CHAPTER VII

DIVERSION TUNNEL STABILITY ANALYSIS

The rock mass classification systems were applied to assess
the rock mass quality along the diversion tunnel of Chiew Larn pro-
ject. The data obtained from the joint survey and in-situ measurement
provide the basic input data for two classification systems, namely,
CSIR Geomechanics Classification (1979) and NGI Tunnelling Quality

Index (1976).

7.1 CSIR Geomechanics Classification

This classification of rock masses was carried out along the
diversion tunnel and some portal slope faces. A geological logging
was performed in order to obtain the structural rock masses regions.
Fourty structural regions were identified and the results of the rock
mass quality assessments were disclosed separately for the diversion
tunnel in Figure 7.1. The results cbtained from the classification
can be concluded in terms of the rock mass quality related to the

tunnel stability.

The assessments of tunnelling indices that the rock mass
quality along the diversion tunnel varies from very poor to very
good. The good rock mass is general predominant except in some

structural regions where the low angle shear zone reigned. These



EXPLANATION.
Structural Regions
.:’;‘ ; Rock Hasa Parnu;t\err\ ¥ 2 ‘3 4 5 6 7 8
Intact Rock Strength, KPa 3.60(7) | 3.99(7) | 3.86(7) | 4.37(15) | 3.06(7) | 3.73(7) | 3+34(7) | 4.14(15)
Rock Ruality Designation-3QD, % 100(20) 192.46(20) | 94.52(20)| 91,73(20)| 100(20) | 98.74(20)[ 100(20) | 100(20)
Joint Spacing, a 06-2(23)|0,2-2( 22, 50, 2-2( 225} 04 2-2( 22,90, 2-2( 22,5 0,2-2(22.§0.6-2(23) | 0.2-3(25) B Ve Peor heck
Persistence, m =3 2=3 2 2-3 2 2 2-3 2=3
5 Filling = é a a a a a a a a E Poor Rock
'3‘ Aperture, mm ,5 = 34 3 2-3 2-3 3 3 2 3-4
3|4 [ Roughness = 3 4. 34 4 34 4 4 2 34 Falr Rock
g Average Rating 12 32 12 20 25 25 - 25 12
Infl
3 Groundwater Inflow Danp(10) | Damp(10) | Dry(15) | Damp(10) | Dry(15) | Dry(15) | Dry(15) | Damp(i0) [:] Good Reek
s Parameter Rating 72 71.50 76.50 87,50 84,50 89,50 90 82
g Joint Orientation Rating -5 -10 eyl -10 -5 -5 -5 -5 .
g Total Rating 61 61,50 | 66,50 7750 | 19.50 | 84.50 85 T - YRS Bupd Rw.
§ Rock Mass Class 11(Good) | 11(Good) |1I(Geod) | IT(Good) I1(Good) | I(V.Good) | I(V.Good)| IT(Cood)
o Joint Orientation Rating -7 =15 -15 -15 =7 = -7 -7
B | Total Rating 65 56,50 | 61.50 72,50 77,50 | 82,50 83 75
Rock Mass Class 11(Cood) j ITI(Fair)| II(Good) 11(Good) | I1 (Good)| I(V.Good) | I(V. Good)| II(Cood)
. Rock Quality Designation-RQD, % 100 92,46 94,52 91.73 100 98,74 100 100
- Joint Set Number, Jn 15 9 9 12 - 9 2 s 12
g Joint Roughness Number, Jr 15 5 145 1.5 ) .5 1.5 125
ol a Joint Alteration Number, Ja 1 T 1 1 1 1.5 1 1.5
3 Joint Water Reduction Factor, Jw - > ; 3 i 7 1 0
¥ Stress Reduction Factor, SRF 1 1 1 1 1 1 1 1
Q
o Tunnelling Index Q 10 10,27 15.75 11,47 16,67 24.68 p 16.67 mwArF SCHOOL CHULALONGKORY UNIVERSITY
Rock Hass Quality Good Good Good Cood Good Good Good Good " ROCK MasS CLASSIFICATION OF THE
Note: DIVERSION TUNNEL, CHIEW LARN DAM

