NSENTIWNBATHAZENNTA

LONEITLHYLLNG
L%lEN

4
o

n13U5uUsensAanisu lafuinennUssansnweunaas1eglusAgdaun
A835YAszLUn (Drill and Blast, D&B)

TATINSINUS AU LB AU BUILIN9RANSTST FeninLdesini

dineunaaisvaysznuvunlugi 1
dunWaumasUIvun lugy

fu1Au 2563




AU

Tasenisiiuvsuiadilugrafvidnifouniinasgaus1sn Yandadesling
Julasesnisiiasreadesnmdunaiilugraiviilouwdinauysalvawae1aivindouningg

9aus1351 Iiin1susmsdanisluguuiudung - ual¥n - winae egedluszaniainiiienavauas

D.

aadasmsliiiiiemanunsisluggruuazgguds n1sgulae - vilna wazgnaivnssuludiu
Jarinlgdlnluazdmindnuy sudainsussimdgmenndeluilendesdual lneaneSguunsladud
dlefuil 26 wwisy 2550 eyfAlvnsenununstazavnsallaonsuvalsemuiudniulasinisg
Tneflsveznanlasenis 6 U @euUszann w.e. 2555 — 2560) 293U 15,000 1uU W wazikioTuil 14
WoPANIBY 2560 AnzsguumsiuAveneszeznalasin1sdy 11 U @euuszua w.e. 2555 - 2565)
meldnsounaiuidy Wedeatilasinmuduaiasfuiufinzugninguisvesiufivauseniu
Iﬂmﬁdqﬁﬂuazﬂwgq%’ﬂmL%aul,l,aimqqmumsﬂ N1 17,060 19 vu 76,129 13 freaofiud
mmnweslulassnsdsiuasihsnviuiundunguds s 14,500 15 atfuayuiniionsuilon - gulaa
mateadion wazmagpamnsaluasiiuitarindedmiasfaring mulas 49.99 Srugnuieiiams
daBanuannsnuazUszAnsnwlunsdnnninluguitmeuuy fessuuieudetwhuuasiy
sianfiAntudiemii

nsUfuUssnsdanisildfuiefinussdnsam vuneaiieglusddanfieis
Yaszila (Drill and Blast, D&B) ijJumsU%’Uqumsﬂg’jﬁ’amué’ﬂaﬂﬁmmawﬁw (Advance Grouting)
Yo5UIN waznsuntulymnisifenisuiRaudadavesray waslayviUsunaaunsiinidte ity
vosarudndaiiyudiamii WEdnwviuagldanuinsdvnisuagnisuimsdygisnimdnnis
Wimsemiselasenslumsudledamiting LﬁquLLmuLLa3fﬁ’mu@3§mnu’ﬂmﬂmwﬂﬁﬁmmgﬂéfaq
arunsanuanlinuihldduldegluinusifiasainisadeadisglusddahlfeodiadeidos
madenl#iBnismsianaildfuduluoghamnzaumuanmussiiunasildnu aaemudusss
wagfinnsandauselovinemnesenis lddeusendnauszunasudaiewdlotdymudasa
Nuroadafinunn femusfunudus Uaeads uastsanssesnandeatsglusddai ieroashs
lassnsuduasesilulselovimuingUszasdvedlasiniseely

onansatuidarhiuieduduviduenasmeunsundndng uagyaaaiiilui

[V dl'

aulanertunisudledymaudeadie giaildfne sausiu wazdarinenatsiiesunisusuuss

Y

nsdnnstnlafuiauUTEanEnIm uneaiaglusAdaingigizynseidn (Orill and Blast, D&B)

a1 BdarimivinenaswewnstasilulsslevinenisfinwuaziiuyuinyeAusdmsu

Y

Y

tnfAnwnaenugiavlaieusuldliinUselevivasnadnisaunnuneasmely

INTND FOANADY

JuAu 2563



GUEITY
unil 1 umi
1.1 anudunnvedlasenis
1.2 anmdamuazmsnaninuindu
1.3 TngUseasAradlasanig
1.4 fisdlasans
1.5 29AUTENOUTDILATINIG
1.5.1 aﬂmﬁeiqﬁ"jw‘*ziwml,l,m N
1.5.2 glanddairdiousiin - uinas
1.5.3 szutsiedatiuin - uluns nieuerarsuseney
15.4 muﬂ%’wqﬂmamiéqﬁﬁLLazﬂwqq%’ﬂmLé?iauLinmqqmuﬁfm
1.6 naUsglevivedlasang
1.7 syggLaniun1slagenis
unil 2 Breadeuazauitauinsaniun
2.1 FeneasiuarAUMINIINSALTU
2.2 fumpuuazseandeanisvinnu
2.3 ANUAMIMTNNUNeas19lATINg
2.3.1 nududeassglusddniuareasuszney wioudmlsenoudy
glusddshtaiin - wina
2.3.2 ydsivinmnuauaunesiig
2.3.3 nuduneassglusddniuareasuszney wioudmysenoudy
glusddsthmnauaiung - wita
2.3.4 ywisivinwmuaununoain
2.4 anufnviihmsveeygeldiiud
2.4.1 uilluwaiufithanuusien
2.4.2 Huillupgreuuininiaiuun
2.5 ufinvthiunsdamitau
2.5.1 fAuiienansdns

2.5.2 Aaulifivenansans

%N
1-1
1-2
14
14
1-6
1-6
1-13
1-17
1-18
1-18
1-20

2-1
2-3
2-16
2-16

2-17
2-18

2-19
2-20
2-20
2-21
2-23
2-23
2-26



#1505y (619)

unil 3 anumedninsseuunniildlunisandiunis
3.1 arudneininisvesiudadntiyu
3.2 wdninaiRiaNsaINsUfTRNuSndminu
3.3 msUfiRnusadainu
3.3.1 M3+91% (Drilling)
3.3.2 M3dnandeyu
3.3.3 M38RRAMILAIAL
unil 4 anuddguastymuaznisdnduauiiiiuin
4.1 anudrAgyvestgmn
4.2 sl
4.2.1 Hymnsvasudaglusddniulnssiuuresglusdda
T - wiin dyaundi 1
unil 5 Jgymguassauazuuammensudludymn
5.1 tymmsyessdnglusdaniaensrafvivheulusydu
muqimﬁdqﬁ;ﬂﬁdmuﬁm - wiine waze1msUsENeY dnil 1
5.1.1 an gy
5.1.2 mMsfinw Jnsgideyaioudluilam
5.1.3 msuAleteym
Unil 6 HAAIF YALAUVBIHANULAZANTANYINUAINLNLUFDIY
6.1 NAd5IVBINAIY
6.2 YLAUVBINAIU
6.2.1 M3UTuUseNsUfUReU Advance Grouting

6.2.2 M3UTUUTINSUHUANUATY Advance Grouting

6.2.3 asnenudarulunmaseisufinnuseaniuiiuganinaaiu

6.2.4 anunsausendasuuszanalunisiindiey Sodium Silicate
waweng ULy
6.3 MIFANYIUNDETENINANTUNIT UTBIUANLUN WU LY

6.3.1 m3yaszidnglusfdeiaensuwiulevesgluedda

LY

FIaualun — wilin duafl 2 939 NW.13+668.465 B9 N.154717.652

3-16

5-1

5-2
5-4
5-29

6-1
6-4
6-4
6-4
6-4
6-4

6-5



#1508y (si0)

ANANUIN

AANUIN N. ANTNTWABEANITAIINUTUIUNY Advance wae
Consolidation Grouting

A1ARNUIN V. Mae — Ngad Mae - Kung Tunnel Project Detailed Design Stage

AANWIN A. LBNA1911571197U (Method statement) mué’mﬁmﬁﬂgud’mﬁw
(Advance Grouting) U3naYasaenr B AUt Te LT
929 NI.6+480 18 N1.6+260

aAian 3. MEneuTIBsUFTRNT emsuTuUsnmsufiRnusnde

Yone (Grouting)



CaN
c
=b.
[S=N

I
.

€aN
.
=p.
.
1

CaN
.
=
.

CaNl
c
=b.
—_

I

€aN
c
=
N

€aN
c
=
—
1

@aN
[l
=)
—

CaN
(el
=b.
—

1

ol
[l
=p
—
1
O O N o LR~ WN

GURATETT

uunwmsivavesilugini dameuvunsdflasins
uHLTLARITRalATNNS

wwrelusddsiidiousiung - uilin
nwaesUsEg szt uIzaNULAY 01 SUTENEU
aiaesolusdaonushiDuareratsguin
AmdaesemsszUIet gl LA - uiin
nwdaesmsingivimivinadiuiidanistanunanglusdiuiung - widn
amdaeauurglusAdaiuaiin - winas

AsaeseIATI UL

nwdaesermsiiei
mwaﬁaaqmsa"fmgﬁﬁﬂﬂu’%L’Jmﬁuﬁ%’mmﬁaaﬁqmmﬂ’eﬂmﬁﬁmﬁm - Win9
MHUTLAN U TP U UYDAN AT - ualuns
unuuanaalassmsdsiuazdigsinuidounsiniigeuss
uiuiuandasmaiuuiinalugafiuiideuninigaus
whTnsssaing

M3d159255 T Ul

WaP9TIEaELBEANSIaEsEiln Support Class A-D

wanaddumnssde warUiinussidailduaziasnaming
189n139A58L0A Support Class A-D
PuuvauLarUTinauingseilauenmuduvesgUaluse

NMsRNE 3z

nMsseiin

JEUUTEUIERINANE tug LA

Nomogram  U32naunNIANNIMIUINNISIUINARLLAZIOaN 1TUTZUIUDINA
Tuglusd

FIUNIAUINTEUUTEUIDINALUGLUIA

1
NU

1-3
1-5
1-6
1-7
1-10
1-11
1-12
1-13
1-15
1-16
1-17
1-17

2-9



CaN
c
=p

I
.
—

€aN
.
=)
1
—_
N

I
—
N

CaNl CaN
[l el
oS =S -
NONNNN
1
—_
(6N

€aN caN @aN €aN €aN €aN CaN CaN €aN
[ S e el e xR xR cx N
=pe =0 =S S =S =S =S =S =
N NN
1 | 1 1 ] 1 1 ] 1 1
— N N N — — — — —
N B, O WV 00 ~N O U»

CaN
(el
=)

Caf
.
=b

Cal
c
=)

€aN
.
=)
1

CaN
c
=b

€aN
.
=

1
\O oo ~ (@) S} ny W N

€aN
.
=)

1
—
(@]

CaN CaNl
c c
o= =S = =S = =S =S =S =S =S =S =S =S
PR W W W W W W W W v WD NN
1

€aN
c
=b
1
—

CaN
c
=b.
N

1
N

€aN
c
- Sh
~ B
1

CaN
c
=

d1sUnysyU (vid)

NILPALTAUAINUAIN1TIZI0N
rpsinsiedosilefldvuiiueenainglud
ASRRRIPNSuNUTENTA (Steel Arch)

AwdRdgy sregnseiin wazUSinamdussian A-D
fupsumsynsidnglusd D&B (Drill and Blast)
msfnsaszUURTIRTaweAns TNl
danmavhaluglusdlneiads

Cycle Time Support Class A-D (nselldmgunsavian)

Wana % Cycle Time Support Class A-D (nsdildmzunsavian)
SrvazauuarTeanBendoangluaddntauin - wing
é’ﬂwmzmmmziwazLﬁamﬁigquimqﬁﬁqfwﬁmLL;J'LLW-LL;J%’@
vauaaiuiiv liussanane luusnaldases
\3puagiiu Crilling Jumbo Altas Copco Rocket Boomer
WRNYTHUUVIYY

WAZNTEUNN Button Type

Juwuv Piston aglluy Plunger

NaNN13ua4 Packer

N19911971UV09 Expansion Packer

Hydraulic Packer

DNIEARALUU Single Stage

9N159nRALUU Downstage Grouting

15n1959nAALUL Upstage Grouting
wanserunszdnglasd D&B Mudeadgluddni

LAILULAN - Widn deyadn 1

wuuneaseglusAdalare1nsusenay nieudiuusznousy

gluaAdaI YA - widn NU.0+000 B9 NU.6+500

N AAUNETILIAUEINDBNUIT NY.3+016.500 TuW 5 819 6 fueneu 2561

U AAUNI0NUIVLLANE A58 MmN 3+016.500 Ul 5-6 N.8.2561

%N
2-10
2-10
2-11
2-12
2-12
2-13
2-14
2-15
2-15
2-17
2-19
2-20
3.2
3.5

3-9
3-10
3-11
3-11
3-13
3-14
3-14

4-8

4-10
4-11



d1sUnysyU (vid)

anwiwhunelugludidn - oen mneiay 1 Wosnanildfuusaugs
anmuiuneluglusdidn - eon mneiae 1 idesnniildfuseiugs (o)
anmuiuneluglusdidn - eon e 1 idesnnildfunseiugs (o)
msdsvdmtiuazasIsaeuUinumsluauasusafuresilifu

Y

JUARYIUAZ FUARANLLULIR LAY AN EE 598 19N T
SUARYINIRUEARALAL JURRMIULLIRIINAN AN LA SARAYBIHANEIIITI
AUEN 3 1RSIy 15 830 AULWIglaeA

SUARYINIRUEARALAL JUARMIULLIRIINAN TN LA SARAYBIHANE T
ANAN 6 WA vy 11.3 83 AukwIgluana

quaﬁamwﬁufw (Blow Out Prevention: BOP)
nsdnanvesnauHugUnInianusafun
msszuneilifuiioanussuthinugUnsaianusa
nsfndagunsaianusstuih Tngldsnansdedy
M3dndnvaanaNrugUnIaidnsa

SUARYINIRUEARALAL JUARMIULLIRIINAN TN LA SARAYBIHANE TN

AYNEN 9 AT Yy 10.1 83 AULWIRLAA

[V ]
Y v o

sUsinpuuueldiloyasidnuasAnfamduszosma 3 was
msfnsariuniin R-E lurasiilndasiuazinsvadnssiiuyu
sUsinrauUglARlivinsEndnueananasmii
sUsinpuuuIelaATlsvinssadavestanamii
wansumissesdeufiniariuuinae L fui ey
Usinanhiilvadaluglusduinadigs nu.6+a75
UsinahitlvadnanluglusduTinaiias nu.6+467.50
urufisUAnessEivenuLLIglAdsaute - wina
N3.0+000 fi3 N31.12+000
LL:UUdaa?wqmui@mwmqimﬁdqﬁw P90A - w99
N31.0+000 &9 Na.12+000

e imUaluN IR AUTINMUEA AR YA Mn LAY

%N
4-11
4-12
4-12
4-13
4-14
4-14

4-15

4-16
4-16
a-17
a-17
4-18
4-18

4-19
4-19
4-20
4-20
5-1
5-3
5-3
5-6

5-7

5-9



Ui 5-7
Ui 5 - 8
UL 5-9
U7 5 - 10
U 5 - 11
U7 5 - 12
U7 5 - 13
U 5 - 14
JUN 5 - 15
Ul 5 - 16
U7 5 - 17
U7 5 - 18
U 5- 19
U7 5 - 20
U7 5 - 21
U7 5 - 22
U7 5 - 23
U7 5 - 24
U7 5 - 25
U7 5 - 26
U7 5 - 27
U7 5 - 28
U7 5 - 29
U7 5 - 30
U7 5 - 31
U7 5 - 32
U7 5 - 33

d1sUnysU ()

LUNARUALUNITAILIAUTU AR USADATVDINANAINTN
$18AIINYALLBEAAIUIAINTTH VOMUUAIIU Consolidation Grouting
baza1U Advance Grouting

YoA1UAIAYIU Consolidation Grouting kage1u Advance Grouting
NTIAUSNIUULAZNT5918971U Consolidation Grouting agdu Advance
Grouting fisvylusemsneaziBensuimnssy mudna
NM5IAUSIAIULAENI597897U Consolidation Grouting
naIMsuleivesnsan Cement wag Sodium Silicate

g Tususesdumvesuanuazdmieludsenalney

UTunuanu Consolidation Grouting (M3 : LiAT) LLazmuﬁuﬂ MIUINYIY
Tender Design

Method Statement s1udadntnyuaimiasiusns

v A

159nAATOINEL Multi-Stage Grouting WUU Upstage Grouting

00PN UDINAL Multi-Stage Grouting UU Downstage Grouting
314 Stand Pipe nsdlfiuliAnauianzlaintanss
PudndaiyudemtinEnnmag n.6+434.5 89 nu.6+431.5
NuAdntuA U N.6+430

ﬂwué’mﬁmﬁwuummﬁﬂﬁd’m N3.6+232 , N.6+230.5,01.6+229 WAy Nu.6+226
NuSABntuEmEUNE N.6+416.5 §1 nal. 6+412

Modified Stages Grouting UB4{3UIN

WARIIDNTONRAVDINEL Modified-Stages
nmsseviedndnvesmaniufRnuaTewesiuiie
N39ARUYIETHANNE I UNUSAAA VD INES
YosHaLTdnanlnadousonu T nil.6+059
UinahldRudefsudesndaiudimii nu.6+059

n3USuUTIsU URNU Advance Grouting ny.6+059

HaN15UFUUTe Advance Grouting adadt 2 (Secondary Stage) Nu.6+059
NFUTILIUNNG Y NTOUTUTUURNSUARA VR INAY
N1SUTTEENNNGULNTBUTIBURURNTUdPRnvemEy (d0)

N3aUTHBIUURNIsAAEUY

1
NU
5-10
5-11

5-12
5-13

5-14
5-16
5-17
5-18

5-20
5-21
5-21
5-22
5-23
5-23
5-24
5-24
5-26
5-26
5-27
5-27
5-28
5-29
5-31
5-32
5-33
5-33
5-34



U 5 - 34
SUN 5 - 35

€aN
.
=)
1
W
o

€aN
.
=)
1
W
0o

€aN
.
=)
1
W
O

1
N
(@)

29 @an
. c
. Sh - . Sh - - -
(G, NG, G, NG, NG, B, B G, BN |
I
w
\‘

€aN
.
=)
1
N
—

SUN6- 1
gﬂﬁé-z
gﬂﬁé-?;
UL 6 -4
U 6 -5
gﬂﬁ6—6
UL 6 -7
U 6 - 8

d1sUnysyU (sid)

MIBUsHRIUURANSAAEUIN (M)

Modified Grout Pipe Method

N UIU Advance Grouting NN.5+960

Casing, Mechanic Packer and Grout Pipe Method

Casing, Mechanic Packer and Grout Pipe Method (#19)
lufusesdumvasinanuardmite Sodium Silicate
uanan1slTenTIdIuNEL UShdnvaNa (Grouting)
nsUsggumzeuntalaninisidenisufifeu Grouting wazdamusunn
UFIMN15U Advance Grouting

N15191281929829%11 (Probe Ahead Drilling)
anwssdinluvesiiddlasenis

WusTessdaluus g Ushamaanngluee

nsseLdauuuiantiisey (Smooth Blasting) USianumaaAnglaeA

AR 1N URINITINEIRUNTSELTnglueA
wuuneasselusddniuarermsUszney wionduszneudy
glusdvrsaonuiils

LA uENUSAARtYusEIsIARDUNIALAL Y (Contact Grouting)

wansaNwazudnRnt uiiuAun1Inaiu (Consolidation Grouting)

wazUARainyua 1wt (Advance Grouting) Wawa NI ULUUNUBARAYBIHEY

%N
5-34
5-36
5-37
5-37
5-38
5-46
5-50
5-53

6-6
6-7
6-8
6-9
6-10
6-12

6-13
6-14



AN 2 - 1
AN519N 2 - 2
AN 2 - 3
AN 4 - 1
AN519N 4 - 2
AN5197 4 - 3
AN 4 - 4
AN5197 5 - 1
AN 5 - 2
AN5197 5 - 3

AN 5 - 4

ANS19N 5 - 5

AN 6 - 1

A15URYA1319

waines1en153an aunsallunsinuglied

- S| - Y [ L3
WaAITIENISIASENe 1ATReINsluMITInUglinA
WEPSTIINSAMTN wazypanshunsinanualied
FIANANIUSAAATOINEAL (Grouting) B UAUTIAIAIABAT

v

NufeaseglueAdat wave1A1sUsENay YIeuiung - wildn dyan 1

=b.

