TUNNEL SUPPORTS
CIRCULAR TUNNEL

(IN CONTINUATION OF TUNNEL IN WEAK ROCK)



http://www.geotechnicaldesigns.com.au/
mailto:geotechnicaldesigns@gmail.com

BASIC CONCEPT

This presentation is based on paper by Hoek : Tunnels in weak
rocks

Based on basic concepts:

The process of designing of support system.

ing tunnel deforms
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B Carranza-Torres and Fairhurst solution
@ Duncan Fama solution
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This plot shows that:

,£=02(0,,/p,)*

B Carranza-Torres and Fairhurst solution
@ Duncan Fama solution
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Based on observations

@ Tunnels with stability problems
“
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(Tunnel closure / tunnel diameter) x 100

Percentage strain

Uniaxial compressive strength of rock mass 6., -



above two conditions

» If Rock mass strength (G, ) reduced below < 20%
of 1n situ stresses (p,).

osure > 1% of Tunnel Diameter

Deformation increases substantially, if it 1s not controll

by any support system, the opening will collapse




Tunnel Displacement for Different
Support Pressures

rp = Plastic zone radius
u; = Tunnel sidewall deformation
rp= Original tunnel radius in metres

pi = Internal support pressure
P = In situ stress = depth below surface x unit weight of rock mass

G= Rock mass strength = '-,.cl cos q:' /(1—sin ¢' )

pi which called here
pressure like rock bolts, shotcrete, steel ribs etc.

pi = 0 means %

’ 7

determined from




rp = Plastic zone radius
u; = Tunnel sidewall deformation
rp= Original tunnel radius in metres

pi = Internal support pressure
p. = In situ stress = depth below surface x unit weight of rock mass

G= Rock mass strength = Ecl-::.u:-sq)l .-"{jl—sinqyl_']

Percentage strain ¢ (tunnel

H closure/tunnel diameter)

E:[Ol_ﬂ_ﬁ n ]U_m[njj] As per slide number 5, the convergence shall be
Po) Po less than 1%.

{tunnel closure/ tunnel diameter) x 100

0
0.05
0.10 Support pressure p;

S 018, Mstusvesspg Rockmass strength/in situ stress

’ -4%'50 for different support

4 \‘_‘x o o
e pressures/in situ stress

Percent strain g

0.1 0.2 0.3 0.4
Rock mass strength o.,, / in situ stress p,, / C /

4L o |
Pa

£% =" %100=| 02— 0252 |Tem l

ro

Po /! Po




Practical Example

&a a

UCS of intact rock = 100Mpa
GSI =55

UCS of rock in fault zone = 10MPa (from lab)
GSI =15
All above parameters will be used to determine the rock mass properties

RocLab (Rocscience software)



RocLab (Rocscience software)

(Faut | 10 | 15 | 8 | 06 | 015 |

Po =150 x 0.027 = 4.05MPa
ocm/po = 33/4.05 = 8.15 =8.25

e=02 (Gc:m / po)_2

B Carranza-Torres and Fairhurst solution
@ Duncan Fama solution

 The size of the plastic zone and the
Induced deformations will be
negligible

* No support system is reauired.

 Spot bolting and shotcrete provided.
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RocLab (Rocscience software)

Maerial [ o Mpa | GSL [ m

Fal | 0 | 15 | 8

ocm/po =0.6/4.05 =0.15
For unsupported tunnel with 2m radius
= 0 (internal support pressure inside tunnel)
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(tunnel closure/ tunnel diameter) x 100

rp = 7.5m (Radius of plastic zone)

In Graph for

p0/pi =0 & ocm/po = 0.15
Stain in tunnel = 9%, therefore
Deformation =0.18m

Support pressure p;
in situ stress p,

Percent strain g

Rock mass strength r_‘icmf in situ stress Po




180mm (Deformation is very High needs Support
system)
= 9%
Therefore substantial support is required in orde
convergence to an acceptable level.

=0.15
From graph the determined internal support
pressure is approximately
=0.25
= 4 MPa (provided in slide 10)
(required internal press
to support tunnel at 2% convergence.
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width- mm
dapth - mm

This is the figure from where we
will select supports to generate
support pressures inside tunnel
greater that LMP (determined in last
slide.

Hadin

Grautad holls and mbks
= Cancmieand shokmte Inngs

Supports that can be provided in the
tunnel are:

Steel Sets

Lattice Girder

Shotcrete

Concrete lining

Rock bolts or cables
Combination of above supports
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Figure & Approximate maximum capacities for different
support systems installed in circolar tonnels. Mote that




From Figure 8, select:
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piz2siis — 1Mpa Support Pressure
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In this are given,
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Therefore, now numbers can be select
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oo | And support can be selected to support
tunnel.
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Figure 8: Approximate maximum capacities for different
support systems installed in circular tunnels. Noe that 4
sieel sais and rockbolts are all spaced at 1 m. /4



Support System for Circular Tunnel

Internal support pressure is 1IMPa
more than 1Mpa
slide 14, there are curve numbers 1 to 26

slide no 13

JIOVI(0

Support system depends upon the rock

the 1t Is very poor to
extremely poor rock. Therefore the support system should be steel rjb5s .




Support System for Circular Tunnel
From Slide 14, we will select no. 3 curve number as it is providing
Internal support pressure more than required support pressure of
1Mpa .

Curve No. 3

Imum Support pimax =

= 4.9 MPa is the provided
distance.




Is shown as curve and Support Reaction Curve is
shown

as linear .
shows failure of support if support being applied as the deformation
of tunnel just initiated. In this case as tunnel deforms all the pressure come on
support and it fails.
the right time of installing supports, allowing a certain
amount of convergence in tunnel (like 2% in example we adopted).

Failure due to overloading of support

Support capacity

Stablility with large deformation
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Support reaction Deformation of tunnel roof

Yielding support

Roof displacement 9,



¢ If you find my presentation useful, please provide your
comments

and also provide your valuable advice that how can | improve my

presentation.

¢ Also share your topic or paper or an article you want me to
ent in short and in concise way.

¢ If you want to know more about ou
Website:

www.geotechnicaldesigns.com.au
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