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"... When you can measure what you are speaking about, and express it in numbers,
you know something about it, but when you cam not express it in numbers, your

knowledge is of 2 meagre and unsatisfactory kind..."
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Fig. 1.1 - Schematic map of the work area, road No. 60
(Based on Y. Arkin and L. Michaeli, 1988}
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Fig 2.3 - Schematic section of Gilo long tunnel and the stratigraphic penetrated units.
(Based on Y. Arkin & L. Michaeli 1993) '
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Fig. 2.1 - Geological location
map for the Gilo tunnels.
(From Arkin et al 1987)
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Fig. 2.4 - Columnar geological section, Moza Formation (From Arkin et al. 1965)
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Photo: 2.1 - Clay pocket in Moga Formation, Gilo Bridge
' Joundation.

Photo: 2.2 - Massive dolomite boulders and soft weathered
dolomite in marl of the Transition Zone.
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Fig 2.6 - Direct shear (cd) test
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Fig. 2.7 - Direct shear (cd)
test on the Dolomite flour.
w=219%

Fig. 2.8 - additional
direct shear (cd) iest on
Deolomite flour.
w=25%
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Fig. 2.9 - XRD analysis for the rock flour (Delomite flour)
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Photo: 2.3 - Massive dolomite and yellowish dolomite flour.

Photo: 2.4 - Partial infilling
of dolomite flour in karst
along fracture.
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Fig. 2.10

Granulometric analysis for the Dolomite flour
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Fig, 2,11 - Combination of massive dolomite, brecciated dolomite, clay
and dolomize flour in the transition zone (section No. 430, southern area)
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Fig No. 2.13 - Roughness profile af joints from Aminadav formation
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.Photo: 2.5 - Dolomite flour surrounding clay. The dolomite

flour forms a stable vertical wall, but disintegrates -

in the hand,

Photo: 2.6 - Clay pocket with rock fragments.
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Fig. 2.12 - Columnar geological section, Aminadav Formation

(from Arkin et al. 1987, in Hebrew)




Massive dolomite in the Gilo Tunnel north portal.
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with clay and soil infilling.

Photo: 2.8 - Open fracture
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Photo: 2.10 - Heavily fractured dolomite.
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Photo: 2.11 - Heavily fractured dolomite with brown
clay infillings. B

im

Photo: 2,12 - Large karstic
cave with clay infilling.
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Photo: 2.13 - Layered clay in karstic m
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Fig. 2.15 - Etched surface of dolomite crystal
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Fig 2.16 - General view of dolomite rhombs forming rock flour
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A. CLASSIFICATION PARAMETERS AND THEIR RATING

) For this ._Em range,
=10 4-10 2-4 1-2 uniaxial
compressive test is
preferred
=250 100 - 250 50 - 100 25-350 5-25 |1-5| =<1
15 12 7 4 2 1 0
%0 - 100 75 - 90 50-75 25-50 <25
20 17 13 8 3
>2m 0.6-2m 200- 600 mn 60 - 200 mm <60 mm
20 15 10 8 5
Very rough Slightly rough Slightly rough Shickensided surface | Soft gouge > 5 mm
sarface surface surface or thick
Not continuos Separation <1lmm Separation <lmm Gouge < 5 mnn thick or
No separation SHehily Highly weathered or Separation > Smm
Unweathered weathered walls walls Separation 1-5 mm Continnouns
wall rock Continuouns
30 23 20 10 t] !
None =10 10-25 25-125 =125
or or or or or
] <0.1 0.1-02 02-05 >0.5
or : or or or or
Completely dry Damp Wet Dripping Flowing
15 10 7 4 0

Table 3.2 - The Rock Mass Rating (RMR) parameter.
(From Bieniowski 1989)




B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATION

D 2 5 10 NETE

0 2 T -15 25
[ -5 25 -50 ~60

C. ROCK MASS CLASS DETERMINED FROM TOTAL RATING

100 -81 B0 - 61 60 -41 40-21 = 20
¥ i1} I IV Vv
Very good rock Good rock Fair rock Poor rock Yery poor rack

D. MEANING OF WOON& MASS CLASSES

1 I oI v v
20 yr. for 15m 1 yr. for 10m span 1 wk. for Sm span 10 h for 2.5m span 30 min. for 1m span -
span
> 400 . 300 - 400 200 - 300 100 - 200 < 104
> 45 35-45 25-35 15-25 <15

Table 3.2 - Continue...

3-10m 10-20m =X m
4 2 1 0
< 0.1 mm 01-1L0mm 1-5mm > 5 mm
5 4 1 0
rough Slightly rongh Smooth Slickensided
5 3 b 0
Hsrd filling _ Hard filling Soft filling Soft filling
<5 mm >5mm < 5 mm >5mm
4 2 2 0
Slightly weathered | Moderately weathered | Highly weathered Decomposed
5 3 1 0

Table 3.3 - Rating for the condition of discontinuity parameter. When the Joint infilling is thick, the roughness
is irvelevant and the rating is done with tuble 3.1 directly. (From Bieniawski 1989)
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Fig. 3.1 - Rating the strength parameter.
(From Bieniawski 1989)

Fig, 3.2 - Rating for RQD.
(From Bieniawski 1989}

Fig, 3.3 - Rating for discontinuity spacing.

(From Bieniawski 1989)

Rating

O = 8 & &~ o

Uniaxial Comprossive Strength, MPa

Rating

-
L=l R R R R R R ]

Ratlng
5

0 o=k b s g

a 400 &00 1200 1600 2000
Spacing of Discoenfinulties - mm



34

D8N MM 3.2.1
NP NN IR MPY - N b N n3.2.1
(Uniaxial compressive strength or Point load)
MP?FT 2NNV NYAWHD PR YION NORD DN DIPNY SIYHYH 0119 OO 1t 0N
RPN OIMD RIN IUON PHIN,1ON DIPDI .M PYDa DPTY DM0RI1 YY N1ven T3 9
S MDD TN TNSN NYNZN PPD NN VN NPT ¥ V50N NOND Y 19o0n XNMIN NN mﬁ’

S YoNn NP2 NYNYT PINn X TYTHY

023 YPY NI N SPRHPY NPNYY pYnN Y% TN - TN avRYy PHINN P2 Wwp onp

3.1 7900 Invm
U=24*Is a3

[kPa] ,1 -5 2 5¥ 01ph TN O ¥2 PYDI W DY - N nsanﬁb pn-U

[kPa] (Point load index) 5n1iy nsnys pin - Is

TINYD 12300 MY NPIBWOY NYPH> PI 70V T3 330 MDY RIN PID N 1t up

2902 PPN 23 PIT20 ) 1050 XN R INONY 15,000 10N DP9 Y1139 ONNM ANODR

(Rock Quality De_signat:ion) RQD 324

YO0 NUND PITON 1NN NN NNVAD 1967 - 2 Deere 7P Yy NITINY %93 NYDPN PY2) MN
523 .AYTPPEN YOPH TIIRD PYIND 099000010 10 - D OY9ITAN NYPPN 32303 TN 01 XN RQD - n
wnnwn (1974) Bieniawski .m» HPOND) Mg nPYTO Y20N NoxD 15 1N oo RQD »>yw
M2 0”530 MmN yavr ROD - 5 o 5t v yho1 avvan asns PIPTIND DY Nt M9
TV DIDREN M20 120 NYPRn i
(Spacing) M Pon swempamam 2324

YPY TN NYNYD PN DY YD M0N0 NOND M NI SY T nyawn RoNp Iy

225 NP PO MPIINOR MDDV T PIRN WND MBI N TOD TIIND SwnD 19 ,M2)
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TNSY V7011 HOND MR 70 AN Jop PYPON MY 190N I DI 0OPTON PA PNy

N AANOD 3.4 990D NIV 21DV 521D PITIO INHND UM MY I WD Y 9 PINY ¥ AYTIIN

LOFTON A NNNRY RPN 0N

Very wide  >3m "~ Solid

Wide 1-3m Massive

Table 3.4 - Classification of Joints Moderately 0.3 - Im | Blocky / seamy
based on spacing, close

(From Bieniawski 1974) Close 50 -300mm Fractured

Very close <50mm Crushed

Condition of discontinuities  Mmo'syn N smumayn  73.2.1

99N PIUN MWD DIBON D TON NArNY ,DYFTON 2¥ TNPhan MnD DN 5519 1t 0nas
NIIDY AN S¥A PTON WM VWBON AN 1O PTON MPP P RN MNOW 93 0P oX 1N
2NN TY MDD APHZ 71D NPHN MON NOND SV NPT AW T AN MDY TN NPH0 Idin
TININ PYND WP IYP 19N 2000 TN TR NTIV Y200 oD MN X 210 R NP0IN Wpn
TIUND RIPN DT EY D) 192 YOO 2V PHIN DX G NAND 137N 712 PTON MR pa
YHRY? o219 X OXPTO1 MM TP YI0N HOND MNIT NP DN NP DDA DOFTONY 530 yoon
TUND DN V20N NORD ANI1 AN TID N 010 DY) DRI NND 09N n IvmY Wrsd
MYSNNN APLDINRF MOWN ZW NI PN DOPINT DZPNTININI YOUN TOND YW s
Y201 HOND NN
Ground water onn-m  .n321

DNININZ O ,07PTO OXINR DOHIN .TYIAN %00 1Y XNWHOUND 01 NND DN
0NN (3.1 9990 MHIN) PN DM I¥M OPTUN TNNY T2 N¥PYN U1 OPTo1 DWHNYN)
Y AP 0Y THNNTY PONDT NN NX¥IND OWN 2D 2¢ NINON GON Y0 NOND MON W PTL NTPPD

L2071 MNONHD Hyann ooy
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Photo: 3.1 - Fractures with clay infillings in the Amminadav Formation.
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INNND NN NPT 321
DN} DIOIDIRT OIONITINN 3.2 1710 HY A PHNI OWHINN 1N VDN NDN 21N NNY
MPAIT - IR ITNWD 2¥ PIID0NT DT P2 O AN PTIIY SWWN 70D §O1NN TI91 D10
APTR 20NN MDD NOT ONNNI MNYD NI MOTT TI931 29300 MY T8 70N PN NP PaY
PPMIODN YD) A¥1N MDD ONN P TANY 111315 TUN DY DPMDI NI DPRPN DINNNA 1P 10NN v
DN AN 079D (1972) Wickhiam et al. 5w onmay by novann 3.5 1910 N9 X AR 0T
TN NI 3.2 1900 1730 W B PON 071Y3 WWarn 1T NN P 1121 20 ann pa

W PRE MIPHI MIDD 3102 NOND YO7INN NN 2¥ INYAYNS DRNNA YI2INAT 200 Y 1T

NN DYYNIN TI912 PN 23 DXXTTD MOIDYTT THN TN ON

Dip 45°- 9¢° Dip 20° - 45° Dip 45° - 90° Dip 20° - 45

Favorable

Unfavorable

Very favorable

Dip 45°-90 Dip 0

Fair Very unfavorable Fair

Table 3.5 - Effect of discontinuity strike and dip orientation in tunneling
' (From Bieniawski 1989 afier Wickham et al, 1972)

o¥e 324

MY 295 Yo0N NUND NINY FPIN NTTN NP NYIPAD 00NN SIWY 99 D1YT TNY

X PN TIDYN 1IN0 12 18N NN AN WAND YoOn AORD %1 3.2 v Yv C phra mixay

NP P INIBN NN W 112X YDON NUND RPN ITPTY D23 Nnapn YTHS NN T N9
3.2 N230 20 D PN 3.4 7PN MNI2 PRIV 00D, TINI TN N9 IMInn M o8 nbw

Tyan opy 2w 1o RMR H1on noow npavn imimbn Y¥ 712w iz nosny qona

NONDD MDD NNXZ ONNNL NNYHD TINAD NN MATIV . TIHHN 1NONT MR AN ¢TI




IS DIIOY TIDAT NWIP NN NIVIND NOATTY 3.6 NP0 1IN MW P19°9N 29Y) M2IND
NI MTP 0¥ 13 HoXwa) 25 MPa 1y 9N YORD 0y 0700 10 S anya hnan noya nove

23,2 NON IV DY) ¢YDN TR O ann

(From Bieniawski 1989 P=100-RMR * B 3.2)
after Unal 1983) 100
P [kPa] - Twoni opy N

B [m]

y (N/m’] - yoon e manan msex

- mpnany

Full face Generally, no support required except for occasional spot
3 m advance bolting
Full face Locally, bolis in erown. 50 mm in
1.0 - 1.5 m advance 3mlong, spaced 2.5m, | crown where Nene
Complete support 20 m fromm | with occasional wire required
face mesh
Top heading and bench
1.5 - 3.0 m advance in top Systematic bolts 4 m 50 - 100 mm
heeding. Commence support | long, spaced 1.5-2.0m | in crown and None
after each blast, in crown and walls with 30 mm in
Complete support 10 m from | wire mesh in crown. sides
face.
Top heading and bench Systematic bolts 4 - 5m | 100 - 150 nm Light to
1.0 - 1.5 m advance in fop | long, spaced 1.0-1.5m | in crown and medium ribs
heading. Install support i crown and wall with 100 mm in spaced 1.5 m
concwrrently with excavation wire mesh sides where required
10 m from face.
Medium to
Muitiple drifty Systematic bolts 5§ - 6 m | 150 - 200 mm heavy ribs,
0.5 - L5 m advance in top long, spaced 1.5 min in crown, spaced 0.75 m
heading, Install support crown and walls with 150 mm in with steel
concurrently with wire mesh. Bolt invert sides, and lagging and
excavation. Shotcrete as soon S0mm in fore-poling if
as possible after blasting, face tequired,
Close invert

Table 3.6 - Guidelines for excavation and support of rock tunnels in accordance

with the Rock Mass Rating (RMR) systent. Relevant for tunnels

with horseshoe shape, width of 10 m and vertical stress < 25 MPg

(From Bieniawski 1989)
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1989 -1 Bieniawski P 9y nuy 9uN Tt 00w wnhveny 1117 0N P 01vob
TOND VT T2 PN 000 ¥IYN TUR D TRB DY AP0N SY 0N 020eNnn WO (3.5 )
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Fig 3.4 - Relationship between the stand up time and the RMR.
(From Bieniawski 1989}




Fig. 3.5 - Adjustment to the
Rock Mass Rating (RMR)

© system for mininig application
(from Bieniowski 1989)
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(QUALITY) Q' monporw 3.3

YANTTI PN NOUN Mips 1974 - 2 Barton et al. >1> by Ihmav RN NPD Ny

N MMM NNAD ST P2 WEN P13 wnd (Deere 1967) RQD - 1 10079 Yy o0ana m»nn
29002 P23 RQD- 1 1o anwm onv xen oxnn nvnn RQD - 1 pab wmiwss 1P BN
(Cecil 1970) ¥o01 29 w9 INR MIIT NN A$1HN ORI VN DPTON MWD 1990 .0PT0N MWD

VNI NPT TIDN KA1 NHDD 21T MDYH 3 A RQD - 0 pa oxnnn Newy oy po
NPYTAN PTON NI J¢ DIONN INTT 7PN PTDY PUNIN OTPNN .HYPWa 99w NNoan D20
T DNMNNY XID DTPRN Y701 NOND MR 22 DIRONN YT P2 22PH WP DYP 9 IR
IS TR DONINNS DRNNT JO0N HOND MPN P 102 X908 WP NNID PIPON MWD v mYn
7N N DIVONN TNTT ,PITON MIWN 1908 ,RQD - 1 Pa 1PN DX MIRNDN HYMN NP
DN ~ 2N NYavnd 0XONMNHN D201 0YMDS 010179 1o YN MUpod .ﬁbbn NORD NN Py
Q- 1 NV NN OY290N OVHRIAN YD DPUMAN 3.7 180D 1D YIUN NOND Y NHBNDN 280
.(Barton et al. 1974) 3.3 I9TD INDY NITA YXIND ¥IDH NUKD TPN 319¥T TR STH0N OTIN
AYTUN MNAXND ORANA 1YY PINTUN TNMY YAy 90099 J0pIs 99 YW »ondh 19900 2Wwen

1970 Cecil ¢ tP3mn qoIN Yy 9oy Mo
0= (ROD/Jn) » (Jr/Ja) + (Jw/SRF) (3.3)

{(Deere 1967) nypin py2aa M1 15 NINIY 293 Y500 Noxn NN - RQD
DOPTeN MDYVR Naon - In
PTON MYP v ononn o1pp - Je
Proamiannmotpn-Ja
Y20 AONDI D MN2N 2Py TWORD OTPD - Jw

ONDRON INDY TR VN SIMN 2y nebnn oTpn - SRE



Rock Quality Designation (RQD)
Very poor 0-25 Note:
Pcf:r 2550 (i) Where RQD is reported or measured as < 10
Fair 5075 (including 0), & nominal valve of 10 is used
Good 75«90 to evaluate Q in equation (3.3).
Excellent 90 - 100 (i) RQD intervel of 5, i.e, 100, 95, 90, etc., are
sufficiently acourate.
Joint Set Number Jn
Massive, none or few joints 05-1.0
One joint set 2
One joint set plus random 3 Note:
Two joint sets 4 (i) For intersection, use (3.0 * In)
Two joint sets plus random 6 (i) For portals, use (2.0 * Jn)
Three joint sets - 9
Three joint sets plus random 12
Four or more joint set, random, heavily jointed,
“sugar cube”, etc. 15
Crushed rock, earthlike 20
Joint Ronghness Number Jr
(a) Rock wall contact and
{(b) Rock wall contact before 10 ¢m shear
Discontinuons joitt 4 Note:
Rough or irreguler, undulating 3 (i) Add 1.0 if the mean spacing of the
Smooth, nndulating 20 relevant joint sei is greater then 3 m
Slickensided, undulating 1.5 (d) Jr=0.5 can be used for planar
Rough or irregular, planar 1.5 shickensided joints having lineation,
Smooth, planar 1.0° provided the lineations are favorably
Slickensided, planar 0.5 oriented
(€} No rock wall contact when sheared (iii) Description B to G refer to small -
Zone containing clay minerals thick enough to 1ob scale features and intermediate -
prevent tock wall contact scale featires in that order
Sandy, gravelly, or crushed zone thick enough to 1.ob
prevent rock wail contact
Joint Alteration Number Ja

(a) Rock well contact a ¢r (approx)

Tightly healed, hard, nonsoftening, impermeable
A, filling, i.e., quartz or epidote 0.75
B.  Unaltered joint walis, surface staining only 1.0 25-350

Slightly altered joint walls. Nonesoftening

mineral coating, sendy particles, clay - free

disintegrated rack, etc, 2.0 25 - 30°

Bilty or sandy clay coating, small clay fraction
D.  (nonsoftening) 10 20-25°

Boftening or low - friction clay mineral coating,

ie., kaolinite, mica. Also chiorite, tale, gypsum,

and graphite, etc., and small quentities of
E. swelling clays (discontinnous coatings, 1 - 2 mm

or less in thickness) 4.0 8-16°

Table 3.7 - Q system, rating of RQD, Ju, Jr, Ja, SRF and Jw. (From Barton et ai. 1 974)

L
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Joint Alteration Number Ja (Continne ...)

