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My paTiTeS Apdifokitng Mvelqor
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= Mruupéve 250-1000*= 2D0-BDO*® 400-600°
TpaviTng AwopiTng
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Aveuréxpupe Mpavodwoplong
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Tkoeendypupn d-CIEIECCI 300-400
MopiTng
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Pararoster Bange of vaves
Pamt lond of This low range
Swen 3 10 MPa 4 10 MPy 2 -4y 1-2MPa wsazial comgrossve
a""‘ srongth indes = test s ed
1 | istact rock |Unsaxind comp . N . 5-26 |1:56] «1
" Ka »250 MP 100 - 250 WP 50 - 100 MWPa 25 - 50 WPy uPs | MPs | MPa
Rarng 15 12 7 4 2 i 0
Dl core Qualty ROD H0% - 100% 75% - 90 S0% - 7% 25% - S < 25%
2 Ratng 20 17 1 a 3
Soacing of drecontinuties >am 062 m 200 - 600 mm 60 . 200 mm < 60 mm
3 Rarng 20 15 "0 L) 5
ory rough aces rough rough reded aces | GO gouge »5 mm | gouge »5 mm
Not continuous o Tuch
Caorditon of dacontnuites |Ne sepasation Separation <« 1mm  |Separation < 1 mm  [Gouge < 5 mm thick ar
4 (See £) Unweathered wall ﬁly\nﬂw moy-mm o Separation » § mm
roch Separaton 1.5 mm Cortinuous
Continuous
Ratng L) 25 20 10 0
Infow per 10 m 1 1 1
- None <% 0-26 25-12% » 1256
o [Py | e priocipaian 0 <01 0.1.-02 0205 »08
General conditions Completely dry Damp Wet Drgpgung Flowing
Ranng 15 10 7 4 0
|8 RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Sirme and g orentatons Very tavouratie T avouratie Tan Untavouratee Very Untavouratie
Tunneis A mines 0 2 5 0 12
Rawngn Foundatans ] 2 7 -15 -25
Skapes o 5 -28 50
|C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
[Ravrg 100 +- 81 80 « &) 0« 41 40« 2 «2
[O-ln-noﬂ ' " m v v
Descrgtan Vory good rock Good rock Fair rock Poor ook Very poor rock
. MEANING OF ROCK CLASSES
[Class number ' I il v v
(Average atand-up dme 20 yrs for 1S mspan | 1 year for 10 m span | 1 week for 5 m span | 10 fus for 2.5 m span | 30 mn lor 1 m span
[Cobesion of rock mass (kPa) » 400 300 - 400 200 - 300 100 - 200 « 100
[Fricton angle of rock mans (deg) » 45 3548 2538 15 - 28 <15
GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
y length persstence) <im T-am 3-10m 0. 20m >20m
Ratng 6 < 2 1 0
|aperture ) None « 0.1 mm 0.1-1.0mm 1-5mm »5mm
Ratrg 6 e - 3 1 A
Aoughness Very mugh Raugn Shgrly rough Smooth Slicheraded
[ 5 3 1 0
Inlilling (gouge ) None Hard Hling <« Smm | Hard Sling > 5 mm Soft filling < 5 men Soit iling > 5 mm
M 13 e 2 2 0
g Unweathered Sighuy weathered mn:lJ Highly weathered Decomponed
Ratrgs s . weathor 1 0

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

Sirke perpendcular 10 tunnel aus Sirke parailel o wnrel axis
Dewve with dip - Dip 45 - 90 Detve with dip - Dip 20 - 45° Dwp 45 - 90" Dip 20 - 45*
Very tavourable Favowratie Verty unfavourabie Faw
Drive against &g - Dip 45-90° Deve agains! dip - Dip 20-45° Dip 020 - Irrespective of sirke*
Faw Unfavouratie Far
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1. Rock Quality Designation | RQD 3. Joint roughness number | J

