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Recent alluvium

Scree

Landslide

Travertine

t
()r ‘frans;Q : Young lerraces
a

Q ;', Qld1crraces

Morain

Conglomerate with intercalations of sandstone and clay
per Pliocene Jower Pleistocene)

E” : Trachytc, trachyanacsite
E'": Tull and wffie

]

—(Late Eocenc)
El: : Porphyritic trachyandesite-trachybasalt. ‘ { ocene

a

56 : Green-yellow tuffite, conglomerate with intercalations of limestone. |
E:-]c : Sandstone. conglomerate, shalc.
E: : Tuffaccous sandstone, yellowish platy tuffite, shale.
E; : Grey-brown shale, siltstone and sandstone.
E:’ : Shale, silistone, sandstone with intercalations of Jimestone and tuffite.
F.aih: Porphyritic hyaloandesite-basalt.
E[; : Greenish tuff and tuffaceous siltstonc; ET : Shale with intercalations of tuffite and tuffaceous
E:h : Green twff. wif breccia. tuffitc with intcrcalations of tuffaceous siltstone.
E: : Dark grey shales: E‘: : Hyalotrachyandesitc, trachyte-dacite. tuff breccia.
Ej: : Sandstone, cong!om;zrate‘ green tuff; Ea:: Basaltic -andesitic hyaloclastites and tava brece
E:-( : Light colour sandstone, greenish tuffite, conglomerate { turbiditic scdiments).
L2 B Eic :"Tuffaceous sandstone. microconglomcrate with intercalations of tuffite.
z E;v : Tuffite sandstone. conglomerate ( turbiditic sediments).
= E.‘: : Tuffitc. luffaceous sandstone and shale; E;‘: Shale with intercalations of sandstone and wffite
© Eﬁh : Shale with intercalations of tuffaceous sandstone and siltstone.
O f; . . 55 . .
w E3 - White-green tuff breccia, ash luff;Ej : Alternation of shale and tuffaceous siltstone.
E: : Green crystal, lithic and ash tuff, tuff breecia, and panly with intercalations of Jimestone.
E:\ : Alternation of shale and tuffaceous siltstone.
L: : Rhyolitic tuff with some intercalations of shale.
E:“: Massive green tuff, shale with dacitic and andesitic- basaltic lava flows.
E'\]m: Dark grey shale with alternation of green tuff, and partly with sandstone, shale, conglomerat:
Et;a : Andesitic lava breccia and lava flows: E“Ih: Andesitic 10 basaltic lava breccia and hyaloclastits
E‘fh: Alternation of green tuff and shale; El:: Andesitic - basaltic lava breccia and lava {lows,
E: - Rhvolitic i and lava lows: F_(:u: Ducitic to andesitic lava Now s and rhyodacitic pyroctastite
Ess) : Bituminous siltstone and shale, calcareous tuffite; Es‘l: Tuffaceous sandstone, green tuff.
E“ll : Green tuff, wifite, siltstone and fimestone at the base.
Es] : Shales and siltsione: E;): Green tuffs and limestone.
E“I . Daditic to andesitic lava flows and tuff breccia.
Ej) : Red sandstone, shale, conglomerate with gypsiferous marls and intercalations of limestone.
E‘;’ : Red conglomerate and sandstone with intercalations of limestone.
E? : Red conglomerate, sandstone and shale.
ET : Shalc. sandstone and tuffite with intercalations of limestone; ng : Gypsum and marl.
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Weak to Moderately Strong,Thin to

C moderately bedded, Fractured, May Sens Yoo Gtal \
be Unstable
U13 3 U]4
Moderately strong, Moderately to b Sl
B-C | thick bedded, Moderately fractured, Y. Gta2 ¥
Stable sk

Moderately strong, Moderately to b Sl

B thick beded, Moderately fractured, vo- Gta3 Y
Stable sk
UIO > Ull > UlZ
U Sls
A-B | Very strong, Thick bedded, Stable O Gtad ¥
b e
a4 b
Weak to Moderately Strong, Thin to
C moderately bedded, Fractured, May S50 Vo Sts1 o
be Unstable )
[Cand ol U5 to U9
b Sles
A-B | Very strong, Thick bedded, Stable Yo- Sts2 £
ke
Weak to Moderately Strong, Thin to
C | moderately bedded, Fractured, May —ob e \6- Us, Uy Tsh Y
be Unstable

Moderately strong, Moderately to
B thick beded, Moderately fractured, b e Yoo U, Mdg A
Stable

Very weak, Crushed rock, Intense
D i ’ © ol Y- Uito Ups Cz 4

water inflow, Unstable
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Uniaxial Point
Comp. Load Field estimate of
Grade* Term Strength  Index strength Examples
__(MPa) (MFPa)
R6 Extremely > 250 >10 Specimen can only be  Fresh basait, chert,
Strong chipped with a diabase, gneiss, granite,
geological hammer quartzite
RS Very 100-250 4-10 Specimen requires Amphibolite, sandstone,
strong many blows of a basalt, gabbro, gneiss,
geological hammer to  granodiorite, limestone,
fracture it marble, rhyolite, tff
R4 Strong 50-100 2-4 Specimen requires Limestone, marble,
more than one blow of phyilite, sandstone,
a peological hammer  schist, shale
to fracture it
R3 Medium 25-50 1-2 Cannot be scraped or  Claystone, coal,
strong peeled with a pocket  concrete, schist, shale,
knife, specimen can be siltstone
fractured with a single
blow from a
geological hammer
R2 Weak 5-25 hid Can be pecled witha  Chalk, rocksalt, potash
pocket knife with
difficulty, shallow
indentation made by
firm blow with point
of a geological
hammer
R} Very i-5 hid Crumbles under firm  Highly weathered or
weak blows with point of 2 altered rock
geological hammer,
can be peeled by a
pocket knife
RO Extremely 0.25-1 ** Indented by thumbnail Stiff fault gouge

weak

* Grade according to Brown (1981).
** Point load tests on rocks with a uniaxial corpressive strength below 25 MPa are likely to
yield highly ambiguous results.
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R3(25-50) 30-40 Gtal
R4(50-100) 70-80 Gta2
R4(50-100) >80 Gta3
R5(100-250) >80 Gtad
R5(100-250) >80 Sts1
R5(100-250) >80 Sts2
R4(50-100) 50-60 Tsh
R4(50-100) >80 Mdg
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Dry Saturated
Borehole | Sample | Depth (m) Lithology Density | Density Diect Shear Strangth
Cohesion .
(gricm®) | (gricm?) s Type
SRS’ 45.46 2.756 2.794 (tMpa)
A SR6 49.50 2.769 2.802
BHs SR7 52.4_-52.75 Microgabbro 2738 2.799 0 18.5
SRS | 66.5-66.9 2.785 2.815
SR9 | 74.4.74.7 2.805 2.822
SR10 { 80.5-80.9 2.81 2.823
SRI 430431 | Sity/Shally 2.639 2.681
SR2 435-436 2.53 2.608
SR3 440, 585 2.647
| BHIS R 444.::415 tuff, sandy tufl 5.373 2.439
SR5 | 448.4-450 2,582 2.648 0 35.2
SR6 451-453 Tutf 2.483 2.573
SR1 272-273 | Silty/sandy 2.654 2.68
SR2 276-277 2.653 2675
_ SR3 | 280-280.6 | 4 Shally 2.661 2.68
BH17 SR4 | 285-285.7 2.662 2.693
: SRS 289-290 : 2.676 2702 | 1 © 39.7 | Natural Joint
SR6 | 2922937 | tfhsome IS 67
SR7 295-296 1 2598 2.621 0 34,7 | Natural Joint
| SR8 | 303.304 | breciated tuff| 7654 2.686
SRI 101-102 2.505 2.56
SR2 | 104-104.5 2378 2.474
SR3 108-109 2.405 2.49
SRe | 113-113.4 2.147 2.306
~ SRS | 116-1116.7 . 2.305 242
B e e ] YT SSe 08 0 249
SR7 122-123 2.252 2.403
SR8 | 128-128.5 2.396 2.481
SR9 130-131 2.357 2.457 g 25.6
SR10 134-135 2.379 2.482
SRl | 60.4-60.8 | Silty tuff, 2.608 2.632
SR2
SR3 | 66.0-66.85 | 2.56 2.608
o] SR4 |- T3-74 2.573 2615
| SRS | 78479 2.554 2.61 0 39.3
SR9 83-84 some 2.4 2.462
SR10
| sRIl
1 SR12 | 893894
SR13 92.4.92.6 2.536 2.602
SR14 95-96 breciated tuff{ 2.333 2.575
T SR1_ | 142-142.8 2.407 2.478
i SR2 151.5~152 2.363 2.45%
s SR3_ | 1581585 2,557 26
- BHZT SR4 | 162-163 2.65 2.675 1216 | 328 | Nauwa Jomi
e SRS | .168-169 2.599 2.417
i SRE | 170.170.5 2,281 2.382
SR7 | 1741745
T SR1_ 1229.4-230 2.61 2625 |
BH22 | SRz | 2335234 2.633 2649 1
SR3 236-237 2523 7.583
SR1 54-54 0 Dacitic to 2.504 2511 | 3 778
SR3_| 573577 | o [[Ze: 2661 |
SRS 5162 | Rhyodacitic | _2:555 283 |
SRe 64-65 2.218 2.37 L a 37.3
S ¥ . 2.295 2,427
B2 R S iy 248 | 2.55
SR8 74-75 . 2.49 7.556
SRS 78-78.8 | Crystallithic 57375 2475 |
SR10 | 81582 Z.301 2425 [~
SR11 83-83.5 | wff, Vitric lff | 2258 2.4
SR3 18.5 2.559 2.609
: SR4 25.5-26 2.609 265
BH24 SRS 29530 | Silty tuff 2.497 2.557
| SR6 | 335333 | 2.603 2.637
SR7 39.6 2.554 2.623