Sandy particles, clay - free disintegrated rock,
etc.

Strongly over - consolidated, nonsoftening
clay minera] filling {continuos, < 3 mm in
thickness)

Medivm or low over - consolidation, softening

clay mineral fillings. (continuos, < 5 mm in

thickness)

Swelling clay fillings, i.e., montmorilonite

(continues, < mm in thickness). Value of Ja

depends on percentage of swelling clay - sized

particles, and access to water, etc,

(c} Ne rock wall coniact when sheared

Zone or bands of disintegrated or crushed rock

end clay (see G., H., I. for description of clay

condition)

Zones or bands of silty or sandy clay, small

clay fraction (nonsoftening)

Thick, continuous zones or bands of clay

(see G., H., J., for description of clay

condition)

Note:

(i) Values of tbr are intended as an
approximate guide to the mineralogical
properties of the alteration products, if
present

4.0

6.0

8.0

8.0-12.0 -

6.0,800r
80-12.0

5.0

10.0, 13.0 or
13.0-20.0

25-30°

16-24°

12-16°

6-12°

6-24°

Stress Reduction Factor (SRF)

{a) Weakness zone intersecting excavation,
which may cause loosening of rock

~ mass when tunnel is excavated

Multiple occwrrence of weakness zones

containing clay or chemically disintegrated

rock, very loose smrovmding rock (any

depth)

Sinple-weakness Zones containing clay or

chemically disintegrated rock (depth of

excavation 50 m)

Single-weakness zones containing clay or

chemically disintegrated rock (depth of

excavation > 50 m)

Multiple-shear zones in competent rock

(clay-free), loose surrounding rock {any

depth)

Single-shear zones in competent rock (clay-

free) (depth. of excavation. < 50 m)

Single-shear zones in competent rock (clay-

free} (depth of excavation > 50 m)

Loose open joints, heavily jointed or “sugar

cube,” etc. (any depth)

{b) Competent rock, rock stress problems

Low stress, near surface GGt ooy

> 200 >13
Medium stress 200-10 13 - 0.66
High-stress, very tight
structure (nsvally favorable
1o stability, may be
unfavorable to wall stability 10-5 0.66-0.33

10.0

30

25

1.5

50

2.5

50

25
1.0

05-20

Note:

(i) Reduce these SRF values by 25 - 50%
if the relevant shear zone onty
influence but do not intersect the
excavation

(i) For strongly anisofropic stress field
(if measured). when 5 < m/en<10,
reduce Gc and Gt to 0.8 Gc and 0.8 G,
when 61/G3 > 10, reduce oc and Gt to
0.6 oc apd 0.6 O (where G =
mmconfined compressive strength, Gt =

tensile strength (point load), 61 and O
= major and minor principle stress)

Table 3.7 - (continued)




Stress Reduction Factor (SRF)
L. Mild rock burst (massive _
rock)y 5.25 0.33-0.15 5-10
M.  Heavy rock burst (massive
rock) <2.5 <0.16 10-20
(c) Squeezing rock; plastic
flow of incompetent rock
under the influence of
high rock pressures
N.  Mild squeezing rock pressure 5-10 (iii) Few case records available where
0. Heavy squeezing rock _ 1 -20 depth of crown below surface is less
Ppressure then span width. Suggest SR increase
(d) Swelling rock; chemical swelling activity from 2.5 to 5 for such cases (see H)
depending on presence of water
P. Mild swelling rock pressnre 5-10
R, Heavy swelling rock pressure 10-15
Joint Water Reduction Factor Jw
Jw Approximate water
pressure
(kg/em’)
A Diry excavation or minor inflow, i.e., Note:
B, 5 L/ min locally 1.0 <] (1) Factors C - F are crude estimates,
: Medium inflow or pressure accasional Incresse Jw if drainage measure
outwash of joint fillings 0.66 1.0-25 are installed.
C. Lerge inflow or high pressure in (ii) Special problems caused by ice
competent rock with unfilled joints 0.5 2.5-10.0 formation are not considered
D. Large inflow or high pressure,
considerable ontwash of joint filling 0.33 2.5-10.0
E. BExceptionally high inflow of water
pressure at blasting, decaying with
titne o 02.01 >10.0
F. Exceptionally high inflow of water
pressure cotitinning without
noticeable decay 01-0035 >10.0
® Nominal

Table 3.7 - Q system, rating of RQD, Ju, Jr, Ja, SRF and Jw. (From Barton et al. 1974)
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M2 NPIVEPT NPEPIAMP 300,000 - 5 XONNN 19NA NTIY YD YN 010D Y

AP0V IO MY NI (Barton et al. 1974) psur >ORD YOO T YPIPN INN YD HOND
Jn nR P72 nnsy naa m_‘bn ROWND YPYNND V2 N P10 THD NTIPHD ONNT MDNY PANe
YZIND NN DONIDN OIMNT DINADN 0N IR Y2pY ann Ja - 1 Jr 090990 .oxn

TN NN YD TPINK NND NP 1HDIPD NOMP ¥ONY M SY DR YO0 NONDI SP2IDN
PYIND XONON PIY ON21 P55 MnNn M SYppp Y700 NOND Z¢ PYPTNT IPTIN PN IWND

OXRIN2Y 97N NSH PP TR murny mﬁx NN DNBY ZIND NN WND ¥HYon
3.7 N220) YO0N ¢ NP0 PIMION AN YOUN Prin AN B 103 Y9190 SRE - hvpe .p-nmn
{b, c pon
OVN OM200WIN DIID5 200 NP TYH DB NPITN 1PIRI NRONN >0 :nbnb

1 Y700 NUNM
TPNPYTIX TNPD nsvﬂ ¥2ON NORD S 20010 AN NN NP MNOM eI ponn ~ RQD/Jn
VI 7230 YO PIPAN YT NV 1901 ¥ w O Y 0DYHD DDA Sorvn pban STy
AN Do Dpia

33 ANTH OPIHN IDIN N PTON NYPP DY iPRAN T AN D¥oNN AN A8 m voap - Jrila

PTon mPp 2w (residual friction angle) mven THNN TN AP MHWN N fen 1 (F/Ja)
TPM NN OMYNDUD PINT TIPORH BPIPOIN 05D NOY (Barton et al. 1974) nend puno
VNS PHNDNR T2 TIAM TN
DN YNY7 NPYIPN NN Jw .OXSHNON 2305 N2 MIND 079103797 2 Yw PPnn - Jw/SRE
2120 NN POVZ IN T ONZID? APY THON MDVN DT .32 MIDANT Mopnd 019 519 wN
ODIYN RN Y02 DINDNOM 2NN 71700 5Y IIP0INT NP1 YINN DU iaenn ik xvan SRE .op1oa

AR OMINAD PR OYPANN IVNIY ,0IPD7 _NANINNZ DOPD T1 WO DY DAY 2py YaNn

V20N NUNDI BXN9D OIDOPRN DONONDI
MOONR TW 2N L,3.7 Na0HN 1220 N LY - DAY BN DI3DN 0MI0H9N 25 mvn
Y200 NONNY PN OXNMVPD OMI0NISD TIDY DX NDPOH 3.3 790D HNDN NIV YHun Noxn
ESR (Excavation Support Ratio) XIpan qon 905791 /Q) - 1 Nvdw AUBHYD TINHn jan TN

2V ITWND MO ANZ INODI YP0N HONDD D73 WP 1N OMTIPT O009900 A [Nt 09



0% 7720 7MY RY 12 ESR - 7199y onmg 3.8 1 .waTn PNVIN OTEDY YOTINT NADH

NPIHYIAND NUAN N 02I11Y 031 ,07¥735 717139 MUPYnn M Mo ESR %9 niay Ty Sapn

MDY DIVDYT 0N NOND NN (1974) Barton et al. PN 3.6 1900 pxa 7 ESR Ty 9apnw

013 1Q »39¥¢ 523 .ESR - 51119150 nman 5135 ¥901 NOND MNY ONIM NBIY TN MNP

TPDORD TPAN YIPAY TIAN X0 19 10 910 19%ann nnam any 71 ESR. - 0 TW e

1974 Barton et al. Syx MuMan mmwn MmN M¥IP NY hanm

NONNN NS 1974 Barton et al , v Tonn 0D NN DX 0) TIVEND QY =1 oy

DN TUPAN NY P27 QY Yo0N HOND NN T T 9190ND DTPD T P 3.4 1900 POV Y

Proor= (2.0/T1) 07 (3.4)
: TWND
(Barton et al. 1974) P, - kg/om’ -2 mmmn ab y1ap Timen ynb
A, Temporary mine openings 3-5 2
B. Vertical shafts:
Circular section 25
Rectangular/square section 2.0
C. Permanent mine opening, water tunnels for
hydropower (excluding high-pressure
penstocks), pilot tunnels, drifts, and heading 1.6 83
for large excavations .
D. Storage caverns, water treatment plants, minor highway and
railroad tunnels, surge chambers, access tunnels 1.3 25
E. Power station, major highway or railroad
tummels, civil defense chambers, portals, 1.0 73
mtersection
U. Underground nuclear power station, railroad
stations, factories 0.8 2

Table 3.8 - Rate of ESR parameter. (From Barton et al. 1974)

N
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2T JT DRI NP DOIVING PN NMDYIN N SN NIV 999 0P YN TN XND

O7IINDT NSWN KD IPYI TNIN PINN 3.7 19010 IPXI AW 293 NP 09T P Q7 999w I
MAI 10U NN POINT 1 3.4 990D HNTNRD NWI AN DIPNBT BRNTL 193 03N MY
93010 YN PYPO DOWD YV 50 10YP DY Hnnon 3.4 nhon .qon qopieo (Jn) proon mown
35 NOn VAN TIMAN NND 0) o TO5 OXNI ANV YIUN NONDBI YaINT NNt wp 'm
(P10 MO YWY ¢ - D PN T oW NP 201 TR YNY 137 YD (Barton et al. 1974)

- In> 99w mipna a0y obrm

Proor=(2Jn 2 (Q) 7 )30y (3.5)

:3.7 PN1 NNON ALY MK "D 1PINT DINND) 3.5 190D NHONH DY2PNnD O%I9yh D)
DIPNY B9, NIMNN A7 YYNN NIB TIN 522 TIT2) NN MM MVPP2 YA TN YN
‘_ JIPNTIPI VYA 2¥ 07102 IN AN 19171 MNSI® HPOIN v
2%aonh ¥ @ > I8 9N TN 3.7 ApNa Tinn Ynd noaym vanenb ooxsnn 1974 Barton et al.

MPN Z¥1 Y20 MDORDI A0 NEPNI Y902 wATIN TIRHN YD DX POPAY 7211 wona /Qr - i 77y NN

23pnon T vpheo NN @ < 01 w01 2.5 -20Q - T ANDonY 0I<Q <10
NN NP2 B MIPNI YN TIMhN NAY 1y
MO THAND AOHNN N2 WK TP MPY IVIWI NN ¥an 1O - 1 How Sv mnmen
TIONA NPOV 192 NIRRT 20NN AN vnda (2w MPKIN - IR MWD P P00 97
v‘:ﬁn NONNIY DTN WP NOZ 0T Q! Y2y MDY Y20 MOND HY 1a1TH TUND NN 10 Yoon
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Fig 4.4 - Terzaghi correction, (Terzaghi 1965)
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Fig 4.5 - The angle formed in the discontinuity
plane by the roughness of the plane.
(From Goodman 1989)
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Table 4.1 - Classification
of reughness profile.
(From ISRM 1978)

£9

reuvgh

W%

smaath ]
I I W A
slicknnaslded
| —
STIFRLD
raugh
amaath
sliekensided
vi _
UNDULATING
reugh
Vil
smiasth
yiill
silckenaldnd
Ix
PLAMAR
oyhn

14.1.4

7799 Twn1 ,N1Mmn2avn 105 TUIN YOPHD IR 2K 070N 2W Nyawn Nt T Yy o) 0Winn M mnd

TR 992 TAX T DT 0070 23PN 1005 NN DI7 YW DPNIND NISNI TN Nt APNR 18P I

JYNN



DTN - Ay Moy - 4.2

(Point load) Is mnnMp) nensY phn 4,21
YOTD ONTPI TUX OU MY23 9y NI YN NYYan mvNnNa SWNIND RPN PYnn nprTa
(4.6 790n 1%} oMW (L) D NR Mwas (D) 112p 0ipa 009993 190D DT YoU npNT Y50 .0x N

N1 Y00 PV 1011 NPYTIN NOY ONm

: 0N VI PY2I 9N
(Diametral) ann P TIRZ N ISy L > 0.7D 1

(Axial) oiDw TYNRD VS TG NS Y D/L=11% 0.05 2

Fig 4.6 - Cores size
Jor point load test
{¥rom ISRM 1978)

L=07D £ =112005

Diametral test Axial test

OYIMYPN NPIVZ PY §NY RPIDD AWN NZYaN DT ,0M7NP 0YShBhn 197D P> 1N Pvan-

NP (00an Meph ompn Nspn) 60° S¢ NI DN oY¥NYNI oMPn Jewn N2 AR TN e
U0 N0 AX TN NTPTHN P (4.7 980D 9P8) D09 5 9% opTya vn oVIPN

1002 1) XAWNDID DDIVT IWND NN SYID 2W MPY1In 22D PRN IPNY TN RN 1P

2Py NIMHBN AT ©2aNH 00 7P DY DINTI OHYDN P2 2DWN NP3 ,§IWNDI XNNTH 01D NN

1 P00 J70N NOND T KOWTT W INPHN 11PN DX Y127 119 Ko, W 7183 1M1 N YIes

NN TNNZ DIWNBN TAYHN NNIM ATPHY 7NN W01 SN PN APNI0PR NPT 7159

At

[P —




61

2 790D NOWT) ©P2N WDV 1701 3 -) 19900 MINDIYT NIN03YT viow Impr " NPYIa PNRa . Mmnn
2V > 0pNnY 5 Y NP2 ,00PY0) IINNIN THNY NP HHM00 RDNTE PIR 95 0PN 29 1101
WINONTIPIN PYIND NPT VI INRD .2 I900 NOITED DI1P2 221 3 -3 1 790D MINDITI OONPS nwbw
1Y) NN DV DY DN DOINDD TN NDITTN AMIND D39WN ¥20N 9593 P2 11077 ¥3mn 5 mxymn

;TPII0N) NIATN NRYIND VY MINONT PR TYHN NTIVINRD X MmN | (T1, I2, I3 7N0arT 1 noos

YT MASY TIND OINIT TYNI MUYY 1IPIV 293 ,09152 “PHR NNY 111D Y1IPY 5910 1000 1181

r=4mm
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Fig. 4.8 - Type of blocks around
the under - ground
excavation.

(From Goodman, 1989)

Fig. 4.9 - Removable block with
two joints and two free
Sface.

(From Goodman, 1989)

Fig. 4.10-JP & EP formed after
the forth plane moved
through point "o’
without rotation.
(From Geodman, [(989)
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Reference
circle
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suxface (0-1; ()] (3]
1. Bedding 50’ 28
joints
2. Sheared &F 45 16
surface
3. Main joint 20 3 35
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U.H (LF.P)

F ig. 4.11 - Stereographic projection of three discontinuity planes that form Joint pyramid (JP).

U.Ii (L.F.P}

(Fram Goodman, 1989}
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Figo 412 - The only removable IP from the tunnet rrmf

(From Goodman, 1989)
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Fig, 4.13 -~ The only JP removable ﬁm the EP of the southern wall.
(From Goodman, 1989)

U.H (L.F.P)

Fig. 4.14 - The only JP removable from the EP of the northern wall,
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Fig. 5.3 - Joint measurement (Dip/Dip Direction) outside the tunnel
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Fig. 5.4 - Joint measurement (Dip/Dip Direction) in the tunnel
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fig. 5.5 - Strike of joint, after B. Rudowskl (FeBeKa)
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Ground water = 15 RMR »4y
(Stress Reduction Factor) SRF §5.1.7
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WAVINESS

ROUGHNES3S

DISCONTINUITIES

REMARKS

ATER IN-FLOW

Dr

A

Y

ACTUAL

SA{s =105 - 1m} + S{mn 30cm

DESIGN BY

IQI'

14, 18,22 23, 31,35

SUPPORT | =

DESIGN BY

RMR'

2,3, 4

OVER-BREAK

| STRENGTHI un.pL

ROCK MASS

IQI

005-0.31,22-11.7

CLASSIFICATION

'RMR'

26-49,51-78

SPECIAL OPERATION

Longtudinal Scale: :'u-E“T“H:L




GILO LONG TUNNEL reaete
Summary of Engineering geological data
Section No. _428 from _®225 (g €50%cm
- DATE 3111211998 4171904 13 a2
|
Q STEEL ARCH NO. 853 B7s 6% 725 735 7d4s 75s 78s 77s 65 a7s s
Fe | ExcavaTion [METHOD . fia + 08 >
) PROG.(m) ||+ [t hd 47 [+ ] 26 | 17 [ 1] 1 orhd 15 | 19 [o7] 11 1]
(o) ROCKTYPE Dok:mita, karsfie, jointed forming verticaf benches and dolomite fiour
—t DISTANCE {m. from &. portal ) 50 52 1 . 13 58 ) Glﬂ . 62 64 3] a8
i H 9 !’ - H
LOG OF A
FACE
REMARKS '

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

w SYMBOL H B €2

[LE] 0 .