A [ Very poor 0-25 a) Rock wall contact, b) contact after shearing

B |Poor 25-30 A | Discontinuous jomts 4

C |Faw 50-75 B | Rough or irregular, undulating 3

D |Good 715-90 C | Smooth, undulating 2

E |Excellent 90-100 D | Shckensided. undulating 15

i} Where ROD is reported or measured as E |Rough or irregular, planar 1.5

?ﬂfﬁ' rr'nf';rfdr'rrg igm;.g— :;mm'nmf value of [ F [Smooth. planar 1.0

is used to evaluate O-slope. PT— : z

if) ROD invervals of 3, i.e., 100, 95, 90, erc., & :31":1"&'1“:[&‘1' planar 0.3

are sufficiently accurate ¢) No rock-wall contact when .ffxearsﬂ

2. Joint set number I 1, qulf:- r:mnammg. clay .111||_1e1'a|5 .

A | Massive, no or few joints 0.5-1 H | thick enough to prevent rock-wall) 1.

B | One jomt set 2 contact.

— — Sandy, gravely or crushed zone
- | Ome ol set plus random . L= - o
C joints J | thick enough to prevent rock-wall| 1.0
— : contact

D %""f“»!“"?'“ Sels 0 3 4 i) Descriptions refer to small-scale feanres an

E |l Wo jownt sets plus random I intermediate scale features, in that order.
jomts it Add 1.0 wean spacing of the relevant joint ser

F | Three joint sefs 9 is greater than 3n.

G Three joint sets plus 12 iii) J. = 0.5 can be used for planar, slickensided
random joints = Jaint having lineartons, provided  the linearions
Four or more joint sets, - are oriented for niinimum strengtl.
random, heavily jomted 13 “I’; Ir :,"_M "r”;_ﬂms.i{-ﬁ;m:w ? ”‘E:P Hfd o HE,J-G}W

E o RITRIITY FH 7 Fi L i

7 [Crushed rock. earthlike 30 sel or discontinuity that is least favourable for

stability both from the point of view of ovientarion
. J
and shear resistance Tiwhere T o fan™ (0L ).
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4. Joint alteration number | 7
a) Rock-wall contact (no clay fillings, only coatings)
A | Tightly healed. hard, non-softening. impermeable filling, i.e.. quartz or epidote. 0.75
B |Unaltered jomt walls. surface staining only. 1.0
C Slightly altered joint walls. Non-softening mineral coatings, sandy particles. clay- 20
free disintegrated rock, etc. .
D |Silty- or sandy-clay coatings. small clay fraction (non-softening). 3.0
v Softening or low friction clay mineral coatings. i.e.. kaolinite or mica. Also 4.0
chlorite, talc, gvpsum. graphite, etc.. and small quantities of swelling clays. :
b) Rock-wall contact after some shearing (thin clay fillings, probable thickness = I1-5mm)
F [Sandy particles, clay-free disintegrated rock. etc. 4.0
G | Strongly over-consolidated non-softening clay mineral fillings. 6.0
H |Medium or low over-consolidation. softening, clay mineral fillings. 8.0
T Swelling-clay fillings, i.e.. montmorillonite. Value of J, depends on per cent of 812
swelling clay-size particles, and access to water. o
¢) No rock-wall contact when sheared (thick clay/crushed rock fillings)
M Zones or bands of disintegrated or crushed rock and clay (see G, H, J for 6, 8. or 8-
description of clay condition). 12
N |Zones or bands of silty- or sandy-clay, small clay fraction (non-softening). 5.0
OP |Thick. contimuous zones or bands of clay (see G. H. J for description of clay 10, 13. or
R |condition). 13-20

i\ : £
7 4
ISRM

5. Discontinuity Orientation Factor — O-factor
Set A | Set B | Description
2.0 1.5 Very favourably oriented
1.0 1.0 Quite favourable
0.75 0.9 Unfavourable
0.50 0.8 Very unfavourable
0.25 0.7 | Causing failure if unsupported

Example of 0-factor application: Set A is dominant and least favourable: Jr = 1.5, Ja = 2;

Set B is less dominant: Jr = 2, Ja = 1. Wedges assumed formed by these two sets due to dip:

A) JriJa=1.5/2; 0-factor = 0.5 (very unfavourable). B) Jr/Ja = 2/1; O-factor = 0.9 (unfavourable).
Total wedge assumption: (Ji'Ja)o in O-slope = (1.5/2)x0.5x(2/1)x0.9 = 0.68 (9= 34°- 35°)
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6. Envrionmental & Geological Condition Number — Jc.