2 = Gouge Haterials such that calcite, clay minerals, iron-oxides

% = Ko Couge materials
C = Shear Zones

App = Application to; A = Tunnel, 3 = Foundation
Sy3 = System Type
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ol a Structural Regions
@ | 2| Rock Mass Par:h\ 9 10 1 12 13 14 15 16
Intact Rock Strength, MPa 3.47(7) | 4.43015) | 3.50(7)| 4.39(15) | 5.44(15) 4.32(15) | 4.29(15)| 4.55(15)
Rock Quality Designation-AQD, % 84.39(17) | 88.35(17)] 75.68(17) | 92.93(20)| 87.70(17) 85.51(17) 66.12(13)| 90.60(20
Joint Spacing, m 022-0,6( 130 2-2( 22,5, 06~46( 10]0. 2-2(2245b, 2-2(22.5 |0 2-2( 22,90 2-2( 22.5 0,2-2(22.3 E==1 very Poor Rock
Persistence, m 2-3 2 2 2 23 2 2-3 2-3
5 Filling - g a a a a a a a b ':: __g_‘ Poor Rock
§ :p-rmn. om 33 2-4 2-3 2-10 2 2-3 2-3 2-3 3
A oughness L -
a 3 2-4 34 34 24 24 3-4 -4 4 Falr Rock
§ Average Rating 20 e 25 25 20 25 25 12
! ey Bfiey Daop(10) | Dry(15) [ Damp(10) | Dry(15) | Ber(15) | ory(13) Dry(15) | Dry(15) [ ] ecod rock
Parameter Rating 69 94,50 69 85 89,50 94,50 90,50 81
a >} «50
~§ Joint Orientation Rating -2 -10 -5 -10 -10 -5 -10 o5
-§ Total Rating 67 84.50 6 P 79.50 89.50 80,50 76.50 - Very @Good Rock
g Rock Mass Class 11(Good) |I(V.Good) | IT(Cooa) 11(Good) | II(Good) | I(V.Good) 11(Cood) |II(Good)
o Joint Orientation Rating -2 -15 -7 o -15 =7 -15 -7
B :o::l:aﬁ:: 67 79450 62 70 . 74450 87.50 75.50 T4.50
SOk MagN Clasa 11(Good) | II(Good) | I1T(Good) 1I(Good) | I1(Good) |1(V,Good) II(Good) | II(Good)
2 Rock Quality Designation-RQD, % . 84439 88,35 75.68 92.93 87.70 85.51 66,12 90,60
2 Joint Set Number, Jn 9 12 9 9 12 9 15 12
'g Joint Roughness Number, Jr 2 5 %] 5 - 3 5 ;
ol a Joint Alteration Number, Ja 1 0.75 1 1 3 1 1 2
3 Joint Water Reduction Factor, Jw » ; r - ; " - -
¥ Stress Reduction Factor, SRF 1 1 1 3 "
o 1 1 1 GRADUATE SCHOOL CHULALONGKORN UNIVERSITY
= Tunnelling Index Q 18,75 14,72 12,61 15.49 2,40 14,25 6,61 1.89
Rock Hass Quality Good Good Good Good Poor Good Fair Poor ROCK MASS CLASSIFICATION OF THE
DIVERSION TUNNEL, CHIEW LARN DAM
Notes 2 = Gouge Materials such that calcite,

App = Application to

= lio Couge materials
C = Shear Zones

Sys = System Type

i A = Tunnel, 3 = Foundation

clay minerals, iron-oxides
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Structural Regions 1
@ % Rock Hass mi‘imc\ ik 18 19 20 21 22 23 24
Intact Rock Strength, NPa 3.98(7) | 4.95(15) | 4.03(15) 4.57015) 1 3.22(7) 2.15(7) | 4.14(15).] 5.31(15)
Rock fuality Designation-aQDd, % 88.60(17) | 96.90(20) | 100(20) | 99.14(20) | 25(3) 100(20) | 78.14(17)] 85.60(17)
Joint Spacing, & 0.2-2(20) 10.2-2(20) |0.2-2(20) | 0.272(20)| 0,06(10] 0.2-0.6(2bo, 2-2(0) | 0.2-6(10 E=  ver poor nom
Persistence, m 2-3 3 2 1=3 2 2-3 2-3
5 Mlling . g a a a ® : a a b EE Poor Rock
z Shety = 33 4 2 3 >4 2 23 3
A ess - A :
z e 3 ) 4 4 ) 4 4 4 Falr Roex
3 Average Rating 12 25 20 2 0 ) 2 15 :
g Croundwater Inflew 15 15 15 15 15 15 10 0 e Roek
3 Parameter Rating & 95 %0 90 3 87 82 54 o e
b Joint Orientation Rating -5 -5 -12 -10 -5 =0 -10 -12
g Total Rating 66 90 ) 80 30 87 72 35 Very Good Rock
g Rock Mass Class II(Good) I(V.Good) I1(Good ) II(Good) IV(Poor) I(V. Good) II(Good) III(Fair)
o Joint Orientation Rating - = -25 -15 -7 -0 -15 -25
B :otd. Rating 64 88 65 . 75 28 87 67 32
ock Nass Class I1(Good) |1(V.GCood) | I1(Good) | 11(Gocd) IV(Foor) |1(¥Good) | 1I(Cood)| I7(Foo0r)
.| Y Rock Quality Designation-iaD, % 88,60 96,90 100 99.14 25 100 78,14 85,60
g Joint Set Number, Jn 15 9 12 - 9 20 2 12 9
i Joint Roughness Number, Jr 1.5 1.5 1.5 1.5 1 1 1.5 1.5 !
5 A Joint Alteration Number, Ja 1 1 1 3 6 3 1 3 '
- :oint Hater Reduction Factor, Jw 1 1 1 1 1 - 1 0,66 0.2
—E tress Reduction Factor, SRF 1 1 1 1 5 1 1 1 TE SCHOOL CHULALONGKORN (MIVERSITY
] Tunnelling Index Q 8.86 16,15 12,50 5451 0,04 16.67 6.45 0,35 ;
Rock Macs Quality Fai Good Good ' Oxc-Ixt P Tai o ROCK MASS CLASSIFICATION OF THE
‘ Fair o Co Fair c~Ixt Good Fair |Very Poor DIVERSION TUNNEL, CHIEW LARN DAM
Yote: 2 = Gouge Materials such that calcite, clay minerals, iron-oxides

