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OcHOBHbIe 0CODEHHOCTM MaccmBa

@ MACCHUB HEO/THOPO/IEH, cocmoum u3 pazuvlx munoe nopoo
u pyo. Illoamomy 6 paznvix moukax maccuea - pazHvle COUCHAEa.

@ MACCHUB HAPYIIIEH na pa3znvix cmpyKmypHuvIX YPOBHAX:
- MUKpOmMpeuiuHbl;
- MpeuiuHO8aAmMOCHb,
- MEeKMmMOHUUeCKUe HaApYyuleHUsA PA3HbIX MACUIMAOHBIX YPOBHEI.

@ MACCHUB oonaoaem
- ynpyzocmbio (Oehopmupyemcsa npu HazpysHceHuu),
- NPOYHOCMBIO (CONPOMUBTIACHCA PA3PYULEHUIO).
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CBoucTBa HapyLLEHHOMO MaccmBa

peaivHo MOO€b
mpemuuoeamblﬁ Mmaccue ¢ CHJIOUIHOU MACCUB C
HECKOJIbKUMU cucmemamu mpeuiun IKBUBATICHMHBIMU CEOUCMBAMU

Heo0xo0um nepexoo om nPoUHOCHHbBLE U 0ePOPMAUUOHHBIE CBOUCHE

nopoo 6 oopasuax (intact) k ceoiicmeam mpewuno8amozo maccusa
(Rock Mass)
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CBouCTBa HapyLLEHHOIO MaccmBa

Dr. Leopold Muller
1908-1988
First President
of the ISRM
1962 - 1966

mHm EHEPHAS
FEOHOFT/IH

CRAJII:HBIX MZ-&CCMBOB

VIHIHEHEPHASH
MEXAHVIKA
Der Felsbau

E, - E, o, — O,
E, > FE, o, >> O,
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CBoucTBa HapyLLEHHOMO MaccmBa

Memoowvt onpeodenenus ceolucme mpeuiuHoeamozo
maccusa (Rock Mass Properties):

Q@ namypubie ucnvimanus (In situ test)

Q@ sxcnepmuvle oyenku (peiimunzosvte cucmemvt RMR, Q)

@ pacuemuwt ceoiicme maccusa (KoIgpguuuenmol
cmpykmyprozo ocaaonenusn, GSl ¢ kpumepuu H-B)

Q oopammuble pacuemsl no paxKmam nPoABIEHUA 20PDHO20
oasnenus (back analyze)
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CBoucTBa HapyLLEHHOMO MaccmBa

» Hamypuble ucnosimanus mpeuiuHOBAMO L1 11166 110 1R, 811174

N o
1 — cmpouka ckeasxtcun; /< />< \

2 — ucnovtmyemulii 0710K;
3 — onopHule naumol;
4 — 2udpooomkpamol

¢




CBoucTBa HapyLLEHHOMO MaccmBa

» Hamypubte ucnolmaHus mpemuuoeamozo Maccued Ha crcamue

PYOHUK
Mampocosa
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CBoucTBa HapyLLEHHOMO MaccmBa

@ Hamypnuie 7, MM —
UCNBIMAHUA 77NN
MpeuuH08amo2o
maccuea Ha
corcamue

10

Ypynckuu
PYOHUK

KpeMHUcmble C1aHYbL:
1 - cnnownwie;

2 — paccianyosantwle;
3 — noeepxnocmu

i} 10 1z 1% 16 6, MNa
P2 &Nz =3

0C/1a01eHUA




CBoucTBa HapyLLEHHOMO MaccmBa

@ Hamypnote JL
UCHBIMANUA N Z
maccuea Ha :> 32 A
cosuz e ‘

A 4

1444
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CBouCTBa HapyLLEHHOIO MaccmBa

Kapvep

RS-
: Yuzanak

HUCNBIMAHUA
Maccueda Ha
coeu?

»

"{; -v.
AN
9 - 2 WA \
ST SR
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CeoucTBa Hapyl.ueHHoro MaccuBa

Maccueda Ha
coeu?

Kapvep i
YQuzanax | 2 o SN e,
2 ’T.J ’ Pt . X "4;;”_,. -
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RMR