= DIP/DiP DIRECTION o0'1280° gtPrs10° 0710

S CONTINUITY {m) 3 5 3

=z SEPARATION {&m) 1-3 1-2 1-3

e SPACING (cm) 10 - 50 200 - 300 10-50

g IN-Fi L ING CI, weathered rock G, weatherad roek O, wealhered rack
O WAVINESS Un Un Un

b ROUGHNESS %0 Ro

] REMARKS
WATER IN-FLOW -« Dr .
E ACTUAL SA(s = 0.5 - 1m) + S{mr) 30cm

g DESIGNBY @' 14,18,22,23,31,35

U:J DESIGN BY ‘RMR" 2,3,4

OVER-BREAK

STRENGTH! UN./PL. (MPe)

ROCK MASS Q 0.05-031, 22-11.7

CLASSIFICATION 'RMR" 26-49 51-79

SPECIAL OPERATION

Longtudinal Scale: :FFH:L"




DISTANCE (m. from S. portal ) h

LOG OF
FACE

78 B0 2

} 89

. Page No, __8

(]

GILO LONG TUNNEL

. [ Summary of Engineering geological data

SectionNo. 40 _  from o to ss8%m
> DATE 1421954 172 2

- O STEEL ARCH NO. s 975 100s 1025 108s 1095 13s $185
% | ExcavaTion | METHOD h : Ha v DB *
X PROG.Gm} |1 | 15 | 15 Jo7[ 1 | 18 [orfozled 1] 1Jarl 1 [ 2 | 1] 1 by 1 b
8 ROCK TYPE Diolomits, karstic, jointed forming vertical benches and dofomite flour
- ™ 7 7

24

2

REMARKS

] @
. Q
-
P Q
X —
- |
=
< |z
. } @ E
L
. O
q 8
..I
ﬂ REMARKS
N SYMBOL H Jz J8
) % DIP/DIP DIRECTION o0'r260" go’3s0 80°r280"
J 5 CONTINUITY (m) 3 3 8
- > SEPARATION {cm) 1-5 1-6 <1
- SPACING {cm) 10-30 10-30
' l % IN-FILLING 3, weathered rock ©l, weathered rack weathered rock
; WAVINESS Un Un 8t-Un
A Q
; @ ROUGHNESS Ro Ro
oy [m] REMARKS
! WATER IN-FLOW o Br -

I:E ACTUAL SAfs = 05 - 1m) + S{mr) 30em

‘. E DESIGNBY Q' 14,1822,23,31,35

_i G DESIGNBY ‘RMR' 2,3, 4
OVER-BREAK

|_STRENGTH| un.iPL. @iFe)

: ROCK MASS o 0.05-0.31, 22-11.7
CLASSIFICATION | puar 28-49 51-79

: SPECIAL QPERATION

Longtudinal Scale:  C— ]




90
PagaMo. __§
GILO LONG TUNNEL
Summary of Engineering geological data
Section No. _431__ from _8825 tg _1085%0m
DATE 8!:?!'1994 1%?3 17;!'3
STEEL ARCH NO, 185 1208 1285 132% 134 1365 138s 140
- Ha+ BB .

LOCATION

EXCAVATION [METHOD

PROG. {m)

ool 1 11 pobspshdpdhdorfor] + [ [+ [« T4 [ [ [or] s [1 [+ ]

1|

ROCKTYFE

Dolomite, Karstic, folntec forming vertical benches end dofomite flour

DISTANGE {m. from 8, porfal )}, %°

L] 100 102

104 06
1 I I

108

GRAPHIC LOG

LOG OF
FACE

%2 T3

2

H

REMARKS

LOG OF TUNNEL

LEFT
WALL

RIGHT

WALL

REMARKS

DISCONTINUITIES

SYMBOL

i)l

J3

J2

DiP/DIP DIRECTION

o0%260"

sgan®

80’

CONTINUITY (m)

5

3

SEPARATION {cm)

1-3

j-2

1-3

SPACING (cm)

t0-50

10 -50

IN-FILLING

Cl, weathared rock

Ca, weathenad rock

VWAVINESS

Un

|, weathersd rack

Un

Un

ROUGHNESS

Ro

Ro

Ro

REMARKS

ATER IN-FLOW

DOr

7 3

Y

SUPPORT | =

ACTUAL

SA(s = 0.5 - 1m} + S{mr 3em

DESIGN BY Q'

13, 14, 18,22, 23, 35, 38

DESIGN BY ‘RMR'

2,3, 4

OVER-BREAK

| STRENGTH! =%/ pL. MPa)

3.8

ROCK MASS

Q!

0.006-0.05, 22-11.7

CLASSIFICATION

‘RMR’

21.51-78

SPECIAL OPERATION

Longtudinal Scale:

- ——,

[N y———_—

N
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GILO LONG TUNNEL e
Summary of Engineering geological data
Section No, _432__ from _108380 §5 128336 m
- DATE 2213/1994 253 303
Q STEEL ARCH NO. 143s 1458 14Ga 1485 149 1515 1525 1585 1645 15585 158 186% 1595 1608 169s
| ExcavaTion METHOD * _ Ha + D8 >
D5 PROG. (m) KR EREE B E FA R ER RN ER RN A RN EE AN B
() ROCKTYPE Oclomita, juinted forming vertical banches, karstie and dolemie flour
— [ DISTANCE (. from S. portal ) 10 112 1 18 i 122 i 1%
1 a =
LOG OF ’ !
FACE
8
|
194
%
o

L.OG OF TUNNEL

REMARKS

R SYMBCL Jz 41

it DIP/DIP DIRECTION 8060’ 907260°

['5-" CONTINUITY {m) 5 3

Z SEPARATION (em) 1-2 1-3

- SPACING (erm) 1050 10-50

% IN-FILLING weatherad ok westhered rock
WAVINESS Un Un

<a_'; ROUGHNESS Ro Ro

0 REMARKS

WATER INFLOW < Dr >

lg ACTUAL SA{e = 1m] + S{mr} 23Dem

& DESIGN BY '@ 13,14, 18,22, 23,35, 38

® DESIGN BY RMR' 2,3,4

OVER-BREAK

| STRENGTH| um./pL. vea)

ROCK MASS Q 0.006-0.05, 22 -11.7

CLASSIFICATION | RMR' 21,51-79

SPECIAL CPERATION

Longtudinal Scale: T —— )



92

GILO LONG TUNNEL A
Summary of Engineering geological data
Section No, _433 from _i28338 fo 146120
- DATE 4‘1'4&"19-94 11|M 22'-'4
Q STEEL ARCH NC. 163% 1678 169s 180: 1825 18ds 1665 1875 1808 160s
= | excavaTion | METHOD h Ha + DB >
§ PROG. {m) n.5|0.5b510.5|u.5#40,5!0,5'0,5 b,5|u,5|o,7 |o_1' |n_7 ;Mioslns[n_?[ 1 I 1 i 1 | i | 1 | 1 ! 1 | 1 [ 1 |
C ROCK TYPE Dolamits fluur and jointed Dajomite forming vertical benches. karst with clay content at places
130

DISTANCE (tn. from S. porfal )

132 134 136

146

LOG OF
FACE

138 140

i
:

142 144

"
H
f
i
i

8y - SEr oN o

o)
9
o
z | o
R
a2
(18
e}
g
] REMARKS
7] SYMBOL
*-i_l.'-' DIR/DIF DIRECTION
= CONTINUETY (m)
g SEFARATION {crt)
e SPACING (em) :
% INFILLING
o WAVINESS
) ROUSHNESS
[a] REMARKS
WATER IN-FLOW - br -
lg ACTUAL ShAfs < 1m) + S{mr) 30cm SA(s = 1m} + S{ow} 3em
g DESIGN BY '@ 13, 14, 18,22, 23, 35, 38 13, 14, 18, 22,23, 31, 35
? DESIGN BY RMR" 2.3, 4 2 3.4
OVER-BREAK
STRENGTH| UN./PL. (Fa)
ROCK MASS Q 0.008-0.05, 2.2- 11.7 005-031,22-11.7
CLASSIFICATION | ‘rur’ 21,51-79 26-49, 51-79
SPECIAL CPERATION

Longfudinal Scale:
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a3

PageNo. _8___
> GILO LONG TUNNEL
j Summary of Engineering geological data
' ] Section No. _43¢ from _148.120 to _167.885
= DATE 2471994 2814 115
Q STEEL ARCH NO. 191s 1925 1945 1968 1998 2023 2045 2085 2075 208s 209s
] Iz | Excavario |METHOD b Ha+ DB >
PROG. (m) Lol LT s Tl el o[ afalale[4 T [a]a]+]
. 8 ROCKTYPE Dofomite, jointad forming vertical banches. Dolamits flour at places
: } | DISTANCE (rn.from 3 portal) 150 1?2 154 156 ) 198 ‘l?ﬂ 1?2 164 . ‘l?‘ ,
J i
LOG OF '
J FACE
3
) I REMARKS
8
__} O
J - _ ;
. L ‘
= I
. 5|2 (I:_
| n .
L o
0]
. &) .
| ] '
j . REMARKS
(7] SYMBOL J ] J2
- L DIP/DIP DIRECTION 91260 75°%290° a0’Ker"
! g CONTINUITY {m) 3 5 3
= = SEPARATION (cm) 1-3 -3 -2
— SPACING {cm) 10-50 200 - 250 10 -50
?| E IN-FILLING €1, weathered rack weatherad rock Cl, weathered rock
! 8 WAVINESS Un Un un
7] ROUGHNESS Ro Ro Ro
; O REMARKS
WATER IN-FLOW < Dr »
LA
E ACTUAL SAls = 1m) + S{mr} 30cm
L DESIGN BY ‘G 13, 14, 18,22,23,31,35
@ DESIGN BY RMR’ 2,34
OVER-BREAK
; STRENGTH| UM.{PL MPs)
) ‘ ROCK MASS ‘w 0.05“0.31,2.2'11.?
CLASSIFICATION | wur 26- 49 59 - 78
SPECIAL CPERATION

Longtudinal Scale:



GILO LONG TUNNEL

Summary of Engineering geological data

Section No. _435 __

from

167888 o 187850

PageNo. _10

LOCATION

DATE

M§!1 g4 1?}1 [+ 1 115

STEEL ARCH NO.

2285

EXCAVATION

METHOD

2118 23 218s 218s 230s 222¢ 2245 22685
Ha + DB -

F 3

B

—

PROG. (m)

Pt e Tl T e P o e oA [ o] a]a]a]+]

ROCK TYPE

Dalomite, jointed forming vertical b . Dolomite flour al places and heavily jointed dofomits

DISTANCE (m. from S. portal ) 168 170 172 174 176 178 120 1I|l2 184

186

GRAPHIC LOG

LOG OF TUNNEL

LOG OF
FACE

il
H

i

¢

REMARKS

REMARKS

DISCONTINUITIES

SYMBOL

J1 J2

DIP/CIF DIRECTION

o0’260" 80°1010°

CONTINUITY (m)

k! 3

SEPARATI

ON {em)

1-3 t-3

SPACING (cm}

10-50 10-50

IN-FILLING

Cl, weathered rock Cl, weathwred rock

WAVINESS

Jn Lin

ROUGHNESS

Ro Ro

REMARKS

WATER IN-FLOW

Or

A

Y

SUPPORT

ACTUAL

SA(s = tm} + S{mn) 30cm

CESIGN BY Q"

3,35

DESIGN BY RMR’

3.4

OVER-BREAK

ROCK MASS
CLAGSIFICATION

STRENGTH| UN./PL. MPa)

o

0.025-0.31

IRMRI

25-49

SPECIAL OPERATION

Longtudinat Scale:

[
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Section No. _438 _

GILO LONG TUNNEL
Summary of Engineering geological data

Page No. __11

from

157650 o  207415m

N

LOCATIO

DATE

225 255

185/1994
1 1 1

STEEL ARCH NQ.

2¥s

3 233 234s

2365 2385 240s 2415 2428 2448

EXCAVATION [METHOD

o

Ha + DB

1!%

PROG. (m)

-
EEEEESEENERER RN

1 [ s 15181171z

1]

ROCK TYPE

Dolomits, jeintsd forming vertical benches. Dolomite flour at plases

DISTANCE (m. from S. portat )] Y%

180

182 154 196

158

202

200

208

LOG OF

FACE

2

i i
i

REMARKS

LEFT
WALL

‘GRAPHIC LOG

LOG OF TUNNEL
)
ROOF

RIGHT
WALL

REMARKS

SYMBOL

J1

Jz

DIP/DIP DIRECTION

85r240°

80°f018"

CONTINUITY (m)

2-3

SEPARATION (erm)

<1

<1

SPACING {cm}

10-50

10 -50

IN-FILLING

Cl

Cl

WAVINESS

Un

Un

ROUGHNESS

Ro

DISCONTINUITIES

REMARKS

/ATER IN-FLOW

F

Or

Y

ACTUAL

SAls = 1-1.5m) + S(mr) 30cm

DESIGNBY '@" .

13, 14, 18, 22, 23, 31, 35, 38

SUPPORT | =

DESIGN BY ‘RMR'

2,34

OVER-BREAK

STRENGTH| uN./PL. (vPx)

ROCK MASS

IQI

0.006-031,22-11.7

CLASSIFICATION

BMR

21,26-48, 51 -7

SPECIAL OPERATION

Longtudinal Scale: [ —mm— -




Section No. _437

PageNo, _12

GILO LONG TUNNEL

Summary of Engineering geofogical data

from _207415 fp 227.130m

LOCATION

DATE

ZSIIEHBQll 1.:;6 56
I

STEEL ARCH NO.

247s 2483 251 253 2555 267s 2585 2618 284s 266s

EXCAVATION [METHOD

-+ ~ DB+ Hs —_—

PROG. (m)

KN K KN EN BN K KR KN KR ENEN KR EE RN ER EN KN RTE

"ROCKTYPE

Dolamits, jeinted fepming vertical benches. Dolomite flour at places

DISTANCE (m. from 8. porial

GRAPHIC LOG

LOG OF
FACE

208 210 212 214 218 218 222

1

G.

REMARKS

LOG OF TUNNEL

REMARKS

DISCONTINUITIES

SYMBOL

Akl 42

DiP/DIP DIRECTION

90%260° 80°i010°

CONTINUITY (m)

SEPARATION {fern)

2 <1

SPACING {cm)

10-50 10 -60

IN-FILLING

<l Gl

WAVINESS

Un Un

ROUGHNESS

Ro Ro

REMARKS

IATER IN-FLOW

Dr

A
Y

SUPPORT | =

ACTUAL

SA{s = Tm) + S{mn 30cm

DESIGN BY q*

13, 14, 18,22, 23, 31, 35, 38

DESIGN BY RMR'

2,3,4

OVER-BREAK

STRENGTH! == /FL Pa)

28 0.68

ROCK MASS Qo 0.005-0.31, 22-11.7
CLASSIFICATION | wup 21,26-49,51-79
SPECIAL QPERATION

Longtudinal Scale: W w—




L

[E——

" ; . . i i

GILO LONG TUNNEL

oF

Page No. __ 13

Summary of Engineering geological data

Section No. _438__ from _22718 {p _246938m
> DATE 7i511984 166 19%
Q STEEL ARCH NO, s 267s _ zfes - 2728 274%
FZ | ExcavaTion METHOD * DB + He >
O PROG. (m) | 15 | 15 ] 15 [o7] 87 24 [1] 4]
] ROCK TYPE massive Dolomite and fonted Dolomite forming vertical benches. Dolomite flour at piaces and karst
-t 228 230 233 238
DISTANCE (m. from S. portal ) Mo M2 2 M
i
LOG OF
FACE
REMARKS .
O
Q
1
O
L 1
11l
Z
gz
o P
[F
]
g
REMARKS
o SYMBOL
g DIP/DIP DIRECTION
S5 CONTINUITY {m)
> SEPARATION {cm)
P SPACING {cm)
g IN-FILLING
O WAVINESS
D ROUGHMESS
[ REMARKS
WATER IN-FLOW « D -
ACTUAL SA(s = 1.5m) +
'E Simr) 200m + Bétg) 3-4m| Biftz) at root & (utg) In walls} 3 -dm + Stmd) 12cm | SAfs = tm) + S{mn 30em
§ DESIGN BY '@’ 35 8,13, 14,18
@ DESIGN BY 'RMR" 3.4 1,2,3
OVER-BREAK
| STRENGTH| = /Pt qvpay 80 21 185
ROCK MASS o 0.025-0.09 22-66.7
CLABSIFICATION RMR' 26-39 51-83
SPECIAL OPERATION
Longtudinal Scale; - w—y ) '




Section No. _439___

from

GILO LONG TUNNEL

Summary of Engineering geological data

248.935

fo 266.735m

Page No, __14

LOCATION

DATE :

BIIH“! 994

7

18/8
)

STEEL ARCH NO.

277s

2745 2B51s

2838 20858 2875

2R9s5 Hls 2035

EXCAVATION [ METHOD

—

*

Ha+ DB

PROG. (m)

I

I KR RN BN K FE RN ERER RN BN EI KA kD

1]

ROCKTYPE

Dolomite, jointad foming vertiea) hench

Dolomie flaur at places and kerst

DISTANCE (m. from S. portal ) 28

260 252

254 56 268

280

02 269
L1

GRAPHIC LOG

LOG OF
FACE

2

I
i
i

M

9191 + GEWON uoNdeg

REMARKS

LOG OF TUNNEL

[AED

REMARKS

Cave 3.5 mdeep

SYMBOL

J

J2 - Random

MNR/DIP DIRECTION

sz

88°340°

CONTINUITY ()

3

SEPARATION (emmy)

<1

1-3

SPACING (em)

i0-20

10-50

IN-FILLING

Cl, Ca

Gl

WAVINESS

Un

n

ROUGHNESS

Ro

Rao

DISCONTINUITIES

REMARKS

ATER IN-FLOW

Dr

A

4

ACTUAL

SAfs = 1m} + S{mr} 30cm

DESIGN BY @

PPORT | =

9,13 14,18

35

2 DESIGN BY ‘RMR’

1,2

3 4

OVER-BREAK

| STRENGTH! UN./PL 0MPa)

ROCK MASS @

8.7-86.7

0.025 - 0.09

CLASSIFICATION 'RMR"

g1-93

26-39

SPECIAL OPERATION

Longtudinal Scale:

—-——i

-

FR——
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Section No. _440 __

 GILO LONG TUNNEL
Summary of Engineering geological data

from _266735 tp 288815m

Pagea No. __ 5

DATE

12|"8I1894

18!!8

21!@

STEEL ARCH NO,

2855

2078

3008 3045 306s

308s 30s 313s

EXCAVATION [ METHOD

DB+ Ha

.