% = Yo Couge materials
C = Shear Zones

. App = Application to; A = Tunnel, 3 = Foundation

Sys = System Type
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ol a Structural Regions - :
a | 2| Rock Hass Pnr::m\ 25 26 27 28 29 30 31 32
Intact Rock Strength, ¥Pa 2.96(7) | 4.86(15) | 4.86(15) | 4.12(15) | 4.03(15) | 4426(15) | 4.57(15) | 4.43(15)
Rock Quality Designation-QD, % 100(20) | 89.32(17)| 97.29(20) 95423(20)|90.70(20) | 98.39(20)| 70.13(13) 0-25(3)
Joint Spacing, m 0,2-2(20) | 0.2-2(22,3)04 2-2( 2250, 2-2(22.5.06-46(10) 0, 2-,6(20 .6-2(15) | <.06(10) E Very Poor Rock
Persistence, m 2-3 2-3 2 2 2=3 2 2
P Filling . g a a a a a a a ° E Poor Rock
- Aperture, mm 8+ R .
§ 33 3 2-3 2 3 2 2-3
A Roughness )
g 8 4 r4 1 3 4 34 ) [T Foir Roc
-g Average Rating 25 20 25 25 5 25 12 0 -
Croundwater Infl )
. roundwater Inflow 15 4 15 15 4 15 15 4 E Good Rock
3 Parameter Rating 87 78,50 97.50 97.50 T4 95 70 32
- Joint Orientation Rating -10 -10 -5 -10 -5 -5 -12 -5
g Total Rating 7 .50 | 92,50 87.50 % 5 5 5 - Very Good Rock
5 Rock Mass Class 11(Good) | 1I(Good) [I(V.Good) | I(V.Good)| II(Cood) I(V,Good){ III(Fair) | IV(Poor)
] Joint Orientation Rating -15 -15 -1 -15 = =7 =25 -7
B Total Rating 72 63,50 90,50 82,50 67 88 45 25
Rack Rass Claes 11(Good) | 12(Cood) | I(VuGood)| I(V.Good)| I1I(500d) | I(V.Good)| III(Fair) | IV(Poor)
b Rock Quality Designation-RQD, % 100 89,32 97.29 | 95.23 90,70 | 98.39 | 170,13 | o025
- Joint Set Number, Jn 4 9 9 9 4 4 15 20
g Joint Roughness Number, Jr 1.5 1 ‘1 1.5 1 1 1.5 1
ol a Joint Alteration Number, Ja 3 1 1 1 1 10.75 1 6
3 Joint Water Reduction Factor, Ju : : ) 5 1. r 1 1
4 Stress Reduction Factor, SRF 1 1 1 1 1 1 1 2.5 TE SCHOOL CHULALOMGKORN UNIVERSITY
o — GRADUA
o Tunnelling Index Q 12,50 5,92 10,81 15.88 | 22,68 | 32.80 7.01 0.08
Rock lass Quality Cood Fair Cood Cood Cood Cood Fair Exp Poor ROCK MASS CLASSIFICATION OF THE
: DIVERSION TUNNEL, CHIEW LARN DAM
Note: 3 = Gouge Materials such that calcite