Borehole | Sample | Depth (m) Litholos
’ e
BHe | BHS(D) 74.50 JEs—
BH.6(2) 83.00 ~
BH.7(1a)]  51.50 _E‘—~
BH7 (BHZ(BY 5150 —
BH7(2)| 116.00 S
BH7(3)|  133.50 —
BH.A3_[BH.I3(1) —
BH.14 |BHI4MD]  83.50
BH 2! __ 3850
BH.IZ(D 14170
BH.17(2a] _ 271.50 ]
BHA7 BHI7(26] 27150 -
BH.17(3a]  281.50
BH.I7(3b]  281.50 ural
BH2I(D)l 16150
BH.2t [BH2I(2)|  164.50 ural
BH2I(3)  177.00 -
BH.22(1a]  221.00
BH.22 BH221b]  221.00 ural
BH22(D|  237.00 ural
BH2(1)] 73.30
S TR R T R
BH.24 |BH.24(1)] 4150 S
BH25(1)] 23850 —]
BH25(a]  411.00 o
BH25(2b]  411.00 S
BH.25(2c]  411.00 ]
BH.2s  BH25(Gal 43300 I
BH.25(3b]  433.00 ]
BH25(3c]  433.00 o
BH25(4)]  445.00 o
BH25(5)|  455.50 T
BH.25(6)]  455.50 o
A Portal —
: B Ponal e
Block' |__C Portal i}
D Portal
E Portal T
F Portal o
BH.A(1) 108-109 tural
BHA(D)| 123-1238
BH.A(3)! 124.5-125
BHAM| 129.5-130
BH.A | BH.A(5)[138.45-138.65 h
BH.A(6)|144-144.3
BHA(D| 147.5-148
BILA(®)| 1526153
BH.A(9)] 1595160 T
BHB(I)| 103-1088
BH.B(2)| 1092-110 e
BH.B(3)| 1143-114.7 o
BHB |BHB(4)| 1154-115.95 o
BH.B(5)| 124.85-125 o
BHB(6)| 12545-126 ]
BH.B(7)| 129.25-130 ]
1 183.3-184 -
2 194.55-195 -
3 186.4-136.7 -
4 | 202320265 o
sHp |5 | 22953303 -
6 | 224452749
7 2164217 -
8 199-199.4 o
3 211432118 T
10 | 205.1-205.5 T
S1 350.5-351 -
S2 359 6-360 T
S3  |363.23-363.95 T
S4 365.5-363.8 T
BHE §s | 37323736 | 7
s | 37633767 | ]
s7 389-390 T 1
S8 392.45-393 T
| sa 3573979 |
| S10 | 399.2-399.6 T
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o™pPay | 777 | (Gpa) Py | | md) | e
10-20 34 0.13-0.17 5-15 30 10-15 | 26 Gtal
10-20 4-6 0.13-0.17 |  10-15 75 5-10 2.6 Gta2
10-20 6-8 0.13-0.15 10-15 100 5-10 2.6 Gta3
10-20 1020 | 0.13-0.15 12-18 150 5-10 2.6 Gtad
20-30 8-10 | 0.130.17 | 10-15 120 5-10 2.6 Sts1
20-30 1020 | 0.13-0.17 | 17-25 150 10-15 | 255 stz |
20-30 4-6 0.15-0.2 5-10 50 5 26 Tsh
0-5 4-6 0.15-0.17 |  15-20 90 <5 2.8 Mdg
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0-2230 270 | 80-85 | 180-190 | 45-50 | 225-230 | 70-80 | 330-350 | 20-40 [P RandomtBl o,
edding
2280-4580 180-190 | 45-50 | 225-230 | 70-80 | 330-350 | 20-40 |, 2 Joint Gta2
Sets+Bedding
4800-6000 110-120 | 75-85 | 225230 | 6575 | 355-5 | 3040 | 2 7joint Gta3
Sets+Bedding
+
6000-7230 95 80 220 85 520 | 25.40 |2 Random+ o
Bedding
i
7230-7850 135-145 | 60-65 | 240-260 | 70-80 | 1030 | 35-45 | 2+Bedding Sts1
(Foliation)
2+Random+
7850-8710 300-310 | 50-60 | 230-240 | 70-80 | 20-30 | 05-15 | Bedding Tsh-1
(Foliation)
8710-
+ +
10010&10260- 315 55| 200210 | 80-90 | 90-100 | 30-40 |2+ Random g o
Bedding
10950
+ +
10950-13400 130-140 | 7585 | 220-240 | 70-80 | 50-60 | 2535 (2T Random
Bedding
+ +
13400-4230 295-300 | 45-55 o7 Random+ o o
Bedding
+ +
14230-14680 190 80 | 150-160 | 55-60 | 300-310 | 45-55 [>T Random+ o) o
Bedding
2+Random+
14680-15230 20-40 | 45-50 | Bedding Tsh-2
(Foliation)
15350-15980 | 63 25 157 80 235 64 — | 3Jointsets | Mdg
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Very Poor 0.167 | 43 Fair 48 43-48 48 15-50 (25) Gtal
Very Poor 0.98 {525 Fair 57.5 ]46.35-51.5| 51.5 | 30-60 (50) Gta2
Poor 2.05 {685 Good 73.5 | 61.5-66.57 66.5 | 60-80 (50) Gta3
Good 21.11 (775 Good 82.5 [ 725-77.5( 77.5 | 90-100 (95) Gtad
Poor 1.03 | 67 Fair 73 55-60 60 50-75 (70) Stsi
Good 15 | 745 Good 79.5 {695-745| 745 | 75-100(90) Sts2
Very Poor 0.138 | 51.5 Fair 565 [43.5-48.5] 485 | 40-60(50) Tsh
Fair 6.16 | 68.5 Good 73.5 | 60.5-65.5] 65.5 >70 (70) Mdg
Exc. Poor 0.003 | 33.5 | Very Poorto Poor | 38.5 18.5-23.51 23.5 <25 (15) Cz
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200 40 0.69 0.031 5.101 1.192 13| 43 30 Gtal
350 455 1.69 0.161 | 15634 | 5223 13 {525 75 Gtaz
350 51.3 3.093 0715 | 29978 | 17.285 13685 100 Gta3
500 54.4 6518 1.833 | 60415 | 42.897 15177.5| 150 Gtad
150 57.6 2584 0712 | 35773 | 19066 | O |14 67 120 Sts1
250 57.1 4.946 1567 | 54.154 | 36281 141745 150 Sts2
150 48.5 0.865 0.099 | 10202 | 3.286 13| 51.5 50 Tsh
100 63.1 1.819 0310 | 37.111 | 15557 27| 68.5 90 Mdg
300 24.7 0.484 0.012 1.605 0.327 8 [33.5 15 Cz
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1 -Double gripper type
2 -Main beam type

\it4



Fo i sl cewlio g, il gt Jurd

S o el slol (6,lix Sildes plol gl Gibigr udle 5 cesl o] olKiws e sl
Ol iz s ( Jig5 55l Gu )3 5 )0 D97 Grdile Jlax pu Sy o sies o sleSx
awd o Jo sl 4]y (Siligs

SIS aile i o oains i (sl o5 ol gy glos g i Slibas ¢ g Lo
Jsb 4 5 el Sglite iLs5 alidee glondle jo )lam (g8 Oliee Wil on aslol wigd 5L
Syl S Jlas b o LS

5L omile jli s 83510855 (555k 5 edle (e 003)laeSS SleSx el 0t pge Al e
5 sohe 04,55 SlS (g3, p Gedle Sl pl 0 Wsd ce g (rile laSEES § Wgd e
b oetle e Ceond Bains Jo S Sl el a8)F )18 ondle i pe 8u3)laeSS 655k
55 oatle i s Bains U sleS riren kims e o sl 1, (sbs el By 5 ot
Wgd e o

Sl oy B LI a4y 0)lg0 G3bs edle Jlam e Sl ppl o i e )ler dle s
eSS 555k 5 (e o)l S S e 4S5 g5 3100 a5 00 5L bl sl S g
el o0lol 3 Slles sazme ol gl cyilo 5 o goz bl i o

w5L oad olool (Bl (Bysoe Joo Gudtle (23,2 Sl 0 aSid g0 10 wax S £5,0 51 S8
» Sl bug wll Gl Bgi e o udle dory g (B goges Sy 0 Jlrowal

35S oo pll cppile i padat glajuidin g pSaaS 00 S

vy



Fis¥ s st cpanlin gy ) po Juad

St gty

Crele ddme

0 ;5,5 Suis 151 Sais

e (99 adadie plad S 3ligl cpilo (5 )lho JolS S V- Y IS
(Askilsrud, 1996) Lot y52x0 &4

9 U wiles C8g0 (65100 ceal rdbe (g la> Sldee b lejen a5 cl S5 a4 a3V
Sleresle plod gl Sl G99 S 0 pdy oo plowl Gl ©jpe j0) CB L 5 Wy g ,SSLS
ol by Slongmas plal 3 i slig seiie <o Bolo o oy e ple il

2,18 2925 aS2S 90 sledle 5 (Lol jpome (Sleiardle ur semes Job )0 g050e b G881 (Slgss

YA



Foi o gl el b9y L P Juad

VLl Ll Lok, VI VDRI PN PIIT] Lk Lol L. 74

1
il

it

Y
.

gl

A

2

i oS gty

| el L

i i

T 7

I ) 2 |
]_ I
! Sttt

ANY WAL ;! \S
nluaingto

(PRI NI DI EITY £ IV ot v :

Z i !