FIANANUSARATDINEY (Grouting) BUAUTIAIAINDATI

2

=)

NUNeas1glueAdIl ware1ATUTENaU YIeuune - wiidn dyg
FIANANUSARAVBINEL (Grouting) LBUAUTIAIAINDATI
NUARATINRLUIAAIN LareIm1TUTENOU YR - Wi dyay?l 1

$1ANANNUDRAATBINEN (Grouting) LBUAUIIANANDATIS

a

muﬁaa%ﬁqq‘lmﬁdqﬁﬁ HazIANTUTZNBU BIUIA - wing dyey 9
wanUSunaanUa AU TIBNUANNATIVITUsET AR (NU.1)
USHaudanvesnaseU Advance Grouting neulagnasusulsensujusau
WaRUIHIUIUNITIY Sodium Silicate AINTIBIUAITIA - BONUWUY
nazUnAEEUNEUR TR 1 Advance Grouting uag
Consolidation Grouting
UARIRIDE1IBANNITUSUARRNTIBNIUALATIMENUTEA LAY (NU.1)
pdsii 38

U3ueu Sodium Silicate fiusureusiea nu.l sl 36 8 52
M139@TUTIENTHaTUTINUUAINTIBNUANUAINTNUTETRBY

(nu.1) ﬂ%y’m’?i 52

&

v
i)
21
2-1
4-3
4-4
4-5
4-6
5-25
5-43
5-44

5-48

5-52
6-3



ﬂi'ﬁ/\lﬁ 5-1

)

N5997 6 - 1

#1505

wansauimnthagessdnglusddaidanio
puTesunnad TSz ey (nu.1) s 50 - 52
wansaufnthaugassdnglasddainieied
pusnuaEiniszsuieu (nu.1) aded 50 - 52
UinamsliiaguessaumuiiufiRnustiniglurannuinniussduiou

(nu.1) Adadl 36 84 52

1
NU
5-39

5-40



1.1 anuuaveslasnis

nsvmTINYRsWarannsol Tnensuraussuldiauudniunalgluginiuail
Fadu 1 Tu 25 quiwdnvessemdlneinegwiaides Tnglumsduiunsfunldfinsnoatn
Tasamsvauszmulugiihaivivesduith vinadmindodnl Weldiduundaidunuativayy
fuiimanuastundmiadeduiwasiuilndifes S 3 Tasenis W

(1.1) shouiumanazszuuda noasauduaialud wa. 2516 Buahilvarushe
a9an 700 gnuiAflumsieIuil annsndniliiuiivauseniusn 148,000 19

(12) ouniinauysaivauarszuuani feaiud s o wa 2528 faugenafuin
265 &ugnunariuns anansadsthlyfuiivaseusia 188,000 13

(13)  WeuwimegeusTuasszuudni neaduduaiall) e 2536 Srureiafiui
263 &rugnuieriams annsadailiufivaUssniusn 175,000 13

uidosnlutiagiiu maduladunsviesiles MAgnamngsy LaznsYeeRIYed
gugulufiufisunaiies fwiadodnd uardmindgu Wuluogennga sauvsdinadsunag
nsléfinuluiiufivaussmulassnisdaiuasthssnuideuninigauss wasfiuiilasseudwmals
fannudesnsldilulimaiganivsuahdunulusafuiniounsinisgausis vliin
Jamnismauaauthuasiivualiininezsunssdduluswan

nsuraUszmuAsldfansanuumansuiletymitietu lagldFnwanumenye
waransznuAnden TassnmafiuUsinaailugafvihdouunisgeus s Sefuumansdiuns
Tnsfuihandriudunsuarerafvindouwiinauysaivaludasrafvindeundnisgauss
Im&Jmsﬂ'aa%ﬁwﬁzaizmaﬂfﬂmﬁy’ué’wﬁwLL;J'LLmﬁﬁ"mLLu'mzmu fuafindna sneusiuns Tantn
Fodll uazreassglusdduinandnhuiunaniouniinauysaiva iloflagiuthdiudiiua
foantslailudreggruvesnd 1ads 113 Sugnuiardiuasded anduriinisnoadaglusddai
Fouresgnieraividounsinanysaivauarerafvinidouninimaussifiefiainsiaf
tdountinanysaivaludisggrudeduiiaiiiunnudosniaads 47 Sugnuiadiunsded
sanfutiunah 160 dugnuiadiunsiel Tuseraiuindeuuinisgaums

Houutinaegausie dvuniuifuiduaseuagu 569 msailamns s
thlvaaserafuiheietos 202 Sugnuiadians Sawg 263 Sugnuiariams Wedeiliud
yausEML 175,000 1§ naeaauduunauhduuiionisoulne - vslaa gaamnssy waznis
yioaferluunviesiidimindedluinazsmindmu dsa1nnisvereiivesguruniviendien

£ a = a o Ya d‘ U-QIQ
ANTVYIYAINILATEIND ’i’JlliNﬂ’TiLmUI@‘U@ﬁﬂWﬂqmﬁ’lﬁﬂiiu mlitinsiasuuwdasnislgnau



Wensinwaskaznstduilufanssusegduegnaunn Wumlifianudesnislduiganinuzuan
1% 1 < ’oj [ a ’oj ] 1% 1 @ g 1 aa LY [~3 1
aunulugnaiui YseneudvuSunadiiiluadigrafvinluwsdas dianuduwysiduegiaun
BEYIENIN 97 - 265 AugNUIANINT Besanmnanilanainaisidinlununadudiiinuinunazinis
yninyatgiunUrdudigsts budagduiiadyminisvianaaudieazuuiliuinagninig
Juwsaduluowan

di < [ 1 =3 v Y a o d' 3 o =

watlunsudletymaenan nsuvalseyu Jelaaeussniivsnwvinnisanyinanu
WALNEAULASHANTENUAILINA DL Iﬂiamilﬂuﬂ%mmﬁﬂuﬁmLﬁuﬁﬁlfduaul,l,zimqaqmuﬁfm TaaLdunig

% 3 4‘ [ d' 4" = 1 a -al' o a 1

HATLEAIUDIUN 12 NINHIAN 2545 FINAIINNITANYINUIN lassnstianumnzauiiazaliuniseely

8 N15RusEIea1nAvLeaaIrtsdunisiudnlaeldndnnisusaliugas
(Gravity) @eituiineasieusegszugiiuinganu enansiuldglinAdaiiiaraimsusenaunaonauy
auudzeinwuseaszuisiudnganu agluiiuiquindun 1 uazuwiglusddidiundiuasale
HNUNFUUITUA 1 FIAULNITUNITAIINOUUNIYIA LANNATUN1TUTEYUATIN 1/2554 WHaiud

YA = a ¢ a % a ~ S ' 2 8

17 QUAWUS 25564 [AUTRUTIBNUNTIATIEIRANTENURWIAGoN tasamaiauTinanilugiaiuin
Wouwini9aNs1s Yminwedluy wawhlassnsiianumungauuasAunsouiaesuaLiung
AOGEAN

ANYITUUATIANUFAEIDTUN 26 Wiy 2554 aulRluraNNITNIUNNTENTINNYAS
WATANNIAIAUD WALIANTENTINNYASHALANNTA (NTUVAUTENIU) LAZUUILNUNNLITDIAWAUNT
Irgnaesmudanguunguazseidguraninusiiineites laensuyalseniuaiunsasudiiunis
lasanisiinusunathlugisivindeunidnitgausis Sandadedlng Tulsuussuna w.e. 2555
Teszaznataidunulasenis 6 U Tunsaulalduisdu 15,000 a1UUM LasALRUNISHM3 8UANLNS DY
1ASINNTANUNITINNAULEL NS NEINUTENBUIUN MUIUUTZUIU W.A. 2554 S18ALLD8ARUNLIIED
dINEYIBNIAMLIINUAT AUNgA 7 WS 0506/11382 aaiuil 3 naunnAw 2554

1.2 anmigmuazivanananugnduy

U o a ng ! a = 42/ dl U o
QNH?UQ@@UUH@Q@EJ‘VI'NVIﬂLWU@EU’EN‘UizL‘Vlﬂl“Vl‘EJ ﬂi@UﬂQNWUWIUW@ 2 NN
N
Y

Y

Toun Wesluduazainu INuNauunedu 24,393 ansnnlawns Usznauig a1uiaugounige

q
(%

979U kU TeRouUY S1UILAY d1Uniie a1iwng ety Feluunsiunussautgm

Pawaauilnglantzag1agdluguuiningg fdInUaunin19gaus s 1glanuaininien

1%
o o

dunensvasiin sxdinnuaiisalunisifiudinuilafis 263 dugnuiafuns Wedahdmiunis
NRINTY UlAA - USLNA MviBaiied gnavnssu waensinwaunatdiamie

! ) a

wirndeyauuaivinluadigiafvineauwinigaus1s nuiluusazdiaig
UANANHULUTALLNN Aune ATy A IUNISUSIITNTNEINTUINDAUDIAUABINIT LU NIINNNTY
FULTBIINANMARTNY 27U NTVenefivasunyaInTIUlaenIzn1sldUIM U TN YRstuY

gaKas N15veredlIvesyuruv iialudeinsiduiluntsaulng - uslaauindu sudaiie

1-2



=

N13via1g7 ARDAIUNTVENEFIveINIAgRavMnTIY lulwndwindediuaglundaming i gail
NsvEIeRIMaAsygianAsutgunauneliiindymnisuawaauinegiesuuse Inglulagdud
n1svawaautduUsIalay 137 Sugnuieiuns wazaindttusuiag (20 Y91emi) Weaiy

AosslduniuTuazidymnisviakaauigaInilag 173 augnuiaiung

wiitituniun usr il I
Wit | 622 i auw.A) vvin [332 | #m auaA
o ¥ . A s -
FMET x| anfiuindanuiiaanysoiva

1,806 & au../d

——— L ﬂ ATIHY 265 HIM ALLN.
T o dmsuad BN o
UHATHTI i = AMHn
WWHHTRANTNRI
o 160 4w

B1HA 4.00 1Mms .
() - . L TRAN G
doerznedna 10 u S 4 989 gaq 25,624 Alawkns

O h
danaTmnegEn 1,473 aua/Auni Wmdn lﬁ‘[:ﬂquﬁuﬁng“ Vhusinaa
@pryrrrsnenegn 28.50 nua . hEm 2 94 4.20 Wi
——shwingfiadio 819 22.975 filawns
o
winiusiuma bt
HAB R srmnriluagga 26.00 auau/Aui 202
o3 f1e an.nd
swgiflifdonwihte Do
> Y
Wammmdiermugianadnibideg f \ .
A H 1 . | grufiutindeuusinaigansisn
wafnzauindaiild L qadustnl @ H IR
winaylfzafiugeiizaneszdiaslusu H AIHY 263 A4 ALK,
= a4 1 I P
. - . amend
aruiviadinafoann Feszuzme ! i @ i oy L
Tn¥iReefunuagluifuainaswilin ud | ik i
v Bl woeleddan

#mﬁ*ﬂﬂﬂluhﬂﬁﬂ:“ﬂﬂuuﬁqﬁ‘]ﬁ | TR, pp————

mn ljmilanuiu-ﬂqr
= dhw. .
E2 s

S fluansemiBaandounnnd

JUT 1-1 usunmnsivavesinlugauiiUenauuunsaliilasenis

il g slupdwindeduivardmindnulaiosvalvinsuvauseniudniiunis

LLﬁ’l%JﬂigWﬂ’]immmaw}laﬂméqmu oy nsuvausemuielanusndudesimuiuaruims
fanamswennaifmfuresguihuinalndifesty Uszneude quinuaiusg quiualin wagdu
wimdliAnUssavsnmiassBunaonly Taonsdsiriuglusddsihandnihuiundugerafuih
douwdinavysalvaazarunsafinuimadhdunuldiadedagsdssan 113 Sugnuiadiuns
fasudunslutsnglussriafounsngrsdafioungeinmeu wasmsaniruglusddsneiafuth
Aouulinauysnivalugenafuindeuuimeaus Fasdiiunslutmgruuasdssdnilugafuh
douwiiaauysalaageaninsedu +385.00 wms. (33.0.) waansadisuiinachdunuldsnindeUay
Usguna 47 drugnuiadiuns sanuTuianiideieduiedelas 160 drugnuiadiuns
faiitoldnisudledgminisvauaaud Tuguiuslnsuagnisussmgnnssluansinaidies

Weslndlaog1eiiuszansain



1.3 nguszasAvaslagenis

1.3.1 iglsdinsudmstaniniluguiuaiuns - wite - usinng eghaiiuszansam

132 eadaadosnmesuTunudilusraivindounsinanysavauazgrafuii
JouuingagaNs1)

133 Lﬁamauauaammﬁmmﬂ%ﬁﬂLﬁamimwmﬁ'ﬂuqaﬁluuazq@LLé’a Tneniiuitui
nsinzUanluggues

1.3.4 Prwandymiugnniovosguiiludeadodm)

1.3.5 wigaussadudeinistunisldin augulae - uslaa wazanamnssuly

1%
[y

Nunguneduiiung duneneeain gnedunsiy wavsnnelesdmindedviwasimindnu

1.3.6 wednwaunativimieu’

1.4 finslasenis
TassnmaiuUGnanilugiafuindeuninmegauss Smindedvl Usenaude
1.4.1 glusddnitiaiung - uiin anueigliued 25.624 Alawns Dkl
1) Usggszieiusingany Uadudiudunsiivuuieganu dvatiuiadng
Snowumg Serimdeding wauil 1:50,000 ﬁqm?'i L7018 52279 4747 |1l Wna 47 QMB 865236
(N 2,123,645 , E 486,502)
2) oSt eghdda ol inauy soite deegitiudeun fuateua
SnoutLne Saniadeodugd wwudl 1:50,000 ﬁqm?i L7018 s¥2319 4847 Il #im 47QNB035218
(N 2,121,803 , E 503,569)
1.4.2 glusddnirgauaiia - winag auemglaed 22,975 Alawns fdanudedl
1) oesfuifidouwitnauysoiva degiiiuatoun suneusiuns fanin
ol wsufl 1:50,000 49dl L7017 53279 4847 Il it 47 QNB 074179 (N 2,117,974 , E 507,432)
2) mmif\iwﬁwﬁL%mmmqqmmmm ﬁgﬂagjﬁﬁmﬂﬂé’mm FuaaIunile
suneneuaziin Samiadoslual wnuil 1:50,000 Al L7017 58719 4846 IV fifm 47 QNA 124975
(N 2,097,537 , E 512,443)
143 S2UUvioAmINn - uaiuns
dudy Weuwitnanysaiva deegiithudoua Muateua sunousiuns
Janinledlny

[

ynauan Aassaelngievin nu. 6+800 vedlATINITAILALUNTITNYILILAS



2130000

2100000

2070000

450000 480000 510000 540000
4 s s

8 : \ - : BN wio =
S q;ﬁtmuu R 1 oy Sl

Fatis oy i ,-,11 j ﬂauﬂmmﬂﬁuﬁn‘? \ | yifiomag JU- b o, a1

oA usiAale \} =R fhenvdng 4 f i g - U

S "4 & iy -3 ﬁ'] s

'lk. tTﬂW'ﬁiﬂ : - "m“'; o uu'mimﬂaquwwu,uum -waifm

DA‘:n'ni o AuaiLE a.1a3a12 i 1 B e ® I

=4 . v @ 4.0 3. 813 25.624 Nl. hnn ol
\4 % %ﬁumﬁu £ 7 '_EJ :
A it 2 15 4 araninde : S *

WS Nk nFune m%uﬂu T e : .
N RPN Tis e 4 snafiuindoumiinauysaive |- Souipllat g
bt [0 S Tumdasd :

7 i f Nk A213Y 265 AU AU.u. .

- mm}“ i T [ ; nuamnaﬂ

"’"“ ) amszangliaFm k. i

uu'aaTmnslquﬂﬂ'awum -u3in"a4 w

Uszassurgdiusinzunu

=

F e = : = VUIA @ 4.2 U. 919 22,975 NU. aH ‘;‘;‘-
do35zu1ennd1e 10 . dwau 4 dee e 7 . 6, 5

; YT y —
. = {1

. : et : J

£ sraiaminn 4 Cosds § 7 S if

ol ' = ¥ oo f W
aﬂetnuuﬂtﬂautmnﬂaqﬂuﬁ’ﬁﬂ v

A72743 263 AU au.aL.
o - £ i
i T usdas
" -'I' - 3
UELN3 if
)AL ( x”iufﬁgﬁau P \
B sl ainiio (D ) .- an. ﬁﬂﬂﬁlnh =1 :
o adu tl LU
Lgﬂﬂ UEY [ e sasicoay N e
\Fe C awanhu
;-T;_.Q & gyusn clas O
RG] L 2 1290 i
. ' au.eauIIN & a.udhuc 7
- s : 3 e Ak o LA
450000 480000 510000 540000 TOW0

JUN 1-2 unuiuaneiinelasens

AU : NSUVAUTENIU USEN 18 Aoudanaun 3199 wazustn Wnedulisewdiun 3100 $1891UnSANYIANUWINNEEY

lassnsuiudsslasamsdadiuazingesnwinaings Smiadesln




1.5. 29AUsznauvadlAsInTg
Usznaumenisneasglusddel 2 939 ansnsaiiuunanilug i udidouwingg
gaussladelazUssuna 160 sugnuiAiiuns laelisieazidenlasenis Al

1.5.1 glavAdaungaguainmg - widn

[N ] o

UM 1-3 LLqumﬂaamijmjum - widn

uglusddainuwaduriugudnats 4 wes anuend 25.624 Alawns Y
WHULIAEEA 28.50 anuIAfiAsHoTIWIT HudiuiiiuauieInslutsgaausenitsion
nsngiAudisfoungAdniey Inatiduasassrnivilouuiinauysalya Useuin 113

augnuiriuasiel Ineliseazidenvesnuusznausiy



1)

2)

3)

UM 1-4 amdaeslszaszuisiiuinzunuuazaiasusenauy

1.5.1.1 Ui:ﬁ@i&"lﬂ gUminzULaEa1A1TUIENDU

#NNENNINEN

USunaudvnaesal

YSunauiwigean

U‘%mmﬁwﬁﬁwqm

- Gnanhduedstas
NEANAZNDUNTIENYIU

- STAUFUHNYANAZNBUNTIE

- SEAUYBIAABY

mmi‘diz@izmaﬁﬁ

- $nugesszuie suiante 10 was
- desszniethitlifiviunugu

- gossrunethiliiuiuniuau

_ ssutuRuin

- sdiudnaeanseu 100 U

622.11
1,335.50
312.24
113.63

+436.00
+430.00

+440.00
+445 45

- wiiauusEuIsuIuTEUIERUURUla (Flap Gate)
2-10.00 x 3.50 Lups

- VUINVBIVIUTEUNY

- YUIAYOIYDITEUIENTIALLDEN

1-7

augnuIAiUng
AUANUIANLIAT
aUNUIANIAS

AUANUIANLIAT

RS (5.91.0.)

g (5.71.0.)

971U 4 Y09
U 2 U093
U 2 Y03
Was (5.9.0.)

g (5.71.0.)

10 489 YUIA 0.80 x 1.00 tUMS



a)

5)

6)

7)

- dnsnnsiviagean seu 100 U 1,473.34 ANUIANIFS/ AU

glusAruNTENINneas

- FnunurosgluAiini sUAwRLmdsanlAsnameneunnniox
Steel Liner

- uAvDglaARA N4 7.50 4IRS g9 8.00A3

- ANHYIGLINA 222.50 A
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677 bR
6.00 bR

Gated Tower

+374.00 WRg (5.9.0.)
+375.00 WA (5..0.)
+404.00 e (5.7n.0.)

YA 1IN 5.00 WA 849 10.00 s
%1n Bulkhead Gate

N319 4.20 WA 89 4.20 LIRS

1 %0

Overhead Travelling Crane
Y¥Un Fixed Wheel Gate

N9 4.20 11T g9 4.20 1ng

1 %0

Hydraulic Cylinder Hoist
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nsneas e lieddai 19 2 Fasvedlasims Wumsianzglusdsensutuiunddimaanty
walldsn1syaatvalied 2 38 ielviminzauivaninssdiing1mglusAneuaizaiy lngnasui
Ya3uNsUsELliuTuLanIdin1TYaRIzglueRdneisn1sanseidngluad D&B (Drill and Blast)

[

J518azRenTunuluLAasIs Al
2.1 35nsyasziinglued D&B (Drill and Blast)

M13199 2-1 Wane1en13ian aunsallunisvineuglaea

YT 769 wazgunsal ATeNT

1| wid engvuiu uagduseiin szlnglusd

2 | Ohm meter uaz Blasting Machine | 1¥n29as3zidn wasyaszidn

3 | JapdldlunisAnduiivdwiugluee Trduglusdnu Support Class Aifnnun

9

a Ay o
3.1 TURTWNTAAEN VUIA @ 5 LY. NIDANUNHATUANINUTINTT

3.2 IUADUNIHNU

3.3 QUAGNIATY JUIA @ 25 L. W50

LAUSULSILaTLon

3.4 UANGUAIUINANLAY (Steel Arch)

3.5 MUYALNANLEATUAANIY (Lagging
Sheet)

3.6 MUANTUAWNLN VIBWANNAL YU

@ 65 wl.

