Predictions of Ground Condition in In-depth Tunnels by
Empirical Method
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Table 1. Recommendation of Singh et al

on support pressure for rock tunnels and cavern(1995)

1 Hard & intact 0 I |Hard & intact 0 0 -

I Har_d stratified or 0-0.258 1 Harq stratified or 0.0-0.04 |0 _
schistose schistose

I !\/I_assive, moderately 0-0 5B I M.assive, moderately 0.04-0.07 |0 _
jointed jointed

i Moderately lblock\/ 0.258-0.35 I Modgrgtely blocky seamy 0.07-01 | 0-0.2Pv lnverlts may be
seamy & jointed (B+Ht) very jointed required
Very blocky & 0.35-1.1 Very blocky & seamy, Inverts may be

V | seamy, shattered B+HD V| shattered highly jointed, 10.1-0.2 0-0.5Pv required,arched
arched thin shear zone or fault roof preferred
Completely Completely crushed but Inverts

W | crushed but 1.1B+HY W | chemically unaltered, 0.2-0.3 0.3-1.0Pv | essential, arched
chemically intact thick shear and fault zone roof preferred

Squeezing rock condition

Inverts
gﬁﬁqeanrgs N essential. In
. . , excavati
il Squeezing rock at 1.1-21 A. mild squeezing stress flei?t\ullz l:l;]pport
moderate depth (B+Ht) VI | (us/a up to 3%) 0.3-0.4 |valuesPh | ot ired
&i\ée 4PV Circular section
recommended
B. moderate squeezing _ e gl
(Us/a)3-5%) 0.4-06 do do
VI | Saueezing rock at 2.1-45 C. high sgueezing 0-14 —do- “do-
great depth (B+HY) (Ua/3)5%) ® ° °
Swelling rock
Depends on | |nverts
type & content | essential in
A. mild swelling 03-08  |ofsweling | excavation,
X |Swelling rock upto 80m VI clays, Ph may | arched roof
exceed Pv essential
B. moderate swelling 0.81.4 -do- -do-
C. high swelling 1.4-2.0 -do- -do-

Pv= vertical support pressure; Ph=horizontal support pressure; B=width or span of
opening: Hi=height of opening; w=radial tunnel closure; a=B/2; thin shear zone=upto 2m thick
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Fig 2. Compaction zone within broken zone in the

squeezing ground condition(Jethwa,1981)



Table 2. Classification of ground conditions for tunnelling(Singh, 1999)

Competent
Self-supporting

Massive rock mass requiring no support for tunnel stability

Incompetent _ . - -
, Non-Squeezing Jointed rock mass requiring supports for tunnel stability
; _ Chunks or flakes of rock mass begin to drop out of the arch
Ravelling ;
or walls after the rock mass is excavated
Mild squeezing Rock mass squeezes plastically into the tunnel and the
(Us/a=1-3%) phenomena is time dependent; rate of squeezing depends
3 |Squeezing Moderate squeezing | upon the degree of overstress; may occur at shallow depths
(qa/a=3—5%) in weak rock masses like shales, clay; hard rock masses
High squeezing under high cover may experience slabbing/popping/rock
(Ua/a>5%) burst
4 |Swelling - Rock mass absorbs water, increases in volume and expands
slowly into the tunnel, e.g. monmorillonite clay
5  |Running - Granular material becomes unstable within steep shear zone
A mixture of soil like material and water flows into the
; _ tunnel. The material can flow from invert as well as from the
6 |Flowing .
face crown and wall and can flow for large distances ¢
ompletely filling the tunnel in some cases
7 |Rock Burst - A violent failure in hard(brittle) & massive rock masses of

Class 1 type, when subjected to high stress

u.=radial tunnel closure; a=tunnel radius; ua/a=normalized tunnel closure in percentage

Table 3. Method of excavation, type of supports and precautions to be adopted for different

ground conditions{Singh, 1999)