= Yo Couge materials
C = Shear Zones

APP = application to; A = Tunnel, 3 = 7

Sy3 = System Tyve

y clay minerals, iron-oxides

oundation
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St Regions
,,;,‘ s Rock Hass ;'::nnts : 33 4 35 36 37 » 39 40
: Intact Rock Strength, ¥Pa 4.78015) | 5.61(15) | 5.35(15) | 5.74(15)] 4.56(15) | 5.68(15)] 4.79(15) | 4.62(15)
Rock Quality Designation-aQD, % 82,02(17) 25-50(8) | 76472(17)] 0-25(3) | 91.28(20) 20-30(8) | 79.51(17)| 15-25(3)
Joint Spacing, m i 0,2~,6(10).06=,2(10) | +2-.6(15) | €0.06(10)|0,2-2(22,9 .06~+2(10)42-2(22.5) <0,06( 10) E Very Poor Rock
Persistence, m 2 2 2 \ 1=2
§ Filling o 5 a 5 a A a A a ° E Poor Rock
pe! Aperturs, om 43 2-3 2-3. 2-3 24
o i = = =
: Falr Rock
F s 2 g 5 0 2 12 2 0
Croundwater Inflow 15 15 1 =
8 2 15 15 13 0 1 Good Rock
3 Parameter Rating i d 54 87 40 92,50 60 79.50 35 E
b | Joint Orientation Rating -12 -5 S ~10 -10 -10 is -2
% Total Rating 65 49 82 30 82,50 50 14.50 33 Very @ood Rock
§ Rock Mass Class 1I(Cood) | ITI(Fair)| I(V.Cood)| IV(Poor) | II(Good){ IIT(Fair)| II(Cood) | IV(Poor)
o Joint Orientation Rating —25 - - 15 -5 =15 - -
B | Total Rating 52 | i 80 25 77.50 45 72,50 N
Rogk. Nasg Gl.ase 11I(Fair) I1I(Fair)|II(Good) | IV(Poor) | II(Good)|I1I(Fair) | II(Good) | IV(Poor)
3 Rock Quality Designation-RQD, % 82,02 2550 | 16,72 | 0-25 91.28 | 20-30 | 79,51 | 1525
- Joint Set Number, Jn 9 15 9 . 20 ° 9 15 15 15
g Joint Roughness Number, Jr 1.5 1.5 1.5 1 1.5 3 .5 1
e | g | Joint Alteration Number, Ja 1 6 1 6 3 3 7 2
13 Joint Water Reduction Factor, JW p 5 > S o s =5 :
z §tress Reduction Factor, SRF 1 2.5 1 2.5 1 2.5 . 1 ik
Tunnelling Index Q 13.67 0.33 12.79 0,08 5.07 0.80 2.62 0.08 GR. E SCHOOL CHULALONGKORN UNIVERSITY
Rock Mass Quality Good .| Very Poor| Good Exp Poor Fair Very Poor| Poor  [Exp Poor ROCK MASS CLASSIFICATION OF THE
Note: -:- Couge Materials such that caloite, clay minerals, iron-oxides ’ DIVERSION TUNNEL, CHIEW LARN DAW
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; ;PP - :PPHOI“OB t0; A = Tunnel, 3 = Foundation P L oF ® brmmwART  euMPERAYARMNONT
ys = System Type :
lFigur. 7.1 cont.| PURSUED BY? sawuron rowwarords




L

L

269

areas tend to have a lower rock mass quality ranging from very poor
to poor. The distribution of the rock mass quality is presented by -

the histograms illustrated in Figure 7.2.

The evaluation of the rock mass quality depends on the clas-
sification parameters with a personal judgement. A discussion on

these parameters is below.

7.1.1 Strength of Intact Rock Material

In order to determine the uniaxial compressive strength
of the intact rocks indirectly in the field, the Schmidt rebound ham-
mer test and point-load index test were applied. The wall strength
of every joint in each point set in a structural region was determied
using a Schmidt rebound hammer type L, and the average uniaxial com-
pressive strength and their deformation moduli were obtained. Fur-
thermore, the irregular-shape samples were randomly collecf;ed from
each structural region for the testing in the field-laboratory at the

site.

The effect of anisotropy, due to the orientation of cleavage

in the specimens, on the uniaxial compressive strength of the rocks

was also determined.

The average point-load strength indices, excluding the extreme
values in MPa unit, were used to estimate the strength of the rock

elements along the diversion tunnel and at its portals.