4 | yngunsalnuanessedn nuaizadn

AU LAaTIUATURINTN

M19197 2-2 WEA9IIENISLATENND ATBeTNTluN1STIneIUgLueA

o w = IS o o/ ¥
GRIZA] LAIBIUD LAIBDIINT A5 19U

1 | Jumbo Drilling Machine (2 Boom) Wzsziln wazhnfsynAduy

2 Robot Shotcrete WUADUNTA

3 | Hydraulic Excavator with Breaker | ngimefiudiviass wasussiioluadlsilssy
(Scaling)

4 | Shaeff Loader AnAuaINNTIsLlntdsausIvn




anu \A30ile 1ASRedNs nslgau
5 Dump Truck/Mucking Car+Locomotive muﬁwﬁuaaﬂmﬂdmﬁ
6 | Ventilation System (Fan&Duct) JEUNEDINA WavHY AT
7 | Air Compressor dsanliiunuIzLaznuAUNTe
8 | Submersible Pump AULNEaNINgLINA
9 | szuuuasalnaneluglied Tuasaislunisvialugluse
10 | Generator 600 kVA Frellifssuusineg nsdifissuulnindados

RIS

M13199 2-3 waneTEnSmg wazyaainslunsinauglued

GYIT Wwithil uagyeanns wihilsuiavau

1 | 3mnsglied / densimileus AuAunvalugldiamun euaessde
wazauAndyRRdufiuluglued

2 | dnssalinen ForiunuTine53EInen (Mapping) waw3iAT e
anmiiudiofnsiaaniiy

3 | 3Amnsdna Ianadwrislunsiangsudn uagdumisly
miamély’qsqmg']é’u

4 | Wsunuauglusd muaunsinliduluaaiimngalusd/
Arnsiviledus wavinssainvue

5 | Jumbo Operator AUANNNTYIN1UYBS Jumbo Machine

6 Robot Shotcrete Operator ﬂ’m@mmiﬁ’mu%d Robot Shocrete Machine

7 | Excavator Operator AIVANNITINUTDY SOYARRTILUTANDS

8 Shaeff Loader Operator AIUANNNTYIN1UYBY Shaeff Loader

9 | Dump Truck Driver/ Mucking Fusaussynauieiuildannsszidneenun

Car+Locomotive mﬂ’q‘lmﬁ

10 | ¥1961533 (Survey) Seinunglusdiitedmuauuigudnans way
YOULIAYDINITYARLLIA

11| gl AUATEUUINT wAEITEUULAIATINY YBIN VI
Tugland

12 | edsyn AUATAUUANLN U UarsrUUAISIR TasTavin iy
gl

13 | winnudaseidn ansziln uazressidn Tuglued




a6y Wt wagyAaIng misuiavay

14 | Auau Maumumdwes suuu lunsiessgaedu

wagaLiiunIsaee) Tlunisneasnegluee

2.2 JunsunarTwanBeanisviney wdididunisvhe fail
Sunaudl 1 Saviunuiinsssaline (Geological Mapping)
fnssddniunisinviunuiinissainelastuiingunuusiiag
yosiumglued (Tunnel Face) Aunsivuafsinvosiadiu (Rock Mass Type, RMT) iilofiaz

AMuarlauesn1sAdu (Support Class) Inglguuunesunisiuiin

Main tunnel

Face (6 + 850.325) BN 6/6/2560 13:27

JUN 2-1 uRunn1essaingn

WURaUN 2 159355 TAUUglIeA (Survey) Uit dunsTeinuuIgling

WeMuALWIALENaTa (Center Line) kazuaulunvaInIsyngliag (Excavation Line)
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Tunpuil 3 N95ULUUNSIRE3I9L0N waga1aun139aseidn (Drill and Blast
Pattern & Firing Order) 3mnsalusd/Amnsimilacus 1Wdidunsneguuuunsianzsseidn 3
Usenaunig Auniegiany ANanYeIsiany wariiAn1ave9siay nieuiuimueaiunisynseidn
T dulumuiildeonuuulflunsvesyaniiuasldingsadn uazgunsal Tasnsinau Support Class
WU uagadunsanszdamiloudu asumndnafulissogeudnvemauane iesnszesves

nsAduluisay Support Class dsgaynnslimingy
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; N B el — PARALLEL CUT DETAIL
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| N SCALE NOT TO SCALE

TYPICAL DRILLING & BLASTING PATTERN
SCALE NOT TO SCALE
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Detail of Explosive Charging (3 TuaiL2 - 2an Class A-D)
From Calculati Explosive Charging
Part of round Bu::en Loorl:cut Spa:ng Total l::ghargr; e Weight ':er pes. — Weight :r hale T Total l:re.gm
[Cut
Large holes (Dia. 75 mm ) - None - 1} - 2.00 -
1st Square (Dia. 45 mm.) 0.16 - - 0.66 Emulsion 35 x 260 mm 0.2667 q 1.067 4.00 az27
2nd Square (Dia. 45 mm.) 0.23 B - 051 Emulsion 35 x 260 mm 0.2667 2 0.533 4.00 213
3rd Square (Dia, 45 mm.) 0.48 - - 078 Emulsion 35 x 260 mm 0.2667 q 1.067 4.00 a.27
4th Square (Dia. 45 mm.} 101 - - 155 Ermulsion 35 x 260 mm 0.2667 5 1.334 4.00 533
Flaor Holes (Dia. 45 mm.) 0.60 0.15 0.80 207 | Emulsion 35 x 260 mm 0.2667 [ 1.600 6.00 9.60
[wall Holes (Dia. 45 mm.) 0.60 0.20 0.60 037 | Emulsion 25 x 200 mm 0.120 3 0.360 14.00 5.04
Roof Holes (Dia. 45 mm.) 0.60 0.20 0.60 037 | Emulsion 25 x 200 mm 0120 3 0.360 13.00 468
[Stoping Holes (Dia. 45 mm.)
Upwards & Horizontal 0.80 - 0.80 163 | Ernulsion 35 x 260 mm 0.2667 5 1.334 18.00 24.00
Downwards 0.80 - 0.80 163 ] Emulsion 35 x 260 mm 0.2667 5 1.334 16.00 21.34
Total 85 80.66
[Cross-section Area 42.315 sq.m Explosive Charge 8066 kg Emulsion 25 x 200 mm 81.00 pes.
Hole Depth 150 m Powder factor 1.91 kgfeum Emulsion 35 x 260 mm 266.00 pes.
jAdvance per round 1.00 m Drilling Blast hole [Total) 127.50 m Detonators (Total) 83.00 pcs.
Blasting Production 42.32 cum Specific Drill 301 mfcu.m Max. Charge per delay 8.00 kg
Detonating Cord 68.00 m
Electric Wire (e \vhn) 449.00 m

JUN 2-4 uaasaaunsyasadn wasdSinassitanldusazdasianmitsveimsasain

Support Class A-D

List of Detonator
EBlast hole Cha r dela
- rge pe ¥
hole kg
MO 2 2.13
Cust - 15t Square M1 2 2.13
c 2nd M2 2 1.07
ut - 2nd Square
Sq M3 2 1.07
M4 2 2.13
Cut - 3rd Square
M5 2 213
ME 2 2.67
Cut - 4th Square
M7 2 2.67
M3 2 2.67
H1 [+ B.00
H2 4 5.33
H3 [ 8.00
Stoping Hole
Ha 4 5.33
H5 [ B.00
HE [ B8.00
H7 a
Wall holes H7 14 5.04
Roof holes H& 13 4.68
Floor holes H3 3 180
H10 3 480

a [ a

YUNDUN 4 19123 T2LUA hazanselua (Drilling and Charging)
NUE3TEln uazdnsziinayldinesdnsiisendt Juld UJumbo
Drilling Machine) @diuau (Boom) d1wsutane 2-3 wuu (Uadudiuveduly) wazinseidrdmsu

niinaudaseiinvuludnssiinlugaiigs vieunauniuasnainglusd



5UN 2-6 n1slaegseiln

Sunauit 5 szidn (Blasting)
NUAEIELUN wardnsEiinRdunISUANESY YI1N15RTIE0UIIRT
sudauazasiagouauiouios Wondeurinisssidnzieniednsg wdedielimusainisszdn
waglinifnanuesananglusdanduisinisssda (eeyndunoudosufoinuunsnisais

Uaeadelumsvihnuiussde waznisviuluglued)
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Yupauil 6 TruuTEUIERINIAluglued (Ventilation System)
Wunshenaniausgvddiluluglued ndwinissednvedluaiy

nsoMuiliina1nn1sseLln Fenesdnnisiuduaiufeings menisiioiniafainiinay (Ventilation

Fan) lngRnsagusianuinglusd (Hszeevnannuiigluednyinauyusesunn 50 wng) dawiurioay

[
o

Wluganunnvianuluglusdlaoniadeessnun welvinanudasadelunisinau

nsidenldinay uazauinvesisauasAfeds AauanvesanAnely
glusd n3esdnsnldlunisvineu uagdrwiuauiinnuluglued nglusienisseasidensidainssy
einvunl e

a 1

- Sinuemanusgvisnveeitgadmsuauiheniluglusdwingu 3 gnuieiiuns/

q

Y/AU

(%
6

- dldimFesdnsnldunduiiwaidudomdsdmsuglusdiu Ysuiueinie
Ulavsisensldlumsleanaiudedaddenioy 3 gnuiAiunssewiiseiduasaseus 1 Alaing

3ndaimuadreduainAusgnsidasnisiine

- Uhinaomauiavsdmiuawihouluglieg 28 aux 3 gnuiArisns/au/and
wiiu 84 gnurAfiuns/unil
- Ysinaemauiavsdwiuiedesdnsildhiufiadudemas
JOUTINN 250 fladnd
ERVAY! 250 Aladnd
Jumbo Drilling Machine ag Robot Shotcrete Machine Tgln#nlunsvineu
USinaiennad m3uIA3esdnsiiea (250 KW + 250kW) x 3 gAUIARLInS/nii/kw

WU 1,500 @nuIARLmS/ gl

Say °

SIS avisidemsd wiunmsimdlugbiawiniu 1,584 gnunen ams/ani



ndeyadieiuazidenldinausruigainia YuIAi1ae 55kW x 2 Nos.iinfiu
110 kW uagldvieaudmsudndessomaludeiunvianuluglued suadusingudnans 1,200 dadiuns

gTWIMLA 900 Wns Aauandlugun 2-9 uagguin 2-10

Nomogram for dimensioning purpose:
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Item Task Symbol Value Unit
A |Design and Performance Data
Tunnel average cross section area A et 43.00 [sgm
Max. distance for tunnel excavation from portal L 900.00 fm
No. workers 28.00 [person
Power of Equipments 500.00 [kW
Velocities in largest excavation profile \i 030 |m/s
Fan Effiency N 75.00 |%
B |Calculation
B-1  [Max. fresh air required
B-1-1 | Fresh air for dilution of dust Ql =V XA 12.90 Jcum/s
Fresh air for workmen and diesel equipment
Fresh air required/person 3.00 fcum/min
Fresh air required for workmen 84.00 Jcum/min
Fresh air required for diesel equipment 3.00 fcum/min/kW
3.0 x 500 kW 1,500.00 |cu.m/min
B-1-2 | Total fresh air required for workmen and diesel equipment 1,584.00 |cum/min
or Q2 26.40 |cum/sec
Maximum fresh air required Q3=Max (Q1,Q2) 27.00 fcum/sec
B-2 |Velocity in the excavation profile Q3 (cum/sec) / A 1 (53.M) 0.63 |m/s
C  |Fan & Duct Capacity Requirement
Fan selection by Nomogram for dimensioning purpose
Required fresh air is 55 cum/sec and duct diameter chosen 1,200.00 [mm
A requistion fan power meet per 100m length 12.00 [kW
Ventilation duct length 900.00 {m
50, Total fan power required 108.00 [kwW
D  [Fan & Duct Selection
The Axial Flow Fan is twin motor power of 55 KW or 110kW - 1 Set (110 kW) chosen
The duct diameter 1200 mm is chosen
P ° ¢
E‘L]‘VI 2-10 $18N1TATUAUISUUISUNEBINN ﬂ1UQINQﬂ

Yupaun 7 MIeduiunalumain1sseila (Scaling)

wiglid dmuiuniualtuessamay veelifedesnm alunswde sAuvaitesnanmiiiuud

lngldsayafniuiiuse (Hydraulic Excavator with Breaker) tiatiuanuuasasiglunisvitauuas
a a Y [ A o a a 4 1
Wiadesnnlidualued lunsainviinisseidauuiveanisseiiniaendn (Under break) wud

#on139A (Excavation/Design Line) agldsaynfiniiiusanginizunsiiglusalylaguniuuuai

ADINTYA

WoYi1IN1552LUnLaYST U180 IN A BUS BULAD EANTUNNTHTIABURY
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}24
[

YuRaUiN 8 NSANLAILILDENIINGLUIA (Mucking & Hauling)
dieviinsndesiuraiundanissedn uasuniiigluedasand ey
Aliumswugnetfineananglued neldsadin (Shaeff Loader) findiiuddesldsaussyn (Dump Truck)

2ONINY LA

| 'S0 WL
o e SRS
H 2 @% @9 1 [ 5%7,19
g Q. L,

JUN 2-12 inTesdnsinIeslianldvuiiuaanainglusd

Sumauii 9 ﬂﬂué’lé'uﬁuﬁ’m%'uqimﬁ (Tunnel Support)
dlevnisfnuazvuiiueananglusdiaiauds asdniunisadu
Fudwiuglad Fsnsutsrinveamsmsuiiuluglusdaglémmiinueunaiu (Rock Mass Types)
nsmevessesuanluiufiviyuiuuwglae wazanmihldau usivun Taglddmuneinves
Fdudmiuglued danrumduiiudniuglued Usenaude suadnBaiiu (Rock Bolts) sy
AUNANLAY (Steel Arch) é’aLLaﬂﬂugUﬁ 2-13 UABUNIANY KATINUATLNTINEN (Shotcrete
and Wire Mesh) %3 asunianuasuleman (Shotcrete with Steel Fibre) uaguninAaunin

(Concrete Lining) Tunsaifltlomanununzunsaunan aandaiiu Invert Concrete waginss Forepoling



Werduarmiluseusoly lngfnfenuussiamuesnisandu sudiegrsnumduglied Ussunn AD

=) a

Aawanslugun 2-14 naenauiinisdadauiyu (Grouting) laun vudndntuuseninsnanaunInuaziu

[%
o

(Contact Grouting) $1usndninyuszninarouninuasyiownan (Skin Grouting) 1Tudadatiyu

&l

'
a

lustane (Fill Grouting) 1uAAMNYUIINAMAINUIATY (Consolidation Grouting) 1usARALIuY

Y

829mtd1 (Advance Grouting) Wz usndniyusesravasnunaunIngalaglusd (Plug Grouting)

= a wa o, A o = Y a
Gﬁﬂllﬂmall‘Umm@Q AN L‘qul,ﬂﬁnﬂllqﬂiﬁ']uwﬂqwu®lu3qﬂﬂqiiqﬂagLE] YAMNIUIAINTIN

UM 2-13 msfansAdunumanlde (Steel Arch)

zﬁ' a wva = o a{' v I [ LY a o a 1
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GROUTED ROCK BOLTS DEZ5 WM
L=3

/1 Qusitr-gen

EXCAVATION Lng
————— WHAE MESH 10 LAYER
STEEL ARCH H: 5 5 kgl
SHOTCRETE PRMARY 20 om
WIRE MESH 2nd LAYER
—— SHOTCRETE FINAL 10 ¢m
-

FOREPOLING STEEL PPE @05 mm L= 3 m

—— SHOTCRETE 20 em

U n-n

(SUPPORT CLASS A-D)

SUPPORT CLASS A-D

ROUND LENGTH 1.0 m (MAX.)
SUPPORT ELEMENTS QUANTITIES
SHOTCRETE INITIAL 20 cm 16.582 m/m
SHOTCRETE FINAL 10 em 15.178 m:/m
SHOTCRETE INVERT 20 cm 4,433 rné-’m

WIRE MESH 1ST LAYER 3 kg/zm 17.566 rnéfm

WIRE MESH 2ND LAYER 3 kg/m 15.485 mé/m

WIRE MESH INVERT 3 kg/m 4713 m/m
STEEL ARCH H-150x150x315 kg/m 17.566 m/ROUND
GROUTED ROCK BOLTS L=3 m 7.5  SET/ROUND
FOREPOLING STEEL PIPE @85 mm, L= 3 m 30  SET/ROUND
EXCAVATION 42.315 m/m
INVERT CONGRETE 3.483 m/m

UM 2-14 anthdamdy ssezyaseidn wazd3uuadulssan AD




Sunaud 10 N139329IANGANTINITNINNIINOATI

nsnnaianinedeudivesiuniiglued 3 ff 1935 sTauuy
Opto-Trigonometrical Tun53agad157a (Survey Mark) Fagunsalillésznouse ndes Theodolite
W UsTunsardnaiusdu (Prism Target) inusesidsviou (Targets %58 Reflectors) ADUAINTU
AN RS (Drilling Tool) kagmpaufiawmes (Laptop) nedadusunsuildlunsiesest aandu
wrinsaneinan Ieduavinsnsiudmn undinsinds ndsntdunsetaduaios 2 ada iloen
mandeuinvesiiunligludliifiuturiovgeas Tadadonuinaiasrhmansiaind Galgansata
viafulailAy 250 wns Tnemstufinuazareloudeyailalfldlusunsusu - de deleudeya uaznns
Funifiialdaudfundos Theodolite sauvislfiadostudin wagdszanananiaauiuuuunnn
dmiuifvdoyauarUszanana newiinissiuuazndena91nlusunsuiaiunsadeinudeyaidn

ERERR

Remote Tablet

W HOWY TO SET UP
JrBofe with a drill. Zr&tick the anchor In the hole.

Etrika the anchor with hammer.

E1 kv

@ ake sure the ancheris fixed.  @:Set up the prism.