»

PROG. (m)

ol =T & T 7]

2 | 2 [s]1s 4]

ROCK TYPE

LOCATION

Dolomite, heavily jointed and Dolemita forming vertical benches according to joints. Dalomita flour at places

DISTANCE (m. ifrom 5. portal };

58 o

272 na a8 278

2B0 282 284

LOG OF
FACE

(2

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMBOL

DIPDIP DIRECTION

CONTINUITY {m)

SEPARATION {em)

SPACING (cm)

IN-FILLING

WAVINESS

ROUGHNESS

DISCONTINUITIES

REMARKS

ATER IN-FLOW

A

Or

Y

ACTUAL

SAfs = im) + S{ms} 20em

DESIGN BY 'Q'

13, 14, 18,22, 23,35

surPoRT |S

DESIGN BY ‘RMR'

2,3,4

OVER-BREAK

| STRENGTHI un./me arpe)

778 354 707,

336

ROCK MASS L+

0.025-0.09, 22-11.7

CLASSIFICATION [ rurr

28-39,51-79

SPECIAL OPERATION

Ra PH

Longtudinat Scale:



GILO LONG TUNNEL

100

Page No. __ 16

Summary of Engineering geological data

Section No. _441 from _2%6815 {p _30es85m
= DATE 24/11984 i 3118
g STEEL ARCH NO, 3ids 3185 317s 319 3218 323s 2056 3283 330s 3525
F | excavartion|METHOD - Ha + DB »
g PROG. (m) [ts To] 2 T 2 Tl 2 [+]4]3] 2 ] =
-OJ ROCK TYPE Delamite, heavily jointed and Delorite forming vertical henches aceording to joints. Dolomite flur at places
DISTANCE (m. from §. porial ) 28 290 292 ™ 208 D 1) 04
' i : ; —
LOG OF '
FACE
REMARKS i
Q
O
=
o
-~ -
i
=z
4
c G
L) = .
(%]
(]
0
-
REMARKS
) SYMBOL Ji &2
L n
£ DIPMDIP DIRECTION 00'1260° 85'357
5 CONTINUITY {m) a 243
> SEPARATION {cm) <1 <t
ﬁ SPACING (zim) 10-50 30-50
g IN-FILLING 1, weathered fook al
s WAVINESS Un Pl- Un
7] ROUGHNESS Ro Ro
o REMARKS
WATER IN-FLOW - Dr >
5 ACTUAL SA(s = 1m} + S{mr) 30cm
g DESIGN BY @' 13, 14, 18,22, 23, 35, 38
73 DESIGN BY RMR" 2,34
OVER-BREAK
|_STRENGTHI un./pL evPa
ROCK MASS ey 0006-031, 22117
CLASSIFICATION | R 21, 26-49,51-79
SPECIAL OPERATION
Longtudinal Scale: T )

pe—y)
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Page No. __17

GILO LONG TUNNEL
Summary of Engineering geological data

—a

[

Section No, _442 from 08585 to _326585m

= DATE B854 128 xe

Q STEEL ARCH NO. 363s 357
K= | Excavarion [METHOD s Ha+ DB >
o PROG, (m) i 18 [ 3 {16 1 18 | 18 [ [0 ][] 1]

O ROCK TYPE Dolomite brecoiated with dolomite flour and joimted Dolomite fofming vertical benches

=1 | DISTANGE (m. from 5. portal 308 30 2 3] 316 31 320 i 324

LOG OF

i L
i i
[
|
I

S
_/

REMARKS

LEFT
WALL

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMBOL

J

DIP/DIP DIRECTION

ac’rsd

CONTINUITY (m)

2-3

SEPARATION {em}

1-§

SPACING (cm)

I0-80

IN-FHLLING

C

WAVINESS

Un

ROUGHNESS

Ro

REMARKS

ER IN-FLOW

A

Dr

[

'

ACTUAL

SAfE = 1m) + S{mr) 30cm

s,

DESIGN BY Q"

31,35

UPPORT g DISCONTINUITIES
-

DESIGN BY ‘RMR'

3.4

OVER-BREAK

STRENGTH | UN./PL (MPa)

ROCK MASS k")

0.025 -0.3

CLASSIFICATION ‘RMR’

25-49

SPECIAL OPERATION

Longtudinal Scate: I:H:L"H:L
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GILO LONG TUNNEL et -
Summary of Engineering geological data

Section No. _#43 __ from _326588 {q  s4es85m
= DATE T210MB84 12110 2510
3
8 STEEL ARCH NO. 362s 365s 3688 71s a73s 3758 3776 379s
!E EXCAVATION | METHOD < DB < He —*
8 PROG.{m) | 11| 32 31 f12| 2 | 2 [ 2 | 2 | 2 ]
< ROCKTYPE Daolomite, jointad forming vertical banches. Dalomite flour and hrecoiat  Dolormits at places
DISTANCE {m. from S, portat d28 3 132 M 3 338 340 312 344
LOG OF
FACE
REMARKS
3
-l
Q
g | o
% Z
=
o| PG
('
o
8
REMARKS
qu 8YMBOL J1 §2
= BIR/DIP DIRECTION 250" 8o’
5 CONTINUITY (m) 3 3
> SEPARATION (cm) <1 <1
o SPACING {cm) 10-50 10-50
% N-FILLING cl o
O WAVINESS Un Un
Q ROUGHMESS Ra Ro
[ REMARKS
WATER [IN-FLOW - Dr »
ACTU
E CTUAL SAfs = 1m) + §(mp 30em
g DESIGNBY Q° ©13,14,1822,23, 31,35
] DESIGN BY ‘RMR' 2,34
OVER-BREAK
STRENGTH| un./PL MPa)
ROCK MASS o 0.025-031, 22-11.7
CLASSIFICATION ‘RMR’ 26-49,51-79
SPECIAL OPERATION

Longludinal Scale: I:PFH:L

A bg——y

o]

FRTE]
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Page No. _18___

GILO LONG TUNNEL
Summary of Engineering gecfogical data

L

[ ——

Section No, _444

fromm _:6585_tg

266585 m_

DATE

2GII10 2?!.‘10 2?!0

251110

21!10 231I|0 21]110

2?!’10

1%!‘!0

1&‘1}0@‘1994

ON

STEEL ARCH NO.

EXCAVATION

METHQD

282 3635 185n

1810

1790 177n 375n

171in

169n

DB + He

»
»

PROG, {m)

X

[t2] 2 ]

2

2 | 2

[ s |

212

{286 —

ROCKTYFPE

Doiomnite, jointed forming vertical bench

LOCAT!

Delomite flowr and brecciated Dolomite at places

DISTANCE (m. from S, portal )

350 352

.

54 36 358 e

384

LOG OF
FACE

¢

i

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMEOL

4

J2

Random

DIF/DIF DIRECTION

ac'ipen?

sofio1¢”

T8 - 3a40°

CONTINUITY (m)

3

3

4-5

__SEPARATION (em}

1-3

1-3

1-5

SPACING {em)

10-50

10-50

IN-FILLING:

Gl weathered Tock

Cl, weathered rock

Cl

WAVINESS

Un

Ln

ROUGHNESS

Re

Ro

Ro

DISCONTINUITIES

BEMARKS

WATER IN-FLOW

ol
w

Dr

L 4

ACTUAL

SAfs < 1m) +
S{mn 3gcm

SAés = 1m) + S{mr) 30cm

DESIGN BY Q“

13,14, 18,22 23,31, 35

SUPPORT

DESIGN BY ‘RMR'

2,.3,4

OVER-BREAK

| STRENGTH| UN./PL. (Pa)_

Q

005-0.31, 22-11.7

ROCK MAGS
CLASSIFICATION ‘RUR'

26-49,51-79

SPECIAL OPERATION

Lengfudinal Scale:
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GILO LONG TUNNEL et
Summary of Engineering geological data
Section No, _445 from _368585 {o _385585m
- DATE (7110 1610 #6040 "4BAD A0 0 @0 0 601894
1
Q STEEL ARCH NO. 167n 165n 163n 18tn 1561 154n 150n 1478
T | Excavarion |METHOD b Ha» 0B —*
A PROG. {m) (14 [11 [ 24 24 [t] 2 | 2 ] P 2 Tz2a %
O ROCKTYPE *_Dotomis, jointed forming vertical hanches. Brecclatad Ciolomite at places
| DISTANCE (m, from . portal ) 368 370 a2 3?4 . 376 373 . 300 32 384
LOG OF
FACE
REMARKS
O
O
-4 LEFT
O WALL
X 1 !
w i
=
=4 q’_ L) |
o n .
O
)
O
wmad
RIGHT
WALL
REMARKS
&N SYMBOL J 42
E DIP/DIP DIRECTION a0'izact _ S0
= CONTINUETY (m) 1.2 3
Z SEPARATION (cm) 1-3 1-5
; SPACING {em) 10 - 50 10-50
% IN-FILLING 01, weathered rock Cl, weathered rock
O WAVINESS Un Un
7] ROUGHNESS Ro Ro
0 REMARKS
WATER IN-FLOW -« Dr -
5 ACTUAL SA(s = 1m) + S{mr) 30cm
g DESIGN BY @' 13,14, 1822, 23,31, 35
] DESIGN BY 'RMR" 2,34
OVER-BREAK
STRENGTH| UN.JPL. (vPa)
< MASS @ 0.025-031, 22-117
CLABSIFICATION | gy 26-49,51-79
SPECIAL OPERATION

Longtudinal Scale: - —
1 5m
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GILO LONG TUNNEL

Summary of Engineering geological data

Page Mo. _21

Section No. _448 from _3%6385 {o _40m585m
- DATE o 210 B0/ 2455 245 2610 2 235 21kr1504
o) STEEL ARGH NO. 145n 1430 14dn  140n 138n 135n 1340 130n
T |ExcavaTion METHOD * DB + Ha >
PE PROG.(m) |<—3 | 2 | 1 [ T[] 3 | 21 [1[1]z2n
O ROCKTYPE Ciolomite, joliad forming vertical benches, Brecciated Dofomite at places
-l DISTANCE [m from S. portal 388 380 3?2 . 384 188 ELT] 410 402
LOG OF | i ,
FACE

2

LF T PR

REMARKS

GRAPHIC LOG

LOG OF TUNNEL
b

RIGHT
WALL
REMARKS
7] SYMBOL N J2
E DIPDIP DIRECTION spherg it
5 CONTINUITY (m) 3 3
= SEPARATION (cm) <1 <1
- SPACING () 30-60 10-50
= IN-FILLING O, weathared rock Cl, weatherad rock
8 WAVINESS Un Un
] ROUGHNESS Re o
[ REMARKS
WATER INFLOW -« Dr »
E ACTUAL SA(s = im) + S{mr) 30em
§ DESIGN BY Q' 13, 14,18 22, 23,31, 35
@0 DESIGN BY ‘RMR' 2,3,4
OVER-BREAK
§ I EEI!QI H I UN. / PL. IMPa
ROCK MASS o 0025-031, 22-11.7
CLASSIFICATION RMR' 26-48,51-79
SPECIAL OPERATION
Longtudinal Scale: . e N




Section No. _447

108

GILO LONG TUNNEL

Summary of Engineering geological data

from

DESEE g

426.585 m

Page No. __22

DATE

18/ 1619

1959
1 1 i

‘I‘.?JS 19

8!9;?994

STEEL ARCH NO.

127n 125n 123n

1210

1
1190 117n

119n 114n

1ft1n 107n

EXCAVATION

METHOD

-l

%

Ha + DB

PROG. {m}

| 3.4 [ 19 ]

2

2.1

26

ROCKTYPE

Dolomite, jolited forming verlical banches. Dolomite fiowr and breceiated Dalomite at places

LOCATION

DISTANCE (m. from S,

LOG OF
FACE

rial

408 L4 [!] 412

414 41§ 118

420

2

r

I
H ¥
i
i

i

424

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMBOL

DIP/DIP DIRECTION

CONTINUITY {m)

SEPARATION {cm)

SPACING {om)

IN-FILLING

WAVINESS

ROUGHNESS

DISCONTINUITIES

REMARKS

-3

ATER IN-FLOW

Dr

.

14

Lt

ACTUAL

SAls = 1m) + Simr) 3Dem

SA{s < 1m)
+ §{(mr} 30em

DESIGN BY @'

13, 14, 18,22, 23,31, 35, 38

PESIGN BY 'RMR’

2,34

OVER-BREAK

STRENGTH| == /P pPa)

41

Q

DODB-031, 22-117

ROCK MASS
CLASSIFICATION

lRMBl

21,26-49,.51-79

SPECIAL OPERATION

Longtudinal Scale: :F&:H:L
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GILO LONG TUNNEL roete =
Summary of Engineering geological data
Section No, _448__ from _428585 {n _dd6585m
=z DATE 2:’? Z!P 31!8 2&|r‘8 ZBIIB 31HIJ‘1994
o] STEEL ARCH NO. 406N 88n 96n 94n . 90n 24n 860 adn
¥ | ExcavaTion |METHOD * Ha+ DB —
é PROG.(m) | «— 49 | 24 | 24 | 5.1 [ 1] 4 [ 35 -
Q ROCKTYPE Dolomite, jofnted forming vertical benches. Dalemits flour and bresciated Dolomite at places
~ | DISTANCE (m. from . portal) e . R O
LOG OF F\\
FACE .
REMARKS
o
)
=
O
ol
E z
5
o [
[
o
8
I
REMARKS
7] SYMBOL kil J2
“F-' DIP/DIP DIRECTION 901260 801360
5 CONTINUITY (m) 3 3
Z SEPARATION {cm) 1-3 1-2
Fom SPACING (cm) 30 - 40 30-40
Z IN-FILLING ol cl
8 WAVINESS Un Un
P ROUGHNESS Ro Ro
(= REMARKS
WATER IN-FLOW -« Cr »
SAL.Em) +
% ACTUAL SAls < 1m) + S(mi) 36cm BA(s = 1m) + S{mr) 0cm Imlr {135P2m
g DESIGN BY 'Q" 13, 14, 18,22, 23, 31, 35, 38
B DESIGN BY RMR’ 2,3,4
OVER-BREAK
STRENGTH| == /pL ptpe) 55 . 48
CK ms 'Q' 0.003-0.31 ' 22117
CLASSIFICATION | e 21,28-49,51-79
SPECIAL OPERATION

Longtudinal Scale:



Section No. 440

108

P Mo.
GILO LONG TUNNEL =
Summary of Engineering geological data

from _446585 tp 488585 m

DATE

23]1? 25[17 QIIL'? 2!!? 2917 197 1$IW ISIF? 13]!71'1994

STEEL ARCH NO.

82n 81n Tén T4n 72n Tin 88n 87n

EXCAVATION

METHOD

+ DB + Ha -

PROG_ (m)

[ 15 | 2 [ a5 [ 2 [ 2 [ 2 Tal7] 4 —»

ROCKTYPE

Dolamits, massive and jointed forming verticat benches. Dolomite fiaur and breceiatad Dolomits at places

LOCATION

LOG OF
FACE

DISTANCE (m. lrom S. portal )

448 450 -1?2 . 454 456 458 460 482 464

1 }

) s
H i T
1 ; I
H i |
E
t

2

REMARKS

GRAPHIC LOG

LOG OF TUNNEL
r&)

RIGHT
WALL

REMARKS

SYMEBOL

J1 J2

DIP/DIP DIRECTION

go'zs0” st

CONTINUITY (mj)

2-3 2-3

SEPARATION {cmj)

i-§ - 1-5

SPACING (em}

50 - 100 50 -100

IN-FILLING

Gl, Ca &, Ca

WAVINESS

Pl -Un Pl-Ln

ROUGHNESS

Ro Ro

DISCONTINUITIES

REMARKS

WATER IN-FLOW

- Dr

¥

ACTUAL

SA{s = 1.6m) + S{mr} 30cm + Blim 3 - dm J SA(s = 1m} + S{mr) 30cm

DESIGN BY QF

9, 13, 14, 18,22, 23, 31, 35, 38

SUPPORT

DESIGN BY 'RMR'

1,2,3 4

OVER-BREAK

| STRENGTH| un./FL MPa)

ROCK MASS

Q

0.006-0H, 22-88.7

CLASSIFICATION

'RMR"

SPECIAL OPERATION

21,28-49,51-53

Longtudinal Scale: I:PFH:L

-l
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GILO LONG TUNNEL rasstle

Summary of Engineering geological data

Section No. 450 from 488585 o 486585m
z DATE 15|:'7 1?."? 1%‘?’ 11I.\'? 1C|l||7 SD‘IT 2‘]{!6 1?'54:1994
Q STEEL ARCH NO. B5n 8in 56n 57n  56n 54n 520 50 40 48n 47n
k2 | ExcavaTion [METHOD « Ha+ DB »
8 PROG.(m) | | 3 3 3 o2 ] 3 T2 ] ]
ROCK TYPE Dolomits, jeinted forming vertical benches. Dojomite ffour and brecciated Dolomite at places
~! [ DISTANCE (m. trom §. portal ) e R R .
LOG OF . ip]
FACE I 5l
G 2l
il
i+ I
st
REMARKS
8
-4 LEFT
O VWALL
5 |
3 : .‘
=
O I Q ®
o)
8
RIGHT
WALL
REMARKS
W SYMBOL H J2
I_“_;' DIF/DIP DIRECTION purm— SORIT
5 CONTINUITY (m) 3 3
> SEPARATION {cm) 1-3 1-3
= SPACING (cm) 16-50 10-50
= IN-FILLING Cl, weathsrad fock Gl westherad rack
8 WAVINESS U n
b7 ROUGHNESS Ro Ro
[ REMARKS
WATER INFLOW « Dr >
ke ACTUAL SAds = 1m) + Binn) 30cm
g DESIGN BY Q° _ 13,14, 18, 22, 23,31, 35
® DESIGN BY RMR' 2,3,4
OVER-BREAK
| STRENGTH| UN./PL. tvFa)
ROCK MASS Q 0025-031, 22-11.7
CLASSIFICATION | qpuRr 25-49 51-79
SPECIAL OPERATION PH

Longtudinal Scale: :H:H:L
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) Page No. __26
GILO LONG TUNNEL
Summary of Engineering geological data
Section No. _451 __ from 485585 tp SDES85m
- DATE 145 1346 126 9% &5 74611984
g BTEEL ARCH NO. 45n 43n 41n X X vilovilovov N Mmoo T
EXCAVATION | METHOD * BB + Ha -+
3 FROG. (m) | =— 48 22 | 2 | 2 | s 55 -
E)I ROCKTYPE Massive Bolamite and [ointed Dolomite forming vertizal benches. Dalomite flour end Clay at places
DISTANGE (m, from $. portal 4ka 4 42 494 48 A G0 02 8nq
LOG OF
FACE |
REMARKS '
~ LEFT
0 WALL
= -
¥}
S |z
b
o G Q
™ (@]
o] i
6]
o
1 .
RIGHT
WALL
REMARKS
ﬂ SYMBOL H J2
= DIP/DIP DIRECTION 00%250° 80'r260°
5 CONTINUITY {m) 3 3
> SEPARATION {cm) <1 <1
- BPACING (cm) 10-60 10-60
Z IN-FILLING o a
8 WAVINESS Un Un
D ROUGHNESS Ro Ro
(&) REMARKS
WATER IN-FLOW < Dr -
ACTUAL SA(s = 1.5m} + S{mr) 30cm B -
llé—: : + Bligy 3 - dm SAfs = 1m} + S{mn 3gcm |+ ()msg 1:211
£ DESIGN BY 'Q 13,14, 18,22, 23, 31, 35 9,13, 14, 18
73 DESIGN BY ‘RMR' 2,34 1,2
OVER-BREAK
| STRENGTH| == /P wpe) E6_ 895
ROCK MASS wr 0.025-0.31 N 22-11.7 8.7 -686.7
CLASSIFICATION ‘RMA 26-489,51-79 61-93
SPECIAL OPERATION

Longtudinal Scale: e o R

[E——
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Section No.