7.1.2 Rock Quality Designation (RQD)

The RQD value along the diversion tunnel varies due to

the structural distribution. Since only a few borehole-rock cores
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were available along the tunnel length, more available along the main
dam axis foundation, RQD was estimated from the number of joints per
cube meter (Jv), when the total number of joints of each set are
counted perpendicularly to the relevant joint set. The RQD value
was then computed using Equation 6.2 mentioned previously. The RQD
values in forty structural regions along the diversion tunnel, to-
gether with other classification parameters, are summarized in Figure
7.1. It can be noted that the quality of rock mass depends on the
values of RQD. The good to excellent quality (RQD = 75-100 %)
slighty-jointed rock masses are predoninant in the are while the
very-poor to poor quality orushed or sheared rock masses are occa-

sionally found (Figure 7.3).

In this study, RQD was estimated from the volumetric joint
count on the exposures instead of determined from the borehole rock
cores. Thus, in order to check the validity of this estimation, RQD
from the previous core logs were plotted against the upper and lower
limit of joint frequencies measured per meter in the regular length
of RQD determination. The technique is to approximate the joint
frequencies measured per unit length of borehole to be equivalent
to the volumetric joint count (Jv) obtained by the linear empirical

regression. The results are as follow also shown in Figure 7.4.

Upper limit RQD = 105 - 3.5Jv b~ I e
Mean ROD = 105 - 4.5Jv T R AR i
Lower limit RQD = 105 - 5.2Jv O P S o,

The relationship used to estimate in the field RQD (ISRM,

1981) is expressed in equation 6.2
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The above comparison indicates that RQD determined from the
borehole rock core is slightly less than that estimated in the ex-
posures, This might be because the number of joints per unit length
of the borehole core are measured in only one direction while they
were measured in 3 dimensions in an exposure. So some joints are
not found in the direction of the drillhole axis, while for RQD
estimated on the exposures, all joints are counted perpendicular to

the relevant sets. Thus more joints were observed.

7.1.3 Joint Spacings and Block Sizes

fhe joint spacing was measured using a 2-meter measur-
ing tape. Because of a limited vertical distance of the sidewalls to
the top heading to the diver .ion tunnel, about 5.6 m high, and the
predominance of the vertical joints, only the joint continuity of
more than 1.5 m was studied. The majority of these joints are wide
to moderately wide (Figure 7.5). The relative block size and shape
was also determined using the histogram of the value of the volume-
tric joint counts; Jv (Figure 7.6) . The histogram indicated that
the block dimensions are generally medium-sized (Jv = 3-10) blocky

shaped.

It should be noted that the spacing of joint was measured
relative to block size as mentioned above. These results were
determined oniy from the ordinary jointed rock masses excluding the
crushed zones which were counted as the very closely-spaced jointed

zones.
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Nota:
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Figure 7.5 Histogram showing distribution of joint spacing.
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Figure 7.6 Histogram showing distribution of block size.
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7.1.4 Joint Conditions

The condition of joints is defined as the joint conti-
nuity, separation, surface roughness, infiiled materials and joint
wall alteration. IN this study, the joint persistence is generally
low to medium (1-3 m to 3-10 m) with the independence of sheared
planes (shear joints and faults) which have high to very high persis-

tence (>10 m) (Figure 7.7).

The separation of joints was observed directly Figure 7.8,
using the description of this parameter given in the CSIR Geomecha-
nics classisifcation input-data form (Appendix A-3). The histogram
of jointsurface roughness indicates that the parameter varies from
smooth planar surface to smooth undulating surface, the former is

predominant (Figures 7.9 and 7.10).

The f£filling materials were determined in terms of type,
thickness, strength and seepage condition. The seepage condition
was determined using the description of the filled discontinuities

as suggested by ISRM (1981), and is exhibited in Table 6.13.

Brekke and Howard (1973) proposed a discrimination of dis-
continuity infilling materials (on the behavior of tunnei stability)
into five classes (of fault filling or gouge materials as listed
in Table 7.1. The swelling clay filling are potentially the most
troublesome class. Other clay fillings, the sheet-silicate minerals,
e.g. chlorite, and other micas, talc, serpentine:; etc., and graphite,
can introduce an extremely low shear strength, particulafly if the

thickness of filling is greater than the roughness amplitude.
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Nota:
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Figure 7.9 Histogram showing distribution of
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Figure 7.10 Close up of joint conditions on the left wall

between the extensometer Section no. 1 and

no. 2.
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Table 7.1 Classes of discontinuity infilling upon the behavior of

tunnel (after Brekke and Howard, 1973)