@ Rock Mass
Rating (RMR)
Z.T. BieniawskKi

5% srk consulting

Mapasenp Humepsanv: suasenusi
Al.TIpoyHoeTs MOpOAb! Ha
o > 250 MIIa 100+250 MI]a 50-100 MIJa 25+50 MITa 5«25 MIIa | 1+5 MIIa |[<1 MIIa
Pesimunz J 4 15 12 7 4 2 i [
A2 K‘};“’;;” MECCHBA TIO BRIORY | 0005+ 100% 75% - 90% 50% + 75% 25% + 50% <25%
Pesimunz J 20 17 i3 8 3
A3, PacCTOAHHA MEXAY
>2 0.6—2m 200 - 60 - 200nav <
TpeImHaMY ZM 600 vavt 60 ravt
Pedimunz J 43 20 15 10 8 5
A4 XapaxTepHCTHKA TpeLHH
A4.1. IllepoxoBarocTs TpeLHH QuyeHb Criera WWepoxoBatble Crerxa 1epoxoBarbie Tnagraze Cnefbl CKOMbHeHH
LIepOXOBaThle TIOBEPXHOCTH
Pedimunz J 441 6 5 3 1 @
A4.2. Irmsa TpeumH <lmM 1-3mM 3-10mM 10-20 M >20m
Pesimun J a0 6 4 2 1 [
A4.3. PackpbiTHe TpellHH Her < 0,1 v 0,1+1,0 mv 1+5 v > 5.mm
Pedimuns J 443 6 5 4 I [
Teepablii sanonHuTe/b || TeepObl saonHuTelb > || MAria#i saMonHuTeb AT 3aN0NHHTEN:
AdA. 3 TpemH Her <3.mM 5.MM <5.mM > 5.
Pedimunz J 444 6 4 2 2 [
#;;g&ibmelpemm CTeHoK Her Crnerxa BbBeTpernble Cpente BbBETpENble CHIbHO BbIBeTperble PasapobneHrble
Pedimunz J 45 6 5 3 i [
Jaa = Jaart Jagrt Jags tagatdaes 30 25 20 i0 [
AS5. ObBoAHEHHOCTD BhIpaboTia BrakHan Moxpas Kanesx BogonpHTok
Pedimunz J 45 15 10 7 4 [
OueHb Ouemb
B. OpheHraLua TpelHH 6 BraronpuaTtHbie Cpente HebnaronpuatHeie o
Peiimunz Jg | a -2 -5 - 10 - 12
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RMR

Yuem opuenmavyuu mpeujun Ha ycmouuueocmb 8bIPADOMOK (JB ) 6 RMR

IIpocmupanue mpeujun éxpecm ocu évipabomxu IIpocmupanue mpemun napannenvio ocu eupaéomxu
[Ipoxoixa BEIPaOOTKH BeJieTCs [Ipoxoxa BEIPabOTKH VIJIhI MAeHHs Tpems VT TTaIe A TP
TIO ITAJIEHHIO TPEIHH C YIIaMH | BeJIeTCS IO IIaleHHIO TPELHH o o

G 45+90 20+45
nagerns 4590 C yrilaMH ImajeHus 20+45
Ouenv baazonpuamrbote Brazonpuammore Hebnazonpuamsote Ouenv Hebrazonpuammole
e I .
TIPOTIB MAEHTIS TPEITHH C eJJ.' cIIp T :Il:n - TJIBI TTaJIe IS Tpem:m +20° He3aBHCHMO OT
yriaaMmu najerusa 45+90° P Z;; 450 TPOCTHPAHIT
Brazonpuammote Hebnazonpuamsnote Hebnazonpuammote

RMR = Jpait Jpot Jast Jagt Jast Jp




RMR

Onpeoenenue kamezopuii ycmouvueocmu maccueosé no RMR

Peiimune Knacc Veon
Ouyenka Cpeonee gpema | Cyennenue 6
maccuea | CKanbHo20 - N 8HYMPEHHEe0
yemouvugocmu | yemouuueocmu | maccuese, Mlla
RMR maccuea mpeHu A, 2pao.
100 - 81 I BecbMa ycTOIMuIBEIE 20 net npu > 04 > 45
TIOPOAI nposiere 15 M
80 - 61 1 Y cToiu1BEIE 1 rog nmpn 0.3:0.4 35 _ 45
TIOPOJbI nponere 10 m
60 - 41 I HOpO.[lj:I cpeaHeit 1 Hexens npn 0.2:0.3 5 _ 35
YCTOITUIBOCTH npoyere S M
40 - 21 v HeycroitunBrie 10 yacoB npn 0.1:0.2 15_95
TIOPOABI IpoJIETE 2,5 M
Bechma 30 MuH. rpu
<21 \Y% HEYCTOIYIBLIE 1P <0,1 <15
nponere 1 M
TIOPOABI
== srk
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Q-System

Prof. Nic Barton

EUROCK 2018
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Rock Mechanics 6, 189—236 (1974)
© by Springer-Verlag 1974

Enginecring Classification of Rock Masses
for the Design of Tunnel Support

By
N. Barton, R. Lien, and J. Lunde
With 8 Figures

(Received August 31, 1974)

Summary — Zusammenfassung — Résumé



Q HANDBOOK
Using the Q-system

Rock mass classification @
and support design NGI

www.ngi.no
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Q (Tunnelling Quality Index)

Q=

RQD J. J.
J. SRF

RQD (Rock Quality Designation) - kauecmea maccuea no cocmosnuio Kepna;

n

nokasame.iu.

J,, — Konuuecmea cucmem mpeujun;

J, — wepoxoeamocmu mpewjun;

J, — cuennenus no n0GepXHOCMAM MpPewjuH;
Jyw —Yyuem 006600nenue maccuea;

SRF (Stress Reduction Factor) - yuem oeiicmeyrouiux nanpscenui

'\fw srk © SRK Consulting (Russia) Ltd 2020. All rights reserved.



Q (Tunnelling Quality Index)

Ilepsas opoowv xapaxkmepuzyem uHmMEHCUBHOCHb
mpeuwunosamocmu. Ilockonsky RQD ooviuno
Y6enuuueaemcs ¢ yMeHbuleHuem 4ucia Cucmem
mpewjuH, Yucjaumensb U 3HAMEHAMENb
ycuaugarom opyz opyza

Bmopas 0poos yuumuieaem cunvl mpeHus no
mpewiunam. bonee evicokue ee 3nauenusn
COOmeEemcmeyom ayuuemy Kauecmaey maccuaa.