“3 !

%A B — ;

Z _L_ .

@i o5 slel ¥ %ﬂ—ﬁ — D :
A ) - A

Hi= ;

3 F i

okl L L. ya L L Z L ra
— =
< o

Seke B2z

(
i

LTI ALt o are s I TITITIITITTT 77

Ll rd L LL VIDIDIDINN ION AL LL
1
1
= =z |
ROE ) mEE=
H §i--d3 nindd !
. i i R
e ==
v‘*“. L L e L5
Sizme £g 0 v :
,,,,,,,,, Trr T S
Fooolytons lags S 0 5 Sass

H 5550 005 lug S S b ol Sais

r (9 g plod (F3lig (il gyl ol S - V-V USLD
(Askilsrud, 1996) 45,iis 98 £ ¢

)bﬁdffd‘nbulds_ruw})é kZJ'.?LAMJ ‘MCA‘»\)&S{\)?E‘}J&MJ;&)Q
28 peltee 095 S S o sk )3 g oud mula s (IS £900 51 S8 psd £
S gl FoY IS (VYAY dy> dsbe) 29 pe i usl uble (6goe b b

a0 oo HLas ) ol f) Leile ol (g9,

ra



Fg ph (5l wlio gy Lol p o Jua

Llgl aadil

¥
‘:’i)m”d_wg D_;l’g_é ﬁbﬁwﬁ)&‘
q#’hdw_j”iw‘s‘ildjl D‘J

LGS KaF § gl sams 4y g sl 15 53,00y

Galis Alf La o Sililac ilyS
- 8w o050 ko jult ol

ud

Jig¥ 5 e} (525 7 (e 1 ETul

LS Lt oalar &5 g5 3 >

VAT o S s (3908 o plod (33057 oo (63 s S (oIS 05l —F-F UL

SlopSlps orble ol b Gilig Sllae o 3 Gpz b auiS NS &5 jelilen
el Wl By §ilns 0 sszee SleKw daml 0 i e 45 By ojlns a4 edle
S 0355 a5 o W awaly axsls 1, Sads Joddl uSe 55505 Jood sl S b
G 5 el Cusgame shls Sibg udle onl 5l eslanwl by sl o lid Cuglie Gl
S I B O B IR U5] A CASCRE U JURCTTE YV LIS SUR P VR
ol Sy Sleirdle (pf ST @ ) pslie 5 cS e SLSow Gl (i Slewile
.(Bickel et al, 1996; whittaker et al, 1990) s 5
4 pled Gl ol 4 S s g gafie pled (S3b5 Sleptle Caje on et
Olejos Loy |, Cdge (53055 el g g li Jor pille (pl allpe (g5la> (YL (gloze

S el Bi Sl 4 Sleodsp j0 5yl [zl o oYU Gk Sz ek A g Al oo plosl



Fig i gl el (g ol P Juad

el Jsl

1o s ko plo 53055 ble V=¥
by slaygas o acdl el \6)::-“ P ST Jlliny S gl only a8
i g G5 el ool 485 Syge dia) ol o olehri 8 ol jpas e ales
sy 5 S Slen) 5 0k Job @ Gl i sl e ghile pled S3lis edle
My phaite plad S3Le5 dile (0, S 4 bojle 0,8 ol (57 By o)l Cwls &S
Sl i G K 555 5 ot sl Sk, 8 & Gl by i sl
wloj 393 Jlade Pl ar b ey b ;o Condd £585 lgioo Julyd l jo amiii o 50,8

Maidl et al, 1989; Maidl et al, 1996)
U G s 5 ST Sl 5o ol 00 508 Jloy 5l s (G305 0pBle 3,015 835000
o Sy 85 23,5 aoliial o 33l tle 3] Glgiosn s 5 S St sleis
Sy Jg)lS a3l olge JUUH Sl gl Sl Joli) ghie pled S3lis5 Gedle
S35 5 oo Ayl b 09,0 on 5 iy Bl By oo & bye Sl spetle
Oedle Culy 0 g e Bla> Cod Jig Jle pde Sy gl Sldes b lejen o
Odgr 5 Fo L A o Blbwe SO Sjgo 4 e oy a0 0gd 0 el il

WBJLQ}J»M)JLg‘yw‘LsLaSJJ‘JJBASLSAJALwLoWJOOMMJSl?

I -Shield tunneling

A



Foi e sy elin gy L] pom Juad

g gl Slles b glejen 500 slnl (Silig Slles sl i 0 35290 Sl
WS (o0 Sorder ol 4 wd P nl g wes e JB gl 4 ] e B (edle Buias o LS
(Friant et al, 1993; Maidl et al,. 1989)

:(Maidl et al, 1989);1 a5 )Le ¢ 1o s adaiio plad J3bgs opibe gLlse

S li55 Sliba b plazan B Bl by o 056l 5 Sllas 51 0508 e 441
el 0L Hhea (S3055 Dlloas (55,0

5 il b asly s B gbiee Ko o055 > eSSk, pa 4 ol Sle 4 T
Sl JiaS o5 b 3 550 gl

D9 ge L B30 Sgzge Jiwyy (Sl o 3l Dlides G jo -

S5 Slemile dao g s iy ol Jro | hare Cony OMSEe g Jilaa Sl 51 -F
il e 0o (n e SIS 10

Codgamme b loyew alade plod S3lig5 sleicile 5l oolaiul YL o oud asS Ll hlie o
)l .J.:_T)L,_c Ls’fby (5%1[40 dil )l oolazu sla Codgione sles el o‘).o.m jos @L:a
eh m3Y o8 Jlige g Cilu (sl sslel Cp 5ol Hloy Do -

Cnnt} ]_j A;.‘éj u.l.c‘ J-J}J RARCS J.?Lo Lg)l"’" obLo] -y

1 -Environmental problem

¥y



g o> 5hp el gy il pgw Juod

ol i Blas jlade S 51 Bigs Jsbo a5 (69,150,0 L5 o S35 Sleindle (nl 5l eslazad ¥
) gLzl
Ol 5 ool ol it Hles (g)la 300 oo bl ey e oS 6)lse o -F
b olyas ook Sy b il oo G305 slenrtle
3y aslin S5 slopls sleligp i o ;08 S bane Jlo o ahaia plas (33kigs (sleieile -0
Bb e Codgaze glhls lai ol
el 0game s loile ol b o Jigs S8 (21530 e« g3 i el ke i —F
Soy sl 4 b (Jig Sl plde (AL e 0 b G35 sleredle Sl pan 0 Y
@ 38 Sl (Sen g Pl by 69)l90 50 05 A gl s edle Saims Jo sleS 5l (S00
0l edle Baies Jo seSa Jell S (5955 oz

o adse il )l e S3UsT Slerdle Sl egie o Elgil i5555ST Sty b 054l
FO S lebizms jo Ll 5l ol 457 il alise gl o S3bg sletiile oo

Sgd oo a3y Liudile cpl puy s dolol jo ail o solaul

S i (5 o Flao plod (J3ligh uibilo —V-Y-Y-¥
Y a8 Ghls o g ced (Bl sl o Sy Dj50 4 iadaie pled G355 nSle
bg oedle cnl b oslitul 0,50 Pl idgy 0)ls 0015 w058 ()l JolS jslar figs o
o5 )5 58 ¢y s Ceond 5l 3big Sldae u> 40 45 Ail o ailo iy Slakas buse

ail> 4y (pdle leil o &5 lodims Jo SbSa v 3Ly Gedle (5900 Wgdo oo

£y



Figi > gl camlio (g5 ol o Juad

5 b 4o, gg (Whittaker&Frith, 1990)s ,.5 o & jgo S oo 450 0l caal (5,05
03950} el ghate plos 30s5 sloreile plo alie wneile > ju (59, LT 655,13 o7
2 pS e a5 09h e adse 5k 4y 0 siie (6 ghalle ples (S35 sleretle 5l iliSe Sl sl
Sy dy Sllos 69,0 25 o SHP Slrdle cnl ;o W)l )8 pulid ey oS Ll
W 550 Dyge 90 0 a4 Ldle ol LI A ol (S ile cdy o Bl g s
DY S5 5o 0l (S ) a5l 90555 ©f Gl 4 i 050 cpl a5 05 ol Wil
ol o 1] 1 (6,108 coaRs 5 (55la JSw ol or 40 ile cpl 51 les