111

GILO LONG TUNNEL
Summary of Engineering geological data

from _506585 {g 528.885m

Page No. __27

DATE

o

3
1

i

5

STEEL ARCH NQ.

EXCAVATION

METHOD “+

OB + Ha

PROG, {m)}

24 |

3 3

3

ROCKTYPE

Massive Dolomite With same karstic pheromenon and Gavals

LOCATION

DISTANCE {m. from S. portal )

an
S

812

614 §16

520

LOG OF
FACE

{

2

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMBOL

J3

W1

J2

DIPAIP DIRECTION

aofano

a0'240¢

a0z’

CONTINUITY {m)

SEPARATION {em)

15-20

10 - 15

10-15

SPACING (erm)

IN-FILLING

Ll Ca

Gl Ca

WAVINESS

Un

ROUGHNESS

DISCONTINUITIES

REMARKS

WATER IN-FLOW

A

Da

Y

ACTUAL

Bfiig) at racf & {utg} in walis} 3 - 4m + S(mr) 12em

DESIGN BY Q'

9, 13,14, 18

SUPPORT

CESIGN BY ‘RMR'

1,2

OVER-BREAK

STRENGTH! UN./PL.MPa)

ROCK MASS Q.

CLASBIFICATICN

‘RMR’

SPECIAL OPERATION

Longtudinal Scale:
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GILO LONG TUNNEL e
Summary of Engineering geological data

Section No. _453 _ from _526585 {p 544585m
= DATE 1704 95 2s|r§ =65 S5
o) STEEL ARCH NO. '
';: EXCAVATION | METHOD * D8 —»
8 PROG. (m) f T4 a8 f 28 4 3 —=
L ROCK TYFPE Mussive Dofomite with sume karste phenomenon and Gravals
DISTANCE (m. from S. portal ) 628 530 532 54 53 538 540
LOG OF
FACE
REMARKS —
3
- LEFT &
S WALL
b 1 z
L
3|2
T
| R G
" :
O e
3
|
RIGHT
WALL
REMARKS
iy SYMBOL J1
g DIP/DIP DIRECTION 20’z
35 CONTINUITY (m) 2-3
> SEPARATION (cm) 1.2
- SPACING (cm) 300
% IN-FILLING o), Ca
o WAVINESS Un
b ROUGHNESS Ro
0 REMARKS
WATER IN-FLOW « s >
'g ACTUAL Billg) at roof & {utg) in walls} 3 - am + Strm) 12em
o DESIGN BY 'Q° 0 13 14. 18
3 DESIGN BY ‘RMR' 1,2
OVER-BREAK
STRENGTHI| un./pL. ivpa)
ROCK MASS Q 6.7-667
CLASSIFICATION [ sye 81-93
SPECIAL QPERATION

Longiudinal Scale: - |
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GILO LONG TUNNEL

113

Summe_lry of Engineering geological data

Section No. _454

from _546585 {o _5855%m

Page No.

LOCATION

DATE

1 'a‘l'hi

2%'5 2?15 13!'5{19&4

STEEL ARCH ND.

EXCAVATION {METHOD

DB

¥

PROG. (m)

25 2.5 11

ROCK TYPE

Massiva Dolomiits with some karstic phenomenon and Gravels

DISTANCE (. fom S. porfal )] |

550 662 854 556 558 564
H

GRAPHIC LOG

LOG OF
FACE

¢

+ 45PN tende

REMARKS

LOG OF TUNNEL

REMARKS

DISCONTINUITIES

SYMEOL

DIP/CIP DIRECTION

J3
75%280°

CONTINUITY (m)

> 10

SEPARATION cm)

10-150

SPACING {cm)’

IN-FILLING

Cl Ca

WAVINESS

3t

ROUGHNMESS

REMARKS

WATER, IN-FLOW

A

Da - o Dr

Y

SUPPORT

ACTUAL

Bifitg) st roof & {uly} in walig} 3 - dm + S(mr) 12em

DESIGN BY @'

9,13, 14, 18

DESIGN BY RMR*

1,2

OVER-BREAK

STRENGTH! UN./PL. tMPs}

ROCK MASS @

67-667

CLASSIFICATION ‘RMR

61-93

SPECIAL OPERATION

Longtudinal Scale: T ——
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GILO LONG TUNNEL I
Summary of Engineering geological data |

Section No. __455 from 566585 to 58ESSSm

DATE «— 175 13I||'5 12I|'5 5."'5 45
STEEL ARCH NC. 40n 3290 36n a0n

EXCAVATION [METHOD *_ b8
PROG. (m) 38 | 12] 3 57

[T}

ROCK TYPE ' Massive Dolomita with some lkamstls plienomenon and Gravels
DISTANCE (in. from S. portat)] S8 670 512 574 676 578 560 582

¥

LOCATION

ey 1

LOG OF
FACE

G | -

2§91 + gy 0N uonoas

REMARKS

LOG

GRAPHIC
LOG OF TUNNEL
r&)

REMARKS
SYMBOL J1 Jz

DIF/DIP DIRECTION a0'y250” sdfiz4df - 270°

CONTIHUTY (m) 6 9

SEPARATICN {cm) 20 - 40 50 - 160

SPACING {erm)} 100 - 300 100 - 300

IN-FILLING Cl &

WAVINESS - "

ROUGHNESS Ro

REMARKS Karst Karst

WATER IN-FLOW o« Dr »

Bi{ig) at roof & {utg) in B{(ig) at raof & (utg) in walle} 3 -
ACTUAL wells} 3-4m+Simrii2em SA(s = 1m) + Stmr) 30cm + Gr "‘{g?r]n?) ‘T;f:m (ttg) In walle} 3 - 4m

DESIGN BY '§' B, 13, 14, 18
DESIGN BY RUR" 1,2
OVER-BREAK

STRENGTH| UN.7PL pPa)
ROCK MASS o 87-667
CLASSIFICATION [ mmpe 81-

SPECIAL OPERATION

Longtudinal Scale: o ——

DISCONTINUITIES

SUPPORT
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PageNo. 31

, ~ GILO LONG TUNNEL
] Summary of Engineering geological data

Section No, 456 from _Seasss tp _608S8Sm
- DATE 204 284 274 26 2594 24141804
M o STEEL ARCH NO.
] 'Z | ExcavaTION [METHOD < i >
) PROG. (m} 20 | 32 3 | 32 61
g ROCK TYPE ] Kaasive Dolomits with some karstic phenometion and Gravels
_ } DISTANCE (m. from S portal 65 a8 wez  aea
LOG OF '
FACE

B Bl
(S

Q .

T
REMARKS '
; O
. O
~d LEFT
: O WALL
1 I d * " a
| m- Z .‘F
22 A |
I |o|P & Q
L ®
o o)
. RIGHT
WALL
REMARKS
8 SYMBOL Random
3 = DIF/DIP DIRECTION Be'r135"
! = CONTINUITY (m) s
v > SEPARATION (em) -2
_ = SPACING (cm}
i % IN-FILLING ca
N O WAVINESS B -Lin
D ROUGHNESS R0
: Q | RewaRks
| WATER IN-FLOW < Dr >
- Biity) at roof & In walls} 3 - 4m SAB=1 Biitg} at roof & (utg) in walle} 3 -
lno_: ACTUAL + ma[) tZom (Vb n waleh S(mf:} Bncmn?r :Gr +[ (r}n[} 12em (utgh in walls} 3 - 4en
: & DESIGN BY "Q" 9,13,14, 18
@ DESIGN BY RMR" 1,2
OVER-BREAK
_ STRENGTH! un./PL pupa)
i ROCK MASS 403 6.7-66.7
CLASSIFICATION ‘BMR" 61 -93
SPECIAL OPERATION

Longtudinal Scale: l:'.-FF"_‘
EL




Section No. _455

114

GILO LONG TUNNEL

Summary of Engineering geological data

from _566585 {p _S5%4585m

PageMNo. _30

z DATE -— 15 1?}5 1.‘2||"5 5915 41'? a5 2!'5@‘?994
@} STEEL ARCH NO. don3en  36n 30n
’:( EXCAVATION [METHOD * 2 -
P} PROG. (m) 8 8 [12] 3 ] 57 [[21 ]
9 ROCK TYPE Massiva Dolomite with some karstic pheromenen and Gravels
DISTANCE {m. from S. porfal ) 5?3 . S?I'ﬂ ] 5?‘2 57 ﬂ?‘ 574 580 5B [T
P ' .
LOG OF _ ? @
FACE A A
- 5
ai
+
......... . 3
REMARKS
4]
Q
-
&)
I _J
11]
E >
s
G| PG
L
O
8
i
REMARKS
w SYMBOL J I2
i
|—_- DIP/DIP DIRECTION a0°250° ao'r2ap’ . 270
5 CONTINUITY (m) & 8
=z SEPARATION (o) 20-40 50- 150
= SPACING (em) 100 - 200 100 - 300
Z IN-FILEING ol a
Q
O WAVINESS Un
9 ROUGHNESS o
A REM Kerst - Karst
WATER IN-FLOW - Dr >
Bi(tg) at rocf & {utg) In Bie) at roof & {utgy | -
ACTUAL wail} Z-4mtSimriZoml  BAfs = 1m) + Simn 30em + Gr +{g?|?m'} :02cm () n walkey 3 - 4n
% DESIGN BY '@ S, 13,14, 18
[7] DESIGN BY RMR’ 1,2
OVER-BREAK
STRENGTH| UN./PL. aPa)
ROCK MASS o 6.7-86.7
CLASSIFICATION | mywr 61 -63
SPECIAL OPERATION
Longtudinal Scale: -

. ,.
[

[Er—

A



Summary of Engineering geological data

Section No. _456

115

GILO LONG TUNNEL

from _586585 {o 608525m

Page Na, __81

LOCATION

DATE

2814

=

III'M

STEEL ARCH NO.

EXCAVATION

METHOD

F 3

DB

PROG. {m)

29

3.2

3

8.9

ROCKTYPE

Massive Dokomite with some Kkarstis phenomenon and Gravels

DISTANCE (m. from S. portal )

580 882
] I

&8

| IR S U

-

f o
b=

[S—

r'
b eete s

LOG OF
FACE

¢

24141 99[4

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

LEFT
WALL

)
ROOF

RIGHT

WALL

REMARKS

|AED

ISCONTINUITIES

SYMBOL

Random

DIP/DIP DIRECTION

BE* 135"

CONTINUITY (m)

§

SEPARATION (cm)

-2

SPACING (cm)

IN-FILLING

Ca

WAVINESS

Pl-Un

ROUGHNESS

REMARKS

Ro

WATER IN-FLOW

-l
-

Dr

.

ol

SUPPORT

ACTUAL

B{ig) at roof & {uig) in walls} 3 - 4m
+ E(mr} 12em

SA
S(mr) acem +Gr +

DESIGN BY Q"

813,14, 18

) at roof & (utg} in walls} 3 - 4m

&= 1m}+ |

mry_12em

DESIGN BY 'RMR'

1,2

OVER-BREAK

STRENGTH| un./PL. tePa)

ROCK
CLASSIFICATION

MAES (*3

8.7-86.7

'RMR’

61-93

SPECIAL OPERATION

Longtudinal Scale: C———




GILO LONG TUNNEL

116

Summary of Engineering geological data

Section No. _457

from 808885 {p 626585m

Page Mo, __32

LOCATION

DATE

2|34|'4

2 ‘}M 29:'4 1?.4’4 1a/4 18II4

17141 ?94

STEEL ARCH MO,

EXCAVATION [ METHOD

DB

I
-

PROG. {m)

al—
<
€ —

3.t

3 3 3.2 3.2 2

ROCKTYPE

Massive Dolomite with some karshic phenomenon and Gravels

DISTANCE (m. from 8. portal

GRAPHIC LOG

LOG OF
FACE

610 512 4 - 818 518 620 22

¢

REMARKS

LOG OF TUNNEL

RIGHT
WALL

REMARKS

DISCONTINUITIES

SYMEOL

DIP/DIP DIRECTICN

CONTINUITY {m}

SEPARATION {cm)

SPACING (cm)

IN-FILLING

WAVINESS

ROUGHNESS

Ro

REMARKS

WATER IN-FLOW

Cr

A

¥

SUPPORT

ACTUAL

BRtg) st roof & (uty) in walis} 3 - 4m + S{mn 12cm

DESIGHN BY Q"

8, 13,14, 18

DESIGN BY RMR'

1,2

OVER-BREAK

79 . 81 , &9

| STRENGTH! = /pL. avew)

ROCK MASS "3

6.7 -66.7

CLASSIFICATION | g

§1-93

SPECIAL OPERATION

Longtudinal Seale: !:H:H:Ln

N

[p—

)

P —
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Section No. _458

GILO LONG TUNNEL

117

Summary of Engineering geological data

from 828585 f{g

846,585 m

PageNo. _33__

DATE

1 ?:M

134 1244 1%!4 1114
] L

1

10f4ir'1 204

ON

STEELARCH NO.

EXCAVATION | METHOD

F 3

DB

PROG. (im)

=~ 3.4

33

3 3 [ s

ROCK TYPE

Massive Dofomite with scme karstic phenomenon and Gravels

LOCATI

DISTANCE (m. from 8. portal )} 628

€32 634 540

LCG OF

FACE
2

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

SYMEOL

H

BIP/DIP DIRECTION

90%260°

CONTINUITY (m}

2-3

SEPARATION {cm)

1Q-15

SPACING (cm)

IN-FILLING

<l

VWAVINESS

Un

ROUGHNESS

Ro

DISCONTINUITIES

REMARKS

WATER IN-FLOW

4

Da

Y

ACTUAL

B{itg) at roof & futg) in walls} 3 - 4m + S{ron) 120m

CESIGN BY Q@

9, 13, 14,18

SUPPORT

DESIGN BY 'RiR’

1,2

OVER-BREAK

ROCK MASS
CLASSIFICATION

SIBENQ_'[HI UN. / PL. (MPa

!QI

6.7-66.7

‘RME'

61-93

SPECIAL OPERATION

Longtudinal Scale;
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GILO LONG TUNNEL e o, —

Summary of Engineering geological data

Section No. _458

from _646585 {p E58585m

DATE

v 7 &4 = 7 ' THioes
1

ON

STEEL ARCH NO.

EXCAVATION [METHOD

¥

PROG. (m)

« DB
HE 3 3 3 8.1 3 —=

ROCKTYPE

Massive Dolomits with some karatie phenarmeénon and Gravek

LOCATI

LOG OF

DISTANCE {m. from 8. portal )

850 552 &54 1] 858 660 662 664

ToE T E

FACE
2

PECRE R

REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS

BYMBOL

DIP/DIP DIRECTICN

CONTINUITY {m)

SEPARATION (cm)

SPACING (em)

IN-FILLING

gl

WAVIKESS

Un

ROUGHNESS

Eo

DISCONTINUITIES

REMARKS

WATER IN-FLOW

‘e oo Pa . » «— DO e .

ACGTUAL

Bi¢to) ot roof & {utg) in walls} 3 - 4m + S{mr) 12om

DESIGNBY '@’

9,13,14, 18

SUPPORT

DESIGN BY RMR'

1.2

OVER-BREAK

STRENGTH| 1/ PL. (MPa)

55 . 7D

ROCK MASE @

6.7 -66.7

CLASSIFICATION ‘EMR'

61-93

SPECIAL OPERATION

Longtudinal Scale

——-——

s
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GILO LONG TUNNEL A
Summary of Engineering geofogical data
Section No. _480__ frorn 666585 o 86588 m
- DATE 313 3073 2873 287 58 243 2051534
Q STEEL ARCH NQ, 20 280 37n
'j<' EXCAVATION {METHOD * bB >
3 PROG. (m) 3 3 | 3 | zz ] aa 3 |3 s
O ROCK TYFE Massive Dolomite with some Karstic sheriomenion and Clay
= | DISTANCE (. fiom . 672 674 &6 6@ a0
: t
LOG OF .
FACE ;
REMARKS : '
O
O
|
Q
Ty
é Z
=
S|P G
18
C
8
REMARKS
(7] SYMBOL ) J3 J2
g DIP/DIP DIRECTION 80°300° 20°010°
5 CONTINWITY (m) 10 5
=z SEPARATION (em) 10-15 1-3
= SPACING (cm)
Z IN-FILLING €, weathered rock Cl, Ca
8 WAVINESS st un
D ROUGHNESS 8l Ro
[ REMARKS
WATER IN-FLOW -+ Or >
Ig ACTUAL Bf{tg) ot roof & {ulg) in wallsk 3 - 4m + Sme) 12em E;“nﬁ;;g;ﬁl Yo
% DESIGN BY @' 9,13, 14, 18
7] DESIGN BY RMR' 1,2
OVER-BREAK
STRENGTH | UN./PL. MPa)
CK MASS @ €7-66.7
CLASSIFICATION [ pup 61-93
SPECIAL OPERATION

Longtudinal Scale:
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GILO LONG TUNNEL e
Summary of Engineering geological data

Section No. _261 from _€6585 to _706585m
= DATE i 1|7f3 1?3 f5|}'3 11}3 13;13 11lf3 . 10.‘?5‘1%4
Q STEEL ARCH NO. 250 2an 23
e | EXCAVATION [METHOD b D8 >
- PROG. (mi) | 24 3 3 [ 22 | 3 31 k3
@) ROCK TYPE Massiva Dolomita with sema kerste phenotnenon and Clay
— | DISTANCE (m. from S. portal ) %z 6 &% % 70 T8 o
LOG OF
FACE
REMARKS '
O
e
- LEFT
O WALL
L |
' L
rd
3 |2
o|F &
L
O
8
ol |
REMARKS
0 SYWMBOL J &
; g DIF/DIP DIRECTION 0012607 20%28¢°
5 CONTINUITY {m) 2-3 , 8
> SEPARATION (o) 9 10-15
- SPACING (em)
% IN-FILEING Ct, weatherad rock
O WAVINESS B Ln
%) ROUGHNESS Ro : Re
0 REMARKS
WATER IN-FILLOW -« Dr »
SAf{s = fm) +
'g ACTUAL Siar) 30cm +G.J B{{tg) at roof & {utg) i walls} 2 - 4m + S¢mr) 12em
a DESIGN BY Q" 9,13,14, 18
3 DESIGN BY RMR" 1,2
OVER-BREAK
STRENGTH | UN./ PL, MPa)
ROCK MASS o 8.7 -88.7
CLASSIFICATION | gup 51-93
SPECIAL OPERATION

i Longtudinal Scale: IIH:F:L

. gyl

[ApE—
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GILO LONG TUNNEL reee e ——
g Summary of Engineering geological data

Section No. _482 from _706585 tg 726585m

DATE 93 Bia 143 1R 2812 2412 23121994
STEEL ARCH NO. I’
EXCAVATION | METHOD o8 >
PROG. (m) 3 3| 3 3 s | s
ROCK TYPE Maesive Dolamite
DISTANGE (m. from S. portal )

ON

— &

]

LOCATI

LOG OF
ry FACE

s * REMARKS

GRAPHIC LOG

LOG OF TUNNEL

REMARKS
SYMBOL J2 S
DIP/CIP DIRECTION an/pz0 go2a0’
CONTHUITY {m) 3-8 5
SEPARATION (cm) 10-45 10-15
SPACING {em) 300

IN-FILLING cl Cl.ca
WAVINESS Un Un
ROUGHNESS Ro Re
REMARKS
WATER IN-FL.OW
ACTUAL

DISCONTINUITIES

Dr

A
k4

1
§

Biity) at root & (utg) in walls} 3 - 4m + S¢mry 12em
DESIGN BY '@ 913,14, 18

DESIGN BY RMR' 1,2

OVER-BREAK
STRENGTH{ UN./PL. 0#Pa)

ROCK MASS Q 6.7 -68.7
CLASSIFICATION RMR' 61-a8

: SPECIAL OPERATION

Longtudinal Scale: C e g
im

SUPPORT
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GILO LONG TUNNEL ot
Summary of Engineering geological data

Section No. _483 from _726586 to _748585m

3

DATE 22{2 21|1’2 2042 1'{!2 16|Q 151;2:‘1994

STEEL ARCH NO.

