
biased or inaccurate, it will cause incorrect estimation. The simple input routes in this application (such as
the average uniaxial compressive strength of rock type and the volumetric joint count) are only for the
restricted cases. Different rock type has different properties. The same rock in different areas may have
different properties. If possible, the user should test new rock samples every time to apply with the rock mass
stability evaluation. Always test the rock samples at least 5 samples to find the average value. The average
makes the data more reliable. If the user found that the samples in nearby area are equally strength, the user
may set this strength as a standard. Other parameters must be gathered from estimating area as mentioned in
the background theories. Do not use the parameters of the case study in this research with other rock masses,
each area is unique.

In addition to rock testing, joint analysis is another method that should be done together. It helps to
group joints data and indicate the significant joints. Stereographic projection is the key. Contour diagram is
the plotting of joint orientation data on the equal-area stereonet. If the orientation poles on diagram are very
dense, then this data set 1s the important discontinuity. This major discontinuity makes the assessment more
relevant. Random discontinuities are low density on the diagram. Sometimes, the minor discontinuity may
have dangerous conditions (for example: the persistence is extremely long, and the aperture is extremely large)
that make it a major discontinuity. If the geological structure is folded, the user should use the beta diagram
(B-diagram). Folded structure makes it difficult to assess the real ortentation of discontinuity. Beta diagram is
a simple method for defining the orientation of cylindrical fold axis.

However, the geologist and the engineer need to assess the stability and support method in detail.
These theories are not suitable to use as the main stability estimation. Monitoring of long-term stability is still
needed to improve tunnel safety. Stereographic projection is used to evaluate the suitability of direction and
angle that may cause failures. The main failure modes of rock mass are plane failure, wedge failure and
toppling failure. Steep rock face has a greater chance of collapse. Factor of safety calculation is another
method for evaluating the stability. Limit equilibrium analysis is one of the safety factor calculation theories.
It 1s a volumetric calculation that takes into account the dimensions and properties of the rock mass. The
probability analysis 1s a method should be used with a conventional limit equilibrium method [44]. It confirms
the results of the stability assessment and can be applied to many types of work.

This application should be used with a geological compass. We plan to develop the data gathering
system by applying the digital sensors with the application in the future. It will replace a geological compass
and simplify the steps. These digital sensors still require more detailing research because it has some conflict
about using a mobile phone instead of geological compass. PSU-RQ can be applied to your working routine
to estimate the preliminary rock mass stability and improve the safety. In the long-run, it will save time and
reduces redundancy. Downloadable content of PSU-RQ 1s shown in Fig. 6.
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Fig. 6. QR code to access the Android package of PSU-RQ.
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