Dominant Material

in Gouge

Potential Behavior of Gouge Material in Tunnels

At Tunnel Face

Later

Swelling clay

Inactive clay

Chlorite, talc,
graphite or ser-
pentine

Crushed rock frag-
ments or sandlike
gouge

Porous or flaky

calcite, gypsum

Free swelling, sloughing.
Swelling pressure and

squeeze on shield

Slaking and sloughing
caused by squeeze;'heavy
squeeze under extreme con
conditions

Ravelling

Ravelling; standup time

may be extremely short

Favourable condition

Swelling pressure and
squeeze against support
or lining; free swell
with down-fall or wash-
in if lining inadequate
Squeeze on supports of
lining where unprotected
slaking and sloughing due
to environmental changes
Heavy loads may develop
due to low strength, in
particular when wet
Loosening loads on lining;
running and ravelling if
unconfined

May dissolve, leading to

instability of rock mass
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The crushed rock fillings, and incomplete quartz or calcite
fillings offer a potentially high permeability. They can erode and
undermine the adjacent rock in the exoeptional cases. This isvpar—

ticularly troublesome in an unlined water tunnel (Goodman, 1976) .

In the diversion tunnel at the Chiew Larn dam project area.
The infilled materials are generally veneer of calcite, limonite and

very small amount of pyrite and crystalline calcite.

The joint wall condition is largely unaltered with only some
surface staining. It can be concluded that the joints condition of
the rock masses in the investigation area are commonly good enough

for the excavation works except in the crushed or sheared Zone where

some problems might be anticipated.

7.1.5 Groundwater Inflow

The groundwater inflow was estimated by uning the
seepage description (Table 6.14) suggested by ISRM (1981). This
seepage description was also correlated with the description of
groundwater condition in the Bieniawski's (1979) input-data form.
The frequency of jointing of the rock masses in the study area is
rather high, thus.tends to increase the permeability of the rock
masses. These may be the cause of a continucus groundwater inflow
into the tunnel throughout the rainy season. The seepage of ground-
water usually occurs in the crushed zones and in the highly per-
sistent joints with open separations. This is a stability pro-
blem in the diversion tunnel, rock foundation works as well as

the slopers.
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Contrarily, the groundwater inflow during the dry season is
generally small and it may not affect the operation except in a deep

excavation opening such as power house, etc.

7.1.6 Joint Orientations and Inclinations

A Clar geological compass was used to measure the
attitude of the discontinuities. The pole concentation and repre-
sentative planes of joint sets as well as the angular relationship
of these representative planes and the tunnel axis were determined
in an equalarea stereographic net plot (Figure 7.11). The favoura-
bility adjustment in joint orientation and inclination for the tunnel

was then determined and analysed for the stability of the construction.

7.2 NGI Tunnelling Quality Index

Barton et al. (1974) proposed an index quality for the deter-
mination of the tunnelling quality of a rock mass. This system is
based on thevfollowing paremeters.

(i) Rock quality designation (RQD)

(ii) Joint set number (Jr) .

(iii) Joint roughness number (Jr)

(iv) Joint alteration number (Ja)

(v) Joint water reductuon factor (Jw)

(vi) Stress reduction factor (SRF)

These parameters are determined from the joint survey data
which follows the description given by Barton (1976) as exhibited in

Table 6.15. The determination of RQD, joint set number (Jn), joint
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roughness (Jr), joint alteration number (Ja) and joint water reduc-
tion factor (Jw) are performed by a similar péocedure to that of
Bieniawski's (1979) classification. In the heavily jointed rock
masses or shattered zones and crushed or sheared zones the above

\

parameters are assessed by assuming no rock wall contact when

sheared.

The assessment of these controlling factors on the rock mass
behavior is difficult, particularly in a heterogenous rock mass i.e.,
pebbly graywackes and subarkosic sandstones on the portal slopes.

It must also be kept in mind that an index is only an average value
predicting the rock mass behavior and there can be a great variation

in any parameter measured in the diversion tunnel.

7.2.1 Determination of’Rgg

As a limited RQD information was available, the con-
cept of a fracture frequency was used. The results of a linear joint
survey parallel to the diversion tunnel traverse line were used to
calculated the number of joints per cubic meter, Jv. The value
substituted into Barton et al.'s (1974) formula, RQD = 115-3,3Jv,

which gives the reasonable RQD values.

7.2.2 Joint Sets Number

This is defined relative to the size and shape of the

blocks and as such is a problem of excavation. The problem is to

account for a variability in the joint sets since in each locality
anumber of values observed can be different from stereographic

interpretation.
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7.2.3 Measurement of Groundwater Inflow

In the Chiew Larn tunnel top heading, a crude but
effective mean of estimating the groundwater inflow was to record
the time for a container of known dimensions to be filled. Knowing
the area of the tunnel from which water was being pumped out,Athe

volume of flow per unit length (of the tunnel) was estimated.

