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erected in the tail shield of the TB M about I 1 to I 2 m behind the cutter face. Each of the
four segments was 22.9 cm thick and about 1.8 m wide. A completed ring provided a
lrnishęd inside diameter of 6.7 m. Circumferential sponge rubber o_rings were provided
bętweęn rings, and neoprenę pad gaskets and a hydraulic cement sealant were used
between segments (Engels et al., 1981).

GUIDED DESICN PROBLEM

Design a 50-meter long section of the tunnel based on the geological and engineering information discussed
above.

The section to be designed is an extension ofthe tunnel due to relocation ofthe tunnel outlet. Positioned
near tbe outlet, the section is 20 meters below the surface.

Perform the following tasks:
l. Classify the rock mass conditions in accordance with:

a) Terzaghi method,
b) RSR concept,
c) Geomechanics Classification (RMR),
d) Q-system.

2. Calculate the rock loads by means of each of the above four methods and for two alternatives; drill-
and-blast tunnel and machine bored tunnel.

3. Determine the self-supporting span and the maximum span possible for the encountered rock mass
conditions.

4. Estimate the stand-up time' rock mass deformąbility and the friction and cohesion of the rock mass'
5. Select the tunnel support in accordance with the four methods specified in Item l.
6. Select the linal lining.
7. Tabulate the results nof Items 1 to ó in a manner suitable for a convenient comparison of the

alternatives.
8. Recommend the npthod of excavation and decide on the type of support-
9. Estimate the cost of the tunnel section.

l0. Draw a tunnel cross-section showing tbe layout of suppoń and any recommended monitoring
instrumentation.

SOLUTION

ltem L: Classifuation or rock mass cołtditions
a) Terzaghi: 'Moderately blocky and seamy' (RQD:approx.727ol
b) RSR concept:

-Rock type: soft sedimentary rock;

- Slightly faulted and folded;

- Parameter ,4 : l5;
- Spacing: moderate to blocky;

- Strike approx, perpendicular to tunnel axis, dip 0-20';
-Parameter: 8=30;
- Water inflow: moderate;

- Joint conditions: fair (modorately open, rough and weathered);

- For: / * B:45, patameter C: 16;

- Therefore: RsR: 15 + 30 + 1ó: ól.
c) Geomechanics Classilication (RMR):
- Intact rock strength, o. : 50 MPa

Rating:4'
- Drill core quality, RQD = 55-85/"; Ave.72/.

Rating:13'
- Spacing of dismntinuities, range: 50mm to 0.9 meters

Rating: l0;
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.Condition of discontinuities: separation 0,8 mm to l.l mm, slightly weathered, rough surfaces
Rating; 25;

- Groundwater: dripping water, low pressure, flow 25-125 liters/min.
Rating 4;

_ Basic RMR: 4 + l3 + 10 + 25 + 4:5ó without adjustment for orientation of discontinuities;
- Discontinuity orientation: strike perpendicular to tunnel axis, dip 20.;

Fair orientation. Adjustment: -5,
Adjusted RMR:5ó_5 :5l;

-RMR:51, represents Class III: Fair rock mass.
d) Q-System:
- RQD: 721 @,terage);
- J^:6, two joint sets and random;
- J.: 1.5, rough, planar joints;

- J. : 1.0, unaltered joint walk, surface staining only;
J":0.5, possible large water inflow;

- SRF: 1.0, medium stress, o"/o, : 50/0.91 :55.

^ RQD J, J _ '12 t.5 0.5a:_x_x " -_x_x_:9.0- J, J. SRF 6 I I

Summary:

Classification

Terzaghi
RSR
RMR
a

Fair rock mass

Result

Moderately blocky & seamy
61

51 Fair rock mass
9.0 Fair rock mass

Item2: Rock loads
Drill_and-blast diameter: 7.4 m + 0'ó m overbreak : 8.0 m
Machine-bored diameter: 7.4 m
Shale density: 2660kglm3 (lóó lb/ft3)

Metbod Drill-and-blast TBM

Terzaghi hP= 0'35c : 0"l B : 0.7 x 8.0: 5.óm
Rock load P : yho - 0.l46MPa

( l.s2 t/fr1

hp:o.458:3.3m
P - 0.09 MPa

(0.9tlttz)

RSR:61 From Fig ó.3' P :0.0ó7 MPa
(l.4 kip/ftr)

TBM adjustment' Fig. ó.2

RSR: ó9.5' P :0.034 MPa
(0,7 kip/ft'Ż)

RMR:5}
t00-51łr: loo B:3.92m

P = 7h, : Q.lQl |ylPs

TBM adjustment via conversior
to RSR (eqn. 6.12) and Fig. 6.2

RMR:74, P:0.o49MPa

Q:e.0
2.0 2.o

P = -Q- 
tir :-(9)- trr 

= 0.64kg./cm2J, 1.5

: 0.0628 MPa
2J!t2 2 - /6or P: : Q-r1s=-" 19;-t/J3J, 31.5

: O.52kg/crn2 : 0.051 3 MPa

TBM adjustment via conversion
to RSR (eqn. ó.13) and Fig' 6.2.

Q:5a
P:0.0321 MPa
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Summary of rockJoads in kpa (l Mpa _ t6661pu;

Method Drill-and-blasr TBM

Teąa9hl
RSR
RMR
o

90
34
49
32

,4
67

102
63

I::, ?: Self supprting span 
,and 

maximumspan ; by RMR and e systemFĘ. 6.7: Span vs stand-up time

Self supporting span

Maximum span

RMR - 51
2.,4m

10.5m

Q:9(EsR=1.6)
8m

80m [D - 2(1.ó x 9)0.4]

Item 4 : Stąnd-up time' deIormabitity and c, $ oalues
- RMR = 5l and Span =-g 6

: I00 hours or 4_5 days

, idjustnent.for joinr orientations)
.74 x l06psi)

d = 39" [Table 6.9].

Item 5: Support recomwnddtiałL\

Terzaghi
RSR
RMR

Q system

.*oOr.rr.ffi
plus final lining
_ spaed l.Sm, shotcrete 50 to 100mm in roof

Ltrill and blast - 3m long rockbolts spaoed 1,5 m and 50mm thick shotcrete

Item 6: Final lining
l00mm thick liber-reinforced shotcrete. See item g.

Item 7 : Tabulation o;[ results from Items l_6

Item Tezaghi RSR RMR a
Shale quality

Rock load height
Rock load
Stand-up time
Support

Moderately
blocky and seamy

5.6m
l46kPa
N/A
Ribs at l.5m

Concrete lining

6l

N/A
67 kPa
N/A
Ribs at 2m

Final lining

5l

3.9m
102 kPa
rT-5 days
3.5m bolts

at 1.5m,
shotcrete
50 to l00mm,
wire mesh

9.0

N/A
ó3 kPa
N/A
3m bolts

at 1.5!L
sborcreE
50mm thick
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Figure 10.3. Tunnel support and instrumentation.