OTAY &> dnssa)ddl o ) e b 4 lpiile ol (6 i Sldes S

olSos (Sl slotond nlu g (5 lh SlSnd 5 o ate cals w03l s adgl o5l )

ok u;"l‘"—‘ 5 (& )lgh) Gudle aldsd wimen JI5 9,0 5l s ¢ (g)le AlS 23 9,0 -
Sydige Sl (g la> S 32 o figh alss

22,5 A 4 Egpd s lax A5 Sl ey gl 4 e plojen 59,00y 5 5l plal T
i oS Cudy o S a5 leieS 555 g 0dip Gy slojailw b ) lad Jleel |
oo ol gl Glojen 5 Gudle g oud plal (5 la> Sliloe clon

S &8ly 5o Sy paee leassl vysS GG GLL L edy Glen Sgaue slegil Al T
T Rt P

Wiz sly 6yl AlS (S an Slagil ()55 pleSl 3l g )1 a9 ouilendly slge ailis -0

Wgd s IS diw (sal> 3 oad 00 3 olge 4 dST U card o daldl 555 5 4y 40

\Rl



By o gl cawbo gy il pow Juad

ey e e A A e i B Ay o o et ;
b4 b . _— o b - - ’e » ¢ b i |
Py

Y - - e - - a e e - A
g ERVPr COvyy omy sy Xy OREFII XY FIREFFEIRY FRIRP X IR

> we 3
EFFF AR PR FRR Y RN

are g Tr eyt P UPITRRT T NPT 2USrs SP P M AL YT @ 1 WIes neeea oreye womege mrs ten p e Lo iNestem qwave So P .
NASZ P aSr IS ot b S 0 3t 4 § R A AR B N S SRR ] ; T

N - be X ) GOV & X X =X X T |
Z

PUPEERPRPEERY B

et o

;.-‘S
C > S - T Y »e T »u T  esm— |
D s d KA B L LIS 2L T d e KA AR TR S S fhe A LKt doa LA dd S RLN L 5 N
O L e R £ SO L e R e A LR BB CL R P e

1
'
e e T N L Y L ey YT e et e K
G - — !
@__ Rl | !
[}

p ]
SN | b :
( RN <o hviiubs . ‘
— — e e - o )
-t '
————ee [
[
- — e [
A 6 X v .

“ oy 77 + !
PRI g P e, L RaF L K Lo
R R s o s AR A w'&/r‘rv Pl d i al 0 s o Ll R A AN T o 20 '
N & 1
Sy g, ¥ :
]
Cls S02rs :
'
N e Y R e e S T e e e T T P W e e e A Sy T e e T e S Ty et e e e

« a ri . Y ! - v - -
T— —r . - I " ye 1 X > > X » Eona— & e ),
T .'— po— ,
8 —
o 1
..... —— ==
| S——— / l
. —— . g . .

LEN el (=PRSS b IR § S L
(e, }' i
[Shhin]

(ot 31 T N . =

NP | ey snanams «
SR ST IRT IR v £ op R L a AR R K KR 8 TR LTS

-,
D

3azme £9,5 5l utle o 03lef - F S o3l cdlo o s 0atiS Conts

(Askilsrud, 1996) yisw (g yuw baiio plod EEe LY il (g las Jol5 S —0-Y

o.).;').g u,u.u LSj)',‘:" ‘LS)“LQi’ m).: &_Jj)m LSLQB)LJ )Lu.d diu‘cb bﬁbmiww—f
gl s 41 6 i Slilas S 5l 552 lgise |y eiieSs sl S go il | ol

5 asks e sy Ll 5l sas Wiz b o a5 (Slgpnee slagil wslix oIS iz aBg 5 oy

A



g e gl el (hg Ll pom Juad

G5 |y CaSas (6502l HLid Jlasl b abd comd jl g 5 oS Loy silazd S 15 pieSn
ol [Lid o ankd Cugi b asle o 3L ogr L3 e 4o dagil b clo ol o oS
Jo> 57 Slusmal «SES 05g pae JoIs 4 08k (e hafie pled (S5l Sleinle o
AT S Sop0 45 e iy Spdige el ST a0 AlS WSe 255z Bk il s
WS oo iy Cele glednyie Car BB 0 gum S 0 5 Sele sleade gz o

4alaf s 3l
bﬁshMJ1f pllu{..és}l-ﬁl °1J
Galiz 45 i y2r pay

Cag 33 (g lio AlS 5y N

oo Paaal yglita 4 ufle *
AU SleSar 48T b gslia 415 50 2

GiaSn 5

!

Gl

i

Galis plf pladl

X

g sand plBgil  Sied pad mas

S piie (5w ko plod (S3ligh uiblo (9 pdey JSomw (IS 5l gld - S
OYAY > denro)

\t4



Figi yho 51y comlin g o] pos Juad

il 5y clain plad 3ligS (bl ~V-T-F- ¥

Sleeigy p GYeb il &5 Wl b SELD o)Slay o5,0 )L ool sl
5 0l 05 sl Sloinsy )0 o2 I lly b sdle cEle onl lo lebigs 0l (sl
Olpe Cod mdle (nl g 0,5 zilae ) Cow g ol 0)5 ded Gl 0 o2 g Rns
5 ol> e 3 6Ll pudle ol i 4zl S, oT Robbins 5 & lawss Double Shiled TBM
OBl SlSx @ st 2 5 (Open TBMsleinile ailon) SdS 4y jgome o8 5 Cool idie
5y Glacn) 4o w0 LI bl Lo ues 4 a3l e (Single shield TBM glypsle alon)
o1y el Canglin ey a5 > o 0yl 1) SadS ol conlin Caaglin b slginy 10 o g
Oleyed 5 JHws (5,105 CuiSw g5 (5l 4 wilgi oo adle )l (S2aST S8 L 2l ol
So,et ek celae (g alabio plod S3bs5 slaptidle (5 )la> e LIS (e 4y g 05l 0
Flar 2oy Teilive o 055 40 oo 3 9 9 e (5 ahabe pled (3Lg5 Sleintile 2l 9o
Conglin Uy gloins; 5o opmile ol @) USaw 5 wles VoY S (Askilsrud, 1996) ol
a3 o Graled ) 05 SaaS (gl cunlie

s e |y anlin Calin U sleionj 5 i Shlos S bl 1 AT S5
5 5d ged oolaiwl il GlSe 5l iadle ol e g ks K .)o 04l oo odplie 45 jshailen
SN0y ghaie plod S3lg5 udle w)las g2y (0SS el a5 oad 0,5 g LB, sl
SSTBM) ojiie 6w ahio plo ilig oeile K ailen ds (D.S.TBM) iclas

e 9 e Sl LS bawg (i) (g9 slml SSTL (g le> Joo g (S 0 (500

A



Py Juad

Figi yi gl el g, Sloil

5 stles AT S 0gb e plal ((Sgiaae bS5 gl (ab pez Sl e CieSe coal

Do o Ll (LB g G Sk ;o pile cnl (69 i S

IRV ANYNVINVANENVANYANP AN WANVANVANTANVAN IR ANY ANVANVAND SNDANVON L\Xj‘
? > ——

i B T L =l
"_::E : T i
Sl oS £ay5-) — = H =T = T -
> i l ol
o Lt i
PAFAEANAVANANANARSANAANSASANAVANE AR NSNS ANANNNA

A A A AANE AN KA L AN A KA AN
Frerme- - ..'i I ¥ T J I T
A 1
- = J
.-_,'._.;:j-_‘f___ Jﬁﬁ_[z—_/_—._r__f-4 ...._r-
= l

1
QNEACANTONENCNCNCANCNENC N CNANENENCNNCANENZONCN N AN NN E NN

Sl ol syl ¥

B AT AV AUV AV AT AVAVAT AUV VAV VA AV A VAT A U VSNV

JA
v B T o e o
- 1

H
Sy gty SEetedi 22 i o - s
. -— ] —- - - =T = - -
Sl Sazre . '_;: 5 L/.rJ._
. :r‘j sl
) ezt — e 3
ASOREANEANANEANEON AN N SN NP AN A NZANANER NN NN E NN EONE N N NN ERENCN NG |

a T T
u

SALATANAAVATAVATAVATATATATANAARAT SATANATATIITATATACAT AT
- " T ) " pan —T

O-\:—: o.)La—\ - f

-9 =
‘ ‘L‘ -+ //
Sl G e SRS O H .vaFFq.—h.-'l PR PR S
5 = L ’} i
Sdme &”_..;
- oy -
- .
NN AN CNCNVACANCNCARNCNCNCNNCNES

O)f}:JQ‘{":"aS G Sl 0w oanS Cots L g Ciofs s
| okl Saas S AT el 3 e 0uneS ot LR coafn el 4 513

Double ¢, Cdl> 10 cowlin b ouls 035 dowd slidwn ;30 D.S.TBM g ki S -V -V IS
(Askilsrud, 1996)

o) 3L b (Jola' (6 ypmw ghalio plad’ (3ligh (uilo -~ -V -F-Y
ol o ol das bl 1o (e Hlad b Jols (6w ahaie plad 3065 udle )0 (55,0
L Sy S )l gl omey L8 b oS (5 ghalie pled (S35 dle gl 0 g9 y0
5 shlise gloil el ledlo jo 0l 4285 G 9555 ol 5o e TIVY Glad ey g e V40 Job