T Desert Wet Tropical Ice

e Environment | Environment Storms Wedsging
Stable structure, competent rock 1.0 0.7 0.5 0.9
Stable structure, incompetent rock 0.7 0.6 0.3 0.5
Unstable structure, competent rock 0.8 0.6 0.1 0.3
Unstable structure, incompetent rock 0.5 0.3 0.05 0.2

Note: When drainage measures are installed apply Jyice x 1.5
When slope reinforcement measures are installed apply Jice x 1.3
When drainage and reinforcement is installed apply both factors: Jice x 1.5 x 1.3

7. Strength Reduction Factor — SRF,,. (use maximum of SRF,, SRF, & SRF,)
SRF, - Physical Condition
A 2.5 Shght loosening due to surface location
B 5 Loose blocks. signs of tension cracks & joint shearing, susceptibility to weathering |
C 10 As B but strong susceptibility to weathering effects
D 15 Slope 1s in advanced stage of erosion and loosening due to periodic water erosion
= and or ice-wedging effects
E 20 Residual slope with significant transport of material down-slope
SRF, - Stress
4 2.5-1 | Moderate stress-strength range (6. 61: 50-200)
G 5-2.5 | High stress-strength range (c./c,: 10-50)
H 10-5 | Localised intact rock failure (6.a,: 5-10)
J 15-10 | Crushing or plastc yield (o./0,: 2.5-5)
K 20-15 | Plastic flow of strain softened matenal (66! 1-2.5)
Discontinuity Orientation
SRF. - Major Discontinuity Favo- | 1. ourable | . VD .
urable Unfavourable | _.
Unsupported
L | Major disc. with little or no clay 1 2 4 8
M (l:{ajor disc'ominuit.v with R(?Dmo 5 4 8 16
ue to clay and crushed rock
N Major discontinuity with RQD3oo 4 8 12 24
due to clay and crushed rock
Note: RQODiowo = 1 metre perpendicular sample of discontinuity
ROD:;oo = 3 metre perpendicular sample of discontinuity

M p
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AEIKTHZ FEQAOTIKHZI ANTOXHE (GSI)
(E. Hoek, N. Mapivog, 2000)
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Stable ground: Stable tunnel section with local gravity fallures. Rock mass Is compact with
limited and tsolated discontinuities

Brittle failure: Brittie failure or rodk bursting at great depths

Wedge failure: Wedge slidng or gravity driven failures. Insgnificant strains. The rock
mass is biocky to very biocky, blocks can fall or slide, The stability is controlled by the
geometrical and machanical characteristics of the discontinuities. The ratio of rock mass
strength to the in situ stress (0,,/p,) is high (>0.6-0.7) and there are very small strains
(e<1%)

Chimney type failure: Rock mass is highly fractured, maintaining mast of the time #s
structure (or at least that of the surrounded rock mass). Rock mass doas not have good
Intertocking (open structure) and in combination with low confinement (lateral stress) can
tend to block fals which develop to larger overbreaks of chimney type. The overbreaks may
be stopped and “bndged” by better qualty rock masses, depending on the in sku
condtions. This type may be appled also in cases of brecciated and disintegrated rock mass
in ground with high confinement (high ksteral stress)

Ravelling ground: The rock mass i brecciated and disintegrated or fokated with
practicaily zero cohesion and depending on the intact rock interfocking (Rvl case: without
infilling} and pessible secondary hosted geomaterial, (Rv2 case: with infiling, e.q. day),
rock mass can generate immediate rock mass ravelling i face and tunnel perimeter. The
difference with Ch type lies in the block size, which is very small here, the self support
timing, which is very limited here and the failure extension, where R is unrestricted due to

the lack o etter rock mass qualty in the suounding zone

Flowing ground: The rock mass is disinkegrated with practically zero cohesion and intense
groundvater presence along the dscontinulies. Rock fragments flow with water inside the
tunnel

