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Rock Condition RQD ewdid ol 3l b &g
1. Hard and intact 95-100 S 005 Slaseie 9 Jigs
2. Hard stratified or schistose 90-99 Sged ko
3. Massive, moderately jointed 85-95 SURFace
4. Moderalely blocky and seamy 75-85 o
5. Very blocky and seamy 30-75
6. Completely crushed but chemically 3-30
intact
6a. Sand and gravel 0-3
7._Squeezing rock, moderate depth NA
8. Squeezing rock, great depth NA
9. Swaelling rock NA
fiee e e N T

Rock condition

Rock load H, in feet

55 Sy 5,955 Y-

Remarks

(0.35to LIO)(B + H))

1. Hard and intact Zero

2. Hard stratified or schistose 0to 0.5B

3. Massive, moderately jointed 010 0.25B

4. Moderately blocky and seamy  0.25B 10 0.35(B + H)
S. Very blocky and seamy

6. Completely crushed LI0(B+ H,)

7. Squeezing rock, moderate
depth

8. Squeezing rock, great depth
9. Swelling rock

(1.10 10 2.10)(B +H,)

(2.10 t0 4.50) (B + H,)
Up to 250 feet, irrespective of  Circular ribs are required. In
the value of (B + H,)

Light lining required only if
spalling or popping occurs.
Light support, mainly for protec-
tion against spalls. Load may
change erratically from point

to point.

Mo side pressure.

Little or no side pressure.

Considerable side pressure.
Softening effects of seepage
towards bottom of tunnel
require either continuous
support for lower ends of ribs
or circular ribs.

Heavy side pressure, invert struts
required. Circular ribs are
recommended.

extreme cases use yielding
support.
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Legend Measuring objective Instrument

1 Deformation of the Convergence tape
excavated tunnel surface Surveying marks

2 Deformation of the ground Extensometer
surrounding the tunnel

3 Monitoring of ground Total ancher force
suppott element “anchor’

4 Monitoring of ground Pressure cells
support element ‘shoterete Embedments gauge
shell”
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(fully grouted dowels,
Swellex®, rock bolts)

and potentially bench;
dependent on tunnel size
thickness of 6 in {150 mm) to &
in (200mm); installed with the
rock reinforcement,

Goround Mass X il Rock Lining i Pre-Suppa Remarks
Quality - Rock | Sequence Location Ins on
influences
progress
Intact Rock Full face or | Spot bolting (fully Patches to seal surface in Typically Several | MNone No
large top grouted dowels, Swellex |localized fractured areas rounds behind face
heading & ®) or directly near
bench face 10 secure
isolated
hlocka/slaba/
wedges
Stratified Rock Top heading | Systematic doweling or | Thin shell {fiber reinforced) Two to three MNone Noor
& bench baolting in crown typically 4 in (100 mm) to rounds behind face eventually
considering strata bridge between rock
i {fully infe in top heading;
grouted dowels, alternatively chain link mesh;
Swellex®, rock bolis}  |installed with the rock
reinforeement.
Moderately Jointed | Top heading |5 ic doweling or | 5; ic shell with One to two rounds | Locally to Yes
Rock & bench bolting in top heading | reinforcement (welded wire behind face limit over
considering joint spacing | fabric or fibers) in top heading bireak

Blocky and Seamy

Top heading

ic shell with

ic doweling or

reinforcement (welded wire

At the face or

Systematic | Yes

Rock &bench bolting in top heading & maximum one spiling in
bench considering joint | fabric or fibers) in top heading | round behind face | wunnel roof’
spacing & bench; depending on tunnel o parts of it
size thickness 8 in (200 mm) 1o
12 in {300 mm)
- Y‘ﬂﬂ” R @l e s gl S )5 (il b piid Jab Fig owiige Jsol ! )

Ao o 45 e 9 Sy (5

o il il gl Jigi g, -0-F

Ground Mass E: i Rock Reinf Initial Shoterete Lining Installation Pre-Support | Support Remarks
Quality - Rock Sequence Location Installation
influences
Crushed, but Top heading, |N/A Systematic shell with After each round | Systematic | Support If water is
Chemically Intact | bench, invert reinforcement {welded wire grouted pipe |installation | present,
Rock fabric or fibers) and ring spiling or dictates groundwater
closure in invert; dependent on pipe arch progress draw down
tunnel size thickness 12 in (300 canopy or ground
mm) and more; for initial improvement
stabilization and 1o prevent is required
desiceation, a layer of
Masherete may be required
Squeezing Rock Top heading, |5 ic doweling or |5 ic shell with After cach round [ Systematic | Support
bench, invert | bolting in 1op heading & |reinft {welded wire grouted pipe |installation
bench considering joint | fabric or fibers) and ring dictates
spacing; extended length | closure in invert; dependent on pipe arch progress
tunnel size thickness 12 in (300 canopy
mm) and more; potential use
for vield elements; for initial
stabilization and 1o prevent
desiceation, a layer of
fashcrete may be required
Swelling Rock Top heading, |5 ic d ling or | S: ie shell with After each round [ Systematic | Suppon Deepened
bench, invert | bolting in top heading & |reinforcement (welded wire grouted pipe |installation | invert for
bench considering joint | fabric or fibers) and ring spiling or dictates additional
spacing; extended length | closure in invert; dependent on pipe arch progress curvature
tunnel size thickness 12 in (300 canopy may
mm) and more; potential use be required
for yield elements depending
on degree of
fracturing
BELCAANS! s e s sl S 30 (3l Jig e Jum iy o Js! |
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Cround Mass E: Inmitial Lining Location Pre-Support Support Remarks
Quality - Soil Installation
Stiffhard cohesive | Top heading, bench & d Installation of shoterete support | Typically none; | Suppont Owerall
=0il - above invert; dependent on | (welded wire fabric or immediately after excavation in [ lecal spiling 1o installation | sufficient stand-
groundwater table | wunnel size, further fibers) shell with full ring i limit over-break | dictates up time 1o