E K
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Cycle Time ¥99n15911971 (aeade)

Nndayasnsnsviniluglisdlagiade (Basic Working Rate) a3t

[

Yayaninanulduszuiins Cycle Time v8en15vhu (agiade) ¥o9glusd u Cycle Time

n1svieuluglued lngldnsunsanin (Wire Mesh) dsuussnaunsaviulunumduiiudmivaluad

a

wangansNsinuluglusAlagade (Basic Working Rate) vo4gluafiaetiyaausiuns - uidn doyaynd

T o

Fasnsvinauluglusdlngiade (Basic Working Rate)

1 Geological Mapping minute/round 30.00

2 Survey minute/round 60.00

3 Crill & Blast Pattern and Firing Order minute/round 30.00

4 Drilling and Charging
4.1 Drilling for Blasthole meter/minute 1.00 | for 1 boom
4.2 Charging Explosive minute/hole 2.00

5 Blasting minute/round 30.00

6 Ventilation minute/round 30.00

7 Scaling minute/round 60.00

8 Mucking & Hauling cu.m / minute 1.00

9 Tunnel Support
9.1 Forepoling Support Class A-D
9.1.1 Drilling Holes meter/minute 0.50 | Support Class A-D
9.1.2 Installation minute/Set 7.50 | Support Class A-D
9.2 Steel Arch minute/set 120.00 | Support Class A-C & A-D
9.3 Wire Mesh sgqm /60 minute 10.00 | All Support Class
9.4 Shotcrete
9.4.1 Shotcrete cu.m / 60 minute 3.00 | All Support Class
9.4.2 Shotcrete with Steel Fibre cu.m / 60 minute 2.50 | All Support Class
9.5 Rock Bolts
9.5.1 Drilling holes meter/minute 0.50 | All Support Class
9.52 Installation minute/Set 7.50 | Al Support Class

5UN 2-17 dasnsinauluglusdlagiage

Cycle Time msvhauluglued tngldpzunsandniadunsinauninnuean
Cycle Time n1svieniluglasd Support Class AD (n3aildnzwnsuin) vegluAdwinge wikng - uidn
dynd 1 nmsvinudndlrgyldnanludunisaiduaisii (nstallation for Forepoling) Cycle Time 1 58U

Tgan 21.22 93l S9N15YARIERAY 1.02 Wnsseiu



Cycle Tire for Support Class A-D (n3ailt Wire Mesh weSurindanouniniu)

1 Geological Mapping round 1.00 30,00 2.36%
2 Survey rownd 1.00 G0.00 a4.71%
3 Dill & Blast Pattern and Firning Order raund 1.00 30,00 2.36%
q Diilling and Charging hole 85.00
d.1 Drrilling for Blasthole meter 127.50 6375 5.01%] 1.5 m per holes, 2 boom Drilling
4.2 Charging Explosive hole 83.00 B3.00 6.52%| 2 Tearn Charging
5 Blasting round 1.00 30.00 2.56%
] Ventilation round 1.00 30.00 2.36%
7 Scaling round 1.00 60.00 4.71%
B Mucking & Hauling Cum a2.32 a2.32 3.32%| 42315 cum perm x 1.0 m
9 Tunnel Support
9.1 Forepoling
9.1.1 Drilling Holes for FP meter 90.00 180.00 14.14%| 30 Set x 3 m per Set
9.1.2 Installation for FP Set 30.00 225.00 17.67%)|
9.2 Steel Arch Set 1.00 120.00 9.43%
9.3 Wire Meash s0m 22.28 133.67 10.50%] 17.566 + 4713 sqmx 1.0m
9.4 Shotcrete
9.4.1 Shotcrete cum 4.20 B4.06 6,60%] 16.582+4.433 sgmpermx 02 mx 1 m
9.4.2 Shotcrete with Steel Fibre cu.m - - 0.00%
2.5 Rock Bolts
9.5.1 Drilling holes for RB meter 22.50 45.00 3.53%| 7.5 Set x 3 m per Set

9.52 Installation for RB Set 1.50 5625 4.02%

Total Cycle Time for 1 Round minute 1,414.50

hour 23.57

Advance m/Round 1.00

|Say Advance Rate m/hour 0.04
| m/day 1.02 24 hour

g‘lJ‘ﬁ 2-18 Cycle Time Support Class A-D (nseildnsunsawian)

% Cycle Time Support Class A-D (Wire Mesh)

Geological Mapping

Drilling holes for RB Installation for RB 2%
4% 4% Drill & Blast
Shotcrete with Steel Pattern and Firing
Fibre T
0% Order Drilling for Blasthole

5%

Shotcrete
7%

Mucking & Hauling
3%

gﬂﬁ 2-19 udne % Cycle Time Support Class A-D (nseil¥mzunsawian)
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NANSEUTINNINTEUNNINN Axdiufiudiuusnifedu Suinasgasesuanluiiu dwalfmavagou
thuagdndnthyuldualidesisyavsnm

ipazuuunsEwninagldsainnsfiunsunagsninigiag damng
Fusrurzfisiaaudnuinndt 5 wes 81197580 1.5 - 3 was $nezld jack hammer n3ad
ANLAN 3 - 5 A5 79199814 jack hammer Yualngudesaianzing dunnudniiAy 15 was

agldATanEindu
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LAFDILATLUUNTELNA Down-the-hole wanA19lUINLATDILANY
ATTWNNLUUSTIUAT LHDIANNLATBINZNTENNBUUTITUAITTEUUNTENANIULINZH1U LU

& Down-the-hole sruvanazgnawritugiuvesimulunssunniiazlaenss Faeguaemuiang

Y

ylamdalunisnszunnsianzliands daudinazianzdnluwinlafniy

2) W

nsdenldfianzardosiiansanedeseunsuanduiuiiaviony Anuuds
Y9UUINIUVDITOILAN LazAnwuzn1ITsIgToNtenvemTavguiaty nsidenldiiaigli
gnrewzylivssndanauazaldielunmaanglaunn Uniudriufindsazldfanzines (Diamond bit)
drudiufioeuazldfiazlans (Metal crown bit)

2.1) Tunmsinzwuungu anuudesiululaduddyuoinisdeniine
dlosmniuanznesiianuudanndeuisaniziuiinianng 16 vaueiiridlangenazayldas
vioasth daufiufisewninglaveanmisangldfiduioatuiiazines uisaiiaglavegnnii
Fansmasanewin faty msiangiufiseuiianslanedamnynin msizUseudaninnslaiiens
LNYSHIN

. WABINYS
WunznwsUseendy 2 ¥ila audnwaenSRamYSULTIRNE Ao
WU Surface set (SDB ANasnnsgIuaesdjuy)
WUU Impregnate (IDB mmmmgm%mcﬁﬁu)
LU SDB i snzmesiivihlagldidanasvuauszana 15 - 40 in
sontans Smesliuufianiaeweuiiee vy 1DB Miaumassonsnes Fadivuiaanuinueay
fulavgsinduveuiiegdiutatsvesinne uazfududiasfniulaghifosdifamysia lnovly

) 1% v a a N a A & = | o Yo a A & 1
Nﬂﬁlgisﬁ IDB AUNUNLLUINING NIDNUNLLUILASUTDYLHANUING) FIU SDB Mﬂ’i]ﬂ%ﬂ‘Uﬁ/iumL‘Uﬂ LRI DY

a A

waNUey wIoldAuRuNLTIUIUNa1s TIn157921a0n 1T UDNAINLTBIAIIULTIVDIRULALTOBLAN

(1) AMUEWINITNE : R luldveIzeg1amendun1TeIn
q‘ L A9 v & \ o ] a o v & &
N UITIATAUAIMULANAIIVDIRILANENY 2 FUA KW UU SDB @111506a1 ko510 et
Ya3lnikazAuUsI9zanatunsenaanyliag WollamysANAUNUAANIN d2ULUU IDB ADUTI99Y
1z lelusnssinasnnasnluaunsziisiazdiuniduiasnysuandulansannsouaunus “sodn
WUIIWUU IDB T9mnsinisianzdiasninaulutialagienis Aaruisaudlalmanzs@ulalaenisely
savnaum U nysauiulane il

) msinduinldlng : A19RI1159999N151912 T AU NI IENITANNTO UV

<@ 14 o & v/ a Y] 1 @ e ' & = ' 1 A
Waneslu SDB e 3ndusesudounianglng Wamysnannsautuas@nnsauuINaIulasinge

[ '
a A =

drunidsdailolavefidamysfinegdnuisdiu Winwysdrunilaunsounonlvasieoiiaizingg
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dosmsidamysunadnadld Taensieiagmesiilvazaefeonssuiimaaiiugniomysi
widetueen azdunslifinizuuy SDB asfedldfennusdasy Ty msziiasidaiuslon]
Fafingnanuds dwiianzuuy IDB awnsoliiangldnasnsudnnuanasliainsnaztienvoun
nduuilndliEnuds Jansliindlnniigainfiogsile

(3) msiesionsgayde : Fianzuuy SDB Uszneusedinmusiadalg
s1Adanenniu Srenduazdeddfiazuuuiionzdudiudnasdsesunnuing wdn
zdpssrinsyTaduiiay szdamesoravsvgeviednisininians

0) araudeves matrix : matrix fo ielaneduameiiineouliduiisessu
dinmysuseiladamesiuiiaiziuy SDB Auudalsswes matrix azdesduiusiununasneys
wazeaudesiuiidesnsians Unfaevin matrix Iudmeussnasuiingmesildiangiuudanny
wayazyi matrix Wudanndeviiinsmssiingiuiiuisunanmiefiuisen

deldinemvsazdoddvnaiumginaizvize Reamer w3 Reaming Shell
mugiuld elmduidsiuligianzivunnninaenuazuimguaizsuEey ewniiaemes
dleldluasiinmsdnnseunasidnas Sadeseenuuumaulidvunalugniimiesnesussana 0.5
fadung Wolnzdng e1vvwiimsdsuiiasmesinl Aaunsasvdouiiazadluieiunguyinle
anunsazselilaviud egrslsinmuiaiunquiaziosdildluuuiaziinnsdnnseuldiguiendu
Fzimes uidnfagdnndeudindt uagdmuivhehunguianednfemsasudsura i unguane

auglldunsdsuiiazmssludlnlugadeatu

A

i
Al

5UN 3-2 RIsWY US|y

i : TORQUATO. Diamond Coring Bits. (http://www.rotarydrillings.com/TORQUATO/Rotary-DiamondBits.html.)

2. Waglang
Yaneianzazidu Metal Tip tHulanenanfiuduin du

eawuasluanauiulaueas Metal Tip naulausaniesiduditesazldiuiuudaniisesunniios
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warldvdaesidudasiuiuwisiuanuin WedwUatevesiiang Metal Tip nung vidbianzen

¥
=

At delnadld usdmneviengefifesimafiuindeuisasldmuaglmidely

2.2)  Tunmsizeuunszunn Faangildlumsiansutmudnumy
5U9719 19U straight line type, Y type, X type, cross type waznisdenldidulunuaninvesii
fdeanslivauiingsatas Ansasliuuy x type, cross type %3e button type sagiiliingsionns
set packer Tunguianz Uansvesiuanzazldmnlansnanydoudsanng Fnfloutuiuazlaneily
Tunasuuumsy wiskanlauoaviundu Ussann 12 - 15% fashlivaeiureudannuass
ANUVUYUREN1SANNToUgY nweiuudunng Avgdnlaiso meﬂuszwmﬂ'mz%ﬁs’guﬁulﬁmﬁumﬂ

Fazidusn1siin A 1stndauiilanz@nndounasnian ¢t 1ot lnsAnLaIA159Y

Prranzwatiuudurseduaumdulanenanlimumilioulniazvinliiang lasiaisivu

U7 3-3 #Rnznszunn Button Type

fiun = Button Bits. (www.rotarydrillingrigs.com/TORQUATO/Rotary-Button-Bits-Retrac-Bits.html)

3.3.1.2 YUIAVRIMGUIY
1) lun1sianzuuunyy UnAsgiansanauannasiangdnvasvesiunag
AuseINIsiegsiuneu $a1BilvgAaziazunstumudiau uwilssdnsanveanisendainyuy

Lilamududadiuduuwninvesy widndnawiuluensssiigUassavansUsznis wu Muaze1aae
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vInlddne inszdodddiungidnninuinvemauaty uagliazainlunisfaks packer ety
Fududondenmnavemguianzlivhauldasamnuazusendnenldaanniian

2) TuNsiazuuuNIEUNN $IANALIELOANTINITRBIUUNLU 5 - 10 17
rpvesgziiaroTaA e linin dulvynaaztutumadentdiinelimnetuanudy
lituiedonangliiusyansnimanniian

1%

33.1.3 M3 evaudadauiyu
n1sta1ggneesnNdkranlanualy liduaseangliduawmasniaii
v Y v 4' = a a P a & A L ~ = 1%

BN MMuasdeunsalisufiandlaiiosanmsianaaiedliiiuag visluvaeiigling
wzunifulvasidumelivauiaizanla nsdiiiansiiulnsmsetuniinissr@uunn unldaiy
919z lulyanduiuin amsasvgaIzkainenanuyudsney Wealiyuiiiluanlnswazsey
Y & @ £ Ia 1 aal % v & 1w
Srvegunntunaiudvgliiadymlunisiaiesely Tunsalfndaquisiuuiy

3.3.2 M39ARAAREUIYY

o

33.2.1 Yanildlunssnda

9

@ A

Sanifllumsdsndniyududunansening Portland Cement Type | futi
Tnefiyuagdosfinuantiniuuinsgiu ASTM-C 150 druthiildlunisuanagdondutiiazonn
Usirndadeturesansuviuass 1y wavansduvadaug suuunsedermunotatinusliy
ansHaANBL WU NwazBun lrauns uazansiaidu ududausniy

3322 n3esinseTesiledldlunissaia
1) 5@maml,azﬁamuﬁmuu
faway Ao deivinliyuduudiuiiutandug saududodeiu dud

o A o A ay v 1% A LY 9 ¥ % [y I 1% = 1 PN
mumgu A wmumawammlmwamm LW@ﬂ@QﬂUI@JIMLL?JﬂG]’J"D'mﬂ‘L!LU‘L!ﬂ@u NIVANFATABUNDUN

dananfivaneyin 1wy vladunen sdadeluwuina (Geuududma
faanadudni) wasrdadegluuuinuny anugvesdanaifiussana 100 - 300 8as TAusveq

Tutinusana 150 - 300 59U/UN wadesnsNaNinyulvduduann iy e A9l aNaLATiANLSD

a

vasluinuszanas 500 - 1,200 sou/unit ielinyunauduiiaderiuegafiuseansnm

[
[ [ 1

DIHANTTAN WA ILALYRATIATUIY LTHLAR MUUSIUNTNUNINAG 13

Y
[

luglusailindnadn Wasnndirerenisinyudiuuanasldnaudivi fwanydaneitu Inguns
Lanunsavihauldegvsieiiies Jainadeamissdinudiyuiiy vieagldslindagluwuinuny
o 5 a < A 1 oa da 2 o v o 9 v
fanauinyurlinanuiigeasAninvieifiaasnludunisitlives

& & o o [ aaa - I3 ¢ = & v ]
nasdullaweiunavegluaninvetiva nsdindlsmautyulugudnans vuneds utulzdodld
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Uunn wazazfasdadafnoiudunauiu Sndunvzdeoslddmaunihyuriinninumsigs wevinli
go’ = = V1 [ = 1 [ <
Wuiinanmes fawidnagdesdeenlddneunninig
2) Uudnnuazn15191esnan

Uudnandl 2 ¥iin Ao vl discharge fixing tazvila discharge regulating
1 I v a e = [y I a . . a . .
dUN15NWIRSARANT 2 WU Willowiy Ao LUUNIAAET (single line) wagwuumyuIgu (circulation)

Judnamiryuinfageslinuaudi fdell AeeaunsanIuALANALLAL
USununisendalaegegnaes anunsaintnulanlagusiaainnisgadunisluase wiseluvieveys
A £% Y a wva ) & 1 ' v ) 1 [V
WievzsedldufUiRnudunaiuiu uenanntiszaesielazazamnlunisliduasusendanildaneluns
U1335nw widulvgnuindudadafianunsamuauanudusasUsunansdadnlaegignees asilu
wsesdloniilassadindudounasialdanalunisdeniigednwias usmnduduwvunlifienududou
n1sAIVANANURLLAaZUTIIUNTERdnaziinlaen windiaudndudesaiuauusuianissnidn
nelaausuge asldludnan vila discharge regulating

2.1) Yusraaviin discharge fixing

Yuadiadllasuanuionunn wseilassaseneluliddudou gzain
lunislduazingesnw msvhauedeusstaweasliil awsausunseas ulsuunsdniale
vaneTu USinain1ssndausastuargnaunuliineg udagyinlriduduiiagsedvandulivsunalida
= ] a A A ) Y v a Y a & I3 2
39A259108RRARUUNLWIBY WaTazUTuauaulun1sdada Juvlinliuuseandu 2 wuu Ae
LUU piston agluu plunger
Juuuu piston Wegnguiafeuividedumgazansagaiayaniyu

Talunaieniu viligeminulsusinasnn lneignauiinisindewntosnss winwensdedalvisianudiu
g9n1 40 Alans/MSINIURAUAT NSLAFEUTIVRIGNAULALNITFUILETURE1TINT TaTumeln
Aesosingaladie Weun Taynilaisaglddunnnnda 2 wiemiaaiu vsawdeulUldduiuu plunger wnu
wszduuuuivianudulaandt Wesinnsindeuiivedgnauuinnia wiusuiun1ndnag

weunin sawandlusun 3-4
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Piston pump Plunger pump

T il

ol o

T T

5U7 3-4 Uauwuy Piston uagiuu Plunger

ho)))

fian : 3ATAe. Piston Pumps. (https://en.wikipedia.org/wiki/Piston_pump)

2.2) Yusndawin discharge regulating

a A

Jusndnvinteonsastuinioudrsszuulensedanioszuuay
fnnautafivy fo Usinalun1sdndnazanaddaesluifilonudufiatu nsdiidundeudie
szutlansedaavaruisaidenySinalunssndnnialdnnudusingeg tieun nssadadldausu
aumsauidouasinvsevesgnguaziosniumia discharge fixing Javanefuauiidiaddenudugs
wazuitlassadamessdingadududeuiidniudosmuauauiulunisdndaegwidndulay
Wieanss iemndurladaunsauiurdesinBununsdndeld Ssmmmiesadauuumaieadusendn
wazdeniuvungudou Srdueiadtuedoussssuvan nsuiuviedaiinuiinagliifanss
deufdymidarnmedndauuunuieu

2.3) M3WIRdREN

MsNaiesadnil 2 wuu fe LUUMMARYY wagluunyIEy Fans
MNeenfisrazwiedasesenineudndauaznaudnia lnsagldudutuein discharge
regulating a'aumimwiamuﬁ‘EJuLfJumsmwiaide%mé’@ﬁmé’awia 2 uwn wazarldsmiuiusnde
%n discharge fixing %amwmmmﬁhwaﬂmﬁmaﬁaﬁgqaawﬁﬂ ﬁéﬁ’qﬁ

(1) MIINVBLUUNNALAYINLYNNTUUUMH UL

a

(2) neeenvumaied Wen1sdndntnyuiaseduas iy
wideluvioaztiosndh uiidnyuTundasanagnouldine danfu aseddindregiaion 1 daluwionds
(3) d@wnsnaieuuunyuieu nsanaznauvediayuazliuin
wsziuadinmudouluie wivsinusednizanas
Unfinmsnaviawuuvuideud] 2 seUU Ae ssuuvyudguuudnvay

1

Fahyuaznyuisueglnds vaudnda uazdnsyuu fie szuunyudsuluvau Jadeyuasliresiniy
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Auktvisenuay UsydnSnmnisendnidenndt uiliteids Ae viedndanegluvauensazinvienau

Julpenn 5UkAslAsuAuTew
2) Packer

=% o

QRER[ELNENAGEUZ RN RITRRMEN Fendudaaoussrinaviednaniuiu
Hilavguinglviuiiugig Packer mﬂﬁma‘umma@“ ANNEvguLazEela iolsh Packer an8aY

a

Aentmguians Gaazanunsadesiulilivemaunisndadnlllvadoundussninmaeunnmau fauandly
U7l 3-5

Packer Alddmiunudndnvemanilogvatsuiin léun expansion packer
uay Hydraulic Packer usiagiuuiinummnzanuansiieiu Tusgfuanimuosiiu auninwedgiay

ANNUANYDIVINALDADALAZANUAUN LA DI LY

’s
|

}{ s.,n}j;i. ‘li\v‘:,l i

5U# 3-5 anN15vae Packer

#iun 1 NFF, (2011).Rock Mass Grouting in Norwegian Tunneling.

2.1) Expansion packer
Packer wintiilgnensetunimiodesdu gnensasveesadnens
naUaeTtaaesdng Tog 2 via Ao vinvio 2 u uazelinnde:
yiavie 2 u asmngdmiunquanedinildliiandn vievqui
BRSO LIITLUUNTZLNN AANUNUUADATINAUES WANTAVaUAN©) dwiiniedesiioayifivan
wazvietuluasidsssionisunn faty asldvenun wazdosldnamlunsdeie lumslaluusind
Funaninuin wieusnadidsesdeou wszgnendianuudanazanuendnie dauvdaniesssd

WninuINNd wneAuvrauang wazlianunumuseauiugLduiu
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Spanner handle 1

Rubber expander \ Quter pipa
J . L. I
—

The rubber will be compressed by rotating the Spanner handle clock-wise l
= pulling the inner pipe to the right in relation to the outer pipe

5U% 3-6 N1591197U¥89 Expansion Packer

fiyn : BASF,(2011). Pre Excavation Grouting in Tunneling.