EXCAVATION [METHOD ‘ DB
PROG.{m) |=258] a7 3 3 3 3

ROCKTYPE

LOCATION

DISTANCE {m. from 8. portal )

LOG OF

FACE
2

REMARKS

LEFT
WAILL

GRAPHIC LOG

Q LL

x

LOG OF TUNNEL

RIGHT : _ e
WALL 5

REMARKS

SYMBOL |

J2
DIP/DIP DIRECTION onr242” o010

CONTINUITY (m) 2-3 6

SEPARATION {em) 1-2 2-3

SPACING (cm) 300 - 400

IN-FILLING ca ol

WAVINESS Un Un

ROUGHNESS Ro

DISCONTINUITIES

REMARKS

Dr

A

ATER INFLOW

\J

ACTUAL Biitg) af roaf & (ukg) in walls} 3 - 4m + Simn) 12em

DESIGN BY '@’ 9, 13, 14, 18

SUPPORT | =

DESIGN BY RMR' 1,2

OVER-BREAK

STRENGTH| UN./PL. (MPa)

ROCK MASS Y 87-657

CLABSIFICATION 'RMR’ 81-83

SPECIAL OPERATION

Longtudinal Scale: :FPF::‘

—_—
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Page No.
GILO LONG TUNNEL e
Summary of Engineering geological data

Section Mo. _484 from _745385 fg 766585m

= DATE «—1az_ e 12 1072 77 " Gr2ifeed
= o STEEL ARCH NG,
j % | Excavamion METHOD * 08 >
3 PROG.(m) | €— 3 3 3 3 3 E 3 —»
.- O ROCK TYFPE * Messive Dolomite with karstic phanohenon
= | DISTANGE (m.from S. portal ) 748 '

. LOG OF
FACE

-y REMARKS

GRAPHIC LOG

LOG OF TUNNEL

—} REMARKS
7 SYMBOL 2 3
. E CIP/DIP DIRECTION S0t 70
5 CONTINUITY {m) B s
e SEPARATION (cm) 1-2 t5
= SPACING (cm)- 00 -30D
Z IN-FILLING Ca ]
3& JWAVINESS Un &t-Pl
7] ROUGHNESS Ro
] REMARKS
WATER IN-FLOW -« Dr >
g ACTUAL Bifig) at roof & (uig) in walls} 3 - 4m + S 12cm
]I & DESIGN BY @' 8,13,14, 18
o 2 DESIGN BY RMR’ 1.2
OVER-BREAK
1; STRENGTH| UN./PL P}
u ROCK MASS o ' 6.7-657
CLASSIFICATION | mup: 81-53
; SPECIAL OPERATION

Longtudinal Scale: [ mm—
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GILO LONG TUNNEL reoete i
Summary of Engineering geological data
Section No, _485 from _768585 to _786.585m
Z CATE 4::2 3!;2 2{2 1{2 S‘FI” 30.-"1'!1 8g4
9} STEEL ARCH NO.
FZ | ExcavaTion [METHOD * oS - >
G PROG. (mj) [ s 3 3 3.2 3 62 — =
Q ROCKTYPE Massive Dolomite with karstie phenemenon
— | DISTANCE (m. from 5. portal ) 72 T M6 1 @0
LOG OF
FACE
REMARKS '
o :
)
— LEFT
O WALL
g | g -
é =z
P E
O
o|P G Q
O
¢
o
|
RIGHT
WALL
REMARKS
o SYMBOL J2 )3
E DIP/DIP DIRECTION 8510007 80°1265°
5 CONTINUITY ¢m) 8 3
= SEPARATION (cm) 5
— SPACING {em}) 200 - 300
g IN-FILLING al
O WAVINESS Un St-Un
(73] ROUGHNESS Ra 5]
0 REMARKS
WATER IN-FLOW < Dr _»
= ACTUAL Biitg) 2t roof & (utgy in walls) 8 - 4m + Sme) 120m
% DESIGN BY Q' 8, 13,14, 18
7] DESIGN BY 'RMR' 1,2
OVER-BREAK _
| STRENGTH| st /L. taPa 78
ROCK MASS o 6.7-66.7
CLASSIFICATION RMR' 51-083
SPECIAL OPERATION

Longtudinal Scale; I‘:FFF:°
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GILO LONG TUNNEL raselle
Summary of Engineering geological data

3 .
Section No. 468 from _726585 {g 806585m
) e DATE »’n 281 =N 281 2501 2301/1994
F Q STEEL ARCH NO. _
. % | ExcavaTion | METHOD + b8 >
O PROG. (i) 3 a 3 a | 8 {3 —
r O ROCK TYPE Maszive Dolomite with karetie phenomenon
‘I -l DISTANCE (m. from S. portal ) 788 790 T92 7?4 798 798 ] 802 BO4
e
. LOGOF | N (..
- } FACE !
s REMARKS
1 e
O
—
i O
4 lE | g
Z |3 .
~ =
o|F &
3 [T
wo B e]
8
Eal —I
.
REMARKS
ﬂ SYMBOL J 4172, 022 Ja
= = DiP/DIP DIRECTION 80Y240° 85%240° - 360 75%290°
5 CONTINUITY (m) > 1 5 s 20
' = SEPARATION (o} 15 1-2 15-20
i~ SPACING (em) >300 200 =300
% IN-FILLING Ca, ¢l ca O, weathersd rock
] O WAVINESS Un L Un- St
9 ROUGHNESS Ro Ro Ro- 8t
] REMARKS
_ WATER IN-FLOW o Dr >
% AGTUAL B{to) at roof & (ubg} In walls} 3 - 4m+ S{mr) 12em
} % DESIGN BY Q' 9,13, 14,18
o o DESIGN BY RMR' 1,2
OVER-BREAK
% STRENGTH| un./PL. (MPa)
. ROCK MASS e} 67 -85.7
CLASSIFICATION | rum' 61-93
} SPECIAL OPERATION

Longtudinaf Scale:  ——mm—r——



Section No, _487
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GILO LONG TUNNEL
Summary of Engineering geological data

from _808.588

to

£26.585 m

Page No. __42

DATE

21[!‘1

18{1 . 1?!1

16.11 14!1{‘1984

STEEL ARCH NO.

EXCAVATION [METHOD *

(3}

I
»

PROG. {m) | 3

3 3

ROCKTYPE

Masslve Dolomite

LOCATION

GRAPHIC LOG

LOG OF

DISTANGE (m. frotn 8. portal )

B4 816
—1

FACE
02

REMARKS

LOG OF TUNNEL

REMARKS

SYMBOL

J17, S22

CiF/DIP DIRECTION

a5'1030° - 260"

CONTINUITY {m}

>11

SEPARATION {cm)

12

SPACING (cm)

=300

IN-FILLING

Gl weathered rock

WAVINESS

Un

ROUGHNESS

Ra

DISCONTINUITIES

REMARKS

WATER IN-FLOW

Dr

A

Y

ACTUAL

B{ftg} at rocf & (ute) in walle} 3 - dm + S{mr) 120m

DESIGNBY ‘@'

g, 13,14, 18

SUPPORT

DESIGN BY 'RMR’

1,2

OVER-BREAK

STRENGTH| UN./PL. 6dPa)

ROCK MASS o

6.7 -66.7

CLASSIFICATION ‘RMR

&1-93

SPECIAL OPERATION

Longtudinal Scale: i,—__li-&:F:’
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GILO LONG TUNNEL A
Summary of Engineering geological data
Section No, _488 from _826585 {n 846525m
= DATE 121 111 161 81 L 8fi T
Q STEEL ARCH NO.
Q EXCAVATION | METHOD * DB »
G PROG.(m) [=—32| 3 3 3 3 3 3
9 RCCK TYPE Massive Dolomita with kerstic phen

DISTANCE (m. from S, portal ) \

828 38 832 fi=2) 036 w3 240

GRAPHIC LOG

LOG OF
FACE

2

557 ‘o Yonbes

g9t +

REMAREKS

1

77

=

5

G

o

g

REMARKS

o SYMBOL J3 J2
g DIF/DIP DIRECTION 75°280° 85%015"
5 CONTINUITY {m) 8 16
pr-d SEPARATION (cm) 15 15
- SPACING (cm) 600
g IN-FILLING Ol weathered pack cl
O WAVINESS Un Pl-Ln
Q ROUGHNESS Ro
[m] REMARKS
WATER IN-FLOW - Dr »

'"o_‘ ACTUAL Biitg) at roof & {utg) in walls} 3 - 4m + S(in) 12em
% CESIGN BY @° 9,13, 14, 18

o DESIGN BY 'RMR' 1,2

OVER-BEREAK

STRENGTH| UN./PL gwpa)

ROCK MASS Q 187
CLASSIFICATION | e 61-93

SPECIAL OPERATION

Longtudinal Scale: [ mmm—m—T"_




Section No. _469
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GILO LONG TUNNEL
Summary of Engineering geological data

from _sde.s85

to 345585 m

Paga No.

44

LOCATION

CATE

3104 2."1i“‘l 994

1 I2.|!'1 853

STEEL ARCH NO.

EXCAVATION [METHOD

DB .

v

PROG. (m)

3|

ROCK TYPE

Maseive Dolomite

DISTANCE {m. from S_portal )

BB B85k 852

B54 - BGE 858

864

GRAPHIC LOG

LOG OF
FACE

G.

REMARKS

LOG OF TUNNEL

RIGHT
WALL

REMARKS

DISCONTINUITIES

SYMBOL

J1

J2

DIP/DIP DIRECTION

at%z7c

85Yi0”

CONTINUITY {ir)

=11

SEPARATION (cm)

16-15

<1

SPACING {cm)

> BO0

IN-FILLING

Cl

WAVINESS

Un

ROUGHNESS

Ro

Re

REMARKS

s

ATER IN-FLOW

Or

A

L4

SUPPORT

ACTUAL

Biftg) at roof & {utg) in walls} 3 - 4m + S{mr) 12cm .

DESIGN BY Q"

913,14, 18

DESIGN BY RMR'

1,2

OVER-BREAK

STRENGTH| uN./PL Pa)

CLASSIFICATION

ROCK MASS @

6.7-88.7

‘RMR'

681-93

SPECIAL OPERATICN

Longtudinal Scale: e m—

[Er———

o e
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- - GILO LONG TUNNEL ol i~

3 Summary of Engineering geological data
.
'§ - Section No. _470 from _28885 to _8e6Seim
= DATE
- Q STEEL ARCH NO.
v e | ExcavaTion | METHOD * i >
] PROG. () _
—_ O ROCK TYPE Massive Dolomite
- DISTANGE (m. from 5. porial } [7] 70 972 87 76 278 B8O 8R  EE4
LOG OF - N
& FACE - _ . 's
N g €2 S U I I No.datei of Mapping. ... -
_ﬁ: REMARKS | ‘ | 2 ‘
Q)
Q
-l
: Q
I -
P Lu
=
T g %
- G | P
158
i A O
REMARKS
[ 42] SYMBOL J4
. E DIF/DIP DIREGTION B1%250"
5 CONTINUITY (m) >11
> SEPARATION (em) <
= SPACING {cm) > 300
g IN-FILLING ca
B b WAVINESS Un
? ROUGHNESS Ro
' ] Q BEMARKS
| WATER IN-FLOW « or »
. [Bifig) at roof & (utg) in walls
'g ACTUAL 3 4m + S(mr) 12em ]| SA(s < 1m) + S{mn) 30em
g T DESIGN BY Q" 9, 13,14, 18
. 7 DESIGN BY RMR’ 1,2
QOVER-BREAK
| STRENGTH! UN./PL aups)
i K MASS Q' 6.7 -66.7
CLASSIFICATION RMR' 61-93
, SPECIAL OPERATION

Longtudinal Scale: - -
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- GILO LONG TUNNEL
Summary of Engineering geological data

Section No. _471___ from _888585 o 892285m

Page No.

46

DATE

STEEL ARCH NO.

~

DB

i

EXCAVATION [METHCD

PROG. {m}

ROCK TYPE Massiva Dolomite

LOCATION

DISTANCE {m. from &, portal i 890 882

LOG OF

FACE

G No.data of apping

REMARKS

GRAPHIC LOG

LOG OF TUNNEL
&)

RIGHT
WALL

<—— North portal

REMARKS

SYMBOL

DIP/DIP DIRECTION

CONTINUITY (m)

SEPARATION (cm)

SPAGING (om)

IN-FILLING

WAVINESS

ROUGHNESS

DISCONTINUITIES

REMARKS

WATER IN-FLOW «— D

ACTUAL SAfs < 1m) + S{mr} 30em

DESIGN BY Q" g, 13, 14, 18

SUPPORT

DESIGN BY ‘RMR" 1,2

OVER-BREAK

STRENGTH| wr/PL mPa 7.0

ROCK MASS @ 67-66.7

CLASSIFICATION | ‘pume 61-83

SPECIAL OPERATION

Longtudinal Scaie: I e w
1 am
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Photo: 5.1 - Small wedge as seen in tunnel wall,




RESULTANT

2.0 LD -1.0
O!F & OIP OIR.
65.0 0.0

B4.0 10.D

70.6 280, 0

83.0 147.0
FOCLS T CENTER
a.a 2.0 1.0

- ’ o1l

et — e m—— [ - — ro—— " _\|.|_.|, e

101

Fig, 5.7 - Three joint sysiem and
one free fuce in stereographic
projection. The only removable
JP i the “vousin® of JP 110,

ey ———— ————
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TUNNEL SHAPE

Q. 350-01 0. 100«0. . 3530+01
PRGJECTIVE OIR,

0. {00+~01 Q. 200+01| 0. 30G+01
TOP VERTIX OIS,

Q. ood=00

0.-000+Qa

Q. gog-ag

TOP OISTANCE

0.000+0C

oat

Fig, 5.8 - Muximum removable key block
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my .6

DIPI53 INDT) D03 DIP153 193 HONDS ~ DIDI9AN N 6.1

N 2Y 2D DN (5.2 P19 - 1IN 5 PI9) DP9 ISINONG THHD) IPNHN NINSIT 1ia kel
17303 . P22 5Y NEINN N N2 TN MDYY MO0 HNNY N9 e YU InMNIend mmnnn
MPY NN MRS INX PN OPIY3 59 NS 1110 N o’mbn MPI AN NN M 6.1
v sppban nuﬁmnn SPAD 215N DDPOPHRN NNANN PIZ1 MK YK DPITAY WY 9120 Spwnn
IOV PIYI2 DI [VWRIN PITON MOWHY NI5N NIVE TN 6.1 NPV NRMY 29D YO0H NOND
1N INIPN PITD 90 NPV DPRIN INY ¥ APURIN PITON MWD 21WD 18D WK |, ¢
210 20PNN PI7aN P N3N 00 0N NPYRIN PYPTN N0YN IYeva 18Dy opan
N2Y NNVIY 512 JPYD NIPY APIIND NYapnn OpYan MYY DU IS IR NRannd
YN 100D ©PI 019 (3 9300 neon) 90° 131 40° - n N (Goodman & Shi 1985) ,nemw Paoo
PITON MWD 0PI ING YU NEDNN yRRd ™n Sy 60° Y¥n YW TIh [P MWD YoM
0°P192 NNINN PN ON n MG 1 1201 ,70° - n :nibmn RV NYI PN PIDN NORNI NPYUNID
WIY ATIVD OPLI NPINN DV ONED WP ZapHnD 001X 1PN APYNIN PIPON M2Ws TR
0PN 19¥) TN ©PI7aN 90N .09 VYD 1IN TV T Y NN Y99 1PYD 0159 7N97 LY |
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Mouid Joints Joint | -Removable .m.m.&_.zh Required Maximum key block
No. Dip/Dir, System JP Maode [friction
96/200 32 .
1 50/284 ni 1i1 13 870 _ \&Q N'_..s.......
90/040 | Random . ‘ .
. 651352 Iz .
2 ™ 907312 | Random 101 0 909
40/256 2
920/328 | Random
3 70/320 | Random 011 ¢ 900
704350 Iz

Table 6.1 - Summary of the Removabilty and Limit equilibriunt analyses




Mould Joints Joint | Removable | Sliding | Required Muaxitnum key block
No. Dip/Dir, System Jr Mode Jriction
. 40/292 I

4 70/280 It 100 23 62.59
85/016 I2
457268 It .