Look out for localised

Self- TBM or Full face No support or spot bolting with a thin wedge/shear zone. Past
1 |Supporting/ | drill and controlled | layer of shotcrete to prevent widening of | experience discourages use
Compstent | blast joint of TBM if geological
conditions change frequently
First layer of shotcrete should
Non- Full face drill and Flewible support; shotcrete and pretensioned | be applied after some delay
2 squeezing/ | controlled blast by rock bolt supports of required capacity. but within the stand-up time
Incompetent | boomers SFRS may or may not be required

to release the strain energy
og rock mass
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3 |Ravelling E:r?gr!r:]grﬁlngnd blast Steel support with struts/pretensioned rock E.xpect heavy loads including
manually bolt with SFRS side pressure
Install support after each
i i Full column grouted rock anchors and blast; circular shape s ideal:
Mild Heading and bench: 9 side pressure is expected;
4 Squeezing | drill and blast SFRS. Flgor to be shotcreted to complete a | 4 hot have a long heading
support ring which delays completion of
support ring
Flexible support; full column grouted high | Install support after each
ductile rock anchors and SFRS. Floor blast; increase the tunnel
Moderate | Heading and bench; |Polting to avoid floor heaving & to develop diameter to absorb desirable
5 |Squeezing | drill and blast a reinforced rock frame. In case of steel r]b, glosuref circular shape is
these should be installed and embedded in |ideal; side pressure is
shotcrete to withstand high support expected; instrumentation is
pressure essential
Very flexible support; full column grouted
highly ductile rock anchors and slotted | ) g
. SFRS: vielding steel ribs with struts when ncrease the tunnel diameter
!—Ieadmg and bench shotcrete fails repeatedly: steel ribs may be | to absorb desirable closure;
in small tunnels and | ysed to supplement shotcrete to withstand | provide invert support as
High miltiple drift method | high support pressure: close ring by early as possible to mobilise
6 Squeezing | in large tunnels: use | erecting invert support; encase steel ribs in | full support capac!ty, !ong
forepoling if shoterete floor bolting to avoid floor term instrumentation is
stand-up time is low heaving: sometimes steel ribs with loose essential; circular shape is
backfill are also used to release the strain ideal
energy in a controlled manner(tunnel
closure more than 4% shall not be permitted)
Full column grouted rock anchors with
SFRS shall be used around tunnel; increase | Increase the tunnel diameter
Full face or heading |30% thickness of shotcrete due to weak to absorb desirable closure;
7 |Swelling | and bench: drill and |bond of the shotcrete with rock mass; erect | prevent exposure of swelling
blast invert strut. The first layer of shotcrete is minerals to moisture, monitor
sprayed immediately to prevent ingress of | tunnel closure
moisture into rock mass
Multiple drift with
Running Iﬁ;epr%lﬁi,dgi;outmg o | Full column grouted rock anchors and Progress is very slow.
8 |and essegntial' shield SFRS: concrete lining upto face, steel liner | Trained crew should to be
Flowing tunnellim:; may be in exceptional cases with shield tunnelling | deployed
used in soil conditions
. Fibre reinforced shotcrete with full . I o
9  |Rock Burst ElL;IIStface drill and column resin anchors immediately after (I;/I;:ggt;?lsmlc monitoring is
excavation
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Table 4. Comparison between squeezing and swelling (Jethwa & Dhar,1996)Parameter

Small volumetric expansion of
1 weak qng soft grounc:c upon Volumetric expansion due to ingress of moisture in
. Cause stress-induced shear failure ground containing highly swelling minerals
Compaction zone can form within
broken zone
1. Vg:\églgpolrntlﬁglﬂr?stteﬁfg\(;(reaelkcsn;f 1. High initial rate for first 1-2 weeks till moisture
P v penetrates deep into the ground
2. Closure excavation
- Ratg of closure 2 Red ith i 2. Decrease with time as moisture penetrates into the
- Period - Reduces with time ground deeply with difficulty
3. May continue for years in 3. May continue for years if the moist ground is
exceptional case scooped out to expose fresh ground
The affected zone is several meters thick. Post
3. Extent [he affected zone can be several construction saturation may increase swelling zone

tunnel diameters thick

significantly
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Table 5. Prediction of ground condition using N(Goel,1994)

1 Self~supporting H<23.4 N°* - B® 1000 B*'and B{(2 Q" m
2 Non-squeezing 223.4 N°% - BO1( H ( 275 N°® - B*

3 Mild squeezing 275N - B*'{ H { 450 N°* - B*" and Ji/Ja 0.5
4 Moderate squeezing 450 N°® - B ( H ( 630 N*® - B*" and J:/Ja ( 0.5
5 High squeezing H > 630 N°* - B*" and Ji/Js €0.25

6. Classification of squeezing nd condition(ISRM)

Non squeezing _
Mild squeezing 1.0-2.0 0.4-1.0
Moderate squeezing 2.0-4.0 0.2-04
High squeezing »4.0 - (0.2
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