Sl b g il (5o ol 5 3l e ilizee slatils IS bangt S3biss sleile o

Maidl et al, 1989) coul s as e L 4 alise

A



Sy i gly el (g bl

P Juad

4ddg) a3l

4

ol S 0T g 0,lr3 (53 52 USIAS S
—~ d1ahd g 1o A gl wionras (551051 ol

L

l

Slnfs lal byl Coafiw ylejad Cual

LSS Kaf by gl Canos 4y gl 415 copts

v

gt 8 (o8 s (gia € gly
5823l b qaor KaS'L Jlozly

s Canglio b slgciso 53 DS.TBM ¢yl (53 g Jopms (oI5 & jlz ol —A —¥ IS
(YAY 5> fanro)

s & & "\.. LR FOY £ LI kY
2oge (Fibg Geile b0 o8 e 1B a3k Sleinle 89, 0 (S3bg Getile

5 Bas sdee 88 S e ol Soliulgyane Jlad ol e o g I a8

Slge 5 B 28 gy Jigh S i T s 28 b ol (g 3l bl solitl

090 odl d)UD- é'yc ‘c_s")‘L’BJ u*‘“’l"‘ QJ_' JRpevvEe 4 ] JJBJ )Lf A 9J.>- 39 0l LS)UJ}

Josl B )5 aies @ 1) a3V jLad g wigd e axalil i IS anew sle o T lis S

1 -Closed Face Machine
2 -Excavation Chamber

A



Figi i sl o g 5 sl po Juad

AN A AN AN AN AN

i S g5y5-) 7 ML s fop

et

o g 1
SAANANANA A\V\\‘A(‘fx\vx\

A
4
A
¥,
%
v,
5
Z
7
Z
A
2
I
2
P
a
A
4
7
Y
7,
NN
Py
G
7

A A A U T AT A SV AVATA T AN NN SVAVAAVANAS
T i

i o (sleed -

b
]
| im——

- ]
NN CNCNENEALNE NN AL NGV AN NN EN OGN ENNV AN NN

SANVAVANANS \’;\E’;\‘&\"\\\',’\_\‘fx\"\\f&\\l’\\\_'l__ﬁ\‘;f_\‘._\'_’g\'f\\\_ﬁ__\\'&\\’,>§{3$$‘§&‘§;§$§3\\.’\\\f_.{
B oerzzs f "[ I i B
S gyt oy , j Bl
. S s N ipgen gl -
e dazme T 1= fr j
tses
v, |3==e 1 i (-
R e SN PN E N NN AN AN N RN N NN R .'\\"17.(53':\\’\{\‘\:\\\".\*&(\‘. ENTNENANE]
. A A T AN A AN AN AR AAAN AN AN
b oolel — ’ Rt | [ KL e [— 1
o el -F B OO IR 1
Sl e DN 1 f_w___ 7L
e g9y sz ef a
. (i A=
S T vy . N ey o i
ENENEAN AN ENANCNEACNCACAN NN AN PR AN G LA AV AN NN R e
0 5,0 Sass G fp cdl p s eaS Cls U Oy 3 Ciaf o
| o] siess IO PONPRET gL LR Ceefns st 4 5

03y g o 035 Hlows slesue ;0 D.S.TBM 5 L Jol JSw -9 -V IO
(Askilsrud, 1996) Single LS)'S o 39

S i & 1y ¥ i ailsn (g lis SBB] o e 4xilil 5 ead (g li> olge 4SST gl

bio Sty Sloogas 5 ' Sy ws)lim 5l ey Slse nl Sl p3Y S Jlosl i
vy S Sadgin S5 Jie J0g38l olge 35,5 L ocud s3Y Oyganl e o ansl aib
U e gl 5l oads (g la olge Jlal g 505 7)1 a0l g (g e olge (Sl sla Fhg
Al ol T on Dyge (Sgile Wl oKy S ey iy oeile ety 4 Jig

1 -Consistency
2 -Screw conveyor



Fgi o gl cewlio g Lol P Juad

Oedle (nl Sal 00,58 Sl ey JLid b (JolS (5 oo pled F3ligh letedle ()8
S5y Sdale 5 Sws loatows 50 L) o Jws (S slhae 0 e S5l
S Sl lam o ok 4 )l oyl (ah, g S Jlows SLS1E 0 oo g (Gedls Jlax
Setle (51 oolisl ol g ot (3 s 3 o 5By o5 ol Gblis 3 as

OYAY (g g 6 gaie) 2l oo 435 o i (55095

Sibisi cmile Lol —F-¥
&5 geree Sl 7 ohae b o5l bzl b alad, o a5 (Blee 1y sl 5 (S
wign i) aaly g (owlid (pe) Lalpd 4 a8 (o) b &5 aBle Hle> il
Of boims oS5 ellas g5 g 005y o St ST 555 5 (olids o Iulpd 098 o0 D]
il edle el ool 58 eletll s | Leligh alal oylsan 45 03 (£9ls0 o ytage ) oS
A coge Jlowo b ;550 3 M50 (gl 5 ol Soi e deasY Sl da Siwsnl onsy
4 0 o5gy goiiley asliy ril ead gy Wb edle 58 G 6lp (61T ereual 0 &S
ghaiie plad (S35 aile S bl o St oy alys 35,50 osle g5 g5, 1 395 6095
2 By ale S el s iy 0R Jsere Sles S szl ca delas o
@ bzl 2l Gedle U 0gl (g 80 ap Wb o 550 090 cnlpliy ool Jge 5 a8
esbe Bl gl p3Y ool e 5 (SeiSSg5 lo el )y (B bl il ) el aBss

eod 00 (6,910,5 V-F Jgax o o5 polie Lol en

O)



Fig¥ i 5l canlio gy oolsis!

pg Jad

OYAF (Jolw jolice crmwiigen A do) (ombod o) 9 (S 905 sl yiol b V-V Jouar

sy
gte o, RQD 25yl alold 5= o, (i )
o,bs, (MPa) (%) (m) bosgio | (MPa) ool
(m) (t/m*) ’
(Ao
200 1.192 | 15-50 (25) <0.25 26 30 Gtal
350 5223 | 30-60 (50) <04 2.6 75 Gta2
350 17.285 | 60-80 (50) <0.6 26 100 Gta3
500 42.897 | 90-100 (95) <3 2.6 150 Gtad
150 19.066 | 5075 (70) <2 2.6 120 Sts]
250 36.281 | 75-100 (90) <1 2.55 150 Sts2
150 3.286 | 40-60 (50) ) 26 50 Tsh
100 15557 | >70(70) <1 2.8 90 Mdg
300 0.327 <25 (15) <0.06 2.6 Cz

o oad a3 F 0 asly e 0 L Kiugul ol alold o 55 ¥

; . . YVoe e
lro 39 (o) Combion &5 Sl poge Pl J1 (S S i e 0 (Swsd A

ooy Sl ) IMie Wlgh o slaje g 0jgn uiile; deliy du 3l 5 le> > (SWsd

Sl Jigi 0w oS p 0 S o a5 (loy 4 atadly 5 Syn LSy i 4 ISRM) S

Wl e Ko 3 ol Sgaze S i bl 5l iU a5 L, L e e Byg s g colidl

Slady, Swigd dlloa 8, 10,5 55 (ol (Barla, 1995) 55 o 48 _Swisd aloe 3,

UNEELTIN PP

sl g Sep o) ded by, dedyy ol Eoyle sy Al

1 -Squeezing

oy

(Hoek&Marinos, 2000)ccwl



Foi i sl cwlin gy L] paw Juod

S 8gd e Ly Olie aeed sl a5 W05 (LA Jbls gsle g Sea YVeoe Lo o
. - . Lo Y &. s L R L.
Coonand ‘L)“J; )‘ )5_\.»:4‘..:» .\.\; solatul 6)l5)L» ua}LuJ Wﬁgt J"y w; )‘ u‘ysn Oy
i el Jigd adsl elad 4 figs oled alomle Ol

£, = AR (-7
S Ngh allxe odudy by 31,0 bav glad ;o i aloul Wl AR
g adgl glad i Ro

o5l LS 4 Kiww 0097 (6,970 ST (6 LS aeglae Cuns (6,8l arly 5l elaie ERT IV

N = Zcm _ Zom (Y-Y)

;izwooj: RSP e S5 LQ)L“.\B C;unsuaotccm
Got o >y 1 ol P

Jig o H

5 5 asee OB b ,s sgame syl i, 4 48,5 &g Sldllas SaS 4 Ve Jls s Sen
Jl> e jlas g e 15l B polie o walise glacKin 0oy )l (glos S olae o
:(Hoek&Marinos, 2000) s,5 asl,l Lis5 (55,5 Jlake dowloe gl ) o5 oo yd5 il (P)

-(3’% +1)/(”% +0.54)
o P .,

PO

(Y-¥)

P
£, _0.15(1—E)
35 el ple s il o Bigs s 5o oad caas Bl 5l 36 L5l ,Lad Py adal, ol o oS