2.2) Hydraulic Packer
Packer windazanunsovenelna/lésiennusiuaunseineg vuin
3 - 10 Alandw/msagufiues ansnseldfunauiindld wiliannsoldlunsdidlifundonudy
yaasdadnunnitauduan uaznislilunguinazdunsdesienisidemeanniadenniu

¥ Packer NUKTViaY

~

gﬂ‘ﬁ 3-7 Hydraulic Packer

fian : BASF, (2011).Pre Excavation Grouting in Tunneling
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3) Asesilein
5 A o a v o (% v A g v [ 14 1 ¥ IS
wsesleianldlunmyindmiunudadaiuaziesinlieggniouas
Aumunu lifianugenuagliiinaideainnisanagneuvisensenduresinygu
3.1) 41RTINAIUAY

Y v a I a 2 go’ LY a nd{ a
1NTInANAL 2 ¥n Ae Ydannuauldy wazydalii Fedaniy

1%
[y o w

sundulduszendaunainngues Bourdon's tube WWuniafildsuauiiey Wesainsiangnuageasain
' a v ! ) a 9] . a ' & a ' v
son1sindeude diuunnsinvialniagly strain gauge wsewsmanlunsUGBUNalnseg Tdy
Soyaauliin waglivinnidmsutuiindaymiu uwivledlinesdundey

3.2) WAsainnsiva

a = o

lun1sgnaninyuaziesinnsialsuiauenisdnda Jeruialaain

A a

USunauhyunldll lngenavsdameinsesdieinnisiuauuudnludfil 2 viia fie vlin weight type
uiindmtinvesiiyuuu load cell wazstawman il TurnmeszuuauauLnTy

Tunselvfin weight type USununisivaazuansliiuuudunsmibean
= a ' & w1 v 5 a P a U v oa a A N v '
Foazanaadlsnaniuluiludaduiuiuignaneenlumeleseslusada wieetiilasiasiaigs)
LLaSiwmgﬂLwiﬁut,ﬁaﬁm’auazai’wLﬁuﬁamamsﬁmﬁqmsmﬂmﬂauuazqmﬁuﬁuaqgumaamuﬁm
wAlun1seuen Wamnuawdmzvesyudsuly

1 a [l @ (v [ r-:l' 1 4{' I 491} d‘

dqurdawivantiin andenanfiinileveslnanruluiuives

aunuudman szvibiiausaedeuliih Fwsgnildeulududinameinisivals iwsesdielidmlng
6 1 a 1 ~ o d' L= d' [ d' a I~ £
gUNIalRN9Y AT1AUNS LU LATEIAILIN LATEITUTN 1nTesinnsiUAsuwasuTinaunisiva Wudu
wa ! o A ra LY = I . . A
AautRduaglinansauduiingly lddnansenulag dwilssunainairumia (viscosity) %3e
AVHE T NEesiYu waglveuslumsianinian wmngwiunainemnudueta i ud Ui
o v A dl d‘ o = 1 = U a
LALANUAUYBINITENRA tananddsullatliazanunsavuinaslunseanwwauiediy Unfaslalu
o a ' Yo o 8 = AY ad ° v a )
Nugadnasiadl uimnlddadayu WeayusannezneuldinentiBiaalnse ilidalgmanend
3.3.2.3 M3aesarNsenaslungudnaie
1) MIANVAUINRA
al 1 v A ioj Y v

ANNADINYRINRLINadanNaTatun1TdRdauyuliidnluganiy
F09719uar TREUANTBIRUBENIN NauTlvgdninyuamquinludesdaaulazennou nszly
vuiliAYRuAsiuiinINNIsaNEanA1Ney wenanagyilivauauliy anviadazgnegmulinues
seuwANIvauANEAnnY mnliidneenvgiilvdyudnluansesuanlaen n1sansiazdevieig
LA3BH LAY I SNIMINEAUAUANNYRITULALIUINTDGNTE LWL 8133zvlaensiUuIvTeay

WieldendsanusniiaviansusnanniunquauniinvuinaglanasUsAaniauiueyiu
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2) mydauadluvaugnia

' v
v A ! I v a o

ndaandravaudnda fouflaedadmityuazdosdairadumau hom
Snnsiduvesiluiiu Jeyaiildainnistasinfinsanmsrmaunaveniyu warn1isng
Sndnfigndes Snainshiiuresinisazmesnuniduninevesgies (Lugeon) manudnuiuiash
yneldnnmuauiuiiiaty Iduivguinhenashduiuuuimiefiuessunn wiefiuenay

L@oURT LNIzANAUNTRITEAUANUAUINgAURLRY nTdlliullazAetannunulun1sentnag

Wiataatuldliiulanuinau
3.3.2.4 M30AUIYu
1) 38n50man

a =

5n196AAA & 2 WUV AD LUU single stage WagWuy multi stage

Single stage A8 IBN3dnRavaulavquutiaiiesnTuRgMTeTINAEATINTIY

= L =

n1sdndntiagrinudielilangngudndaiissziuanuaniifenisuazinaudasoianauiasaseusos

a A

Aawanaluun 3-8 n1svidsildinagyhiuvausadanianudnussan 5 - 7 Wns w3edundnil

® @

Paiﬁ(er Packer

or

Boring Grouting

Grouting

Single Stage Grouting Method

5U7 3-8 35n159ARALUY Single Stage
fisn : Kazuji Uno, (1986).Guideline for grouting to dam foundation rock
diunuy multi stage gldvihiuvaudnaaidn lasuueinni1sanan
Junaneq 939 wiavdiaasuaunianinluegivaninvesiuiazsoswnn n15oadniiazyieain
Unugulunumgy 1Sendn Stage Grouting %158 Downstage Grouting fiauansluguil 3-9 d1mn158nin

faggrsaniunauluunwau 1Sendn Packer Grouting %58 Upstage Grouting fauansluguil 3-10
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JonvaLdsvas downstage grouting

(1) viatlymmsiduvenijusenainiinvau inszdsaudnilng
Unviquls §adalineunan

(2) w¥atlymnaiivestuiiudisinugu

(3) Aiddurldineun mngasdenaeiuduiisadaluudsnadmils
(Redrilling to grout hole)

(@) sewhsmsdadathyuedonedomense 3ddnaufoinuunn

Jafvalduvag upstage grouting

(1) mawwannsarhldedieedes nanmsufoinuiasty

(2) 489910 set packer W&2 N15LADU packer LWednAnlutigsely

] 1 £ @ v A Y v
LIWBNLLAI-A packer %ULﬁﬂUEJ’EJLﬂﬂuuf\]ﬂlﬂﬁlﬂﬂiﬂjﬂumum’]ﬂ

(3) FFlovwNnUiin1sHTUENIINUINVAUURYT

First stage

Secondary stage

Third stage

AN AN NN

SN

DownStage Grouting Method

5U# 3-9 75n159nRALUY Downstage Grouting

fian : Kazuji Uno, (1986).Guideline for grouting to dam foundation rock.

@ @ ®
,,,,,,, 77 77 ’ 7z
Third stage
gAY
Secondary stage /
0z
/ A
AL ;AL
First stage / /
Yz 877
e pd
Upstage Grouting Method

gﬂﬁ 3-10 A5n159ARAUUY Upstage Grouting

fian : Kazuji Uno, (1986).Guideline for grouting to dam foundation rock.
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2) FBAIUANNITEINRN
szasdvaanssadntiyu welviyulugadesivuarsesunnlufiul
Ifunniian widessglureuiwaiidnduazusendn naonaulsivhlianiniutudeniownnin
n139ndadadndudesindienuszdaseds lun1sujuaisnisaiuaunissndalinissndadnse

(Refusal Grouting) flag 2 35 fig

4
ada \'Ll %

2.1) F|euaulagivuaaiuaIgadmviuna F5lagliauaudng

q

N13892a (Usuadeniielian) wazduanamunvesdiyuluniazyi anudugaganiimuny

Y 9

'
v A o

firsanegluinaeinuasnsy WenuidnsN1sdndngawsegiuiauni wisnin15ondnanasming

A ! [

sal o - v A Y v v A ) Y
i vruavsedusadaliidireluudy nsdadalutiaiuazioduiunasduan
2.2) Fauaulaginundniin1senda 15Haria1sudnsn1dnnii
avslundasrouiannuanisnageun1siiuresimvsenisdniiadunaudnia uisnssenativue
! =i v A H < 2 & ! = 0 v A a Ao a !
Frnmssadauuiudinaisaainle weldlvduudeuiuveuinn Tuvuendadnazliniuny
AnuAu wildadsuaesligaauindunsiele ednsinisdadnanas ArudulzAesq WYy
U o v a J v a go’ [ = ° ! el o Y Y v a 1 &
UNTENIBRIINTERAnanaallaudadmiryuliviviiemniunasindmualivg nsendaluriniu
A ! < Y v aa s [J Yo a vy LY 5 L 1% ! Y v
fenaularduan medstagilvidadalameniudues duazgnanliuinszatglilanislng
winsauANAsutRzeInlarANuRuguiulUa v litulanLasiindunse
YUzyIIN58REn nuIniansTvesdyuludiusnubu ensessn
Y 1 a o = =% o ' I % e v o ]
ean W du kil wdn gedu uiu Weldanansavganisimeniseald ideusnsdiuna
o 3

Tyiduduiiy niourianainuiuas wanindnsin1sildinuiliunvzanaddivganisdadauiyu

YIVE

1% '
o v

MsngANsERdmityuivae (nteruption) Wotiinausifuanasiui
sieUsInaniuRTwiLA Uhinasunniuiid el fanemeniuuinndu wiliamns
ngan13§1ld ivganisdadaisliaudiyundad nduaignquuazyinisdninveanan
(Regrouting) audanauifismius (Refusal Grouting)

ynnssadaiiyulddnsamuiinunuly dosansda Check
Hold) tieusziiuinisdadaiilutuivssavinmilagyinnissadade ldvdolal mndaansudamy
Tnsavidethliiu doansusunudndafiudusn

3325 Uaduddniiiisvsnasonssndatyu
1) anusulunisdada
fafiasnanudringassasdudnlunisdadatyu ielviiyuluge
Yovinauazsesumnluiiulilduniian Jafeamersnildanuduligunnyiniiesile dnlnguiuna
ihyuiignsndmeifstududedutuamudu winufugsaeildasdodsvharudemedefiugiusn

lnganzindadaneldmnuduingnazfesivhennusednseinluiiey arudunigaiuluasyinli
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Fuunn wavordviliiyuwinszaeiivveulwafideinsuTuU TR nIaiy i lvauUdedagly
Fudu
v a S - o H | ~

n1snaassdaaiiaslungunienaassdndnuiryuluvay neunay
ALIUNITENRNITIALNITNAGDUMAIAINAWINGAVRIAUTIRENTEAUlA aevilraiuisadonld
ANUAUNLNzauluN1SonanN3

2) anududureniyuy

AN uYennyYuNrendnvzaesmdafaninunila (Viscosity)
AN (Strength) wazn13L83 (Bleeding)

H A v v ~ a ) v = = a o o

undutuariinnumilags srs1n1senanzanailaneuieuiuiiyu
39919071 WodARANYIAANUAUTLVINAY TANUNTARAT N15ORANIY WIABILYTLIATUIUNINITEN
P a v v v a P fa 1 @ & v a 3 A A v YR
Amihyundudy melauTuauiuudnmii wenantun1seaaninyuiiiieneniuanuaue
A < a0 o Y]
Wayuwlasnazilatanuknsasasbusie

Y

ORI UNANTUAUVNIYUUNFIENANTUIRINHANITNAGBUNTIITUVDS

1%

WwTeannIsnageusniiasiunay dduiduduazimunsfunquilkanuiniasdansin1siaduves

oY

g iseldnattunissndatos Weouuudwudinuunswesuargs fuddnluuiasiiuaed

o & =

AN9RTIN135TUVRINEY Wguiduduesazlimunzanild inszeuniavesjuarlvgaagmuiin

YDITOBUANLAN®) FaTENAUSARMIYuTIToIRoY
dedndnuyusiiednsdiunausudulunamssaenila wudl snsInN15onan

1% '
o

Uuiiindy agdesudsudiunanvoniyulnduduningy oA UlaIiuIenIINISnNanaY

Y

u‘%ammﬁuqﬁﬂuﬁuﬁ AsgE A uAIUNANN A URLeE B
3) qeAuAnTiSndn

szifmmmﬁﬂﬁmmzaﬂumsé’mamﬁuaqﬁ'uamwﬁuuazamwaaaLLmﬂ
lufinuegievainnedsiula arsiiarsandadalveglutiafediy wililosandnuaziay vunn
vessesusndanuddnysomsfiansantmunnnududureniyuiazmuduiiarlilunissndn fadu
Tugaefisesunnilvunnlndifiosfuazdagliiansananududunasn Musuldinetu widhseounn
uisieilefetunarfivunnsiet ﬁﬂ‘gu%L%’ﬁiammﬂﬁﬁsuumim,j drusesuanifivunadnezlidesdn
wagilonagadununvessesuanuwiadn ilvnisgasesuanluiulivhis msudlulagnisan

=

ANNNAINNYDITIAMUANTIAL SRR ALALAUAY LadNALATTRuLanuINLaztTuTosLANTINA1Y N15ERaN

a Y

Wutauwaug Aenafinavhlvdranegdnufssanduld avdesiansunvensdisanuanlunisenia

Y 9

a 1

TinTetwguiu lnemlugnanudniidndnazegsening 5 - 10 wns

3.3.3 N159RAAEETISLAL
U a v ~ ) a PRy Aa Ao v ' o
N150ARANIBATLATINUIEAVUS NI @ NSSEINe1NFuTouwaz ka1 u150onan

areinyuld Feansiadiaiiuunse (Strength) wassveziiaiAuAmulagnIyudiuud
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¥
a v v A

aniedaiisaganinae uiTEnavensulsivesasiadl (cel time) mmaamuaﬂéf@?ul,siwaw
Surfiaudanedalus Tnonsususnsarunas Lﬁmmﬂmimﬁaghgﬂmmmaqmmﬁﬁawﬁm%ama
wazdammiladiniidiyu Sansodedadlulusesunnidng vietesidlufiulddnds n1stleaty
M35aTuFaldnandt wu mssadaluusnusesideu

3331 yfavesansaiifildlunisonda

v a ¥

1) @Awna (silicate) eaarsavareligndndaidnlulusesunnvesiiuag

wusanmduBainmaa (silicate gel) FsaunsnandnsnsITuvesiluiuls wagdewihlviuiaiy

4

[

I = ' N & v ~ A o q | v a da
WINIUNYY wignsazaredflanmiduiuiasianuviiadeutiegs Jldvangiuiunisesuwnn
mdnun daddnegldanusulunisdadageinig

2) lasuan3u (chrom ligrin) ansiaflvlinflaiunsausuaanlunisudedala
& i a ~ = o N Y} | . N a
Aauanangiuiaudvatetilig Inen1sildeunlasdnsidiunanlulasum (Bichromate) Msalfinuans
Mumisae

3) A58 lua (Acryl amide) Wedndna1saralavedansale lUANENAY
wanlawwes (catalizer) .y oxidizing agent wlausudlulufunarvsiinufisenvasundas

2 v v X 0o g Ya « ~ 3 < P X A & ow oA Ao o a v

nanenduiu Juilagilviullan miviiuazudanssty Snvsdadidinnunilas aunsadadadnly
Tusesumniane iandansiafivdindu wenaniifsauisanuauainisudadaliieuasuiuging

4) i3 15U (Urea resin) WWuansnlifiduaziusla anunsaauaunainis

@ 4 YY) 1 1 Y [ A o Y @ W 1 a A = [

wBedald Inen1suTudnsdiunanseniIemssiua sy iudediy Anuunssaaniemieuiu
a a d‘ QIIQ BJQIJ
asadstindundeulagvaly
5) Fudnauivasail InnsraniyumeansiaiitziliaiuauIaInig
wdsialanazilunisiinaauwnsevesiu wwu lasudniiu e gisewsdu Aldawnsossnaudiu
Yududla
3.3.3.2 MIINLRUIIUDARAMIYENSIAL
NISINLHUIIUDARAMITEITLATRATUIVOULIAIUIINAN TN TEINGANY
TAA 1199196989 TURY VUIALAZENINTDULAN ENINNTTIATUVEUN IoTagldenldion159nan
msdenldansadl vattunsudsivesasall Usnnunisdnda sumimaudadn Tunoulasauiy
Nonan nasnauNsIaenviinedAIodnsiATelanLENTNUD Y
3.3.3.3 LAS0I0ARNETTLAL
1) ey
araurliafidumenowesiui vietusean Fuegivanimiiae vin

a ad a & v a
a13LAdl AowaN Lazvinvestudnan
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2) Jusndnansiad
mﬂﬁ%mﬁmﬁmmmLﬁum’mﬁﬂé’qﬂ%éw a3nUTUUTINUNTORAN
Ifmangsesu sivhetaniidestunsinnsou erenisldiulaziaiosud niomasmalifitym
wntin dndunssadnasaraneviaiieafawnseldtusnansssuniaiin discharge fixing 818nan
asazaeanianaunuldtu 2 ¢ 33y (double pump)
3.3.3.4 359nanasLAll

a ad

A150ARAEI5ATE 3 75 AB F00ARNEITALTLALALY I50NANANTLAL 2 BN

=% ad v o = a = 44 a 2 o
Wilaseuu warlsdndnansiadl 2 vl @9esEUU B99sidontilagfiansansreslIn1veInITklewiIves
a13tadl (gel time)

1) Teondnansiailviiages Fsdarsiediavegludufed udignludninluds

v Ny v 2 o a

waudndn agldlunsaiidesnisliiainsudevesansiniieniuiy

2) T5ndAnansiail 2 vila wilasEuu @1siall A wag B AggnnIuegAuaLd
wavazgnasinetuauaziiludaimqudada Fearsniassasnunavrauiuniy sgldlunsdindes

¢ v Y ando | < = 1 & a A | o =

SreEiIaINTLledy Tiduuteanidy 2 wuy A wuuiduNaNTIERiUTINMYINTY kazLUUTN

'
1 I

nauluwindu Inekuuidiunaumuideianaintasdeteulinisunn drukvuinauluwinduagly

'
[

dledeinisszazansulsigneuaulaeusiaannissuniuluvasionda Jdiresteuld sz

AodldUuniuseAnSames uazlduewan1saumraIvey

3) T8pRnansiail 2 ¥ila aedTrUU @19iAdl A uaz B 9zgndant1adaseann
U dl

HaNUTIRIURALINTUTIT . uianssaesviinasnuiunuaevesiedadaneuiazgndndaasludmau

aay 2 o Ay
agllunsalidoanisszeziia N sulednduung
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unan 4

AUEAY VU a1 TAN U UNHILNN
4.1 anudrAgvastdym

nshvavestnldauanuisaluanIuseIvsesesLANURITURULAEAY YSavaanan el

a

Tagnldivih wazuTuuilradwazneliiinussiuin nisaziaeiseahladulununeadieglusd
gyhiinn1syuiaretglued vienalminwssiuanusnanulaeglusfinnisyaduvesinlafy
wagynniAnnIsaNAYRLLasAueenlunnsivansenatuanany agyliiinnquusoglusda uns
dwalbiindeymanugsenlunisneasns msmuauinldnuiaduladendnfidfglsznisnie
audsavesnuneadeelued uiirlununeadusazlasinisesiadymainiilafuuansiaiu
wilneiuguviserannisafglumsmiuaudnnsilafuazsenoumeIsnis 2 35 A I5nssvungeen
wu nMsguihlauesniiemuanUSinaLast s wagdsnstesiulilvhldnulnaidiglusdy
o a ] % | Y o ~ o 4 v v & ad A
Andunsieasne wu nsasemunefivi viseunslasinisenadediisaesisieldlunisuilelam
it Ly
Nuneasglusdaniigag wiwee - wifn - winae lassnmsiinusunailugnauiu
44' | v v ' % s 5 ! v & s 1 o
WauKin19eaus131 Janialeslnal Usenaunig glusAdedngianiund - widn Wuglusddaivun
s uAENaNe 4 Wns AN 25.62 Alawns USuand g lieAgeEn 28.50 gnuieiiunssedundi
wagaluaAdag¥e - winae WWuglusddauhvumduriugudnans 4.20 wns AINETY 22.975
Alawuns Usunauieugluedgaan 26.00 gnuiafwnsaeiundl lnedeiiaassnudygyinuneasn
gluaAdaeansyae lannuadsnisunlatymmyisnisssuiveen wazdansdesiuldlminlaaulva
v ¢ = ax & DA o w S gva A g ] |y s 13
WNalid FOSMsTvaLandliviuisnuddyreslgmitlaaunluguassasonuneasag el
HarsanlaainarsudnsunisunlalgriussufisunusAAINE a5 19YIINLARILTIAINAINUD
gluaAdaine 4 dyayn (Weliaerndesiunaduiivesumsusediv asiUssumisuanigisnisteady
Lilmnlaaulnadnglusd fie 1udndnveanas ,Grouting) el