Tpemuvsa Opoo6b ompasicaem oasieHue 600vl 6

mMpewunax u HanpPA}CeHHoe COCMOAHUL MACCUBA

In situ. Yeeruuusaemcs c ymenvwenuem
0asieHusA 6006l U nPuU O1a20NPUAMCIEYIOUEM Q
HANPAHCEHHOM COCHOAHUU MACCUBA.
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Q (Tunnelling Quality Index)

THokazamenw
Koiuuecmea
cucmem
mpeuiun

J

n

=% srk consulting

# of Joint Sets Jn # of Joint Sets
Intact Rock Few Random
No Joints Joints Only

1 Set
1 Set + Random

2 Sets
2 Sets + Random

3 Sets
3 Sets + Random
> 4 Sets Earthlike,

Heavily Jointed

Crushed Rock

© SRK Consulting (Russia) Ltd 2020. All rights reserved.




Q (Tunnelling Quality Index)

H oKazameJsib Large Scale: Planar Undulating Discontinuous
7 | 7S
wepoxoeamocmu o 72 yﬁ;ﬁ // Gt
m pe UWIUH | Small Scale: Set) % é 577 - .
=" %
J Slickensided = 0.5 1.5 2.0
I ~

Smooth 1.0 2.0 3.0

Rough 1.5 3.0 4.0

Gouge-Filled 1.0 1.0 15

No Wall Contact




Q (Tunnelling Quality Index) // o
L 5427744

Small Scale:

Slickensided = 0.5 15 2.0

Iokazamens wepoxosamocmu mpewiun .

r

B manom macumade (Small Scale) — ¢ cmpourax ceepxy enusz: — |epn |55,

* 3awaugosannvie mpenuem (Slickensided);

* 2naokue, poeuvte (Smooth);

* wepoxoseamuvie, Heposubvle (Rough);

*  3ANOJIHEHHblE 2IUHKOI MPEHUA WU OPYZUM MAZKUM MAMEPUAIOM, Hem KOHMAKmMa
mexncoy cmenkamu (Gouge-Filled, No Wall Contact).

B oonvuiom macuumaoe (Large Scale) — 6 kononkax cnesa nanpaeo:
naockue (Planar);

sonnucmote (Undulating);

npepuieucmote (Discontinuous).

—\fw srk © SRK Consulting (Russia) Ltd 2020. All rights reserved.



JRC Joint Roughness Coefficient

JRC = koagppuuuenm S
UiepoxXo8amocmu mpeujun, S

S '. s
UCNOIb3YEeMbLIL 8 KpUMepPUU COU2A -*"

S
no mpewunam bapmona-binouca iz

H3mepenue mepoxoeamocmu sz
mpeuiun cpedenKoil %Q?
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H3mepenue
uiepoxosamocmu
mpewjun 2pedeHKoil
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JRC Joint Roughness Coefficient

H3zmepenue
uiepoxoeamocmu
mpeuwiun 2pedeHKou

© SRK Consulting (Russia) Ltd 2020. All rights reserved.



JRC Joint Roughness Coefficient

H:mepenue uiepoxoseamocmu,
HépoeHoCcmu mpeuiun no pet?lce
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JRC Joint Roughness Coefficient

H3zmepenue
HepOoBHOCMU MPEUiUH
Py1emKou
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JRC Joint Roughness Coefficient

H3mepenue neposnocmu mpewyun no peike

== srk




JRC Joint Roughness Coefficient

H3mepenue
HepoeHOCMU MPEeuiUH
no peiixe g
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JRC

Joint Roughness Coefficient

Onpeoenenue JRC no
pe3ynomamam 3amepos
UiLepoxXo8amocmu mpeuuH

Straight edge

Asperity amplitude - mm

/

V7%
L— Length of profile - m

Amplitude of asperities - mm

400 ¥ 20
JEIRE
300 ] 12
200 AN 4 10
///// 1 &
PN
100 A4 =
T, &4 v W 4
A A AT
- A AV S AV AR
an ,J"‘j :///:/{5/;/’ ,./
/
20 /'_‘::/:/ :VAI’://,K// 1
//;’/"'/;’ﬂ/// A
A’ /":‘:f:/‘\"/' / J’f /
ID & L L . e e & ﬂ5
= o A il e = il
o e i il - -
L Ve Ve - Pl x
5 o A A AAALFIN 7 -~
7 //f.f// L1 B P e
3 ///%/’/’,/’ )i a4
5 é////r// - //
V // //
/' L~
1 2
el . ""
e ff e
& e —
0.5
0.4 /” ]
0.3 | //
0.2 '
0.1
0.1 p2 03 05 2 3 45 10

Length of profile - m

Joint Roughness Goellicient (JRC)




CootHoLueHre mexay JRC n Jr

stepped — cTyneH4aTtble Description Profile & | JRC| JrC
undulating — BonHUCTbIE i
planar - MJ1I0CKUe, yrJjioeHHble - Rough T 4 20 11
Smooth -_
rough — wepoxoBatble, rpydble | sickensided i R
smooth — rmagkue, nnaBHble , Stepped [ 2 | 11 8
slickensided — rnagkue,
OTNONUPOBAHHbIE Raign | TSR bl )8
Smooth =
Slickensided —_— ? " °
Undulating | 1.5 7 8
Rough 15| 25 | 23
Smooth
by Barton | Sickensided el B R
(1987) Planar| 05| o5 | 04
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Q (Tunnelling Quality Index)