5 70/198 2 110 23 500
60/240 | Random
86/300 I

6 07/270 | Random 010 13 83.59
85/360 2

Table 6.1 - continue...
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Mould Joints Joint | Removable .m._:ﬂ.mzm. Required- Meaximm key block

No. Dip/Dir. | System JP Maite friction
70/018 n

7 75/300 B3 110 No | -
30/c08 | Random Mede
90/018 2

8 657120 s 101 2 659
144030 | Random
40/114 B

9 90/010 -2 011 1 400 -
607328 | Random

Table 6.1 - contine...
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Fig, 6.1 - Undulation disturbs the
continuity of joint plane
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¢ required for stabifty and available

80.0

60.0

0.0 ——— | T | 1 | T

1 2 3 4 5 6 7 8
Mould No. (failed block)

Fig. 8.2 - Relationship between the friction angffe requiired for
block stabiifty (Goodman & Shi 1985) and the availabie friction angle
sstimated by the Q system {Barton et af. 1974).
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02N NN 1PN 6.3 1PN 1352 oo DNYPP THT 5¥ YoON NOXND DN PTIND DR (431 7hn 5.2

RA MY MPAN A 20 %5 DY TIIN WK Y0 RORD NIPP 2050 MDY 5PN YO0 HOND %Y Han

B 27n oon e 2 5y 91am N

22-11.7 51-79
0.05-0.31 26-49
0.025 - 0.09 26 -39
0.006 - 0.05 21

The range in Q
values was 3.5 to
9 for a the

rest of the tunnel

The range in
RMR
values range
was 56 to 64
for
ali the tunnel,

Fig 6.2 - Comparison of () and RMR values based on site investigation borehole and

mapping during tunneling
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 Adirection - Bdirection

Fig. 6.3 - Unpredictable pilot boreholes
along tunnel alignment. Green areqs
are competent vock and the yellow field
is soft or weathered rock. Black

symbols are boreholes
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Fig. 6.4 - The range of RMR values from site investigation boreholes
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Fig. 6.5 - The range of RMR values determinate during tunneling
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~ Sample No. ANP-2
Plug Test | Weight | Helght | Diameter] Load is | Range | Average
No. type gr cm cm kN MPa | MPa
1 Diamseiral] 153.88 | 5.41 3.74 | 17.50 | 12.80 5.20 -
2 Diametral] 159.56 5.68 ~ 3.74 17.00 12.40
3 Diametral| 157.79 5.585 3.75 17.00 12.40 11.00
4 Axial 130.74 4,58 3.73 - 14.30 5.90
5 Axial 132.01 4.83. 3.77 12.00 5.20
& Axial 110.88 4.07 3.73 26.80 16,50 16.50
Sampie No. ANP-3
" Plug Test | Weight | Height | Diameter] Load | IS Range | Average
No. type ar cm cm kN MPa ' MPa
1 Diametral| 13237 5.55 3.72 9.30 5.80 €,30
2 Diametral| 138.73 5.67 3.73 10.20 7.50
3 Diametral| 144.51 5.87 3.72 9.20 6.80 7.20
4 Axial 110.77 4.07 3.71 12.50 7.70
5 Axial 116.80 4.41 3.73 12.00 §.30
G Axial 97.57 3.48 3.75 9.80 8.20 8.20
Sampie No. ANP-4
Plug Test Weight | Height Diameter] Load Is ﬁange Average
No. type gr cm cm kN MPa MPa
1 Diametral| 15%.80 6.02 3.73 10.00 7.30 3.30
2 Diametral| 141.20 5.44 3.73 12.50 9.20
3 Axjal 118.02 4.66 3.75 7.00 3,30 . 5.90
-4 ~ Axial 97.89 3.86 3.73 5.50 3.80 0.20
Samnpie No. 1
Plug Test Weight { Height Diameter] Load Is Range [ Average
No. type .gr cm cim kN ﬁ_{lPa MPa
1 Diametral| 161.30 5.92 3.74 11.0C 7.86 4.47
2 Diametral| 158.05 5,64 3.74 43.00 9,30
3 Diametral| 182.14 5.90 3.73 13.80 98.82
4 Diametral] 158.48 5.98 3.72 10,00 7.21
5 Axial 106.57 4.04 3.73 7.3 4.47 7.88
8 Axial 110.8 3.85 3.75 14 8.98
7 Axial 111.84 4.09 3.73 10 5.99 9.92




~

.'e_—.'n—.-..—-l

Sample No. 2
Plug | Test Weight | Height | Diameter| Load is Rarnige | Average
No. type ar _tm cm kN MPa MPa
1 Digmetral| 16868 | 5./9 | 3.73 | 11.80 8.48 6684
2 Diametral | 171.69 877 3.74 17.30. 12.40
3 _ AXial 109.56 4.27 3.73 12.10 6.64- 8.83
4 Axial 122,01 413 3.74 16.90 093
5 Axial | 106.02 | 4.07 3.72 11.10 6.71 12.40
Sample No. 3
[ Plug | Test | Weight | Height | Diameter] Load Is Range | Average
No. type gr cm cm kN MPa MPa
1 Diametial| 154.60 | 5.37 3.74 10.80 7.74 7.74
2 Diametral| 159.14 5.55 .73 15.00 10.76
3 Axial 117.22 414 3.74 15,10 8.83 8.97
4 - Axjal 113.72 4.06 3.73 14.20 8.60
5 Axial 145.82 411 3.74 15.00 8.90 10.76
Sample No. 4
 Plug | Test | Weight | Height ] Diameter| Load Is— | Range | Average
No. type gr em om kN MPa MPa
1 Diametral| 154,21 5.46 3.74 15.00 10.75 7.89
2 Diametral| 164.07 5.68 3.74 11.10 7.94
3 Diametral] 163.37 5.81 3.74 14.80 10.61
4 Axial 131.48 453 3.75 16.2 7.89
5 Axial 120.82 4.19 3.73 17.8 1012 9.5
B Axial 126.5 4.46 3.76 16.8 8.45 :
7 Axial 117.47 4.09 3.74 18 10.78 10.75
Sample No. §
Plug Test Weight | Height Diameter] Load Is ﬁange Average
No. type gr cm cm kN MPE_ MPa
1 Diametraij 148.48 5,31 373 12.50 8.97 4.94
2 Diametral] 151.94 5,36 373 11.50 8.27
3 Diametral{ 157.19 573 3.74 13.00 8.32
4 Axdal 110.80 4,09 3.73 14.00 8,39
3 Axia 141.82 422 3.74 8.80 4,94
6 Axial 107.61 3.89 374 12.20 8.08 8.20
7 Axial 103.54 3.89 3.73 14.20 9.40
3 Axial 108.88 3.685 3.74 14,00 8.96 9.32




Sampie No. 6
" Plug Test Weight | Height | Diameter] Load Is Range Average
Noa. type | -gr cm _cm kN MPa MPa
1 Diametral] 173.95 5.97 3.74 18.00 12.90 6.79
2 Diametral| 173,92 5.97 3.74 12.00 8.23 ’
3 Diametral| 160,24 5.55 3.73 17.00 12.23
4 Axial 134.88 4,66 373 21.30 9.80 9.82
5 Axial 128.51 4.48 3.74. 13.50 6.79
6 Axial 128.88 4.45 3.74 16,80 8.49
7 Axial 130.30 4,50 a1 20.30 10.02
8 Axiai 130.33 451 3.78 19.80 9.72 12.90
Sampie No. R-6
Plug Test Weight | Height |Diameter| Load Is Range |} Average
No. type gr cm cm kN MPa MPa
1 Diamstral{ 158.51 577 3.73 | 14.50 10.44 8.64
2 - Axial 121.50 | 436 3.73 12.00 6.31
3 Axial 140.67 503 .| 372 | 15.20 6.01 8.01 8.37
Sample No. R-&
" Plug Test | Weight | Height | Diameter] Load Is Range | Average
No. type gr. cm. cm kN - WMPa MPa
1__ | Diametral| 153.57 | 5090 3.73 8.50 6.11 4.33
2 Axial 141.09 5.04 3.75 11.00 4,33
3 Axial 137.59 5.03 . 3.74 15.00 5.93 6.11 5.50
Sampie No. Ha
Plug Test | Weight | Height | Diameter] Load Is Range | Average
No. type gr cm cm kN MPa MPa
1 Diametral | 146.17 5.31 3.73 12.00 8.60 7.90
2 Diametral [ 159.52 5.73 - 3.74 14.00 10.00
3 Axial 127.26 4.50 3.73 16.10 7.90 9.23
4 Axial 118.07 4.19 .72 18.20 10.03 10.03
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Sample No.

Kb
Plug | Test | Weight | Height ] Diameter] Load Is Range ] Average
No. type | aor cm cm kN " MPa _ MPa
1 Diametral{ 161.88 5.93 3,73 11.20 8.04 7.05
2 Diametral] 141.91 5.20 3.72 15.00 10.85
3 | Diametral| 164.40 6.03 3.72 13.00 9.40 0.25
4 Diametral|{ 151.42 " 5.55 3,72 13.50 9.76
5 Diametral| 165.51 8.12 373 12.90 9.26
6 Diametral 157.83 5.81 N 12.30 8.95
7 Axial 117.29 4.38 3.72 13.50 7.05
8 Axial | 111.57 411 372 18.00 10.67 10.85
Sampie No. i-1c
Plug | Test | Weignt | Height ] Diameter] Load is Range | Average
No. type gr cm _cm kN - MPa MPa
1 Diametral} 158.83 5.78 3.73 14.00 10.01 3.30
2 Diametral| 141.48 5.44 3.73 12.50 8.99
3 Axial 108.58 4.01 3.7 15.50 9.62 5.90
4 Axial 103.22 3.85 3.72 13.80 9.36 9.20
Sample No. I-2a
_Plug T Test Weight | Height | Diameter] Load Is Range { Average
No. type ar cm &m kN MPa MPa
1 Diametral| 147.23 | 5.74 3,72 8.50 8.15 8.15
2 Axial 120.20 4.37 3.72 19.10 10.02 10.02 8,09
Sample No. -2b
~ Plug Test Weight | Height | Diameter] Load Is Range | Average
No. type gr cm cm kN MPa MPa
1 Diametral | 168.84 6.02 3.74 15.00 10.74 9.34
2 Diametral| 168.58 | 6.00 3.74 1580 | 11.35 10.47 |
3 Axial 122.66 4,39 3.72 18.00 8.34 11.35
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Sampie No. 3a.
Plug Test | Weight | Height |Diameter] Load Is "Range | Average
No. type - gr cm cm kN MPa . MPa
1 Diametral] 15177 5.88 3.71 10,00 7.27 6.06
2 Diamsetral] 151.12 572 .72 12.80 923
3 Diametral| 141.30 5.28 3.72 12.00 8.66
4 Axial 122.86 4 .54 3.7 16.10 7.80
5 Axjal 117.83 4,39 3.73 16.80 8.79
5] Axial 116.02 4,32 3.73 16.90 9.08 8.35
7 Axial 115.02 428 3.74 18.00 9.83
8 Axial 109.38 4.26 3.73 14.00 6.06
9 Axial 112.01 423 3.70 15.20 8.51
10 Axial 113.51 4.26 3.74 15.00 ' 8.28 9.83
Sample No, . k3h
 Plug Test. | Weight | Height | Diameter] Load Is Range | Average
No. type gr cm tm kN MPa MPa
i Diamefral] 148.80 | 5.56 3.72 12,20 | 8.83 6.73
2 Diametral| 146.28 $.50 3.73 13.50 9.73
3 Axial - | 108.20 4.08 3.74 13.50 811 - 8.05
4 Axial - 11617 4.40 3.72 13.00 8.73 -
5 Axial | 11495 4,83 .72 16.00 6.55 2.73
Sample No. -3¢
 Plug Test | Weight | Height | Diameter] Load Is Range | Average
No. type gr cm cm kN MPa _ MPa
1 Diametral| 159.00 | 5.98 3.72 | 13.10 9.48 6.73
2 Axial 108.85 4.08 3.73 16.30 9.81
3 Axial 122.61 467 3.7 14.90 6.83 8.44
4 Axial 122.17 481 3.72 . 15,80 6.73
5 Axial 114.59 429 3.74 17.50 9.53
B Axtal | 116.40 4,40 373 16.00 8.28 9.81
Sample No, NB-1
Plug Test Weight | Height Diameter] Load Is ﬁgnge Average
No. type ar cm cm kN MPa MPa
1 Diametral| 163,98 5.89 3.75 - 12.80 2.1 6.49
2 Diametral| 162.44 5,96 3.73 10.00 7.19 7.80
3 Axial 129.29 473 3.73 14.50 6.49 8.11
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Sampie No, NB-3
Plug Test | Weight | Height ] Diameter]. Load Is | Range | Average
No. _type ar cm cm kN MPa | MPa
1 |Diamefral] 153.13 | 546 374 | 15.20 | 10.88 3.45
2 Diametral] 178,84 5.34 3.73 15.20 10,91
3 Diametralj] 169.22 6.03 3.74 12.90 9.25 8.29
4 Axial 118.07 4.36 3,72 8.00 4.20
5 Axial 119.77 4,38 3.74 11.80 8.21
] Axial 123.75 475 3.73 7.80 245 10.61
- Sampie No. 20
[ Plug Test | Weight | Height ] Diameter] Load Is Range | Average
No, type gr cm cm kN MPa MPa
1 Diametrat] 175.54 8.22 3.73 13.00 9.35 5.45
2 Axial 124,86 4.49 3.73 12.80 5.45
3 Axial 121.84 4.33 3.72 15.50 8.82 6.94
4 Axial 144.02 5.04 3.71 13.80 6.14 9.35
Sample No. 21
Plug | Test Weight | Height | Diameter] Load Is Range Average
No. type ar cm cm kN ‘MPa MPa
1 Axial | 12281 | 4.53 3.73 12.80 6.23 6.23
2 Axijal 121.88 4.66 3.73 -—- — §.23
3 Axial 129.08 4.74 3.73 - -
Sample No. .23
Piug Test | Weight | Height | Diameter] Load Is Range | Average
No. type ar cm cm KN MPa MPa
1 Diametral| 168.60 4.51 3.73 12.80 9,20 377
2 Axial 129.04 5.10 3.73 12.50 6.14
3 Axial 141.06 4.24 3.73 8.80 3.77 5.90
4 Axial 114.56 591 3.73 8.20 4.50 9.20
Sample No. SB-10
Plug Test Weight | Height | Diameter]| Load Is Range { Average
No. type qr cm cm kN - MPa MPa
1 Diamatral| 156.61 5.55 3.73 14,90 10.73 7.59
2 Diametral | 143.54 512 3.71 14.50 10.53
3 Diametral| 172.73 6.15 3.73 13.20 9.50 9,58
4 Axial 130.41 4.60 3.74 18.50 8.76
5 Axial 122.40 4.30 3.73. 14.00 7.59
<] Axial 130.87 4.54 372 20.80 10.09 10.73




Sample No. §B-12
Plug Test Weight | Height [Diameter[ Load Is Range | Average
No. type ar cm em kN MPa | MPa
1 Diametral| 167.09 6.03 3.74 13.00 9.20 2.82 )
2 Diametral{ 174.30 | .05 3.73 11.20 8.04
3 Diametral| 163,36 5.57 3.74 13.30 0.53 7.32
4 Axial 118.23 415 3.75 13.90 | 8.07
5 Axial 133.07 4.79 3.73 6.00 2.62
6 Axial 130,40 470 3.73 14.1Q 8.37 89.53
Sample No. £8-13
Plug “Test Weight | Height { Diameter| Locad Is Range | Average
No. type _ar cm cm kN MPa MPa
1 | Diametral| 140.23 6.07 3.70. 3.20 2.34 1.78
2 Diametral| 141.53 6.15 3.72 250 1.81
3 Diametral| 135.52 5.91 3.72 3.00 2147 1.97
4 | Axial 96,32 4.24 3.72 3.20 1.78
5 Axial 115,59 5.07 3.70 4.80 1.87
8 Axial 104.89 4,53 3.72 3.80 1.85 2.34
Sample No. s58-1
Plug Test | Weight | Height | Diameter] Load |. Is Range | Average
No. type gr cm om_ kN MPa | MPa
1 Diametral| 159.48 | 6.05 3.73 5.00 3.60 377
-2 Diametral| 181.22 6.92 3.73 510 3.67
3 Axial 130.67 5.00 3,73 5.00 2.00 3.67 3.09
4 Axial | 137.59 5.03 3.74 - —
Sampie No. 5B-2
Plug Test Weight | Height | Diameterj Load Is Range [ Average
No. type gr cm cm kN MPa MPa
1 Diametral] 142.31 | 6.46 3.02 220 | 053 0.25
2 Diametral{ 146.87 | 6.89 3.72 1.20 0.25
3 Axigl 106.15 507 3.72 1.50 0,58 0.75
4 Axial 102.77 4.65 3.73 1.60 0.74
5 Axial £6.85 4.27 3.73 2.20 1.21
8 Axial 88.25 4.38 .72 1.00 0.53
7 Axial 106.18 4.70 3.73 3.10 1.40 1.40
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Sample No. 7

~ Plug Test | Weight | Height | Diameter] Load Is Range | Average
No. _ type gr cm cm kN MPa MPa
1 Diametral| 164.72 5.73 3.73 | 12.80 3.90 3.57 '
2 Diametral| 159.82 5,99 o372 12.80 3,57
3 Axial 125.06 4.79 .72 12.50 5.44 4.26
4 Axial 120.62 4.58 3.73 9.80 4.68
5 Axial 102.88 4.41 373 . 8.20 4.22
5] Axial 10€.83 g2 72 8.20 © 534 534
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DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: 30116

- DATE: Jun-94

SITE: GILO OPERATOR: Udi
SAMPLE: D - 3 (0.3kg/cm2) DESCRIPTION: Dolomite flour

CALCULATION __ |UNITS Container No.

. 4 5 6

Weight of wet sample +
container (W1) gr. 4040 40.44 40.61
Weight of dry sample +
container (W2) gr. 39.98 4015 40,33
Weight of container (W3) gr. 27.72 2814 28.43
Moisture content W)= _
(W1 - W2)(W2 - W3)*100 % 3.43 241 2.35

MEAN (W) % 2.73

(2.6 998) NPYN NN YR SAPAND VDN Y mMareah nhan




DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: 30118 DATE:

SITE: GILO OPERATOR;
SAMPLE: D - 3 (0.5kg/cm2) DESCRIPTION:
CALCULATION __ [UNITS Container No.