=

nureai1glusddaiuazanasusznay Faeuiuns - wiln dyani
mmuﬁﬁéﬁ'@ma‘fjagmﬁﬂéfﬁﬂmEJ'iﬁﬂaqﬁ'ulﬁlﬁﬁfﬂéfaulwaLﬁi’hqimﬁ (UDPRAAVDINAY,
Grouting) fAnurdesiansuiuseauUsEana 119,404,272.00 U WowlsuainsiaAineadie
HmunsIuY 2,854,822,739.00 U AnLdiu 4.18% wessmrneadne sauandlunised 4-1
muﬁaa%wqimﬁdaﬁﬂLLazmmiﬂsznaU Frausiuns - usidn Fyyi 2
AnuAsiamstyvmiiliaulnesdesiulaildnulvadnglud (nushdnvesna,
Grouting) flfnaunaasiamsaufusaduUsyanal 245,419,403.10 vm Wewflsuainsiaaineasns

VAVUASIUIY 2,134,000,000.00 U Aoy 11.50% F8931aAneadns daandlunsned -2



muﬁaa%’wqimﬁdaﬁflu,asa'lmi*dﬁznau H29usi¥a-usinae Syt 1
AaAsTanstigmildaulaeisdestuldlilifulvadielusd (usadavomay,
Grouting) SAnsunIasimsIufuTAuUsEINa 158,419,150.00 Um Wiewflsuainsimaneadng
WA 2.334,600,000.00 U AnLTU 6.79% 10951A1AReas1s anandlunnsad 4-3
suneai1eglusddaiuazanasusznay Faeuiia-usinae dygnd 2
AaAsTanstigmildaulaeisdestuldlilifulvadielusd (usadavoma,
Grouting) AUt oA IuAuTsauUTEINY 126,430,989.55 U WlawisuainsiaAiieaiie

VanUASIUIU 1,880,800,000.00 UM AnLTL 6.72% wosimAneadng sauandlunaisned 4-a



A15719% 4-1 51AIA19IUDNRAVBINELN (Grouting) LBy

14

3IMAINRESNURRAT19glueAd N

waraIAITUTENDU YuaUA - Wiidn deyeuil 1

TE TRV R Y fIT TR
deudt 378M15 EUGRTI RN Vel
Uu1aueu | e ) 311594 (Um)
(U w/niae)
8 |Aenssusrugluedaah maust n.0+000 §1 nat.13+600
84 |vuanzdrseanmi 5250 [ a. 651.00 3,417,750.00
8.12 |udndnvenan (Grouting) Tuglusd dwiusuyaseidnglued (D&B)
8.12.1 97U Consolidation, Advance, Contact, Fill, Plug waz Curtain Grouting
8.12.1.1 muquuLﬁamié"mamadmau UU Percussion (Drilling Grouting Holes) 21,520 a. 507.00 10,910,640.00
8.12.1.2 :1usLfiunonan (Pressure Grouting)
8.12.1.2.1 s sndnudiaug (Cement Grouting) 133,250 | 99 147.00 19,587,750.00
8.12.1.2.2 9 udndalAaura (Bentonite Grouting) 171,000 | nn. 12.00 2,052,000.00
8.12.1.2.3 $1udnaans1waziden (Silt or Fine Sand Grouting) 6,870 | ¢iu 1,087.00 7,467,690.00
3.14.1.2.4 :1usndaansiall (Chemical Grouting) 111,120 | @as 5.80 644,496.00
8.12.1.3 Tandm3un138ada (Grouting Material)
8.12.1.3.1 YuBusesnuaun Ussian 1 133250 | 94 120.00 15,990,000.00
8.12.1.3.2 lAaumg (Bentonite) 171,000 | nn. 13.00 2,223,000.00
8.12.1.3.3 N9azidun 6,870 | ¢iu 335.00 2,301,450.00
8.12.1.3.4 laipuddian (Sodium Silicate) 111,120 | @ns 17.80 1,977,936.00
8.14 |sumnaessndminounisenanveey
8.14.1 ﬁm%ﬁmsmﬁaﬂumuLms;gm?ia 80| s 1,452.00 116,160.00
8.14.2 dwfumsvadeuluvguianzandes 560 | ada 1,767.00 989,520.00
8.19 |sudndnvesnan (Grouting) Tualusd dmiuauynsziGngluad (TBM)
8.19.1 974 Consolidation, Foam (PU Foam), Shield Umbrella, Fill Grouting
8.19.1.1 wumequLﬁamié’mﬁmawam UU Percussion (Drilling Grouting Holes) 22,220 . 507.00 11,265,540.00
8.19.1.2 Musdunsonda (Pressure Grouting)
8.19.1.2.1 s u8ndnuTiag (Cement Grouting) 125,000 | g3 157.00 19,625,000.00
8.19.1.2.2 $1usndavseazLdyn (Silt or Fine Sand Grouting) 10| 6w 1,087.00 10,870.00
8.19.1.2.3 $1udndnansiail (Chemical Grouting) 115,380 | &ns 5.80 669,204.00
8.19.1.3 Jandm3un138aia (Grouting Material)
8.19.1.3.1 YuBuuduasauaud Uszuan 1 125000 | 93 120.00 15,000,000.00
8.19.1.3.2 N9azidun 10| ¢ 327.00 3,270.00
8.19.1.3.3 laiwuddian (Sodium Silicate) 108,720 | @ns 17.80 1,935,216.00
8.19.1.3.4 Polyurethane Foam 6,660 | 8n3 483.00 3,216,780.00
smAnneseTadasiulslsnldaulva winglusAsau 119,404,272.00
SANANDE I IVIIAT LIRS UsiTR Hoyeydn 2,854,822,739.00
Anduiesas 4.18




A1397 4-2 51A1ANIUBRAATBINEN (Grouting) WisuiuTAIAaaiesuiaai1eglusAde

waLa1ATUTENBY YU - wiidn deyeui 2

14

Y udygyn

deudl 18M3 TAnenae
Y3uauenu | widoe ) 511534 (UM)
(U /%d7e)
4 |fenssueglusddain faud nu.13+600 fa ny. 25+624.378
4.3 |aanzdrsnanii 4,150 | w. 513.25 2,129,987.50
4.10 |sudndavednay (Grouting) Tuglued dmsuauynszilnglued (D&B)
4.10.1 971 Consolidation, Advance, Contact, Fill, Plug &g Curtain Grouting
4.10.1.1 muquuLﬁamié”mawumwau UU Percussion (Drilling Grouting Holes) 24,190 [ w. 513.25 12,415,517.50
4.10.1.2 91usLfiun3on@n (Pressure Grouting)
4.10.1.2.1 mu@j"ﬂﬁmﬂvu%mué (Cement Grouting) 272,410 | o9 456.32 124,306,131.20
4.10.1.2.2 91uspAnlAauNS (Bentonite Grouting) 322,000 | nn. 9.12 2,936,640.00
4.10.1.2.3 Mudnaanseaziden (Silt or Fine Sand Grouting) 3,230 | ¢ 4,144.58 13,386,993.40
4.10.1.2.4 :ushdnensiedl (Chemical Grouting) 197,760 | @3 4.54 897,830.40
4.10.1.3 Jandm3unsdnaa (Grouting Material)
4.10.1.3.1 YuBuuduasauaus Uszian 1 272,410 | 99 114.48 31,185,496.80
4.10.1.3.2 1mauns (Bentonite) 322,000 [ nn. 10.60 3,413,200.00
4.10.1.3.3 5184130 3230 [ du 265.61 857,920.30
4.10.1.3.4 luiflsnddien (Sodium Silicate) 197,760 | &3 14.05 2,778,528.00
412 |vuneasidademineumssndae e
4121 é’m%umimmaaﬂwqume‘mﬁ'q a0 | e 1,144.88 45,795.20
4.12.2 dwfumvaaeulunguianzauides 280 | afs 1,393.38 390,146.40
4.18 [1usndavesnan (Grouting) luglusd dwiusuynszilngluad (TBM)
4.18.1 97U Consolidation, Foam (PU Foam), Shield Umbrella, Fill Grouting
4.18.1.1 muquuLﬁamié"mﬁwuamau UU Percussion (Drilling Grouting Holes) 9,280 | . 513.25 4,762,960.00
4.18.1.2 $7uAduN1580@n (Pressure Grouting)
4.18.1.2.1 v udndnyudiaug (Cement Grouting) 75,040 [ g9 456.32 34,242,252.80
4.18.1.2.2 eushdanstvaztden (Sitt or Fine Sand Grouting) 1| du 4,144.58 4,144.58
4.18.1.2.3 11udndnansiadl (Chemical Grouting) 78,840 | @ns 4.54 357,933.60
4.18.1.3 5&6}ﬁ7w§un755®5m (Grouting Material)
4.18.1.3.1 YuBuuduasauaud Uszunn 1 75,040 | 09 114.24 8,572,569.60
4.18.1.3.2 58az1dun 1 fiu 260.62 260.62
4.18.1.3.3 lfleu@awan (Sodium Silicate) 74,400 | &5 14.05 1,045,320.00
4.18.1.3.4 Polyurethane Foam 4,440 | 03 380.58 1,689,775.20
ardreaieistasiulaldildavlva iglusdsam 245,419,403.10
$1ANANNEE T IVIIAT IR -SSR 5mumvﬁ17i 2,134,000,000.00
Anlludesas 11.50




A13797 4-3 59A1AN9UEARAYBINES (Grouting) WiufusAAiaai1eufaaE1eglusAde

wara1ATUTENBY Y29uaidn - waina9 ey 1

14

Ysunaununudyen
o e YUy | e mmﬂawlma 91A15 (VW)
(U m/%ie)
3 |Aenssueuglusddai faus na.0+000 fe n.12+500
3.4 [smangdrsiaaanth 6,150 . 577.00 3,548,550.00
3.12 |swdndaveanan (Grouting) Tualued
3.12.1 974 Advance Grouting
3.12.1.1 mmquuLﬁamié”mﬁﬂmamam #UU Percussion (Drilling Grout Holes) 13,620 [ w. 700.00 9,534,000.00
3.12.1.2 usfiunsondnuena (Pressure Grouting)
3.12.1.2.1 udhdafuBiuud (Cement Grouting) 6,610 | #iu 4,500.00 29,745,000.00
3.12.1.2.2 9udndnansiadl (Chemical Grouting) 105,760 | @n3 5.00 528,800.00
3.12.1.3 Jandm3un138ada (Grouting Material)
3.12.1.3.1 yu%mumf Type | 6,610 [ du 3,000.00 19,830,000.00
3.12.1.3.2 lefenddian (Sodium Silicate) 105,760 | @3 22.00 2,326,720.00
3.12.2 97U Consoilidation Grouting
31221 muqumLﬁamia”mﬁmawam WU Percussion (Drilling Grout Holes) 22,030 [ . 700.00 15,421,000.00
3.12.2.2 usniiun1s8ndn (Pressure Grouting)
3.12.2.2.1 udhdafuBiuud (Cement Grouting) 9,690 | #iu 4,500.00 43,605,000.00
3.12.2.2.2 $7usn@nasiadl (Chemical Grouting) 155,040 | @03 5.00 775,200.00
3.12.2.3 Jandmiun38ndn (Grouting Material)
3.12.23.1 yu%muﬁ Type | 9,690 [ i 3,000.00 29,070,000.00
3.12.2.3.2 lafad@an (Sodium Silicate) 155,040 | @03 22.00 3,410,880.00
314 |snmnaessndmthnoumsenanveay
3.14.1 ?'im%fummﬂaaulwqmmmu5‘15 a0 | e 1,600.00 64,000.00
3.14.2 dwiumsnageuluvauiatzyuides 280 | e 2,000.00 560,000.00

7
aaneaieIstesiulilinldfuluadnglusdsu

158,419,150.00

AAneadisInYauwidnwingg i 1

2,334,600,000.00

Anluforasy

6.79




A1397 4-4 51A1AN9UEARAYBINES (Grouting) WisuiusAAiaai1eufaaE1eglusAde

waLa1ATUTENBU YuadR - waina9 ey 2

14

Y udygyn
ddiudt 18015 1AMDNLIE
Ysuauanu | wiae . 31159 (UW)
(vn/vuae)
3 |fenssueuglueddani daus n.12+500 fe N1.22+975.683
3.4 |awanzdrsivasni 1,150 | a. 770.70 886,305.00
3.14 |1udndnvenan (Grouting) Tuglusd
3.14.1 971 Consolidation Grouting
3.14.1.1 awuqumﬁamiﬁmammmau WUV Percussion (Drilling Grouting Holes) 21,160 [ w. 770.70 16,308,012.00
3.14.1.2 11usfiun15endn (Pressure Grouting)
3.14.1.2.1 ushdayuBuud (Cement Grouting) 9310 | 7,488.45 69,717,469.50
3.14.1.2.2 1udndnansiadl (Chemical Grouting) 148,960 | @ns 7.13 1,062,084.80
3.14.1.3 Tandmumsdada (Grouting Material)
3.14.1.3.1 Yuduud Type | 9,310 | #u 2,519.16 23,453,379.60
3.14.1.3.2 Tofpuddinm (Sodium Silicate) 148,960 | &@ns 23.01 3,427,569.60
3.14.2 911 Contact Grouting
3.14.2.1 a’mm’wuqmLﬁamié’ﬂﬁmmmﬁu U Percussion (Drilling Grouting Holes) 251 4. 747.29 18,682.25
3.14.2.2 y1usfiun15endn (Pressure Grouting)
3.14.2.2.1 v 8nRnYuduug (Cement Grouting) 30| #u 7,488.45 224,653.50
3.14.2.2.2 $7UsAAAlAAUN (Bentonite Grouting) 1,500 | an. 13.47 20,205.00
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3.14.2.3 Yandm3umsdain (Grouting Material)
3.14.2.3.1 YuBaud Type | 30| du 2,519.16 75,574.80
3.14.2.3.2 Taaung (Bentonite) 1,500 | nn. 15.99 23,985.00
3.14.2.3.3 N91Uazidun 15| ¢iu 395.78 5,936.70
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3.14.4.1.1 s1udndnansiadl (Chemical Grouting) 7,740 | @ms 6.68 51,703.20
3.14.4.2 Tandmumsdada (Grouting Material)
3.14.4.2.1 Polyurethane Foam 7,740 | @ms 402.61 3,116,201.40
3.14.5 97U Shield Umbrella Grouting
3.14.5.1 muww‘wquL‘ﬁamiﬁmawawau UU Percussion (Drilling Grouting Holes) 1,380 [ 1. 770.70 1,063,566.00
3.14.5.2 :1usnilun138ndn (Pressure Grouting)
3.14.5.2.1 vu8ndnudaug (Cement Grouting) 640 | #iu 7,488.45 4,792,608.00
3.14.5.2.2 1usndmansiatl (Chemical Grouting) 1,170 | ans 6.68 7,815.60
3.14.5.3 Tandm3un138nin (Grouting Material)
3.1453.1 yu%muﬁ Type | 640 | fiu 2,519.16 1,612,262.40
3.14.5.3.2 Polyurethane Foam 1,170 | &ns 402.61 471,053.70
s1mAnnas 313 Etasiulailvnd ldRulvadnalusdsan 126,430,989.55
ANARaA T aLAY 29U TA-usinag ﬁcym_ﬁ‘ﬁ 2 1,880,800,000.00
Andulevaz 6.72




nanudfgrestyminlanudionasansainulessiuilafuluaduiniely
alusAnaniunisneairviisuiusiadineaislundasdya Wedndunisneadrslaindaymn

auassAuaza g senlunisneasglusdda Tasansiinusnanilug i uddouninagausns

1
o

v v | a & a Y a & ! & 1
Q\TW'W‘ILGUEN&L‘WN IﬂﬁJll'i]ﬁUyW'WNﬂ'ﬁﬂ@ﬁ%LU@ HASNIIYALITICATIULATDN TBM Vlﬂlua')usUENQWUQhNﬂﬁ\‘iu

YIUAUN - w39 wazglusAdanyislin - winde dau weliiAnaudaauveslymnindu

[

sudasmswiletdym guesunisuseliulafiarsan srusamgnisaiifiadavidu Mneatesiu

v

Ha91uN1sUSTUUTINsIRn s ldfuiaLinUseansain suneadieglusAdaiinieisynseiin

3

(Drill and Blast, D&B) lasen1stiiny3uanilug 1A uig1awina9gausisn Janimdesivd veq

v
v

Auesunisuszidiu nevauaniseaziden wenugnisavaslymuvadugasaisai
1) mgmsaitiyyiananewdifuefumsussiliunuiianini Ae
- Ygmmsynssidnglusddairiiulnssiiuyuresglusddshdiouiun - wiis
Toyey i 1 N2.3+016.50
2) wansailgmdranandleduefunsussiliunnufiavihiuagduiunisudle
Ugynua Ao
- Hymnsynsndnglusddaiaensrafivintouiuszdu suglusddniinag
Wil - widng wazenAsUsEneU dyandl 1 939 NY.6+480 §9 NY.6+260 (58U NY.TOUNSINIUNTT
ynsudaanmednunedilunsinumiion)
3) wignsairranafvesunisussiliuunu§oanii uaznsufladaymegsening

AMLUNITUS DL LHUILAWIUNTT A

- MaynssdnglinAdeiiaons iU lusAd Y 1auslues - uidn dyani 2

979 NI.13+668.465 04 NU.15+717.652

4.2 NMIANIUUNRINLN
nsAlivanuirui vsewsnsaidyyyisiateungvesunisusaiuazunuun

NUINHBIUIBNITAUNIUNDAT VA UTTNIUIUIAINYT 1 WATAUZNTTUNITATIVNITIN VDU

kY

[

RlueAd T 2 923 1w 4 Fyayr BavesunsuseliuliTngussasiuaniseazidenlaymives

) % 9 va ax va % = a v = a ¢
ﬂ'ﬁf\]@ﬂ'ﬁu’ﬂ@]@u%agﬁﬁﬂqiLLmﬂJﬂﬁyjﬁqﬂJ@W_jwLﬂ’EJ'JGUEN IUUV]ULW@LﬂUﬂ’]iLiﬂJWUﬂqﬁﬂﬂ‘H"l LAINCK {]iyﬂ/ﬂ

1%

duinaininlanuvesuneasisglusddiiimedsynseida (Ol and Blast, D&B) kag3sn1suiby

9

[ a

Tgymlusfaduiunn welansivisanudifguesdyminisdanisunldauiiorinnunaainemss uas

Jupen FBUHTRNUNGlunsunlatym iWedwmadonisinluldufuRlieUssaumensaifiianwoue

1% = o & oA Y a o o Y g va o, a a a a v v
AANYAANINU 'Vﬁ@LW@IV‘Lﬂ@ﬂqﬁﬂiUﬂ?‘flﬂqi'ﬂ@ﬂqﬁuqim@u LWUNIFLANUSZEANTAIN UIBAIIUNINUN

a

n1sneasglusddadndaeisyaseidn (Orill and Blast, D&B) lifinadsaundslu naenau
NuRa AN INAIIaNIYINTT 9l ensallymigrananileguesunisuseiiunufuRming



Aenand wagaliunisuiledamiuds aasasunisuiledyninedseninediilun1sazveunans

SUALLDYALUUNT 5 LATUNNA 6 Audsusa U

g1 B

4.2.1 Ugyvin1syaszinglusAdeadsinulnseiiuyuvasgladedngasusiung - wiln

Y =

e 1
4.2.1.1 an gy

NuYaszidnglued D&B (Drill and Blast) glasAdatgaguaibms - uilin
oyl 1 9wvinsyaseinglusAnaud nu.0+000 G4 Nu.3+641.347 Iagagyinisyaseidaiviiu
Ao UN 1 Aw5uYAsE UARLUNARTLA N1.0+000 YaLsuAugluaddsuTnUTEgsEugtldlniny
Duduly dawdun 2 sxsuyeszidnangluaddn - sanuuneas 1 Eeadhedoundulunisgaisudu

glusAdaiieliussauiudanslugui 4-1

\ . [ / / R .,cw ~nu..v:¢$ =
\ = \ /177 . 5 ) “R{(\~ | ) 20725143 L. yeonpden of —

e VAR L \\/ =
;/ p A — * ‘\ \_/\/g) /' ( ‘ \ ~

> )
o g ey
) JA N\ ; A
J
n1.0+000

/ =l
[ Z
|
GuRuglueddanin

\ ) \ / ( ¥
2003908 600 3L, 488,700,088 0. v, % e, 4 s N W\ FutfdansTay
[ X (> [ / Z N D wnef 1
\ /7 Vo i N\ % %

1 B

JUN 4-1 uaneauYaszilnglusd D&B vunaai1slasAdengiausiung - waiin Foysyi 1

anmayniuyaseiinglusd D&B MAnTuluYIe NU.0+000 89 Nu.3+641.347
ANUWUUNBASIVINERY 2.07/2550 (Hnn.3)-0130 fauandluguin 4-2 msdisianessalinengiusnulay
LAz JUARALETILLIRLUNARIN NU.0+000 §9 N1.6+500 UGN NL.2+440 Uaw NuL.2+500

v Y

fuwrsendoudariuglusddai dsoraassiliAndymaniilifu nedledsuddldiBuufoam
yaszilnglusdseninedud 5 fa 6 fueiou 2561 varduiumsynszilnglusdsuglusdidi - een
wielay 1 7 nu.3+016.50 IdiAntymauasinanimmsssdiinerifanuudsusiugauasiaig
Suneunn SuRnandnwarlasadisnadt (Karst Structure) Ao TdnwazianIzvesdufiuyuiis

Insssederitwwalnguazan milanuniiusedugs lawnsamanisalusenvuasmumiiogng

Foauuaslanunsamvuavisemanuednuaiz sUsnvednseiiuyurunlng ila

q-8



L 9 m z
134T .