Iokazamenv cuennenus cmeHok mpewiun | Ja

a) XOpOIIIO 3AJICYEHHBIE KPENTKUM, HEIIPOHULIAEMBIM, 0,75
HEpa3MATYAOIIAMCS 3alTOTHUATEIEM

0) 0e3 3anoaHUTENs, 0€3 BEIBETPUBAHUS 1
B) CJIETKa N3MEHEHHBIC (BBIBETPEINBIC) CTEHKU TPEILHH, 2

ITOKPLBITHIC HCPASMATTAIOITUMHUCA MUHCPAJIAMH, YaCTHUIIbI
I[ICCKAd, HCT ITIMHKHW TPCHUA

I') WIHMCTBIN, ITI€CYaHO-TITMHUCTBIN, MEIKO3EPHUCTHIN 3
HEpa3MSATYaroIMiCs 3a0JIHUTEb

1) pa3MATYarONINKCs TTTMHUCTBIN 3al0JTHUTEND TUTA 4
MUJIOHHUT, KQOJIMH, CIIIONA, TaJIbK, XJIOPUT, TpaduT
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Q (Tunnelling Quality Index)

Ioxazamens, yuumeolearowuii 00600nennocmy maccuea J,,

" ITopoBoe 1aBiaeHune
Onucanue ruApPoreoJOrn4ecKux ycJaoBUi 2 J
MOJA3eMHBIX BOJI, KI'/CM

Cyxas BbIpaOOTKa MM He3HAYUTEIbHBIHN JTOKaIbHBIH 1 10
BOJIOTIPUTOK MEHEe 5 11/ MUH ’
CpenHuil BOJONIPUTOK UM MIOPOBOE JIABJICHHUE, 1025 0.66
AMHU30IMYECKOE BHIMBIBAHUE 3AMOTHUTEIS TPEIIUH. T ’
BoNbII0N BOJOIPUTOK WIIM BBICOKOE TIOPOBOE JABJICHKE B 9 5-10 05
KPETKOH MOPOoJIe C TPEIMHAMU 0€3 3aI0JTHEHHS ’ ’
boJibI0M BOIONPUTOK MM 3HAYUTEIHHOE BHIMBIBAHHE 2510 0.33
3a10JIHEHUSA TPELUH ’ ’
W CKI0YnTENBHO BEICOKHMI BOJIOTIPUTOK WM IIOPOBOE
JaBJICHKE BOJIbI IIPU B3pbIBAX, OCIa0EBAIOIINE 3HAYCHUS C ooxpie 10 0,2-0,1
TEYCHUEM BPEMEHU
W cKknrounuTeIbHO BEICOKUN BOJIOTPUTOK WITU IaBJICHHUE Somie 10 0.1-0.05
BO/IbI, TIPOJI0JDKAIOIITMECS 0€3 3aMETHOTO 0CIa0IeHUs
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Q (Tunnelling Quality Index)

Hokazamens, yuumpviearowjuii 06600nennocms maccuea J,

cTeneHb beH bap 1,0 S e e — 9
06BOAHEHHOCTHU A145 iw W= 0,061-A45 + 0,08
cyxo 5 ,0 0,9 R? = 0,998 2
BNAXKHO 10 0,7 =
MOKPO 7 0,5 0,8
Kanex| 4 0,3 07
BOAONPUTOK| 0 0,1 ! 9
%‘ 0,6 o
2 ¥
3 0,5 Q o
x
= o m
204 K )
=% (=8
& S
o o
03 & Q o
o
o
0,2 ¥
Q
=
Q) g
0,0 !
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Mapametp A45 o6BogHEHHOCTM MaccuBa no benasckomy, 6annbl




SRF

Ilokazamens SRF (Stress Reduction Factor),
YUUMBIEAIOWUIL XAPAKMeD NPOAGIEHUI 20PHO20 0A8/1eHUSA

6b18aJ1bl 0J10K08 pazoasnueanue nopoo coasnueanue
nopoo no OonvuiuM O0asieHuem 6 8bIPAOOMOK Ha
mpeuwjuHam 30HaX KOHUEHmMpayuu oonvwou anyoune

Pa3Hble 20pHble ycnoeusa — pa3Hble MeXaHU3Mbl 8bledsioe — pa3Hble UHCMpPYyMeHmMbl ux

aHaAu3a — pasHole 3aKOHOMepPHOCMU — pa3Hble MemoObl yrpassneHuUs 20pHbIM 0assieHUeM.
Moamomy e camom Ha4ane KpaliHe 8aXHO MOHAMb, YMO UMEHHO npoucxooum e waxme !