. 7 8 9

Weight of wet sample + _ '
container (W1) gr. 40.51 40.46 40.53
Weight of dry sample + _
container (W2) gr, 40.26 40.1% 40,10
Weight of éontainer (W3) ar. 28.60 28,63 28,10
Moisture content (W) = _
(W1 - W2)(W2 - W3)*100 % 214 234 | 399

MEAN (W) % 280

May-94
Udi

Dolomite flour

(2.6 938) NN NITIN NVAN MPIAND VNN YL M09 N9

P




L S

i

[ R —

R

—

[E—

DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: 30118 DATE: May-04
SITE: GILO OPERATOR: Udi
SAMPLE: D-3 (l].s-kg!cmZ:) DESCRIPTION: Dolomite flour
CALCULATION JUNITS Container No.
1 2 3
Weight of wet sample +
container (W1) gr. 40.14 40.34 40.08
‘Weight of dry sample + . _
container (W2) gr. 39.84 40,04 39.78
Weight of container (W3) gr. 2818 .| 2880 | 27.74
Moisture content (W) =
(W1 - W2)(W2 - W3)*100 % 2.57 2.67 2.49
MEAN (W) % 2,58

(2,6 A8) NN NN NVNN MPAND VIDINTH JY ME09h nhan




DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: - 30116
SITE: GILO

SAMPLE:

D - 3 (0.2kg/cm2)

DATE:

OPERATOR:

DESCRIPTION:

CALCULATION

May-95
Udi

Dolomite flour

UNITS . Container No.
' ' 1 2 3
Weight of wet sample + _ _
container (W1) gr.. 58.27 53.80 54.10
Weight of dry sample + -
container (W2) gr. 55.83 5335 | 53.80
Weight of container (W3) gr. 28.18 2880 27.74
Moisture content (W) =
(W1 - W2)(W2 - W3)*100 % 1.50 1.83 1.93
MEAN (W) % 1.78

(2.7 M8) WD NN MO HHPINT Y M0 Hbn
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DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: 30118

DATE: May-95

SITE: . GILO OPERATOR:  Udi
SAMPLE: D - 3 (0.5kg/cm2) DESCRIPTION: Dolomite flour

CALCULATION UNITS Container No.

4 § L

Weight of wet sample +
container (W1)  gr. 45.08 47.54 47.38
Weight of dry sample + - _
container (W2) gr. 44.74 4708 | 4698
Weight of container (W3) gr. 21.72 2814 28.43
Moisture content (W) =
(W1-W2W2-W3)*100 % 1.99 2.43 2.16

MEAN (W) % 2.19

(2.7 A1) NN DTN MDD NPRN DY ML nban




DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No. : | 30118

- DATE: May-95
SITE: GILO OPERATOR; Udi
SAMPLE: D - 3 (0.8kg/cm2) DESCRIPTION: Dolomite flonr
CALCULATION __ JUNITS "Container No.
_ _ 7 8 9
Weight of wet sample + ‘ | |
container (W1) - gr. 45.26 43,18 49.74
Weight of dry sample +
container (W2) gr, 44.89 47.76 49.24
Weight of container (W3) gr. 2860 | 2863 | 2940
Moisture content (W)=
{W1 - W2)(W2 - W3)*100 % 2.27 2.20 2.48
MEAN (W) % 2.32

(2.7 9973) AN NN N0 NP Y MY nhan
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DETERMINATION OFTHE NATURAL MOISTURE CONTENT (w%)

DATE:

PROJECY No.: 30116 May-85
SITE: GILO OPERATOR:  Udi
SAMPLE: D -3 (L1kg/em2) DESCRIPTION: Dolomite flour
CALCULATION UNITS Container No.
10 1 12
Weight of wet sample + _
|container (W1) gr, 4747 51.51 46.48
W.eight of dry sample + _
container (W2) gr, 48.74 50.94 48.04
Weight of container (W3) gr. 28,78 28.01 28 55
Moisture content (W) =
(W1 - W2)(W2 - W3)*100 % 2.39 2.49 2.52
MEAN (W) % 248

(2.7 9198) N9PYN NIPTIN M9 ANPAND YINIZYH YW n1asueh nan




DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No. : 30118 DATE: Jun-95
SITE: GO OPERATOR: Udi
SAMPLE: D -3 (0.3kg/em2) DESCRIPTION: Dolomite flour -
CALCULATION __ JUNITS Container No._
: 1 2 3
Weight of wet sample +
|container (W1) gr. 49.62 5443 | 5274
Weight of dry sample +
container (W2) gr.. 45.31 49.18 a7.77
Weight of contriner (W3) gr. | 2818 28.80 27.74
Moisture content (W) =
(W1 - W2)(W2 - W3)*100 % 25.16 24.86 24.81
MEAN (W) % 24.88

(2.8 918) NN NYITAN 1V INPAND VYN LY MAashan nYan
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PROJECTNo.: 30118

SITE: GILO

SAMPLE:

D-3 (O.Skgfcmzi

DATE:

OPERATOR:

DESCRIPTION:

CALCULATION

- DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

Jun-95

Udi

_ Dolomite flour

UNITS Container No.
_ 4 5 6

Weight of wet sample + _ _ '
container (W1) gr. 49.95 53.04 54.84
Weight of dry sample +

container (W2) gr, 45.49 48.08 49.50
Weight of container (W3) gr. 27.72 28.14 28.43
Moisture content (W) =

(W1 - W2)(W2 - W3)*100 Yo 26.10 25.00 25.34

MEAN (W) % 25.15

(2.8 92%) NN NN DTN NTAND OIS Y A nhan




DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No. ; 30118 DATE: Jun-95
SITE: GILO OPERATOR:  Udi
SAMPLE: D - 3 (0.8kg/cm2) DESCRIPTION: Dolomite flour
CALCULATION _ |UNITS Container No.
- 7 & 9
Weight of wet sample +
container (W1) gr. 6277 59,51 71.35
Weight of dry sample + _
container (W2) gr. §5.65 §3.20 62.72
Weight of container (W3) gr. 28.60 28,63 29.10
Moisture contenf (W)=
(W1 - W2)(W2 - W3)*100 Yo 26,32 25.68 25.67
MEAN (W) % 25.89

(2.8 M) KN NPNN NVNIN INPARD VIMNVYTN YU Maroah nhan

—=3
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DETERMINA’ITON OF THE NATURAL MOQISTURE CONTENT (w%) -

PROJECT No.: ao146 -  DATE: May-04
SITE: GILO . OPERATOR: Udi
SAMPLE: M -1 (0.2kg/cm2) 'DESCRIPTION: Terra Rosa
CALCULATION UNITS |  Container No.
. 4 5 6
Weight of wet sample + '
container (W1) gr, 4478 | 3986 45.36
Weight of dry sample +
container (W2) gr. 37.67 3495 38.05
Weight of container (W3) gr. 27.72 28.14 28.43
Moisture content (W) =
(W1 - W2)(W2 - W3)*108 Yo 72,99 73.57 75.99
MEAN (W) % 7418

(2.15 4¥8) NVPYUMN DTN NONN RPN Y MAXn N




DETERM]NA’I‘ION OF THE NATURAL MOISTURE CONTENT (w%)

PROJECT No.: 30118 DATE: May-94
SITE: GILO OPERATOR:  Udi
_SAMPLE: M-1(0.5kg/em2) . . .. DESCRIPTION: - TerraRosa
CALCULATION __ [UNITS “Container No.
_ 7 8 9
Weight of wet sample + |
container (W1) or. 40.42- 46.63 48.45
Weight of dry sample +
container (W2) gr. 35.48 39.07 40.24
Weight of container (W3) gr. 28,60 | 28.63 29.10
Moisture content (W) =
(W1 - W2)(W2 - W3)*100 % 71.80 72.41 73.70
MEAN (W) % 72.64

(2.15 9958) N9PYIN NHN NTIM AIDINN DY MV NN
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DETERMINATION OF THE NATURAL MOISTURE CONTENT (w%) |

PROJECT No.: 30146 DATE: May-94
SITE; - GILO OPERATOR; Udi
SAMPLE: M - 1 (0.8kg/em2) DESCRIPTION: Terra Rosa |
CALCULATION __ |UNITS Container No,
10 11 12
Weight of wet sample + )
container (W1) gr. 48.06 48.96 4433
Weight of dry sample + _
container (W2) gr. 30.98 40.12 37.75
Weight of container (W3) - gr. 28.78 28.01 23.55
Moisture content (W) = .
(W1 - W2)(W2 - W3)*100 % 72.14 73.00 71.52
MEAN (W) % 7222

(2,16 198} NH9YD NN NN KON HY M0 nan
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DIP B DIP DIR
g90. 0 200. O
0.0 284.0
50,0 40.0
FOCUS TO CENTER
0.0 0.0 i.0

Block No. 1
Removable JP 111




OIF 2 OIP DIN,
5O 200. 0
S30.0 ZE4. 0
80.0 40,0
FGCUS TO CENTER
0.0 b.a 1.0

Block No. 1
" = | " T — ——y o — o - T ——— e s e -
. i - — _




P. LONDE PICTURE
RESULTANT
0. Q00«00 0. 000-00 D, 10D0~01
DIF OTFP O, SIDE
890. 0 200.0 1.0
50.0 284.0 1.0
80.a0 <0.0 1.0
Focus
2.0 g.o -1,0
STEP
5. 00

SAFE

L.

Block No, 1
@ Required 87"




RESLULTANT
0.0 0. =1.0
DIP & DIP DIR.
B5.0 332.0
90.0 3120
40. 0 256. 0
FOCUS TQ CENTER
0.0 0.0 1.0

U.H.

Block No. 2
. Removable JP 101

— —— " " [




RESULTANT
c.o 0.0 -1.0
OiP & DIP DIR.
£65.0 352.08
ap. ¢ 312.0
40,0 256.0
FOCUS TO CENTER
.o 0.0 1.0

Block Ne. 2
Sliding Mode 0.



R, LDONDE PICYURE
RESLLTANRT ]
0. 000+0a D. 0OD+D0 0. 10D~
DIP DIF D. SIDE

65.0 352.0 1.0

80.0 312.0 D, Q

40.0 256.0 1.0

Focus
0.0 a0 -1.0
STEP
S. DO
L.H.

Block No. 2

@ Required 90"
el e S S e s S s B e S e s B mn S T T oTTToTTT o




RESULTAN
g.a p. 0 -1.0
DIF & DI¥Y DIR.

Q0.0 I2§. 0
70.0 320.0
. 70.0 3s3.0
FOCUS TO LENTER
0.0 Olo 1.0 : ’

1

sP

Block No. 3
Removable JP 011




RESULTAN
o.a .o =1.0
oOIP & DIP DIR.
90.0 328. 0
70,0 324.0
70.0 354. O
FOCUS TO LENTER
oo olo. 1.0

U.H.

Block No, 3
Sliding Mode 0

-y —_————




_u-rﬂzom_u._ﬂqcnm
RESLLTANT ’ .
0. ODD+00 0. 0Uo+00 O, 100+D1
BIF DIF DO SIOE

a0.0 3I28. 0 0.o

70.0 320.0 1.0

70.0 350.0 1.0
Facus

0.0 0.0 -1.0

STER

5. 00

_——-——

N -

~

L.H.

Block No. 3
@ Required 90°




RESULTANT
0.0 @O0 -LO Y
DIP & OIF DIR.
40,0 292,10 Ve
70,0 280.0 . 7
o 18.4
g 327.0 <
FOCUS TO CEMTER 100 7
0.0 0.0 i.0. y

U.H,

Block No. 4
_Removable JP 100

—rre——y " _r_|. [y —JtilJ rr——— = = —— ——
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RESULTANT
0.0 . 0.0 -1.0

DIP % OIP DIR.
40,0 292, 0

70.0 280.0

A5.0 1A 0

87.0 327.0

FOCUS TO CENTER
‘0.a 0.0 1.0

23

Block No. 4
Sliding Mode 23
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P. LONDE PICTURE A e m - _ I
RESULTANT ' - .r:...... \
0. 600+00 0. 00D+00 0. 100+01 ! - S A
OIF DIF 0. SIDE 4 e . \
40.0 292.0 1.0 ! e ~. v
70.0 280.0 0.D - N
85.0 16.0 0.0 e T T *.

FOCWUs
‘0.0 0.

STEP
5. 00

~1.0

_————— -
- -
- - — -

Block No. 4
@ Required 62.5"
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RESULTANT .

0.2 oo -i.n0 7
UiP & OIP DIR.

4%. 0 268.0 _ Vs
0.0 198,04 | ) . -~
60.0 240.0 ) .

g7.0 227.40. - ' . 4
FOCUS TO CENTER e

.0 @O0 1.7 v

L1l

Block No. 5
Removable JP 1108




RESULTANT

c.o
DIP %
43.0
70.D

60. 0
g7.0
FOCUS
a.o

0.oc -1.0
D1P OIR.
268. 0
198.0
240. 0
227.0
TO CENTER

0.0 1.0

U.H.

Block No. 5

Sliding Mode 23



P, LONDE PICTURE
RESILTANT .
0. 000+-00 C. 000+-00 Q. 10D~
DIF QTP DO. SIDE

4%. 0 256.0 1.0

70.0 156.0 L0

60.0 240.0 0.0
FOCwUS

0. Q.0 -1.0D

STEP

5. 00

o5~

L.H.

SAFE

Block No. 5
ﬁ Required 50°
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. 0o 0.0 1.0

RESULTANT

0.0 0.0 =-1.0
OIF & DIF DIR.
86.0 300.0

7.0 270.0

8%, 0 360, 0

a7.0 827.0
FOCUS TGO CENTER

—r

.Hr_

-y

iy
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———
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" Removable JP 010

U.H.

_BlockNo. 6



RESUL TANT

0.0
OIF &

. B6.O
.o
85.0a
B87.0
FOCLS
0.0

.o -1.0
DIP DIR.
500, 0
270- 0
3B0. ¥
927.0
TD CENTER

0.9 1.0

13

Block No. 6
Skding Mode 13
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RESULTANT
0.0 0O -1.0
OIP & DIF DIR.
70.0 18.0
75.0 =00, 0
30.0 8.0
B7.0 147.0
FOCLS TD CENTER
0.0 GO0 I.0

e o Block No. 7

Removable JP 110




. RESULTANT

0.0 o -i.0
DIF & DIP DIR.
70.0 18.0

75.0 N0-0

30.0 8.0

B7.0 147.0
FOCUS TO CENTER
0.0 0.0 1.0

Block No. 7
..n.._in..c-r.n.—m ?!. e z.. - I.ao -



4
P. LONDE PICTURE /
RESULTANT !
0. 0QU+DO 0. Q0D+00 o.....p.on:n..r
DIP NIP D. SIDE .

70.0 180 1.0 ,
75.0 300 Q 1.0 ¢ L.H.
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RESULTANT
Do o.a -i.0
uIP B OIP DIR. ot
g0.0 18.0
65.0 120.0
14.0 30.0
87.0 147.0
FOCUS TO CENTER .
.o oo 1@ U.H.

e Block No. 8
Removable JP 101
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RESULTANT
0.0 0.8 -1.0
OIP & OIF DIR. 0
90.0 180
B5. 0 120.0°
14.0 30.D
7.0 147.0,
FOCUS TO CENTER
0.0 oo 1.4

Rlock No. 8
/ Sliding Mode 2
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RESULTANT
0.0 oo -1.0
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FOCUS TD CENTER
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Block No. ¢
4 | Removable JP 011




RESULT
o.a
0OirP &
40. 0

0.0 .
60. 0
a7.a
Facus
oo

ANT

no -1.0

OIP DIR.
114.0
10.0
326. 0
147.0

FQ CENTER

0.0

1.0

[

iy

U.H.

Block No. 9

Sliding Mode 1
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For rock mass quality rating, it i3 necessary to determine and qualify the discontinuity

. d

1 systems, the infilling material, extent of weathering and changing in strain condition due to faults

" and shearing zone. Site investigation can not based on boreholes which provide only local and

j not satisfy data . The diversity of “QQ” and “RMR” values that range from a very good rock to

’ ] an extremely poor' rock mass emphasize these difference. This diverse range could not be
,] determined on the base of a few boreholes.

.\ J Discontinuity planes were measured at the surface and within tunnel. This data was used
i to determine potential unstable block using Block Theory (Goodman and Shi 1985). The
?-mapping during tunneling showed only small block (20 to 30 cm) formed due to random and
: systematic discontinuity planes which would not cause stability problems. Although Block
'_ ‘Theory removability analyses showed potentially a large key block, this did not fall due to the
B undulating nature of the fractured plane and the hetero geneity of the rock mass.

) |
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I Abstraét

] The excavation of Gilo long tunnel is used as a case study for the adaptation of the “Q”

7 (Barton 1974) and “RMR” (Bieniawski 1974) élassiﬁcation methods for layered carbonate and
,jheterogeneous rock mass. The tunnel was excavated in limestone, dolomite and marl of the
ﬂ Upper Cretaceoﬁs Judea Group at a site in the southern part of Jerusalem. The results of
- 1 preliminary site investigation, which included geological mapping and five boreholes, provided a
| range of data which only in part conformed to the reality in tunnel excavation.

The main problem arose from the phenomena of intervening transition zone between the
,- E Moza formation and the overlying Amminadav Formation, consisting of massive competent
3 ciolomite blocks surrounded by soft dolomtte “flour” of silt and fine sand size. The geomechamic
> prépeﬂy of the dolomité “flour” and massive dolomite differ significaily in cohesion (27 kPa &
) j 32 MPa) and uniaxial compressive strength. The combination of massive dolomite and dolomite
"] “flour” together with weathering phenomena associated with open fractures, karst and clay,

e _ _
_ caused problems in the “Q” and “RMR” classification of the transition zone. Drilling at the site

; did not disclose the heterogeneity of the transition zone. The classification values from the

" j southern part of the tunnel (transition zone) were generally higher then the real values while,

: . The “Q” and “RMR” values in the massive dolomite were generally more conservative then
|'

' those determined during excavation.

| ' Rock mass classification was carried out during tunmeling operation by detailed
- geological mapping and revealed the difficulties of classification of the transition zone,

- especially in determine the descriptive pazﬁmeters of the classification methods. This was also
. emphasized by the correlation equation between “Q” and “RMR”, which could not be applied to
the transition zone but give a good correlation between the two classification methods, for the

- massive dolomite values.




it ] e, \Jltl..l; e I ————,




' hl
R

[ e —

Evaluated of empirical cldss.fﬁcation methods
(O, RMR) for tunneling in bedded rock.

Lessons from the Gilo Tunnel, Jerusalem.

This theses submitted for M.Sc, degree

Faculty of Natural science

By: Ehud Gavish

Supervisors: - Pr. Yossef Hodara Hatzor, Ben-Gurion University of the Negev
Dr. Yaacov Arkin, Geological Survey of Iérae], Jerusalem

Department: Geology and Mineralogy

Facuity of Natural science

Ben-Gurion University of the Negev

Signature of the author: Date :
Signature of the supervisors: .. . / Mﬂ'hﬂ‘ ........... Date :
Date :

Signature of the department committee chairman MWL;. Date: . ..







Ben-Gurion university of the Negev
Facuity of natural science

Depariment of Geology and Mineralogy

Evaluated of empirical classification
methods (0, RMR) for tunneling in bedded rock.

Lessons from the Gilo Tunnel, Jerusalem.

This theses submitted for M.Sc. degree

By: Ehud Gavish

01,01.1997