13

17

o 0 o {
o_o

P e
Y G

7 = &
o ANt

7 SN | T

0 0. 0

0.0 0
)

fo
{,_,,/—

11 WH N0 § VAV 078 MEN /f'/Y | AU G

z B2 Wi 2
/\AAI\\q4*\‘_I4‘\c
-

e - |
o R AT T N R e B
P AT B T WA+ + T 3 Pt h s b NS ANt X[+ s
2 ANt I e AR e 58 4 TNV & F [ N I e o D
VM-*-a\{_-;/’- ey T—F F o TextaF T A AT s mamr h
i 34000 34300 4000 es000 ss000 svs00 62000 64300,
axfuiuosnnf & § £ § g g 2 g H 8 3
) i i g : : i i : ! i : 1 |
poy «!
e B . - Wwwm@wanfﬁ hqqnqq‘ﬂuuamm%
conniom 1 o Lo —
o E = snodau 10,000 tumanﬁquﬂeuuumaqaumeﬂ
T :::«-::m-:_ o M yredie 97 temnangalvsmmorneman A o

DOBE
&
4
§
!
!
i

Rod beds : mudetons, sitaton, sondstons, shce
envie)

e, |

RUT )
L A (o) B A ssEmutuiaum
venevuands

2. wfumsvaGumaniOureiufugue vwvorn)

wuuUssneu
. nwﬂ\l wumasmaoa iy
waruaEn-00n WA Miosooo B1 Mie+s00

wumy ussgutermerama@uesan a1/

nsdsaNneslingngnusn
Mu.o+000 s mue+500
wuaw mmeWﬂa@ua:nﬁ (unufl 1/4)

© 100 200 300 400 500 600 700 800
[ il S i i vt it
WMWY 110,000 e

UaWnfiuEne -

Vi Jagen sovims i
Dt 8 uews

sy 4

wuuwInmay sorss
«07/2850(.3)-0501 | I I

. | ety i wen | e
Hogoyuarfl 0.07/2850 (ww.3) S T

=

At mats |

T - e 8 s i MRS | o aor, Al
LU T T M

.
oy,

o\l _ o ot e | gow

nasdaUssy

[2.07/2550(8WN.3) ~O130
T

sUN 4-2 wuuneadeglusAdalinazeinsusznau wisudiuUsznaudu alusAdeungaeulnns - widn NN.0+000 89 NW.6+500

= Av VYew & a o o DY ° N o R
U1 2 ATUBAUTENIU UIWN 1’§V|V|ul,uaa<1 NA, (2559) WNFITLEUUNYELYYT NUIN 1 LL'U'UE'U ﬂWimiaﬁ]mdﬁimmEJ"ljmiﬂﬂLL‘lJamLaz;JUmmmumaLLqumﬂaW"L



1% 3

A1NN15L912815798 1N TNV N BN AT dudnwuzlaTIas1aa1ad (Karst

)~ A o

Structure) AUsEUNM NU.3+008 Wulnsvsatesinaidvuinlidesnii 2 wes Junlaauninges

oY

geuszanns 10 U135 Inasjeeanannuguiangdrsiaarminiuinuvtiglisdanagyaszida (Face

9

Tunnel) Aawansluguin 4-3 f 4-4 L Uudsualiitesndt 160 §9 200 nsdoiuiil (RT-MTMG-
158/2561) YAAUIMINUTIANRLIAKN - 9anvisnelay 1 Awansluguf 4-5 81 4-7 Tngiiviaudn
Ngauszunns 1.90 was dwalidaudndusesonenan waziniaednsoonanuiaufingt

wieuvvinsdnszuulni weldiiludnsensyaanisnasdnluudluaniunisel lnegsudnela

wisunsiensdudniufudn 1 ga 9ndiflegdin 3 e s 4 9o Juesesguindiviuidu

Y

Uszanal 15 1n309 wazdngasnwiainulasndeassidassauinegvngaistalus andyniuas

guasseiatuiinavhlifnuansznusenisujifauneassnuyaszdnglusd DB Wueegewn

= a wva 1 ¥ = N 1 & A o
SENE?NB\Ia(5]E]ﬂ’]i‘ﬂﬁ‘uGN’]UﬂE]ﬁﬁNJJﬂ’J’]ZJﬁ’]‘U’ﬂ@JLU“IJI‘UGHLILLN‘UQ’]‘LJ‘I/]ﬂ’m‘Uﬂ

3UN 4-3 U lAAUNIILsIAUganeeana nX.3+016.500 Fui 5 D 6 fiueeu 2561

w1 : Right Tunneling. wnnsainuinluglusd MuneadglusAlutuiinienaisinave.



Ul 4-4 ihldRuvjsesnunvaizinnzdisanaratiina.3+016.500 Sufl 5-6 n.8.2561

w1 : Right Tunneling. winnsainutluglued vuneasvglusAluduiintenaisinae.
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w1 : Right Tunneling. winnsainutluglued vuneasvglusAluduiinlenaisinaue.
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- IUNgURBIEUNNTYIN Grouting 4 vy

- IPYTUNVDILAASTOUNIINT Grouting 1.4 e

- ANUENYBIWRY Grouting 25 wms

- ANNANVBINNSIIENGH Grouting 714 wwy/uegled 1 ams
- USunesiiuiiazvi Grouting 331 AUA/ABETIRLRA 1 Bs
- USumsvessesuanludiu 6 %

- USUn3v83 Grout 20 aUL/AETRLRA 1 BIs
- WIC Ratio 1

Teazldunfandlugui 5-6
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4.7 Consolidation/sealing grouting, contact grouting, and drainage drillings

The evaluation of the amount of contact and consolidation/sealing grouting is based
on the estimated share laid down in Table 7 and the distribution of behaviour types
evaluated.

The quantity of consolidation/sealing grouting was based on following assumptions:

boreholes per round 4
distance between rounds(m) 1.4
borehole length (m) 2,5
drilling (m/m of tunnel) 7,14
grouted rock volume (m*/m) 33,1
open joint volume (%) 6
grout volume (m*m) 2,0
wlc ratio 1
cement consumption (t/m) 2.6

JUN 5-6 nauaiirualun1sAuInUsInausadauJulintAMn WAy
fian - Gruppe Geotechnik Graz ZT GmbH (3G), (2005).Tender Design Stage.

2.1.2) Advance Grouting
M3¥i Advance Grouting aganuiiumslugaglnaniideymiieaiu
Aaunnitulifnseddgyniierduinldaunivsuiaunn Fwesiiaadgmdunisyadaglusd

N13UszannN1sUsSIin Advance Grouting #9154 N UaaULAFINASL

- @uyAI1n13v1 Advance Grouting lutaei Probing Ahead 20%

- SununquietegluAivi 6 vy

- ANHYNIVDIARETIGY 20 wms

- ANUBTIVIMAY Grout v 120 A3

- USiesiuitagsi Grout 40 AUN/AMETIRLKA 18IS
- USumsvessesuanludiu 6 %

- USUR5U84 Grout 24 aua/Armenglid 1ems
- WIC Ratio 1

SNaa o

lunsalnfiensinisinavesrlaiugie1vagaadld sodium silicate waufuyudiuud
deliyudiauududadniivu NUsnwdrsireenwuuidliussunadiunn sodium silicate el

Uszanal 5% vosdSunaudiuud suasviBundsansluun 5-7
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4.9 Advance grouting

Advance grouting is limited to sections, where surface wells might be affected by the
drawdown of groundwater by the tunnel advance. The required quantity beforehand
is difficult to estimate. A total length to be grouted ahead has been taken to 250m.
The respective assumptions and figures are shown below.

boreholes per section 6
length boreholes (m) 20
drilling length (m) 120
rock volume grouted (m3/m) 40
joint volume (%) 6
grout volume (m3/m) 24
specific weight cement [to/m?] 3.1
specific weight water [t/m?] 1
wic ratio [to/to] 1
specific weight grout [t/m?] 2,05
cement weight of grout [to/m?] 1,55
cement weight [to/ lin. tunnel m] 3,72
total length of adv. Grouting (m) 250
cement consumption (t) 930
drilling length total (m) 1500

JUN 5-7 inauaimurualun1sAuInusinanusndnvaanad 1wt
fian - Gruppe Geotechnik Graz ZT GmbH (3G), (2005).Tender Design Stage.

2.2) Wouly Yormunnudnya
NUIAAAYDINEAL (Grouting) Iﬂamié’mﬁmﬁwgmﬁu@mmwmaﬁu
(Consolidation Grouting) Lazd1USARAYBINENA1NTN (Advance Grouting) mudaa%ﬁqqimﬁﬁqfw
Frauain - wiins duandi 1 FPYITMIINUBNANTUUUTNEFYEYT HUIN 2 TINTTLABBEAAILIAINTTY

(Technical Specification) ﬁQLLaﬂﬂu'gUﬁ 5-8
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(5) awdrasdwuinnuMmnaiu (Consolidation Grouting)

UaLIILANARYBINELE 1IN (Advance Grouting)

ywdadatuivaunwnaiu (Consolidation Grouting)  waznudadainjuaamin

(Advance Grouting) aeAnliumsieUuUTRuNMYBRNaity Al

- Mm% Advance Grouting taifinraudanssvennaiiuunasiuntinglued
w’%aLﬁaaﬂm{lﬂaL%'imﬂuqimﬁﬁuaaﬁﬂﬁﬁu

- ms3¥ Consolidation Grouting vasiiuseu q gludndwndnmninraunin
Sauenudh Wialiununwsesnaiufiagsey q alud

- m3¥ Consolidation Grouting UShaifufinea1elassnisauiigaiuaueues
bl ‘

M3 Consolidation, Grouting 9yl Single - Stage W1 Packer %32 Nipple 7

ﬁ@éfqlugﬁmﬁﬂﬁfﬂgyﬁlms wianmavenidunsonliluninrounia wadranimssdinen
WMLNEEND1ALYILUY Multi-stage Grouting Lmé’uﬁ‘l‘ﬂumsé’ﬂaﬂﬁw‘uLwia:ﬁ Stage VEADY

AL RIRIINAAIUANUYEIIIINNBY

TngiluihussUssnoushedndruveninoyudiuud (W/C Rato  litAu  0.7)

w
o o

wagenL Admixtures la 'Luﬂsz‘ﬁﬁaﬂarﬂmguLﬁaam}%mmlwaw’;’ﬂm’(,uqimﬁmmﬁﬂé)’?m

- 2 w2 &

919tiin Filer  wiaansiaftioviliiyuudadniuld deldsueyiAanngdaivanay

VBTN

JUT 5-8 318MsTeasideai1uifIngsu darimunsu Consolidation Grouting ke
Advance Grouting

M nsuvaUsznu U 8edeulne Andeuiud 9110 (W), 2558, naswuuedya Kn 2

FIUNTIALBLAGILIAINTTU UNT 13 1UQLNAFLN.

ANATANYY WATIERTDNUUATDIUSAAA VOINAL (Grouting) 1ag

v g
a o

N139aRnYLNAMAINLIaTY (Consolidation Grouting) uaziugaai1yuatmin (Advance

Grouting) MuMa3199leARIUNYT TR - Ll dyeyd 1 MusIen1sIIvadensuiAIngsud

YaN15UN A9l
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wa

22.1) Toansan 1 : vianUURdAgausienmIseasdenaiamngsy

(5) NusaRAUNuRNAMAWINATAY (Consolidation Grouting)

LALIUDAIAYBINANAIMLN (Advance Grouting)

ywdadsunjufiunnniminaiu (Consolidation Grouting)  wazausaRqu U

(Advance Grouting) eantiumsiiayTuURMAWYBRNATIY fiall

- mMsYh Advance Grouting LiWeLRNAMILEISVENIBRULTAAIUMINGLINA

wsaeanmsivainunluglinAvennlaau

M3 Consolidation Grouting ¥8d#usaY 9 LNANAININAARINIAABUNTA

™~ % Y ol a a ¢
L3gUIBTUAT  INBLWNANINYBINIGNUNDBYIBU N Eﬂmﬂ

- m3%1 Consolidation Grouting USIANUNNBAINLATINITANUHHAIUANIUVES

H§399finun

Tngirluinyuasysznaumedadiuvesuireyudiuug (W/C  Ratio ladu  0.7)

o

waLo1nNL| Admixtures| 1 'LunszﬁﬁamSmﬂwguLﬁaamﬁmz:ul‘vxaLﬁwmluqimémaaﬁﬂﬁau

< v

21310 | Filler maawsmﬁl,ﬁaﬁﬂwmguu%aﬁjL%T‘ﬁuﬂﬁ Welasyeydfgrngaruaney

VBAUINAN

;J'Uﬁ 5-9 dapnuaIAyU Consolidation Grouting kaz41U Advance Grouting
fiun : euraUsenu U Snideulne Andeuuud $in e, (2558) enansuuuinedann aun 2

FIUNTINALBEAGILIAINTTU UNT 13 ugliaAdt

1%
Yo a

Wefasanaugun 5-9 asulanad

(1) UNENVRNIUTADAVDINALNADIAITUNT T uuUTadaunYY

Y

lallaudndnvomandue

(2) NudadnvanansImin (Advance Grouting) HingUszasALive

WinALLdLsweunatusuntnglied waziisannisinaveniildnu

(3) udeRmiyuisnnmaaiu (Consolidation Grouting) ¥veaan
a o a L. v & v i a aa o & v ° X vy
AnRanInMBUNIA (Concrete Lining) uiiwiidu Liuusiiusiaunilanudndudeni uideslvigaiugy
nuvesndatudimun (auelindnseysi)

Y

(@) gunsaufia Admixtures Tuthula

(5) nidleanusutunisivavestldfaulraitiolusd Inedaanisiv
S ¢ o o X N . = vy,
WYULTIRUTITU 219y Filler 30 @15Adlle

Y

(6) m3Aliumsnade (5) fealasueysiRnNgmuANUYeEId 9Ny
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2.2.2) RN 2 : MTIAUSUIIIUBAL ALY

(1) udadnveandu Consolidation, Contact, Plug uay Curtain

Grouting

mMsiaUSuimay

AMTNTIUNTIATIINTILYIINITIVTAUS IS i aveanay  Consolidation,
Contact, Plug  uaz Curtain Grouting musiwmsinandliluluud sSinanuuassiamesdyail

wiegFurnldduiiunawduaswamednisadlulunqudadanuiianuznssunisnssnsiag

Wuanms  1uAnEasInISRSIINIsa HISY NS a9 Taus muiviimiaduinasiuees

dunamasmsdntinituiiounsraniull amuveuwaimugUiwuall  vienwiigmuaua
19931983 vIenwuinaiialdsinisluveueiamynssunsesionisinadanig

TnglvigationsinuSinanuessnuznssumsas anssadun s

MRy

dirderirefuliludasmadenios . aunassiluluudadinanuiazam @

UsznaudieAtian  ¥man AYuds MTRAN WSU nsAndums wazAlddnsiy 9

welinuussaingusvasa
(2) 9 udnRAvaINEY Advance Grouting

mMAUSuMY

ANENITUNITATITNTINIBINITAITAVI I aTandldluudadavesna
AUTIWAIT Al

(n) Yudius Iavsunanty sy
(¥) arsiadl IS Sas

ﬂm:m's'sunﬁmsmms%’ﬁwzmni’mﬂ%mmiaff;ﬁ%’mnmué’ﬂﬁmawﬁu Advance
Grouting smensfinansliluluudainunuuasaesdygil Auialddaiudaaia

wzduidainlUlunaudndanafianenssunnsansiativanas  eRmENIIINSATIY

MIPNIMIANTIaUsununuiuimhaduinasinvesdrunanveinis saaaifuihaunis

wanAvi Auveuaiivuuglimuald viesuiidaavanuvesindindins wienmuina
wildaTanelureurairuenisuninansinwdnis  IeglisadensTausuiuauyed

AMENITNATATINTTVITULA U

U7 5-10 n153AUBuNaIaIULAZNM391897Y Consolidation Grouting 1ag41U Advance
Y

Grouting fiszylusenisseaziBenduiaingsy Audyen

o

: uraUsEvnU USEm dndsulve Andeuiuud 9109 (unvw), (2558) wnansuuuvnedaa nun 2

FIUNTIALBLAGILIAINTTU UNT 13 1UQLaAdIU
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Wiafasanangun 5-10 asul

[

Y a

AU

(1) M5IUTUIAINIULAYNITI18IEUY 5189015974 Advance Grouting

WU NEVDINAUVANWAZEITALWYNTIENNTNENTIVINUS U

2) MsTavsunusndaveral eaTvinnzdnsadilulunay

wazIAUSUIAI UL T ULIATIUVDIEAUNENVDINTOA DA NLAINBUNITHENY F951801T (V)

asiadl Aszyluassausnvessiadsinae dvheduing

2.2.3) 95U 3 : TULIIUSUIUULAZSIAN

NuUARAvaIKa (Grouting) lnan158ARAUNYULTINAMA LI

(Consolidation Grouting) kagausaauiyualmii (Advance Grouting) vuneas1eglusAdan

229u3¥0 - wins g9 1 dsvazideaniuiona1suuuyedy) suan 3 TuldsuSunasnunas

IPUUTedE danslugui 5-11

ddud ERUTIN K Vi | wiag | TPEWIY s
-l
| § gnii (yw) (uw)
3.12.1 a4 Advance Grouting
312.1.1 ﬂul,vwwqmﬁan'ﬁa‘i'ﬂﬁmawau WU Percussion 46 13620 u. 700.00 9,534,000.00
- (Drilling Grout Holes)

3.12.1.2 awduiunsdndavainey (Pressure Grouting)
3.12.1.2.1 sndndajuduud (Cement Grouting) 6,610 @y 4,500.00 29,745,000.00
3.12.1.2.2 enudndaasiadl (Chemical Grouting) 105,760 | @m3y 5.00 528,800.00

3.12.1.3 Jandmiundada (Grouting Material)
3.12.1.3.1 yYufuid Type | a7 6,610 du 3,000.00 19,830,000.00
3.12.1.3.2 TeidlendBian (Sodium Silicate) 105,760 | @ms 22.00 2,326,720.00

3.12.2 41 Consolidation Grouting
3.12.2.1 nuqumﬁamﬁnﬁmaquau UUY Percussion 46 22030 | u 700.00 15,421,000.00
(Drilling Grout Holes)

3.12.2.2 awaniiun13dnada (Pressure Grouting)
3.12.2.2.1 sdndmhuiung (Cement Grouting) 9,690 | 4,500.00 43,605,000.00
3.12.2.2.2 s wdadnasiadl (Chemical Grouting) 155,040 | &m3 5.00 775,200.00