© SRK Consulting (Russia) Ltd 2020. All rights reserved.
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SRF

Topno-zeonozuueckue ycinosus: CuibHO mpeuwjuHo8aAmole MACCUBLL, 30HbL
MEKmMOHUYECKUX HapyuieHuUil, 8 KOMOPbIX NPU NPOXOOKe GbIPAOOMOK
RPOUCX00AM 8b18ABL DJIOKOB NOPOO NO NOBEPXHOCHAM 0C1A0IEeHUA
maccuea noo oelicmeuem coOCmeeHHo2o eeca

MHoro4uucieHHsle  II0B CPXHOCTH OCHaGHeHI/IH, coacpiKalmue TIIIHHY HWIH XHUMHYCECKH

A | Ae3MHTErpupOBaHHYI0 TOpPOAY (CepUTU3ALMS, XJOPUTHU3AIMA), CHIBHO paspbixyennsie | 10
BMEIIAIIe Moposkl (rodas rmyorHa)

B OnuHOYHBIE  IOBEPXHOCTH  OcialleHHWs,  comepiKane  IJHHY  WIH  XUMHYECKU 5
JIC3UHTECIPUPOBAHHYIO TIOPOY (CEpUTH3AIMSI, XJIOPUTH3AIMs), TITyOUHA BRIPaOOTKH < S0 M

C OnvHOYHBIE  TOBEPXHOCTH  OcnalleHus,  coaepkane [IMHY  WIH  XHMHYECKH )5
JC3UHTEIPHPOBAHHYIO TIOPONY (CEpUTH3ALMS, XJIOPHTH3AIN), IITyOrHA BBIpaboTKH > 50 M ’

D MHOKeCTBEHHBIC 30HBI CABMIOB B Kpenkoidl mnopoxe (6e3 DIIMHUCTOrO 3alOIHUTENS) 75
pa3npoOlIeHHBIE BMEIIAIIHE MOposIbl (TITyOrHa Jrodast) ’

E OpMHOYHBIE 30HBI CIBUIOB B Kpenkoil mnopoxne 0€3 MNHMHUCTOIO 3aloiHUTENs, ITyOuHa 5.0
BEIpaboTKH < 50 M ’

F OnUHOYHBIE CIABUIOBbIE 30HBI B KpeNKoH mopone 0e3 ITIMHUCTOrO 3alolHHUTENs, INTyOuHa )5
BhIpa0oTKH > 50 M ’

G | Pa3pbIxJIEHHBIN, CHIBHO TPEIIMHOBATBIH MACCHB C OTKPBHITBIMH TpelMHaMH (rmybuHa mobas) 5,0

Hapymenuﬁ He nepecexkarom gbzpaﬁomxy, ad MoJibKO OKA3bl6AOmM 6JTUAHUE HA €€ ycmoﬁqueocmb.

Ipumeuanusn: 1) modxcrho ymenvuiums oanuvie snavenus SRF na 20-25%, ecau KpynHvie 30HbL COBUL08bIX

== srk
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SRF

Fopuo-eewzozuuecxue ycioeusa: KpenkKue nopodbl,
paspyuienue Komopbsblx 6bl364AHO 6bICOKUMU HANDAINICCHUAMU

6,./0; SRF

H Huskue nefictByronmye HanpsskeHus (Ha HEOONBIIONH ITyOHHE), OTKPBITHIE 1200 5
TPEIHHBI ’

] CpenHue AeHCTBYIONIME HANPSLKEHUS, OIaronpusITHOE HaNpsyKEHHOE 200-10 1.0
COCTOSIHUE ’
Bricokue HanpspkeHUsl, O4€Hb MJIOTHO CKaTbie TpeHiuHbl. OOBIMHO

K | OnaronpusaTHo A1 yeToOHYMBOCTH. MokeT OblTh HEONaronpuATHO VI 10-5 0,5-2,0
YCTOMYHBOCTH CTEHOK

L YMepeHHOe OoTcIaMBaHKME MOPOIHBIX MIMT MO npomiecTBUM Oonee 1 yaca nocne 53 5.50
00OHaKeHUA
OTtcnanBaHue MOPOIHBIX IJIMT U TOPHBII ynap Mocie HECKOIbKHX MHHYT

M 3-2 50-200
nocae o0HaXKeHHs

N CHJIbe‘IJI‘:I TOPHBLA y/1ap U HEMEJJIEHHbIE UHAMHUeCcKue jedopMaliiu B 2 200-400
TUIOTHOH IOpojie

lpumenanua: 2) ona cuabHo aHU30MPONHOZO NEPEOHAUAILHOZO HANPANCEHHOZO COCMOAHUA (ecau 0O 2mom
CEUOEMEeNbCMEYIom OanHble usmepenutl): koeda 5 < oy/o; < 10, ymenvuwiums o, do 0,76,.. kocoa a /o3> 10,
ymenvums o, 0o 0,5 a, 20e o, — npedenr NPOYHOCMU NOPOObI HPU OOHOOCHOM CHCAMUU, G; U O3 -
MAKCUMaibHOE U MUHUMANbHOE 2AA6HbIE HANPANCEHUS, 3) 6 CAyuasx, Kocoa 2ayouHa om noeepxHocmu 00
€600a GuIPAOOMKU MeHee WUPUHLL gblpabomiu, mozda yeeaudums SRF 0o 2,5-5,0 cm. (cm. n. H)

—V-W srk © SRK Consulting (Russia) Ltd 2020. All rights reserved.