I PR uu).u

I -Tunnel strain
2 -Competency factor
3 -Axi-symmetric

oY



By i (gl ewlio g ) o] Py Juad

Olgise ) & B (16,5 Jlade ( Al Sl by 4555 0 caai 5l J8 g Jigh g le> (> o

:(Hoek&Marinos, 2000) 5,53 51,5 55 & 9a

~1.852
g, =0157 (F-¥)

Sols Sl ey oS 90 dagi ol gy p ilide slaojg g 48,5 D g0 Dldllae bl
(Hoek&Marinos, 2000) cewl onds (goss paudi Y-V Jga 3illae SWgd allowe

(Hoek&Marinos, 2000) Swigs dlloxo Camols Jai 51 oo (e il ~ Y=Y Jgi

et iy Ao gl b oot
<1 No squeezing (Few support problem) 1
1-25 Light squeezing (Minor squeezing) 2
25-5 Fair squeezing (Sever squeezing) 3
5-10 Heavy squeezing (Very sever squeezing) 4
=10 Very Heavy squeezing (Extreme squeezing) 5

lp By @l o (S dlws L8, (g0 YT Jgaz b g ¥-1 &lall, 5l eolizal b ol ply
&S 95 505 polie V-V oo gl diwbrs | Bgi prns qwiige (oolidiine sladaly glyil

23 oo LS Bg s cwiige (oolbiline) ooty glgil gln ) (Sisd e byl
b glaasly 51y sa slp 5)lim e (Sigh dllxe Hludy cuyE 0500 b cnlaln
5979 (pl b bl oo (Aie Jigh e Jsb o (Swisd e Jowilly 0525 « Jigi o (swdige
Oele 5l oolatil & y50 10 05 oo olpiing (Slowlors (040 (o, bl 4yt el gl
sl )0 ohg a Jigh ohSen J1 50 Gudle (0,5 25§l S sl jshie @ g 4l pew J5kiss

L5)‘59'1') °b‘)l§ Do ‘)‘“‘L‘ (gj“‘b-‘-’u 5 )‘ )9¢w] > (Cz (e G»JLMU.«.A) d.:>|5) oD 0)5

of



Fg i (shy i by Lol pa Juad

Slad (5 la> 5 e Sty j3 Cudgtn B, Gemed el o) JSiw obml &jae jo andl sgd
@blie ol op i Sge 5 (oot (9 01 092y STl I Tl gz s ledy, b ol SLL
Ldas e 28 9 (Jlo OMSae adge @y 13, 9 plaite (MK 5 seead Lol (Lbaw 5l (65 5l

el uiile

ot Job 0 Fodgs dllze o2aS g o0F poldo Y-V Jsax

gy b 'Jd)f b u-“’) a1y

(1) PPTCL oY
No squeezing 0.021 Gtal
No squeezing 0.001 Gta2
No squeezing 0.00008 Gta3
No squeezing 0.00001 Gta4
No squeezing 0.00016 Sts1
No squeezing 0.00003 Sts2
No squeezing 0.00425 Tsh
No squeezing 0.00033 Mdg
No squeezing 0.15242 Cz

e shls sl (5 9me ST (6 lad Cuaglie b ‘l-é;*-‘.“ & la> yo (Siligh calisee slpinile

Casl 5 oS 80be (55970 ST (g Lad Cuaglin polie sam 0 50 (sgw )l aiis o Slee
S eleosgazs sl ol o3 0l (S 8 22 g Sgaoe Gl S3lg adle Sl enland
) oogame 51 oy 850 i3be csloinile S o 45 St oolo (5 gome S5 (g b Canglie
09 gade plad S3lsT (pdle 0gh (el wS)lo 1) 0 Slee p e (55970 ST (6 Lid Caglis
w85 L, 4 40 MPa | iy ()90 ST 5)lid Ceglie b sl o S g la> 0 e

b sleie) 50 45 (gpb ar cditus ol Sl o5 Cenglie b Sloins) 9 edtle g9 (nl 0980

AN



Fgi yi glp wlio gy bt pgw Juas

Jme o S gos) Wb byl e cood 033 40 MPa I a8 (59 S5 (L85 Caeglia
Jig Blps 4 ble GLSLES (05 4SS e a5 Wb Gl e 4 pedle oS g
» B @olem o b dle ol jleolinad o rizmes 2585 (ST 5 25 lpe S
Gl bl 4 by e slo el Cl oY ol Jles gemme ST (g,l8 Cuglie L sleSan
AOTAY (g p 5 paie) $igd (>l s @ (il

Senglie 09azxs )y (391 ghae plai (J3lish (edle Sy DAUB Slahoseg 5 )l 4 L
5 o ylid Canglie YL olie 1o 0l 08 JKabiBe Yoo b e o sypme G (i
OYAY L9 5 90a00) Sl (goladl Cosgasme sl )l laaile oyl 5l solazwl (i ools (59700

S 0 9, (G phaie pled S3lsT Sleindls DAUB Slivieg o8 Sl 4 Ly
2 i 0 s 0, l5 JeblEe B0 B D e (6370 oS5 (6,Lid Caaglio b bl 5 sdiiSd
e Slgiee Gibg pedle ol JEWLBG B0 5l 2ty ()50 ST 6,le8 Cuaglie b sleSn
2 leedle go nl b )l Sldas Gl dodio s (ged (o9 St e 4y (Jy 050 4288
OTAY iy 6 pate) Conl 115 E8g L Vb (59700 S5 (5)L8 Cenglin b (sl

e pled (S3hg Gedle 5l (o055 D jge @ oz wdelae (6 ghale pled S3by rile
30 2 slatudgise g ble 4t 0wl 9yhia (6w ghills pled S3lig Gudle g s Sads
2 s ok oedle leSiass (18, g8 She g sletey s dliee Do 1 558 ontile
Ol o g Sl 18y Sl bodie s gaT 0l s (5 9700 ST (55l88 Cuaglae b (sl

coai Sllos 5 058 0 cual edle g le> Dldee I Jiis i Pl ide ez edle

bF



Jigi i gl quwlin (g ol pgw Juad

o g3ly o)l B Il o asem o 0l 2l e Bli> cod g Bl b
BV o Gusme SO 6 ld Cglio o (5lis (udle (ol canlie (550,18 80gume i 5 o0
oeile o ead a8 IS SlSKedS ) uile gg o) LSS e el S VY
o S solad Cwglie b slage) 0 dons jo ailia 55 e e ahale el J3kigS
OYAY  co g (5 5ate) Aijla o (S

s fee RQD) v CodeS pd ) pols loaals jo S3lig lendle uizon
Syt e Bogasta ;3 e (a0 ghabe pled (J3lg Sledle IS sk 4yl 6 e
CotS oo laie S polie jo il sl o0 Slas woye Ve U0 e s
S ogd S8 B B ane ol el oY S e S8l S Cor ST 45 (RQD) S
oy abiie ple slig slsle gyl woys 00 B Ve i S CoksS o olie
35 jshite eile olb 3 ol s ool p3Y (ol luhd o el sl sl
QYAY «(fzg 2 5)9at0)

loojye gyl alols wcwd Jige b 55055 (il g9 QD o a5 ol Julse 51 (SO
ol o Gl Po 5l 2eS Jore 10 957 g0 gla (Siwsnl o)l alols a5 Sl o bl e
S udls aalys aile SLSKadS Joa 3 Mo e G ghile plod (3bg etle bines
oS Wse cnl o o) (6555 SSAS sz dslas (5w ahaie pled (J3lig uile

oY



J"B-’ o k5'J=' —— Ty e [ g J.«a.%

gle) slo syaln rizmen g (o Vo) ofgn sl Lep)l8 S5 0,50 (IS suiils
Oeole 5l eolatl &jge )0 05 )8 azel 5500 Wb A Al co (Dl 1 lege jleds s bl
Sy 9 Ll plejen sl 2 52, O sl B oS B 4 4z by e (a alaie plos
Sga> (Slej “ 3 Jig ol s el Gl Gl o 2e VY sgam) 585 48 sy R omil
ot S ez 90 bl (g5 (5395 4k ) K' 511 ol 51 3o 5 )15 gz S5 5lole 1YY
Gwiley S oga, S5 gl dnle Ve lo) i 4y do gl b S Cdl vales yuals ol FY 4 L
50 Ogaome (slad g awyiws sleal, CISEL Lo 4 4T cull 53 LLES 0l welgs 2l L3 LS
i )0 pgo 855850 o5, Sz (Il e iins e slapl 5 (30 ezt IS (ppizman 5 K
FY S 50 a0 pmame JS 0395 saisile) sla dol 4y axgi b izen 0l 8929 K
Lobe ;o e YVY 5l 0,50 05 5 ole )3 ()5 55, VO 2,8 L 098 (6105 CuSs 5 (5l olo
OMSie (b oyerp Jizl LU oS GBI YL cepw b dile cosl oo 39, 50 20 1O
35 @l (it Loy b let o Bg ob) Jsb rimren g aluleSl Sledsl 5 sene Jsboyo
OYAY o )
2755518 a5 s (6 )l sy eyl oo paite plo (S35 Slpintle enlie QBT 6l
oetle ply 99 et ek 4 cislae (g w ghaile plod Silig Gudle (5 lix Sy (IS ok
ol i doyd Votilie glo 0395 ol uld 5 Joe 50 g 0jkke 5y ghie plod Silig
oS Dolds (pl b o)le 05000 S S35 ale 1 1y St e 55 e 9 Y Gedle