sub-divisions into closure in invert; dependent | closure required progress
drifts may be required | on tunnel size 6 in (150 temporary ring closure (e.g.
mm}to 16 in l-IUO mm} temporary top heading invert)
typical; for i o final ring closure 1o be
al n and 1.9 prevent lled within one tunnel
a layer of Iehind i
fashcrete may be required | face.
Stiffhard cohesive | Top heading, bench inforced of shoterete support | Typically none; Support Sufficient
soil - below and invert; dependent | (welded wire fabric or diately after ion in | locally pre-spiling | i i stand-up time 1o
groundwater table  fon ground strength, | fibers) shell with full ring feach round. Early support ring | o limit over-break | dictates install support
smaller drifis required | closure in invert; dependent | cf hcr progress without pre-
than above on tunnel size & in (150 SUpPOTt O
mm) to 16 in (400 mm) ground
I)‘FIII.'I h:r initial improvement;
and 1o prevent led within less than one dependent on
desiccation, a layer of tunnel diameter behind waler
flasherete may be required; | excavation face; typically saturation,
frequent earlier ring closure required swelling or
curvature than above than above squeezing can
occur
Well consolidated Top heading, bench & d Install; of shotcrete sunporl Frequently Support Stand-up time
non-cohesive soil - |invert; dependent on | (welded wire fabric or diately after in ic pre- i i insufficient to
above groundwater fibers) shell with full ring | each round. E suppor required | dictates safely install
table closure in inven; dependent | closure required by grouted pipe | progress support without
dn fts may be required |on tunnel size 6 in (150 temporary ring closure (e.g. spiling or grouted pre-support or
mm) to 16 in (400 mm) temporary top heading invert) | pipe arch canopy; ground
typical; for initial o final ring closure 1o be aliernatively improvement
ization and to prevent lled within less than one ground
desiceation, a layer of wnnel diameter behind improvement
Nasherete is required excavation face
Well consolidated | Top heading, bench & ic rei d Installation of shotcrete support | Frequently Support Stand-up time
EA AN by e Con (slo S 0 sl g it o F omirn Sy ! _