Generally, the tunnel excavation seemed to be dry and no
groundwater problems were anticipated at this stage, although a
series of perched water tables were suspected in the pebbly gray-

wackes. It was expected that the local flows would diminish with time.

7.2.4 Joint Roughness and Joint Alteration Number

Both parameters to be used in Barton's (1974) classi-
fication require a considerable experience of the observer to be
determined accurately since they are assessed by a visual examination.
But to place then into any category requires a full understanding of

the difference betweenthose categories.

7.2.5 Stress Reduction Factor

The last parameter, the stress reduction factor (SRF) ,
was also determined separately for the heavily jointed rock mass,
shattered zones, crushed or shear zones, and the ordinary jointed
roék masses. This complex factor, also for Barton et al.'s (1974)
classification,_involves a considerable degree of sophistication and
requires at least some basic experience. Eighteen detailed divisions

are applicable. There is a significant range for the SRF values,
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yet the decision as to the type of rock stress action and its magni-
tude is difficult to determine especially on a rapid visual inspec--
tion. 1In the rock stress problem of the competent rock, the major
principal stress (01) was assumed to be eqgual to the load of over-
burden per unit area. Thus, the ratio of compressive strength (oc)
obtained from the point-load index tests and the major principal

stress (ol) could be estimated.

7.3 Results and Discussions

NGI tunnelling quality indices of 40 structural regions along

the tunnel were performed and the results are depicted in Figure 7.1.

The results exhibited that the rock mass quality vary from
extremely poor to good, but fair and good quality rock masses are
eminent as demonstrated by a plot of histogram in Figure 7.12. The
rock quality index values obtained can be used to predict the maximum
unsupported excavation spans and the support requirements (Figure
7.13). The results indicated that the maximum unsupported span

varied from 5.6 to 24 m.

Rock mass rating results are also illustrated in'Figure - ) &
following the Geomechanics Classification guide for excavation and
support in rock tunnels in Table 7.2. The rating results indicate
that this tunnel generall requires no support except for the occa-
sional spot bolting in crown. The bolts are suggested to be 3 m

long with a space of 2.5 m and with wire mesh.

It was found that the CSIR Geomechanics Classification was

better applicable in the field than Barton's Q-index. The partially
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Table 7.2 Geomechanics.guide for excavation and support in rock tunnels (after Bieniawski, 1979).

B:u p p.oVE &

goon ag pogsible after blagting,

Note : shape: horseshoe; width; 10 m; vertical stress: below 25 MPa; construction: drilling and blasting

Rockinies Excavation
ayana Rockbolcs (20 mm dia., Shotcrete Steel sets
fully bonded)
Very good rock Full face. Cenerally no support required
RMR: I81-100 : 3 = Sdwacs except for occasional spot bolting
Good rock Full face. Locally bolts in crown 3 m 50 mm in crown where ]
I 1.0-1.5 m advance long, spaced 2.5 w with requivred, None
RMR: 61-80 Complete support 20 m from face) occasional wire wmesh. )
Fair rock Top heading and bench Systematic bolts 4 m long,
111 1,5 - 3 m advance in top heading) spaced 1.5 m = 2 @ in crown 50 - 100 mm in crown Bone
RMR: 41-60 Commence support after each blasq and walls with wire mesh in and 30 ma in sides.
Complete support 10 m from face. | crown.
Poor rock Top heading and bench Systematic bolts 4 - 5w Light to medium ribs
v 1.0 - 1.5 m advance in top head-| long, spaced 1 - 1.5 m in 100 - 150 mm in grown spaced 1.5 m where
RMR: 21-40 ing. Install support concurrent{ crown and walls with wire and 100 mm in sides. required.
ly wich excavation-10um from face] mesh. .
/7
Very Multiple drifes. Syctematic bolte 5 - 6 m 150 - 200 »a in crown,| Medium to heavy ribs
poor rock 0.5 - 1.5 m advance in top head-| long, spaced 1 - 1.5 m in 150 mm in sides and spaced 0.75 m with steel
v ing. Instal support concurrent-| crown and walls with wire 50 wm on face. lagging and fore-poling
RMR: <20 ly with excavation. Shotcrete as| mesh. Bolt iavert. Close

1f required.

invert,

98¢
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reflects the way by which the basic factors are defined. Bieniawski
(1979) inflexibly classed the rock mass divisions using a straight -
forward definition. With Barton's system, several points are noted.
Firstly, the scales defining the parameters is generally more sophis-
ticated. This is reflected in the range of values assigned and the
number of divisions produced. It is by no means an error, but an
increased sophistication implies a fuller understanding of the rock
mass behavior, therefore, a considerable field experiencs. Besides,
in defining his parameters, Barton (1975) assumed a considerable
amount of engineering geological knowledge, which was not available
at the early stages of the Chiew Larn project, when it is required

to apply to the rock mass classification.

