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sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) | High thickness (H>>)
INTACT ROCK STRENGTH (0,)
ROCK MASS STRUCTURE (BASED TO GSI) O, << 0,>> | g,<< 0,>>
INTACT OR MASSIVE
Intact rock specimens or massive
in situ rock with few
widely spaced discontinuities

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

Wg (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground
mhi&;ueaing ground): Large deformations, due to overstressing| Sh (Shearing failures in shallow zone around the tunnel

the development of shear faillures in an extended perimeter :Minor to medium deformations, with the development
B <hear :au?ures in a close perimeter around the tunnel

around the tunnel
The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

-w&umwﬂﬁﬁdum-n of the uniaxial compressive strength (oci) of the intact rock and overburden thickness (H), but on
litative high and low values. umwmmmmmm(am)numm.mmamw“o i
logic and failure mechanism of several rock mass types often met in nature. However a indicative initial value of oci can be pa

¢ The overburden limits, where deformations are not the same for every rock mass and changes according to the structure.

These limits are 150m for the " " structures omw'wmm m ("Very Blocky”) and around 70m for the

poor tovery poor structures (" Disturbed”, 'Disintegrated” v red”)

« The discontinuity surface conditions, the second composite of GSI system, mainly affect the intensity of the failure phenomenon

. clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis

gmwmu:“ mﬂ]muuamamm the behaviour type. Though, | cases, like in “Blocky-Disturbed” &

. not , In some n 7

“Disi "rodmus.m"mwpmmy‘shm'nmhnm(m)ormvdmmv)bduvlomtypemfbwhgmmd(ﬂ)

“The chart is not referred to very large H (e.g. lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) High thickness (H>>)
INTACT ROCK STRENGTH (0.)
ROCK MASS STRUCTURE (BASED TO GSI) O, << 0,>> e Rl 0.>>

IS_ IG‘ | |8‘

BLOCKY

Very well interlocked undisturbed
rock mass consisting of cubical
blocksformed by three orthogonal
intersecting discontinuity sets

—

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

WQ (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground
mh Sq (Squeezing ground): LArGe Gelormations, due 1o oversuessing| Sh (Shearlng failures in shallow zone around the tunnel

the development of shear faillures in an extended perimeter inor to medium deformations, with the development
gshear:a&:resmadosepenmetcramund the tunnel

around the tunnel
The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

mmmwmﬁﬁdllmm-n dUnmmmww(od)dmhMMawmmgl&me

and low values. is done to avoid standardization from a non ex The of this

logkand Nmmmumuunammmmmmmnmammmwmmd can be pa
¢ The overburden limits, where deformations are not the same for every wawmm-mmmmmm
These limits are 150m for the ™ " structures Mw'wmm ("Very Blocky™) and around 70m for the
poor tovery poor structures (" Disturbed”, '
-mammwmmmmmmucsxw mlmammmwamummm

clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis
o' chart (e.g. from Wg[9] to Ch [13))
ccmmdmw mnmmmuumymmmmm n some cases, like in

type. Though, | “Blocky-Disturbed” &
" rockmass, the mepmmy‘shm'nmhnm(m)orluvdmmv)bduvlomtypemfbwhgmmd(ﬂ)
‘ﬂnduﬂhnotnhmdtnvuylugeﬂ(e.g lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) High thickness (H>>)
INTACT ROCK STRENGTH (0.)
ROCK MASS STRUCTURE (BASED TO GSI) 0,<< 0.>> O, << 0.>>

B

VERY BLOCKY

Interiocked, partially disturbed
| rock mass with multi-faceted
angular blocks formed by four
or more discontinuity sets

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

Wg (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground
ms:;ueaing ground): Large deformations, due to overstressing| Sh (Shearing failures in shallow zone around the tunnel

the development of shear faillures in an extended perimeter :Minor to medium deformations, with the development
B <hear :an?ures in a close perimeter around the tunnel

around the tunnel
The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

-mimmwmﬂﬁdllmm-n of the uniaxial compressive strength (oci) of the intact rock and overburden thickness (H), but on
litative high and low values. ummammmwmmm‘mo)numm.mmamwnmuo oy
logic and failure mechanism of several rock mass types often met in nature. However a indicative initial value of oci can be pa

¢ The overburden limits, where deformations are not the same for every rock mass and changes according to the structure.