. ' o £ e . DO & . .o
o o8 4 i g Jigh 5yl War o il Gilw Jigi gy —0-F
Y ' g |
Ground Mass E q Initial Lining Location Pre-Support Support Remarks
Quality - Soil Installation
non-cobesive soil - |invert; nh.-p‘.-ndcm on  |{welded wire fabric or ly after in Micient o
below groundwater fibers) shell with full ring | cach round. Early support ring | support required | dictates safely install
table closure in invert; dependent | closure required. Either by grouted pipe | progress support without
drifts may be required; | on tunnel size 6 in (150 temporary ring closure (e.g. spiling or grouted pre-suppon of
Pocket excavation mm} te 16 in (400 mm) temporary top heading invert) | pipe arch canopy; ground
and/or face [vpu:a] fior initial or final ring closure to be groundwater draw improvement;
ilization wedge ilization and to prevent |installed within less than one | down or ground Running ground
may be required desiccation, a layer of tunnel diameter behind improvement conditions or
fasherete is required excavation face boiling may
occur
Loose non-cohesive | Top heading, bench & | Sy inforced of sh support |S ic pre- | Support Stand-up time
soil - above invert; dependent on [ (welded wire fabric or immediately after excavation in |support mqulmd installation  |insufficient 1o
groundwater table nnel further fibers) sht.ll with full ring  [each round. Early support ring | by grouted pipe  |dictates safely install
sub-divisions into closure required. Either arch canopy progress support without
drifts may be required; | on tunnel size thickness 6 | temporary ring closure (¢.g. alternative pre-support
Pocket excavation in (150 mm) 1o 16 in (400 | emporary top heading invert) | ground and/or ground
ZIII.I'DI face mm) I)‘|'.llhl| for initial or final ring closure 1o be improvement improvement
ion wedge ion and to prevent [ installed within less than one
may be required desiceation, a layer of wmnnel diameter behind
flasherete is required excavation face
Loose non-cohesive | Top heading, bench & | Sy inforced of sh support | icpre- | Support Stand-up time
s0il « below invert; dqx'ndcnl on |{welded wire fabric or immediately after excavation in |support required | installation | insufficient 1o
groundwater table fibers) shell with full ring | each round. Early support ring |by grouted pipe | dictates safely install
sub-divisions into in invert; dependent | closure required. Either arch canopy progress support withowt
drifts may be required; size thickness 6 | temporary ring closure (e.g. frequently in pre-support or
Pocket excavation in (1530 mm) 1o 16 in (400 | temporary top heading invert) | combination with ground
znd;'o( face mm) |)‘|'.llhl| for initial or final ring closure 1o be ground improvement;
ion wedge ion and to prevent [ installed within less than one | improvement Running ground
may be required desiccation, a layer of wnnel diameter behind conditions or
flashcrete is required excavation face boiling may
oceur
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Description Cross Section Leongitudinal Section Photo
Intact Rock:
* Spot bolting
*  Occasional sealing shotcrete L T DOWEL
* Tl face or top heading/bench worsar sane Lo o
excavation 5 2 e e
* RoundLength B T ToPHEADNG.
Top Heading: 87-127 (2.5-3.7
m)
Bench: Up to 1607 (4. 9:m) harni e
* Dimeasioas
Height: 20°-07 (6 m)
Width: 29°-07 (8.8 m)
Example: Bergen Tuanels, NI
Stratified Roc
= Systematic rock doweling Rocx o suoTcRETE
* Systematic shotcrete initial lining I ,
- * Top heading excavation
*  Bench excavation follows distant ! SHOTCRETE . L
*+ Round Length ‘
Top Heading: 6-67 (2 m) toe eacres ToR HEADIG
Bench: 6-67 (2 m)
* Dimensions L
Height: 20°-6” (9 m) o s
Width: 36'-07 (11 m)
Example: Zederhaus, Austria
Fractured Rock:
* Systematic rock doweling RocK coweLs rooK oaweLs
* Systematic shotcrete initial lining e I K
* Top heading excavation
*  Bench excavation follows any time / L
* Round Length
Top Heading: 72" (2.2 m) 08 HEADRG TOPHEAOHG
Bench: 13°-0” (4.0 m)
*  Dimensions BEReH encn
Height: 28'-07 (8.5 m)
Width: 36-5" (11.1m)
Example: Devil’s Slide Tunnels, CA
B i . i e
FARY : S o Sow 33 3l Jigh et Joad
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Description Cross Seclion Longitudinal Section Photo

Soft Ground - shallow cover:
" Systermabic pre-support
®  Systenmabic shoterete mstial hnng support

with early ring closuse Josp— pap——_—— aworcEsTE [opp—
*  Top headmg excavation (with teporary ' T, - o

invent], bench and myvent excavation - S
= Round Length v i

Top Heading: 1-3"-3"
Top Heading: 11-6 -6
Bench Il Invent IV - &
= Demensions P L v
Height 38707 (116 m) N \
Videh: 48707 (147 m)
Example: Fort Cannang Tunnel, Singapore

(1 ) 3 .
! .l"él b W k!

TeurcAsy
waTET

Saft Groaund - deep bevel:
»  Systematic shotcrete support with early nng

closure i
= Top heading excavahon closely followed by BOTCRETS- o o
bench/mvent excavation > 5
* Round Length y -
Top Heading: 3°-37 (1 m) TR A M bR

Bench: 66" (2 m)

PrRCyRLTT BT

Esample: London Bridge Station, Loudou, UK
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Description Cross Section Longitudinal Section Photo

Soft Groumd — deep level:
= Systematic shoterete support with sarly nng
elosue
®  Subedivisson mto sidewall dnfis
»  Top heating excavation closely followed by
bench and nvent excavanon
Reund Length T neam | P meace
Top Heading: 33" (1 m) b *
Bench: 667 (2m) M e
Iovert: 667 (2m)
= Dhmensions PRART D reRt Jrop—
Height, 30°-27 (9.2 m)
Widdy: 3707 (11.3 m)
Example: London Bridge Station, London, UK
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s ARCHING EFFECT
/AT THE HEADING

LENGTH OF ROUND (UNSUPPORTED) —, Ll O ki 05 @

1 MAJOR / MINOR
/ PRINCIPAL STRESS
Wy
i _»~

} 1 ‘ : ahaio 5l 590 slalas o0
L kel a5 e by
w4 Sl g Jlos

B g 88D jso
[ RN

1 I A AN T | VT slo 15 Jig glada 0
] I ' STRESS TRAJECTORY 2 oges g okl 5o QSLA‘
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— EXCAVATION INFLUENCE ZONE s g’ U/M 059>
= EXCAVATION INFLUENCE ZONE
| d 4 | P A B ! A .:.:I 4
1 o { B | l:.: II iI:'
\ = / TOP HEADING {’;" r fl
\ TV 'I St | - *J
If \ | i
i | f
— i lll \\ . BENCH/INVERT,
\ / i
N | e a—
TOR HEADING if
COMPLETED
Sl abawly & (yo) 53 e Ol et dold 3
BENCH/INVERT
COMPLETED
9009 Bgi adaie gwais laylph g o) pdlas iz 5l o0l (iad Ol s ailse
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