SRF

Fopuo-zewzozuuecxue ycioeusa: KpenkKue nopodbl,
paspyuienue Komopbsblx 6bl364AHO 6bICOKUMU HANDAINICCHUAMU

Kirsten Equation for SRF Estimation:

SRF = 3246,/ 6,)%34%. (UCS / ¢, ) 1322

50

30 ‘\\ —1
» s
20 \\\\\ —06
- N 04
10 \\\‘
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\
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0 | | } UCS / Sigma 1
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SRF

Topno-zeonozuueckue ycnogusn: neynpyzue oegpopmauuu unu
njaacmuyeckoe medenue caaooi nopoosvl nOO 6IUAHUEM
BbICOKO20 20PHO20 0a6IeHUs HA 001U O 2TIyOune

Heynpyzue oegopmauuu unu naacmuieckoe medyeHue

o 6y/G. SRF

HEeKpéenKou nOPOC)bl nO0 61UAHUEM 8bICOKO20 COPHO20
0aeneHusn

O | YMepeHHOE BBIJIaBIUBAHUE MOPOJ, B BEIPAOOTKY 1-5 5-10

P | CunbHOE BBIJIAaBJIMBAHUE MTOPOJ] B BRIPAOOTKY ™) 10-20
nopoosl, Hadyxaruiue om RPUCYMCMEUL 600bl

R | HeGonpmioe HabyxaHue OpoOJI 5-10

S | CunpHOE HaOyXaHHE TTOPOJT 10-15
-




Q (Tunnelling Quality Index)

e -

NGI

o_RQDJ: J,

a
ucnojib3yemcs 6 000CHOBAHUAX:

n
@ munoe kpenu no pekomenoayuam bapmona;
@ napamempoe kamep no memoouxke Mrymoioza-Ilomeuna;
@ ycmoiituugocmu nomonoyun no memoouke Kapmepa;
@ ycmoiiuueocmu cmeon08 utaxm, nPoluoeHHvIX Oypenuem, no memoouxke MaxkKpaxena,
@ ycmoiiuugocmu 2o0pu30HmMAIbHBIX 6bIPAOOMOK, NPOUOEHHBIX Oypenuem ¢ nomouivio TBM.
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benaeckomy RMR
®
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CootHoweHre Q - RMR
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Kateropuu yctondmsoctn 1 Q - RMR

Peitmunez Hnoexc kauecmea | Kamezopusa ycmoiiuueocmu

maccuea RMR maccuea Q maccuea
<20 <1 gecoMa HeyCmou4uUesblil
20 40 1+ HEYCMOouuUBvll
40 =60 4+10 cpeonen ycmouuueocmu | 3
60 =80 1040

80+100 > 40

6ecobmMa YCMou4ueolu 1
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Kateropuu yctondmsoctn 1 Q - RMR

== srk

| ¥ massive, strong rock

E / o & ’
| ¥ note Iac%é{ :gr'ound

-

v low stress regime

R
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;: il

M - Ty
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by E. Eberhard
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Kateropuu yctondmsoctn 1 Q - RMR

v blocky rock

1V low stress r'eqime

AW AR R

by E. Eberhard
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Kateropuu yctondmsoctn 1 Q - RMR

)
s

ock Mass Classification Examples

v low stress regime

8

23
356

1 atos

| j v weak/foliated rock

{ “(poor to fair rock)
el “;O.-n é B E.'::'

& (vpoor to, ,pggr_‘rock

‘e
| >
1750 L
L3
s

== srk

by E. Eberhard
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Kateropuu yctondmsoctn 1 Q - RMR u

‘/Q=08 debs &~

1CEITRL

| (very poorrack) |

R L

by E. Eberhard




Kateropuu yctondmsoctn 1 Q - RMR

| ¥ massive, strong rock = 2l : -
l

S Z
v i 8 5
3 regime:
: rvvvn A / % §.
’ g | A 2. o T
v rockburst failure, complete | o 38
closure of drift, extremely = s =
rt, screen retains. DN 5 2
e l8e 5 £v
% § | 3
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Kateropumn yctondmsoctn 1 Q - RMR u

:Rock Mass
Zlassification
"L‘*’ Examples

| v Weqk/fo!ia'red rock

v high stress regime

n3rnbom / nsnomom

buckling failure — pa3pyweHune npoaoabHbIM

by E. Eberhard
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Kateropuu yctondmsoctn 1 Q - RMR u

Peiimunz kauecmea maccueoe benaeckozo RMR ne yuumuieaem
YPOBeHb 0CUCMBYIOUWUX HANPAIHCCHUIL, M.e. MOJIbKO CEOICMEa
mpeuwiunosamozo maccuea o6e3 enewneil nazpysku. Ecau
2COMEXAHUUECKAA CUMYAUU ONPeOesAemCa MOJIbKO CHPYKMypoil

maccuea, peiimunz RMR u unoexc Q xopowio coznacyromcsa mesicoy
coooil.

Kaxk moavko ceomexanuueckasn cumyauyus Hauunaem onpedeﬂﬂmbc;l
HE MOJ/IbKO KaAYecmeom maccuea, HO U €20 HanpA)CeHHoOCmus1o, RMR

nepecmaem paoomams. QQ npooonsrcaem adeKkeamHo OnUCbLIBAmMsb
cumyauuio.
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OBO0OLLEHHBIN KpUTEPUIA NPOYHOCTN MaccmBa Xyka-bpayHa Ha ocHose GSI

1995 .. a
O,
Gci
GSI -100 GSI -100 1 1, cons o0
m. =m -e s = ex =—+= -
g Xp(28—14Dj p( 9-3D j A 2+6(e e ™)

GSI (Geological Strength Index) — zeonozuueckuit unoexc npounocmu
MPewUH08aAMO20 MACCUBA

D (Disturbance Factor) — napamemp nospescoenus maccuea é3pvienvimu pabomamu

g1

~——

npozpammsl RocLab, RocData
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JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to

be too precise. Quoting a range from 33

to 37 is more realistic than stating that

aoomaem TOJ/Ib A e

apply to structurally controlled failures.