Sh

Shear failure: Minar to medium strains, with the development of shear failures dose to the |/

perimeter around the tunnel. Rock mass is characterized by low strength intact rocks
(04< 15MPa) while the rock mass structure reduces the overall the rock mass strength.
Strains develop either at a small to madium tunnel cover (around 50-20m) in case of poor
sheared rock masses, or in larger cover In case of better qualty rock masses. The ratio of
rock mass strength to the in situ stress (0./p.) 15 low (0.3<0./p, <0.45) and strains are
measured or expected to be medium (1-2.5 %)

Squeezing ground: Large strains, due to overstressing with the development of shear

failures in an extended zone arcund the tunnel. Rock mass consists of low strength intact
rocks while the rock mass structure raguces the overall rock mass strength, The rabio of

rock mass strength to the in Situ Stress (a,,/p.) IS very low (G./p, <0.3) and strains are
measurad or expected to be >2.5%, and they can be also take place at the face

Swelling ground: Rock mass contains a significant amount of swelling minerais
(montmarilionite, smectite, anhydrite) which swell and deform In the presence of
groundwater. Swelling often occurs In the tunnel floor when the support nng Is not fully
closed

Anisotropic strains: The rock mass  stratified or schistose or consists of spacfic weak
20nes and develops increased strain charactenstics along a direction defined by the
schistosity.
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OVERBURDEN (H)
{Rock masses for up to several hundreds metres**)

ROCK MASS STRUCTURE Small overburden Large overburden

(40 G, Mopic & Rcinns, 2009 INTACT ROCK STRENGTH (0.) INTACT ROCK STRENGTH (o,)
Indicative limit: 0~ 15 Mpa Indicative limit: 0_~ 15 Mpa
Low o, High o, Low o, High o,

Intact rock spedmens or massive
in sty rock with few
widaly spaced discontinuities

4 intersacting dscontinuity sets

| VERY BLOCKY

-y Intestocked, partially disturbed
A rock mass with multi-faceted
<} angufar biocks formed by four
~1 or mare discontinuty sets

H LIMIT: ~100 m | OVERBURDEN (H) LIMIT: ~150 m

BLOCKY/DISTURBED /SEAMY

| Folded with angular blocks formed
4 by many intersecting discontinuity
sets, Persistence of beddng planes
| or schistosRy. Tt is undarstood that
the rock mass is disturbed and
anisotropy can be developed

& TED
*d Poorty interiocked, heavily beoken
rock mass with mixture of angular
21 and rounded rock pieces

OVERBURDEN (H) LIMIT: ~70 m

mkmammherdmnuny
set, resulting In complete lack
blockiness (!Nscmmomnml

\J compared with the other's dawing scales)

Tunnel rock mass behaviour types (St, Wg, Sh, Sq, Rv, Ch) as defined in relative table
The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

Notes:
* The data used in the TBC were obtained from tunnels excavated by the conventional method with top heading and
bench in a non-urban environment with the overburden cover up to several hundred metres (generally not exceeding
500m) with a tunnel diameter=12m
**The chart does not refer to very high overburden (e.g. many hundreds of m or >1000m), where the scale and
the mechanism of failure may differ
< The limit-ra bdmmlmmm o.)dﬂnlnudnckawmmmmmb(u)m

indicative. Th mmmmmwm user. The purpose of this diagram is

predict the fallure mechanism of several common rock mass types.

« The surface condition of discontinuities, the second component to the GSI system, mainly affect the intensity of the

failure phenomenon

« H discontinuities or zones in the rock mass shift the gravity driven behaviour types

Md.’lnw“bdmmm(:.o from Wg[9] to Ch [13]) | Kpitniad .

« Groundwater presence mai ummwmm-mmmmqu.moau,mMMMu

"Blocky-Disturbed” & "Disintegrated” rock mass, the groundwater presence shift” im Ch) or Ravelli

(Rv) behaviour type to Flowing ground (FI) - c el L -
number 4, 8 and 12 develop brittle failures (Br) when overburden increases considerabl . >800

I dwlum:'nlnuaro'&.:u'wm Ll Leds "

« The lllustrations of the tunnel are sketches; this shape corresponds to the usual top heading
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