These limits are 150m for the ™ “ structures | .Maw'wmm m ("Very Blocky”) and around 70m for the
poor tovery poor structures (" Disturbed”, 'Disintegrated” b red”)

« The discontinuity surface conditions, the second composite of GSI system, mainly affect the intensity of the failure phenomenon

. clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis
gmndmuf“ m:;:]muuamduf«ym the behaviour i cases, like in “Blocky-Disturbed” &

. not type. Though, in some n 7
“Disi "rodunas.uzoroundmwpmmy‘shm'.mhnm(m)orluvdm(Rv)bduvlouﬂypcmfbwlngmmd(ﬁ)

“The chart is not referred to very large H (e.g. lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) High thickness (H>>)
INTACT ROCK STRENGTH (0.)
ROCK MASS STRUCTURE (BASED TO GSI) 0,<< 0.>> : O,<< 0.>>

‘| BLOCKY/DISTURBED/SEAMY
Folded with angular blocks formed
by many intersecting discontinuity
sets. Persistence of bedding planes
or schistosity

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

Wg (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground
quueaing ground): Large deformations, due Lo overstressing| Sh (Shearing failures in shallow zone around the tunnel

the development of shear faillures in an extended perimeter :Minor to medium deformations, with the development
B <hear :an?ures in a close perimeter around the tunnel

The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

-minmwwﬂﬁdllm-n of the uniaxial compressive strength (oci) of the intact rock and overburden thickness (H), but on
litative high and low values. ummammmwmmm(mgnum . The scope of this Lzo Y
logic and ﬂmmedan&ndmwdmdxmmmwhmn.ﬂm indlathnlniﬁalvdmot can be pa

.g:nlunlts mhfm m("wgn mmr«mwwmmﬂmmm?ng‘;omm&
are and ™ a
poor tovery poor structures (" m o
OMGWWNMWMMWWMGSIW mldyaﬁed&elntmdndﬂnhﬂmw
clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis
o( chart (e.g. from Wg[9] to Ch [13))
Ocmndmw mainly affects the factor of safety and not the behaviour type. Though, in cases, like in “Blocky-Disturbed” &
rod:mas.megmwmwpmmy‘shm'.munm(ctl)orRavelhg(Rv)behwlowtypemﬂowingmmd(ﬂ)
‘ﬂnduttbmtrdcmdtnvmlmeﬂ(e.g lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) High thickness (H>>)
INTACT ROCK STRENGTH (0.)
ROCK MASS STRUCTURE (BASED TO GSI) Gu<< 0,>>
S|
. »’u ~"{".‘.‘~ : ~~ i
e o) ; :
/| DISINTEGRATED
5 5 Poorly interlocked, heavily broken
Jee 51 rock mass with mixture of anguilar ;
/IR and rounded rock pleces 4
S -8 L\, ~
0 Y e
Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

Wg (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground
mgq;eueaing ground): Large deformations, due to overstressing| Sh (Shearing failures in shallow zone around the tunnel
rou

development of shear failures in an extended perimeter :Minor to medium deformations, with the development
& shear:amresinadosepeﬁmew around the tunnel

The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

-minmwwﬂﬁdllm-n of the uniaxial compressive strength (oci) of the intact rock and overburden thickness (H), but on
litative high and low values. hdomeoavowmmrﬂumm(ano)numW.demwumLzo y
logic and failure mechanism of several rock mass types often met in nature. However a indicative initial value of oci can be pa

¢ The overburden limits, where deformations are not the same for every rock mass and changes according to the structure.
ﬂml&nbmlﬂmh“'m;m‘_(‘: Maw'wym m ("Very Blocky”) and around 70m for the
poor tovery poor structures (" Disturbed”, 'Disintegrated red”)

« The discontinuity surface conditions, the second composite of GSI system, mainly affect the intensity of the failure phenomenon

e clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis
of chart (e.g. from Wg[9] to Ch [13))

Groundwater mainly affects the factor of safety and not the behaviour type. Though, in some cases, like in “Blocky-Disturbed” &
.'Dld "rod:mas.uzgroundmwpmmy‘shm'nmunm(m)oruvdhg(ia)behwlowtype&ﬂowingmmd(ﬂ)
“The chart is not referred to very large H (e.g. lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