Where weak planar structural planes are
present in an unfavourable orientation

with respect to the excavation face, these

npu U30MPONHOM |EEmsisss

of changes in moisture content will be
reduced is water is present. When

(Kea3UU30OMPONHOM) | =i

G S I GEOLOGICAL STRENGTH INDEX FOR

made for wet conditions. Water pressure
is dealt with by effective stress analysis.

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

Slickensided, highly weathered surfaces with compact
coatings or fillings or angular fragments

VERY POOR

Rough, slightly weathered, iron stained surfaces

POOR

GOOD
Smooth, moderately weathered and altered surfaces

SURFACE CONDITIONS

VERY GOOD

Very rough, fresh unweathered surfaces
FAIR

|

STRUCTURE DECREASING SURFAC!

oepopmuposeanuu u — T
paspyuienuu
mpeuwiunosamozo maccuea !

m

QUALITY

.

discontinuities

N

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

~
o

RN
SR

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
7| formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
¥ - folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
»| with mixture of angular and

| rounded rock pieces

Rl
N
i~
=
NG
S
s

N\
s
e
=
e

A

7
LAMINATED/SHEARED - Lack / 10
of blockiness due to close spacing N/A N/A
of weak schistosity or shear planes

ORI
N

<—= DECREASING INTERLOCKING OF ROCK PIECES

[
B
=

1995 2.

== srk



GSI

GSI| HE pabomaem
npuU AHU3OMPONHOM
oepopmupoeanuu u
Pa3pyuleHun Maccuea

Nno NOBEPXHOCMAM \
' NN
ocia01enus! \\\\\\

Chanyesamulit Maccug = mpaHceepcaibHo
AHU30MPONHAA CPeda ¢ NAOCKOCHbIO
uzomponuu F-F u ocvro anuzomponuu N-N

== srk
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OBOOLLEHHBIN KpUTEPUIA NPOYHOCTN MaccyBa Xyka-bpayHa Ha ocHoBe GSI.
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OBO0OLLEHHBIN KpUTEPUIA NPOYHOCTN MaccmBa Xyka-bpayHa Ha ocHose GSI

Lab Ilpounocmo

M j= p
=1 oopasua
Ilpounocmo
maccuea
-
O3

Koagppuyuenm cmpyxkmypnozo

0C1a01eHUA Maccuea mpeuwiunamu KW L

__ RBpouYHOCmMb Maccuea

Ky = npoUHOCMb 00pa3ua




OBO0OLLEHHBIN KpUTEPUIA NPOYHOCTN MaccmBa Xyka-bpayHa Ha ocHose GSI

Koagppuuyuenm cmpyxkmypnozo

__ npouHOCmMb Maccuea
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GSI
2013 a.;

GSI = 1,5-JConds+ RQD/2

JConds - xapakmepucmuka mpewun ¢ peumunze RMR bensaeckozo, 1989 2.:

Very rough surfaces

Slightly rough

Slightly rough

Slickensided surfaces

Soft gouge > 5 mm

Not continuous surfaces surfaces or Gouge <5 mm thick or

Condition of discontinuities No separation Separation < 1 mm Separation < 1mm thick or Separation Separation > 5
. ; paration > 5 mm

Unweathered wall Slightly weathered Highly weathered 1-5mm Continuous

rock walls walls Confinuous
Rating 30 25 20 10 0
Guidelines for classification of disconfinuity conditions
Discontinuity length (persistence) <1m 1t03m 3to10m 10t020m More than 20 m
Rating 6 4 2 1 0
Separation (aperture) None <0.1mm 0.1-1.0mm 1-5mm More than 5 mm
Rating 6 3 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 3 3 1 0
Infilling (gouge) None Hard infilling < 5 mm Hard filling > 5 mm Softinfilling <5 mm Soft infilling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderate weathering Highly weathered Decomposed
Rating 6 3 3 1 0

-




GSI

2013 2.: GS| =

52-J./J,
1+J,/J,

JOINT ROUGHNESS NUMBER Jr Rating JOINT ALTERATION NUMBER Ja Rating

-RQD/2

Tightly healed, hard, non-softening, 0.75

Discontinuous joints 4 impermeable filling

Rough and irregular, undulating 3 Unaltered joint walls, surface staining only 1.0

Slightly altered joint walls, non-softening
Smooth, undulating 2 mineral coatings, sandy particles, clay-free 20
disintegrated rock, etc

Silty-, or sandy-clay coatings, small clay
fraction (non-softening)

Slickensided, undulating 1.5 3.0

Rough or irregular planar 15 Softening or low friction clay, mineral coatings,

i.e. kaolinite, mica. Also chlorite, talc, gypsum
Smooth, planar 1.0 and graphite etc., and small quantities of 4.0
swelling clays. (Discontinuous coatings, 1 -2
mm or less in thickness)

Slickensided, planar 05
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GSI
2013 2.

s GSI'=1,5:JConds+ RQD/2

cnoxas'Ba:z.’e’J;::caLf GSI — 52 ‘Jr/‘Ja
e 1+J./J,

- RQD/2

) \ )

ceoucmea UHMEHCUBHOCM Db
mpeuiun mpeuwiuHoseamocmu
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GSlI

Acauunckuiu
PYOHUK

_52lr/la_  RQD
(14]r/Ja) 2

MaccuBbl | JCondgy | RQD, % | J, J. | GSIno(3.4) | GSIno (3.5)
py4Hble Xunbl 18 55 2.4 2 55 56

GSI = 1.5-]Cond go + RQD/2 GSI =

BMeLLatoLme nopoabl 26 65 2.4 1 72 72

KOHTpOnb !