OA



Jig¥ yi> lp qeobio g, ol pogw Juad

plod G3laligh o (3o whaie plod (G3Lg5 edle b ()i Sl g (Jg 05 (o0 eSS ) i
03958 iy szl ey 52 630y o Oley it ol 5 05 o0 ST 55, R udled g oat
5 y5n 6 e 3bigs e 3] oslind lem 3 lie (slo o3 4 Ll b paten A5 aalys
4 axg booad )5 Job cny GYsb 5wl oo ) yieghS VIO bwgie ok sleleb yo
by oeile sl bwgie Job ol Sl o cud 00g 4S5 0 yeshS A wszge Sleb]
Sl askS V0 G e Jsb b B sl 4kl 5 a8l oo meplS Ve Sgus caelas (65
OYAY dp dnte) ol €lls 095 dle ol b dilao

pas g (oleV +) o35, ploxit sgume loy J5 51 (2 ol plonil Gloj 03l (95 @)1 @ 4z
s Sail g)ls alols oy Cz g Gtal pwaige owbid (s gloasly o o Suas Lblg
CaS oo 5 (6:<40MPa) (5 5500 ST (6 ,Lid Cuoglas 09 5l (Spacing<60cm) e 65,0
el (o0 850595 (rl 3 e g gblie pled (S35 (etle 5l eolinud (RQD<50%) Stew

Job o (Gtal) b o0 aws Suil gl alols b sleigy 5 (Cz) onds 0,5 slgis; vg>g
iy Ol a sl e Jeme |y lim ) e Aol s i gliad 5, Jlaasl s
Sl g b G Slbad coai 5l LB ead g la slad (oSS jslate 4y s 5l ool
s Jgbyd (Figh dllome Joily pog (At Sl pizmes sl U olaal g 6
plo by Gedle LU glp (STl dlme Jda (0,555 5 2lKes Bl (moguse
Seble ) eolizal s s e plos (3lis5 Geble 5 > M 5z 4o ok

Ly O JS8) ails 50y 5 (S Sleden) 0 o (B 00,8 ddow e Hlad b Jolss (g5

AR



Py pie glp b (03, oLl pow Juad

by Gadle 90 G Coled jo all o (Biie 039y sl Jig peee (So3eetd Ll o dm g
25 BV dsgezme 4 Ly 0jhie (5 ghaifle plod (J3lig (dle 5 caelae (g chaie pled
szl Samm 9 SYL IS alep anje ey DSTBM) caslae 6y F3ls7 ndle
axked ()NS5 CiaSs 5 g li> (gly (S.STBM) 0jite 5y (355 uible & Comd Gl yiiy
9d oo Pl T et Gl el 4y S el s S OT JlEl g !

6345 Usb 0 (D.S.TBM) ciclie (g s aaie plad o35b55 able cgly (05 CSLidS oSl -
(20 MPa < 6 <120 MPa 5 30 <55 (5L englie b (>gi) yos |

plod (S3lig oedle yo Mo dhepe gl og JSie B 4 il sl oby Gl Spe Y
Jsbys JBuly B 0+ 5l 5Yb Cuaglia b sligy; 51 jeee o0 (S.STBM) 0,50 (6,0 s wlais
g Gtad Gta3) s

{ola ¥1) 0 dege ;0 039 n ploil (g pdy Bl sl (5 Lo ey Sy 2y 5L =T

S ghabio plos G35 rdle 4 G chelan gy ghaiie ploi G3lsi Gudle g 5 -F
CogkSVF 3902) Jigh ol 5l o 4 9 5i0

g il Sl a5 Ll 15 aiw 5 635055 b 45 3925 wilan (DISae Cenl 53 LLs
o5 ol Mt K00 5l Jigh U 4 i ol B9 Craizmen g 09d oo (sl (SleSams
dod o Ol (pl ol walgs (gilulisn SIS 0 ales b glpaByr ol! el j9 Sjso jo
Ol bl s (sletaiile 53 Jig 4 (59955 sl J 58 4l (o ol S s TBM gyl

A3l oo Gams 59) 3b leiwtile 1 mlol any I8 a0



(ilo (69 ke
" u j y
§ O3 Gl g ol




Qrem (2325 095 pobwl 31 @55 Jigi yauce 50 (padilo (59 yudny S pav 3 Dghd Cub yuws (ot 5l el ot

douddo—V-¥
106 Jo yo yoghS V0 Sl ailys (oo (olid (ej Jlyd o p TBM L (g5ludiys’ s
Sl o5 TBM U (g la> S (Barton&ltoh, 2000) xS ,ess (a5 o> L) Jlo o e
A8l (2652 5 95,0 o polie Sior 009 st ot b sllaal L3 sy Il oS
sk giledig 00 sla 438 Conl (Sas ol (e Lalyl Bld 4 g Sl g0 o B
145V o o Jie olsie 4 (Barton&ltoh, 2000) wan TBM ;g (sl st (s,luis
1 g5 5l 52eslS VIB ws o 1,2 Robbins ca-lu TBM b a5 g jlabiss 055, <5 4 (g0ds
& 55 ) e TVe s rmmm 53 ool 003 L2l 055 (oo gmine 55, S, ) ol ¥ o
7o VIO 5l 59y Sty 1S S Dzl ole ¥ Dok (b w057 (o0 j90e Jlnduy Sligas, llas
Sl il ey Bl 58T s wden ol 3 cele o e 00w cele o
clisl g)las g9,0 51 L8 ey dlpd 5 580 Sledlbl S pl sl (Barton&ltoh, 2000)
TBM 5,55 52 g Jolse ,Shac o320 grama il 5 0o by 31 oolST b bl o iyl
Sham Jad cpl 30 0,5 o Gy b B 050 Ll 0 TBM o SIS g0l 0gue b ol oo

Jolas 9 (513 032 ooy «Gg i oy S9iS Caop u123) TBM 05,15 bl pualie 705

Y



Qram (225 9y polwl 31 05 By o 50 (ritlo (69 pdint ok o 9 D980 Lak uo (St it polez Juas

2 TBM (g9 8 Caopw g 355 ooy QTBM (2,25 P9y o eoliiwl US98 Cepu p Jie

D08 o )8 2l 050 el pwaige (ol ey slaaxl
TBM 5,5,15 _susbusl utlisa ~Y—F

B985 Sy plii glayiell I TBM oS58 by gl ol ilubis IS0

235t ol sald C)’“ ﬁ})oﬁo};doou:wl ng).u.u.: C,&).wgé‘)go).é‘.g w)ao

'3ghi ey =)=V F

Slazin 5l g cul g)lax a4 Kiw jo TBM il 3585 Ce s [Kilo el )l o]
) Sow 0055 sla el 5 (55970 ST (g LS Canglie Cel) S0 S el g ile
Sy oo 5B (o g o (Srugml o)h alols g o ls Cgm
TBM " (5,90 2 Y- Y-¥

a5 all (oo Pl S 0058 Sy o gyl (aBly o @Bly o Sl dle SO (590000 F 5
S il (6590000 po K0 Dol @ 05d (o0 Ol ()1 Cid 1 (gae 0 B jse 5’,5—"-’“
s s 530 DSl 4 TBM S y9000 65 oloy JS & )l alls ol

Syl (S Col Ca e uiorad g B sle ded e cdile Dl e 005, lag S

1 Penetration rate
2 Utilization

FY



Qram (2755 o9y ool 3 T35 Fg o 50 odilo (69 piliny Co s 9 D9 ol guwr ot s ez Jad

' 69 sy by — Y-V F

o el g S ()l Jold gilalig wlol cdles g0 a4 ol jo el ol
590 g obes slpadled g o Jag S i sl ol Kois 5 ol sle Codlad a5 00s lagSS
orle (S @l 3 503l (g el ) anlsBl Slpdl g (Slpeaniy )l aslyp o)
Ly 63 05 Olsis Cond Lol ol aims o shalS goli; ao b 1) S5k ey Jansio (o g
Sordat Se e Ol5 o0 oo8ly 398 Sy 1 BT L (nlply 05d oo iy TBM (ile
&3ly 5 2551 Sy TBM (55 000 slie olod yy c(gadly 3985 Ceo s 2alS 53 1) Jawssts
: (Barton, 2000) o wiel co (59 ,dam S ) (655 0000w o 50 355 S8 s oy ol

AR = PRxU(%) (V=) alal,

:Q‘).)df

(m/hr) 65)'““4 CA.c).u:AR

(m/hr) 3525 e s : PR
M)\)W)%O.:MOLA)‘QML&'{)O $19 0y p‘i)..aU
TBM 3985 Cue yuw jo g0 Jolge -V-F