O W TRk L

TUNNEL BEHAVIOUR CHART (TBC) OVERBURDEN
Low thickness (H<<) High thickness (H>>)
INTACT ROCK STRENGTH (0.)
| ROCK MASS STRUCTURE (BASEDTOGSI) | 9<< e ?«“ 0,>>

AT NG

LAMINATED/FOLIATED/SHEARED|
Laminated or foliated and tectonically
sheared weak rock mass, Foliation
prevails over any other discontinuity
set, resulting in complete lack of
blockiness (this drawing scale is not
compared with the other's drawing scales)

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure
Wg (Wedge failure): Wedge sliding or gravity driven fallures Rv (Ravelling ground): Raveling ground

quueaing ground): Large deformations, due Lo overstressing| Sh (Shearing failures in shallow zone around the tunnel

the development of shear faillures in an extended perimeter :Minor to medium deformations, with the development
B <hear :an?ures in a close perimeter around the tunnel

The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

-minmwwﬂﬁdllm-n of the uniaxial compressive strength (oci) of the intact rock and overburden thickness (H), but on
litative high and low values. ummammmwmmm(mgnum . The scope of this Lzo y
logic and ﬂmmedan&ndmwdmdxmmmwhmn.ﬂm indlathnlniﬁalvdmot can be pa

.g:nlunlts mhfm m("wgn mmr«mwwmmﬂmmm?ng‘;omm&
are and ™ a
poor tovery poor structures (" m o
OMGWWNMWMMWWMGSIW mldyaﬁed&elntmdndﬂnhﬂmw

clay presence the discontinuities or as zone in the rock mass may shift the gravity driven behaviour types to the vertical axis
o( chart (e.g. from Wg[9] to Ch [13))
Ocmndmw mainly affects the factor of safety and not the behaviour type. Though, in cases, like in

“Blocky-Disturbed” &
rod:mas.megmwmwpmmy‘shm'.munm(ctl)orRavelhg(Rv)behwlowtypemﬂowingmmd(ﬂ)
‘ﬂnduttbmtrdcmdtnvmlmeﬂ(e.g lot of hundreds or >1000m)



sinoumsduamelausdlufiu(TBC :Tunnel Behavioral Chart, Marino)

Tunnel rock mass behaviour types without any support
St (Stable):Stable tunnel section with local gravity failures Ch (Chimney failure): “Chimney” type failure

.WQ (Wedge failure): Wedge siidin? or gravity driven fallures _er (Ravelling ground): Raveling ground
quueaing ground): Large deformations, due [0 overstressing| Sh (Shearing failures in shallow zone around the tunnel
rou

the development of shear fallures in an extended perimeter pfﬂ ?:Mim to medium deformations, with the
of shear failures in a close perimeter around the tunnel

The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

. min no quantified limits-ra of the uniaxial compressive strength (oci) of the intact rock and overburden thickness ﬁlz,obut only

gn:lmﬁuh h and low values. is done to avoid standardization from a non experience user, The scope of this
logic and fallure mechanism of several rock mass types often met in nature. However a indicative initial value of oci can be 15Mpa

1 3

¢ The overburden limits, where deformations mmmmmmmwmmmmmmmmun
These limits are 150m for the "good” structures ("Intact™ and ™ 100m for the m ("Very Blocky”) and around 70m for the
poor tovery poor structures (" Disturbed®, 'Disintegrated” and "Sheared”)

* The discontinuity surface conditions, the second composite of GSI system, mainly affect the intensity of the failure phenomenon

¢ cla moloumdmnm ities or as zone in the rock mass shift the gravity driven behaviour types to the vertical axis
om:ed\yut(e.g.fmm gtolwaa(n'i) - y

¢ Groundwater mainly affects the factor of safety and not the behaviour Though, | cases, like in “Blocky-Disturbed” &
‘Dldntegnm gzgroundvnwpmm‘shm‘omhnm (Ch)wog.'ﬂavellng (R':'mwiouttype&ﬂowmmm)
“The chart is not referred to very large H (e.g. lot of hundreds or >1000m)
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siuwumsislunuelusalufiv(TBC :Tunnel Behavioral Chart, Marino)

TBC Case | GSI value range GSI Structure aci (MPa) mww
1,3 70-80 o <l5 (50
2.4 70-90 o 15 ;

5 3060 1015 20150
0 5(-80) s >15 <150
ock
7 5060 y <15 >150
8 5080 >15 >150)

9,11 35-55 10-15
Very Blocky 100

1012 3060 i e 15

13.15 25-45 <l5
Blocky - Disturbed/Seamy 70

14,16 30-50 S e : >15

17 - 19 15-35 = <I3
TR YT Disintegrated =T 70
21,23 15-25 Disintegrated <l 70

22.24 15-35 Laminated/Foliasted/Sheared >0




Rock Mass Classification

Rock Mass Classifications

The main rock mass classifications used for tunnel design are;

AFTES classification (AFTES 2003).