It is also worth nothing that despite the increased sophis-
tication of the Barton's system there is no significant difference

between the ratings made by it and the CSIR Geomechanics classifi~

cation,

7.4 Rock Mass Detormation Measurements

The measurements of the movement of the rock walls and roof
of the tunnel were begun when the excavation of the "top heading"
was almost complete. The extensometers were anchored in the rock
close to the working face as the construction would permit, generally
in the range of 1 m. Immediately after the installation of these
extensometers the movement was measured as displayed in Figures 7.14

and 7.15. The rock movement was re-measured periodically until the
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-

Figure 7.15 Dial gage mounted on the borehole extenscmete;/f

in pebbly graywackes of diversion tunnel ‘ff

concrete lining was placed. The manual reading with dial gage was
employed and after that the displacement was measured using an elec-

trical remote reading.

Typical curves of the movement of the walls for three sta-
tions in the diversion tunnel are illustrated in Figures 7.16 to
7.18. 1In this instance the measured were started after each round
(blast) for 20 m until the face is advanced sufficiently from the
section. Thereafter, it was read daily for one week and weekly
reading afterward. As the heading moved onwed onward, the measure-
ment of the inward movements of the tunnel walls at the orown of

section 1, at chanaige 46.50 m, on three installed extemsometers.
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The position A indicated a compression about 0.75 mm followed by an
inward "creep" which brought the position B to move 0.50 mm in 30
days. After the removal of the position C, an additional movement

of about 2.45 mm was observed.

The movement study at Section 2, chanaige 56.50 m, was taken
on five positions. Three extensometers were installed in the crown
and both sides. The horizontal inward movement at the position A
indicated an extension of 1.42 mm, Position B showed a constant
closure of 4.5 mm since the begining. The vertical movement of the
crown at position C showed a somewhat erratic behavior the maximum

elongation in order of 0.5 mm, the minimum in the order of 0.05 mm.

The extensometer at the position D indicated a constant
shortening (compression) of 0.23 mm since the begining of the mea-
surements. The extensometer at the position E exhibited a large

extension, up to 7 mm, with the widening of the top heading.

After the concrete lining was placed, the borehole extenso-
meters were installed at Section 3. The position A and B had a
small value of movement, in the order of 0.08 and 0,02 mm respec-
tively., Since these movements were so small, they were ﬁot possible
to obtain a definite information of the time or rate of the rock
movement. The displacement of the positions C, D and E was respec-

tively 0.27, 0.75 and 0.21 mm in only 82 days.

If the rock movement either before or after the bench removal
is plotted against the logarithm of time, a stratght line results,
suggesting that this oreep is a logarithmic function of time as has

been found in some other cases (e.g. the Overvaal railway tunnel,
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Bieniawski, 1975). Accepting this, it is then possible to predict
an unrestrained movement which would occur in the tunnel at any time

in the future by extending the plotted straight line.

The analysis of overburden stress was performed using the

equations
(o] = Z PR SRR Al (T NG
v
and cv = 0,027 2 B% Teeisin eiee: i 1:ei5)
where ov = vertical stress
Y = unit weight
Z = depth.

These empirical equations have been supported by numerous measure-
ments (Figure 7.19a) and are ones of the reliable formulas to de-
termine the in-situ stresses (Goodman, 1980). It appears that the
overburden at Section 1 which the excavated surface is 30 m, has an
overburden stress of 0.80 MPa. There may ' lready be a pronounced
effect of the open excavation. Whereas at Section 2, the overburden

is 62 m, thus resulting then in an overburden stress of 1.65 MPa.

Brown and Hoek (1978) examined a number of published values
of in-situ stress (Figure 7.18b) and independently discerned a hyper-
bolic relation for the limits of k(Z). Thus, even without measure-
ments one can estimate, within broad limits, the variation of hori-

zontal stress with depth.
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The horizontal stress ratio (k) has been obtained from both
the relationship in Figure 7.18b and assuming a circular opening in’
an elastic ground and obtaining the ratio of elongation of an exten-
someter at the spring line to one in the crown (Figures 7.16 and
7.17) . The resulting horizontal stress ratio lies in the range of

k = 0.77 to 2.84.
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