GSI

Hpumenamo TO/IBKO

OJ1:1 UBOMPONHDBIX
maccueog !

This chart applies to tunnels of about 10 m
span and slopes < 20 m high. For larger
caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

2013 2.

== srk

GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

From the lithology, structure and observed
discontinuity surface conditions, estimate the
average GSI based on the descriptions in
the row and column headings. Alternatively,
from logged RQD values and Joint Condition
ratings (from Bieniawski, 1989), estimate
GSI = 1.5 JCond,,+ RQD/2 based on the
scales attached to the chart axes.

For intact or massive rock with GSI > 75,
check for brittle spalling potential. For
sparsely jointed rock with GS| > 75, failure
will be controlled by structurally defined blocks
or wedges. The Hoek-Brown criterion should
not be used for either of these conditions.

This chart applies to tunnels of about 10 m
span and slopes < 20 m high. For larger
caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

STRUCTURE

fillings of angular fragments

Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron-stained surfaces

SURFACE CONDITIONS
VERY GOOD

GOQD

FAIR

o
m
Q)

REASI

z
@

SURFACE QUALI

Slickensided, highly weathered surfaces with compact

POOR

< coatings or
VERY POOR
coatings or infillings

;

40

| BLOCKY - well interlocked
undisturbed rock mass made
up of cubical blocks formed by
three sets of intersecting joints

*| VERY BLOCKY - interlocked,
partially disturbed rock mass,
multi-faceted angular blocks

formed by 4 or more joint sets

/| BLOCKY, DISTURBED/SEAMY
4 - folded with angular blocks formed
by many intersecting joint sets.
| Persistence of bedding planes or
-| schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
Y1 with mixture of angular and rounded
1| rock pieces

!

~
%
N @

N

REASING INTERLOCKING

N

Q
w
Q

.

7

35

30

25

+ 20

®

45 40 35 30 25 20

F 15
- 10
L
7 /)
K
/ /c,
L 10 3 [v]

1.5 JCond,,

1

RQD/2

eserved.



GSI

Yuem macuumaonozo ygpghexma npounocmu maccuea ¢ nomowgpro GSI

FACE CONDITIO
VE 0

Very rough fresh umweathorea surfaces

Rough sightly weathered, ron-stained susfaces

600D

.............

This chart applies to tunnels of about 10 m
span and slopes < 20 m high. For larger
caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

Ima ouazpamma omuocumcs K
evipabomkam ¢ nponemamu oxkono 10 m
u omkocam menvuie 20 m vicomel.
/lna 6onee Kpynnoix Kamep u cKji10HO08
paccmampugarom 603IMoHCHOCHb
ymenvuenun GSI ona yuema
YMEHbUeHUA O10KUPOBKU D110K08.

== srk

. Effective Structural Scale
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Strength &
Integrity

Intact
Strong
Massive

Blocky
Fair - Strong
Discrete
Weakness
Planes

Very Blocky
Weak
Low
Structural
Integrity
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OBOOLLEHHBIN KpUTEPUIA NPOYHOCTN MaccyBa Xyka-bpayHa Ha ocHoBe GSI.

Roclab - [RocLab1]
|z File  Edit View Analysis Window Help

D@ HRE BX M TKBQRAAQA V@B &% K2

Ilpounocmeo
nopoowl 6
oopaszye

Analysis of Rock Strength using RocLab

Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 100 MPa : '
B0t - GSI=75 mi=20 Disturbance factor (D:I =0 ............. AR
intact modulus (Ei) = 40000 MPa : :
modulus ratio (MR) = 400

Onpeoenenue ceoiicme
MpPewUHOB8AMO20 MACCUBA

Hoek-Brown Criterion
mb=61 s5=0.04 a=05 : :
401 - Mohr-Coulomb Fit Y P PR PRRRRES B
cohesion = 8.0 MPa friction angle = 41.4 deg : :
Rock Mass Parameters
tensile strength = -0.6 MPa
np02paM.Md 5 uniaxial compressive strength = 18.8 MPa
=2 global strength=365MPa 47~ & @ o
- Failure Envelope Range w 30 deformation modulus = 20724.3 MPa '
ROC Lab Application: General - 4 P
sigimex[250 I MPa =
2
2] : < : : :
20pee e A\ N R RIS e
~ Mohr-Coulomb Fit ; : : :
¢ |80 MPa
- nopgupumot
ock Mass Parameters 07 M ---------------------
it [0 MP ajiéé6cCcKoco
Ilpounocmo = . 3
5 a
. HUKA
mpeuiunoeamoco PO 85 MPe py
Emm |20724.3 MPa : : : : ;
maccuea 0 10 20 30 40 50
B CopyDate Normal stress (MPa)
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