Rock Mass Rating (RMR) of Bieniawski (Bieniawski 1993),
Q index of Nick Barton (Barton 201 3).

Geological Strength Index (GSI) of Evert Hoek (Hoek 1994),

Each classification has its own features, its advantages and drawbacks.
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Table 4.3.1 Classification of surrounding rock of railway tunnel

(TB 10003-2016 : Code for Design of Railway Tunnel)

The Chinese System For Rock Mass Classification

Surrounding
Rock Grade

Main geological conditions of surrounding rock

Main engineering geological characteristics

Structural features and integrity

Stable state of surrounding rock after
excavation

(small span)

Hard rock (Rc>30 MPa): it is seriously affected by

geological structure, with developed joints and layered weak
surface (or interlayer), but its occurrence and combination
relationship are not yet subject to sliding; The layered rock
stratum is thin or middle, and the interlayer combination is
poor, and there are many separation phenomena; Interbedding

of hard and soft rocks

In block (stone) fragment

(stone) mosaic structure

Relatively soft rock (Rc=15 MPa~30 MPa): slightly affected by
geological structure, joints are not developed; layered rock
layers are thick layers, extremely thick layers, and interlayer

bonding is good or general

Large block structure

When the arch is not supported, small collapse
can occur, the side wall is basically stable, and
the blasting vibration is too large, which is easy

to collapse




Table 4.3.1 Classification of surrounding rock of railway tunnel

(TB 10003-2016 : Code for Design of Railway Tunnel)
The Chinese System For Rock Mass Classification

Surrounding
Rock Grade

Main geological conditions of surrounding rock

Main engineering geological characteristics

Structural features and integrity

Stable state of surrounding rock after
excavation

(small span)

Hard rock (Rc>30 MPa): extremely affected by geological structure, joints are very

developed; The layered weak surface (or interlayer) has been basically destroyed

In crushed stone structure

Soft rock (Rca5 MPa~30 MPa): heavily or seriously affected by geological structure,

joints are relatively developed

In block (stone) fragment

(stone) mosaic structure

When there is no support at the arch, large
collapse may occur, and the side wall
sometimes

loses stability

\Y
Soil mass: . ) When there is no support at the arch, large
. - . . . . 1 and 2 are in massive compact )
1. Cohesive soil, silt and sand with compaction or diagenesis o ) collapse may occur, and the side wall
structure, and 3 is in massive ;
2. Loess (Q1, Q2) sometimes
. ) ' ' overall structure -
3. General calcareous and iron cemented gravelly soil, pebble soil and large stone soil loses stability
Rock mass: water rich fault zone in the form of gravel, breccia, powder and clay, The surrounding rock is easy to deform and
ater rich broken chlorite or carbonaceous phyllite seriously affected by structure Cohesive soil presents a soft collapse, and when there is water, soil and
y structure that is easy to .
san

Soil mass: soft plastic cohesive soil, saturated silt, sandy soil, etc., aeolian sand,

severely collapsible loess

creep, and sandy soil presents a

wet loose structure

often gush out together with water; It is easy to

collapse to the surface when buried shallow
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Safe tunnelling
through difficult
ground conditions

1 = advance geological and geotechnical investigation
@nudoyanihaulagiiv)

2 = advance probing geological and hydrological ahead
of face (1912 U1 probing 30m Mionusufiuazanm
1haaem)

3 = continuous monitoring and inspection(!,‘?ld)’ﬂ aNIN
AT UAIUD99 TSR online 141 extensometer)

4 = pre excavation support (‘ﬁW%H E‘i’udawﬁﬁ fore-
polling , Pressure Grouting Support)

5 = identification and mitigation of risk(91510978
Léﬂﬂﬂ1ﬂﬂ)

6 = optimization of design strategy (V1913013 T
WU IFUNIMEY)
7 = safety and engineering (L%ﬂﬁu ATV 3J;1!,£T 49)