SIS0 TBM. eisle 3,505 msy 5 45" e sl el 2 45 ol ool Lt 08 1 bl

- n & 1 r, . 2N -
Bgd oh poandd | yadilo 6%%&5' 5 U2 kﬂ‘r" (shol awd g0 09, o0

O byl VY-
4 25 0 85 W3S (so L8 anws ul 0 S 0agi 5 S oole lo (g b e e sla gl

.(Ramezanzadeh et al, 2003) ol ool o Lol Lyl

1 Advance rate

A



Quon (375 (99 bl 32 255 g posnd 53 (yabilo (g9 pbny S8 o 3 95 A paw (ot el Juad

Kiow o3lo 519 (Ll

oaLs VBTS" s (o288 Caglin MUCS" (5 90 5 (5,1t Canglio ) T oole Cunglie ®
("Isg" (ol adais L
(\“ “ . S LJQ}LHJ ‘YG’L& 09_0_) L}”Lﬁh’) \ °

o . . f .
Syl bl g e
;c; . Sie

Y

Sl
o A3y Sl 4l VET i Jgae M0yl i ) La el s e
W . R R I
NI PR BRI RV PR e =
L;uu L)"""J 6')" C_:Lu u.;l )‘ ] 00 45‘)’ Pgd J.A.B 50 Sow sabe walise le_m).wl)l) gesey C_:LZJ

A J.mb} ooleiw! Qrem &S 09, Ja.wy TBM a,f)lf

Ko 0393 S Pe (o

odiobe Ll plug 5055 slo o5, 0525 @
)Uw)o I°)"5 ngLin o._JjLJ Sg>g @

0300 55 5 SABo,Faz e

1 Toughness
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10 I-nternal friction angle
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MASCHINEN- UND STAHLBAU DRESDEN

PROJECT: ROLLING STOCK KARAJ —
TEHERAN WATER TRANSMISSION TUNNEL

MSD-IDENTIFICATION N° 7 0 0331

TECHNICAL SPECIFICATION
Revision A

Dresden, 01.09.05



Maschinen- und Stahibau Dresden

Project: rolling stock Karaj-Teheran water transmission tunnel
technical specification - revision A 01.09.05
identification-Nr. 7 0 0331 page 2 from 9 pages

1. TECHNICAL DESCRIPTION OF A MUCK CAR 8 M? - SIDE TIPPING AND
DISCHARGING DEVICE (NOT REVISED)

See drawing: 7-036-01-000; for discharging device see drawing 7-036-02-000

Volume: 8m?

Length: 6.350 mm

Width: 1.500 mm

Height: 1.550 mm

Wheel base: 2.500 mm

Min. Radius of switches: 35m

Brake: pneumatic (one axle braked)
Support of the axes: suspension bearing
Diameter of the wheels: 350 mm

Empty weight: approx. 6.000 kg
Permissible total weight: approx. 20.000 kg
Material of barrier: plate with lug pattern

Connection between the cars: Willison 1’
The main dimensions are clearified with Herrenknecht AG.

The muck container is detachable on a flat car and is secured against slipping through
bedstops. On the edge from the platform are mounted the bedstops.

On each muck container a rubber mat is fixed at the top of one front wall. It protect the tunnel-
bottom against dirt.

With above mentioned dimensions of the muck container it has an absolutely maximum
capacity of 8 m? (water)!

Via a cross beam the muck container will after lifting, set down on a bearing support.
Through the excentric arrangement of the load retainer the container tilts automatically.
By the lateral procedure of the crane the container tilts and empties themselves.

The specific form of the hitch disables the hang out of the cross beam.




Maschinen- und Stahlbau Dresden

Project: rolling stock Karaj-Teheran water transmission tunnel

technical specification - revision A 01.09.05
ldentification-Nr. 7 0 0331 page 3 from 9 pages
2. TECHNICAL DESCRIPTION OF A SEGMENT CAR (REVISED)

See drawing: 7-036-03-000 A

Length: 3.107 mm

in use as a double segment car: 6.515 mm

Width: 1.200 mm

Height: 1.560 mm (with 3 segments)
Wheel base: 1.640 mm

Brake: pneumatic (one axle braked)
Min. Radius of switches: 35m

Support of the axes: suspension bearing
Diammeter of the wheels: 250 mm

Segment Support: wood (150 mm width)
Segment per car: 3 pieces

Empty weight: approx. 2.000 kg
Permissible total weight: approx. 14.000 kg

Material of barrier: plate with lug pattern

Connection between the cars: Willison 1' on one side
Coupling with steering rod on the other side

Segment Car is to be used to transport maximum 3 segments. The segments must be uniformly
placed on the supports. Segment support holders are integrated into the chassis to provide a
secure support for the segments. Onto the side facing the segment it is bolted on a wooden
support. This ensures the segments will not be damaged.

Gravity of the two segment supports are nearby the centre of the wheel base.

The height of 1.560 mm is confirm with the back up system clearified with Herrenknecht AG. To
reach the max. height of 1.560 mm the wooden layers between two segments should have a
max. Thickness of max. 140 mm!

The segment cars are to be used in twin-mode as a double segment car. That design is
compatible with the actual back up system of Herrenknecht AG.




Maschinen- und Stahlbau Dresden

Project: rolling stock Karaj-Teheran water transmission tunnel
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3. TECHNICAL DESCRIPTION OF A FLAT CAR (NOT REVISED)

See drawing: 7-036-04-000

Length: 7.780 mm

Width: 1.500 mm

Height: 460 mm

Wheel base: 3.500 mm

Min. Radius of swiltches: 35m

Brake: pneumatic (one axle braked)
Support of the axes: suspension bearing
Diameter of the wheels: 350 mm

Empty weight: approx. 2.900 kg
Permissible total weight: approx. 20.000 kg
Material of support: plate with lug pattern

Connection between the cars: Willison 1’
The main dimensions are clearified with Herrenknecht AG.

These type of flat car is a universal car for cement boxes, comparable boxes, spare parts, other
equipment.

The wagons are not equipped with supports for container or boxes.

2 cars will be equipped with stakes (6 pc. each).
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4, TECHNICAL DESCRIPTION OF A MENRIDER CAR FOR 10 PERSONS
(NOT REVISED)

See drawing: 7-036-06-000

Seats: 10

Length: 5.525 mm

Width: 1.500 mm

Height: 1.550 mm

Wheel base: 3.500 mm

Min. Radius of switches: 35m

Brake: pneumatic (one axle braked)
Support of the axes: suspension bearing
Diameter of the wheels: 250 mm

Empty weight: approx. 3.000 kg
Permissible total weight: approx. 5.000 kg

Connection between the cars: Willison 1’
The main dimensions are clearified with Herrenknecht AG.

The cabin has a lateral sliding door with safety lock and is completely noise reduced.
While the car is moving, the sliding door must remain closed and locked.

In case of an accident, the windows at the ends of the cabin can be opened.
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5. TECHNICAL DESCRIPTION OF A PEA GRAVEL CAR 3,4M° (NOT
REVISED)

See drawing: 7-036-07-000

Length: 7.780 mm

Width: 1.500 mm

Height: 1.460 mm

Wheel base: 3.500 mm

Min. Radius of switches: 35m

Brake: pneumatic (one axle braked)
Support of the axes: suspension bearing
Diameter of the wheels: 350 mm

Empty weight: approx. 5.900 kg
Permissible total weight: approx. 12.000 kg
Connection between the cars:  Willison 1’

container length: 4.500 mm

container width: 1.200 mm

container height: 1.000 mm

Lower outlet of container: manual operated side outlet flaps

The pea gravel container is an open top container, is detachable on a flat car and is secured
against slipping through bedstops.

Unloading technology and size of the container is clearified with Herrenknecht AG.
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6. TECHNICAL DESCRIPTION OF A RAIL, PIPE CAR

(REVISED)

See drawing: 7-036-08-000 A

Length: 12.500 mm

Width: 1.500 mm

Height: 500 mm

distance between the bogies: 7.000 mm

internal wheel base: 1.200 mm

Min. Radius of switches: 35m

Brake: pneumatic

Support of the axes: suspension bearing
Diameter of the wheels: 350 mm

Empty weight: approx. 8.000 kg
Permissible total weight: ~ approx. 60.000 kg
Material of support: plate with lug pattern
Connection between the cars:  Willison 1’
Chassis: with bogie

The main dimensions are clearified with Herrenknecht AG.

These type of flat car is a universal transport car for long equipment. as rails, pipes a.s.o0. up to
a length of approx. 12,00 metres.

Car will be equipped with stakes (8 pc.).
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7. TECHNICAL DESCRIPTION OF SWITCH PORTAL INSTALLATION
(NOT REVISED)

See drawing: 7-036-10-000

Type of rails: S 33
Gauge: 750 mm
Length: 10.000 mm
Radius of switch: 35m

- without base frame
- without switchman
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8. TECHNICAL DESCRIPTION OF CALIFORNIA SWITCH MOVEABLE
(NOT REVISED)

See drawing: 7-036-11-000

Gauge: 750 mm
Maximum permissible wagon width: approx. 1.300 mm
Total length: approx. 166 m
Maximal length of train: approx. 120 m
Points radius: approx. 40 m

Min. Radius of swifches: 40m

Slope: approx. 0,137%
Total weight: approx. 78 to
Type of rail: S33

switchman: manuatl

Switch operation:

In load-condition the construction is supported directly on the bottom-segment and on the rails.
The approach ramps lie on the rails of the train track installed in the tunnel.

Move operation:
To traverse the california the switch will be [ift with a pneumatic lifting device.
The lifting operation for example can be done by the compressor from the tunnel locomotive.

Areas between the running and safety rails are covered with walkable plates with lug pattern.
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