3.15.2.3 Yamdwiunisdaiia (Grouting Material)
3.12.2.3.1 Yuduned Type | ) 47 9,690 | @u 3,000.00 29,070,000.00
3.12.2.3.2 Tewdiouddien (Sodium Silicate) 155,040 | @ms 22.00 3,410,880.00

5U7 5-11 n159aUsuIuULazn153189 U Consolidation Grouting

31 : nsuvaUsEnu UsEn dnndeulng Avfauiud 910n (univw), (2558)wnasuuurinedean wuan 3

TuwdaUsuIIULAZSIAN.
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v

dleRansanaunIng 5-11 aqﬂlﬁmﬁ
(1) TuwdaSnaunutazsamaudyg) d9emsdmivnusaanasad
I4s Advance Grouting waz Consolidation Grouting Fafvunwfinvesansiaiidu sodium silicate
(2) sodium silicate 3ei9) aiAlvessens Advance Grouting Waw Consolidation
grouting s iagsauudtiesnitjuiuuiinn faenadestudofiansan 1 awde 2.2.1 srundn
vosudndavomauiivesdniiumadunudadainu llinudadnvessandy @sed)
2.3) doaguiiinduandouluuastermunnudaan

WeNasann msinvawanUjus n1sinusunanunasnisidndneituy

a

Psvylusienissvazdunniudaingsy waglundaSunanunassaaudyal amnsoiansun
Hoaguifiandiulssd

2.3.1) msldarsiadl Ao sodium silicate eanusuialnadunly
glusAvesiléfu Tnesiliiyuudeiniitu ssylildliiunudadamiyuiiuguaimaiaiu
(Consolidation Grouting) LLasmué’ﬂamﬁwgumwﬁw (Advance Grouting) Tnadeygnnunisn1sly
warnInsIaTaUsuuuidamy

NIUNIIUITTNITNTIVTANILDD (2) VBINITIAUTUIUIULAE

N9918RUANEYYI19U Advance Grouting HaU (1) @154AT AXABILUAINUIBVDINITATIVTARIN
“ ms (vaavad) 7 Ju « ans (wia) ” wieldidu %ﬁaqﬁﬂmuaﬁmiwﬁ%mﬁLﬁmﬁﬂuﬁa%’aﬁ
“ 2.0) Yoy anPUMALANUSARAYBIHAL LAZIENENINTATLIMUTINAUNUMNTIENUAITIR - 9eNUUY
aaly

2.3.2) mildansaiifedlasueudfangindneneu

2.3.3) n3n19l7 sodium silicate a7u9 WALNEITIBNITLAL AL
Jeoulvuagdermuanudygy laildszyilildld uazionarsuuuinedygn sun 2 519073

seazdoadnuimnsy tmualilddu admixture w3e additive Tutiyu

weld dielidanutmanlunisudledymaudadnvosay
(Grouting) Lﬁ@%’ﬂmifﬂéfausummuqimﬁdaﬁwsd’mLL;JE’@ - wilnne e 1 HvasunsUseLiiule
fi1sanfne wagdinsgideyanisnuwmadaiay 1NaINITAIUINYSIINNUAINTIENUFTIT -

DONLUU WNLLAL LWBTRNSULNEINUNNS LERALNANTANUIMUSUIUESAITEA sodium silicate
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2.4) YayanenumnAlauSndnveINas LazlanaITNITAUINYIUINY
ANTIBITUENTIT - BONLUY

2.4.1) n15M sodium silicate 1w admixture %38 additive

TABLE 7.3 Set Time of Cement-Sodium Silicate Mixtures

Cement-Silicate
Ratio by Volume Time of Set Typical Usage
1:1 1 to 10 seconds Controlling flowing water
10:1 1 to 10 minutes Water control/limiting grout mobility
30:1 10 to 20 minutes Compounding rapid-setting cement grout
50:1 30 to 60 minutes

JUN 5-12 1381N15UA9AIVBINTSKEAL Cement waz Sodium Silicate

‘17im : James Warner, (1935) Practical Handbook of Grouting : Soil, Rock, and Structures

INUN 5-12 ziuindndiugeanil sodium silicate iarnumaudn
Aududuansdnda dedadiu Cement : Silicate 1 1:1 TneUsunns azanunsavilianswauwdle
ey 1 - 10 i

) ¥ a

v & o= ' o & i vao v a .
aatiu Felidanudndunagsesdnisldisnsonanvesuay (Grouting)
¥ a a 14 o [y v a a aa ! 13 = [
melfsudapndiudmsumssadaveswalluiianuiiigesinsuinaniing dennidulng seeunn
Tugnafukasiivnlnaluviunauinuas Yevindifiegasivwinlngfisane dmsurinisdadanie
drunaNved Cement-sodium silicate wienganlalvilvale
2.4.2) n5iaUsunmu-n1519n918 sodium silicate nsaldidu
admixture %39 additive auToMuUAvTDIRYN
91n3UT 5-10 $18N15T8aLBEARWIAINTINA L&YY Tdne
AuUSLNaTINALAS neunsuauiuih Tnediviiedu 8as Fanuneils sodium silicate MW
. . o o N S o A o 1 a 3 a
lngsodium silicate wislaenaluiniedming 1.40 - 1.41 nSusegnuiAniwufiuns (g/cm”,1 &ns
JmunUszanad 1.4 Alansu)
o & = o v [ = o & v
vl vnfinsdnanldauegluguveseavan Jsdianudnludes
NUARE e sodium silicate us WeldlunsauaSinadagnldnulignaes Tufe msuuasen
USuas sodium silicate Tuguvaamadlidudsunauis awnsavildlaensiiansandndigg ffnun
Tugnmsgrunseluiusesdunvengs sodium silicate
2.4.3) 1 WIFIWNHEN/T WY warteyaniuluiusesdunvesHan
lLAsu@aLAn (Sodium Silicate)
sodium silicate dndnuazdmieagly 2 sUwuu Ae Tuguves

HANY3OMIUBILTI (sodium silicate anhydrous) wazlugUvesvesnad (sodium silicate solution-
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water glass) flatiu water glass 7inameenanlsenu 3eihin (H,0) mauasﬁamamaﬁwmwﬁﬂ pg19toen
oej5ei9 40 - 60% lngtniin TuanmveshesiuUsiifruaeududuees sodium silicate
159011 silica : alkali weight ratio %138 mole ratio AeddIUvRILULANAYBY SIO, : Na0O Tneviludl
AsEning 4.0 f3 0.4 Beffudmuazdminemluaziiseazden vislufusewnunuandd asuanae

mole ratio Wlvikesie musitege Tuusesdurvesndnuazdmueluussmalneduandlugun 5-13

SODIUM SILICATE PRODUCT CERTIFICATE

| CHARACTERISTIC | SPECIFIED VALUE || RESULTS |
|Appearance [[Slightly Grey Liquid [[Slightly Grey Liguid |
[Total Alkaline (as % Na20) [[13.1-145 [[14.33 |

ED.GI (at 300C) | 1.50-154 |1 538 |

aume’ 8.0-52.0 0.72
Mscosity ,Cps. |E - 900 ||§?? |
ofal Solid,% 45-475 6.74
acxKing L - Joum

=

JUN 5-13 A7ee1e TuSusesdudvasdnanuazdnvielulszmelng
fan WaiuAILAan 3 - Swailnes, (2562) Tipadann (Sodium Silicate),
(http://www.wee-rinchem.co.th/~(Sodium-Silicate).ntml).

[ V)
v A

NI NARA U NHTUSUTRIAUATAMUUAAT mole ratio
ansaAuINdndIu sodium silicate witsld MSeUINARSMIITLARIANUDSIFUR SIO, way Na,O

Tnenss fail

neegeluFusesduAnuNgUn 5-13

mole ratio = 2.34

total alkaline(%Na,0O) = 1433 (1)
silicon content (% SiO,) = 3241 (2)
total solid% = (1)+(2) = 46.74 (dwiluvewds ... (3)

53.26 (dauitduin)

AauU 928 %H,0 = 100-(3)
¥30iliila sodium silicate wiis : U1 winnu  46.74 : 53.26

2.4.4)  USINUUSRRATBINEL (Grouting) MUSIBUEITIT - BBALUU

USunaaudadaiiyualami (Advance Grouting) Y83V

Foyeyramuglinddai1dai¥e - uinae dyam 1 Avusnandeyavesussnniiy Rock Mass Type (RMT)

FAUTLULIDINTBULAN KTDTDULADU VINBENUNTTHINYINUSENEIID - 90NLUUANLTUNITANSID
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http://www.wee-rinchem.co.th/-(Sodium-Silicate).html

AUsTAINe Toemuiausgavd g IAMINUSINANULATIAANBAT 1Y INTIBNUAITIA - BBNLUY
fUsnauSadathyuaiamth $1uau 2,270 wes venaniudsrytisesuessiingludiives
fifunisudndntiyudimi seandenniumanuan n. Uhinadandnuandiduinduns
Uizuﬁuﬂ%mmmﬂ%’a;ﬂaﬂizanﬁummﬁlﬁaﬁma%aﬁu Tnwaiuluwgituuszian (RMT) 4F, 5F 8Q, 8S
agszyliduiunisnudadaiyuaimii uazanfisdulfsudunsluiulssnndu fauddeya
Ussimituazuansinduiiuuenmiloan ¢ Ussianaanatd tngasaniulugdsaeaniungtiunse
UVBTY LA TINR AR5 TR

dwiudsunaudaamijuiiuaunmaiaiu (Consolidation

v
o I

Grouting) eI URLUSARILY IR - kN Fuaii 1 MMvuenudeaya Geotechnical unit Fadu
ﬂ'wé’hLLﬂsamgﬁﬁﬁmumﬁuLﬁaaﬁmaé’ﬂwmzﬁﬁﬁﬁﬁwmmaﬁnﬁ%ﬁuuazﬁﬂﬁﬁu safeishamdasdy
Tugasglusddaiiidesnsedute iwu Unit 1: luraemadnglaad 89 glusddei n.1.00 s1uglusd
Astiusl¥a - uaima

[ %
v A

viall USunaunudadaiiyuiinaaninaiaiu auausieany
N1500nLUULUDIAU (Tender Design) 993USENTIUTNAMIEIT29 - 90nLUU A91UU 3,190 LUAT

(AwIsane Geotechnical unit 1-5) é’fmamiugﬂﬁ 5-14

Item Geotechnical unit

1 2 3 4 5 6 7 8 total
length consolidation grouting (m) 220 870 230 1680 190 560 660 910 5320
drill holes f. cons./sealing grouting (m) 1800 7000 1900 13500 1600 4500 5300 7300 42900
lquantity cement cons. grouting (to) 600 2300 600 4400 500 1500 1800 2400 14100
length contact grouting (m) 0 0 0 130 260 715 845 1210 3160
quantity cement contact grouting (to) 0 0 0 100 200 300 400 500 1500
drainage drillings (No) 0 2 1 21 1 2 4 1 32
drainage drill holes (m) 0 300 200 2600 200 300 500 200 4300

Ul 5-14 USunauau Consolidation Grouting (Miiae : 1uAs) wazaudue)

M1U51897U Tender Design
fian Gruppe Geotechnik Graz ZT GmbH (3G), (2005).Tender Design Stage

mﬂgﬂﬁ 5-14 n15RATUIUTHIAUlUY9 Geotechnical unit
Wz Unit 1 - 5 1309370 Unit ﬁaﬂa'nagﬂuﬂmmuq‘[mﬁmﬁéﬂmLL@J%’@ - wiinae dyaydl 1 ey
LENIIBIUTIEALLBEANITOBNKUY (Datail Design) YIUTENA1TIV-08NUUY HEAAIYINVBINITYA
5L UALAYALA1EgLueA Ad Unit 1 : M19ud1glued - ny.1.00 , Unit 2 : n1.1.00 - 5.00 , Unit 3 :
N31.5.00 - 6.50 , Unit 4 : N3.6.50 - 11.30 w@¥ Unit 5 : n1.11.30 - 12.50 fis1eazideniiuives
Geotechnical unit #U518974 Mae - Ngad Mae - Kung Tunnel Project Detailed Design Stage

YOIUTENNUTNWIE1539 - DONLUUMUAIANUIN 2.
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3) mansraapuLarieT g mildfuresiudg

3.1) nsUftReusndaiiyudiami (Advance  Grouting) 189g5u

$19 UsnamensnafiviThsusiusedy nuglusddsitnaite - uims dygni 1
Fuilosannisvihausadnmiyudaamii (Advance  Grouting) ve3E3u
11 vinmaeasrafuinThouisedy nuelusddanitinin - winig Syl 1 dussiidues
nsUseiudlalldun Ui nsnseaeunagiinsginsdanisiildfuresdfudauiing
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2.1 Advance grouting ifiaiiuAaudeusiveunaiu vinasumhgludriaiieasmslvadiunluglusdvenilanu

2.2 wienaudniilUluduiudssnn 8.0 - 160 was

2.3 Grout WUV Single stage H1U Packer W3atnanmesilvewnzaNenaviuuy Multi-stage grouting Ald

2.4 fhanmssaiinelivnzanifunisld Packer Tildinadia Stand pipe (PVC/Steel pipe) grouting (A1atenanse1994)
2.5 fhanwssaiavenlivnzaufunisly Packer waz Stand pipe Mltinadia Pipe Roof grouting (mutenansensd)

2.6 dandunanvas Cement grouting HauyuBauiuaziludsan Shvduyudiamd 100 nn.saul 70 dns (W/C Ratio laliu 0.7)
219uiu Admixture 16 Tunsdifidadnunjuieanuiinunisinadninluglusdvesilitu wieenaidiu Filler vieansind
dievi vy uudedaldisay

2.7 dwsn@runauaes Chemical grouting Aie Cement grouting wuy 1:1 (Two Component) 8asauausausuilasuldnuning
wngauaansaidenld Mix Ratio Tuiitedt 4.) Mlunsdififiusesdutgs dildfuunannuasiuugunnunn RQD M

2.8 Grout TaglHlsadu 20-50 bar+Water pressure unliiiiu 5 MPa (50 bar.)

2.9 ule Grout wa¥audnaxdieiie Packer Milednwsvdunssiuielisunseitainuduude (nitial set)
n3dild Stand pipe Technic Waviodmiugadndluislilumgu

2.10 9¥vgAGrout Li'imf'flﬁﬁu‘lmﬂuqﬂaﬁnviamiriaas"'nuazmmsnﬁﬂo?aéwﬁﬂﬁaugstﬁ 1wy udasuln
nudadsasndediu uarnuruaounia mnliaunsevil¥iinanldRuanadld msvhmsianzuay
silunudadnvewauvtivau Secondary, Tertiary (s

_— N

pany limited (E

5U#l 5-15 Method Statement s1udn@aunyudrmtivadgiudng

Italian-Thai Devel nt Public C

P

AU : NsUvaUsEU USE Bndeulng Andadiuud 300n Wuiaw), (2561).38n5andueu

[

PAnvRINALE9 (Method Statement of Advance Grouting).

5-20



FIRST

DRILL THE HOLE TO
ITS FULL DEPTH,
S8 AND WASH IT.
STAGES
B
THEN
SEAT THE PACKER
AT THE TOP OF
BOTTOM STAGE,
THEN
- WATER TEST THE
BOTTOM BOTTOM STAGE “
STAGE AND GROUT IT. =——T~
= 6 hours
THEN minimum
gy v —_ interval
SEAT THE PACKER
AT THE TOP OF
2 N 2ND BOTTOM
soTTOM — STAGE.
STAGE THEN
b .
gorTOM - \__Ii_"i"" 5 WATER TEST THIS
STAGE ] SR STAGE AND GROUT IT~——
pestes, (FULL OF GROUT) 6 hours
minimum
AND SO ON UNTIL TOP OF HOLE IS REACHED

sUfi 5-16 A3sndnvasway Multi-Sta

v

ge Grouting LWUU Upstage Grouting

fian : Jines(Thailand) Co.,(2018). Grouting for Tunneling and Hydraulic Structures, tona15ULaUD.

FIRST
DRILL THE TOP STAGE.
THEN WASH IT,
U WATER TEST IT,
STASE: GROUT IT,
[ WASH IT OUT.
YSTANDPIPE OR PACKER
AT THE SURFACE) 24 hours
mmimum
interval
THEN i
=1t DRILL THE 2 ND STAGE.
<! |F< THEN WASH IT.  °
ToP | [P SET THE PACKER AT
STAGE
] = THE TOP OF IT,
- (T WATER TEST IT,
- GROUT 1T,
REMOVE PACKER,
280 WASH HOLE OUT.
o (SEAT THE PACKER HERE.
MAKE SURE THAT IT IS NOT
INSIDE THE NEW STAGE-IT
MIGHT COVER SOME CRACKS
IF IT IS). 24 hours
minimum
THEN I
= DRILL THE 3RD STAGE.
~H THEN WASH IT,
smeE | Y SET THE PACKER AT
7] THE TOP OF IT,
Ao WATER TEST IT,
~ GROUT 1T,
o | A REMOVE PACKER,
STAGE S WASH HOLE OUT.
e
pn
24 hours
380 (SEAT THE PACKER HERE mnimam
STAGE AGAIN, MAKE SURE THAT
IT IS NOT INSIDE THF
NEW STAGE).
A

;J‘U‘ﬁ 5-17 359n2nvadNay Multi-Stage Grouting WUU Downstage Grouting

i1 : Jines(Thailand) Co.,(2018). Grouting for Tunneling and Hydraulic Structures, LonasULAUD.
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I3 A aa 1 ) v
LLagvmﬂLUUﬂimVlﬁﬂ']Wﬁim'J‘VlEJ']liJL‘ViﬁJ']zﬁllﬂ‘Uﬂ731511 Packer

(%
o

\Wesaniuldd vseussiudilafuas i lviuinuquits vientdeguitainudneieg WSy ldawnse
AnR3 Packer laogeliuszaninm Suineagldinalla Stand Pipe fieu ielia1unsafinns Packer

a wva A o

Ieiogediuszdnsnin Iae Stand Pipe au1dunisldvie PVC n3e Steel Pipe §35n15U{UR fio viins
gvguANNANANTFRINTERdnveNa enenazdivunaidurugudnatdluginin Stand
Pipe \iieliannsaden Stand Pipe ilumglumquilanzudald viinissndnvesnaulaovesnanas
AlUTuusnanwmIuYedingszwing Stand Pipe Aundivian auLiuvesnay dundueenuii
Unnviaa Weveamaniisndnseu Stand Pipe uisia Fsvhnisiangionenianzvunaduriugudnan

1éinn31 Stand Pipe LieinAudnIuisszesiimun dwandluguil 5-18

JU7 5-18 514 Stand Pipe nsdifiulsifnasuanslaintauss

i : BASF, (2011). Pre Excavation Grouting in Rock Tunneling

waznsdiNgaving winaninssalinelimunzauiunsly Packer wag

Stand Pipe #5usnaaueazldis Pipe Roof Grouting Fatuisnisiieniuiunisviardualanii

Y

(Forepoling) muuuignvesglandnauiiagyinnisynseiinglusalusoudnly

NTunUUUANY (Method Statement) #3udnalaUfuRudnin

1%
o J 1%

WYdualanu

Y

Fanandluguil 5-19 fa Uil 5-22

1 (Advance grouting) USHInAaN81UAUTTERIUST YIS NU.6+480 T4 NY.6+260
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Adv grt

smamiuﬁaauyseﬁ

6+434.5
<20180419 >

£1o st otmal, &

nwmznquldannn‘niﬂumuﬂu (Advance Grouting) 7} . 6+434.500 S 4 MaN ANNAN S AT

<20180420
6+434.5

20180422>
6+431.5

LY U
wyarilankialiod 520 nai. 6+433.000 o 6+431.500

o & s = N T
WaISnEAUaIHANT NN 6+434.500 MM 7 Man A1wAN 9 was linumiluazaawldan

Ul 5-19 usadatyusrmtnuiagag nu.6+434.5 B9 N.6+431.5

& o o a v a

fan : usTm Yy Aowdaumuy 317R USEM A weus 3 Wi 31im USE @unse wulidle3s reutaunud $1in

WaEUS I Wavis nelulad 9710, 19 uns1em (2562). A5deuenasnu Grout NU.1 ASIN 45 & 46 , lenansuiane

Adv grt
TIEI\]‘Iil'hlﬁ’giilﬂNlJﬁldl
6+430
<0n 20180424
On 20180425 >

(Advance g) 71 . 6+430.000 SIHIW 4 WA ANWAN 8 AT

<0n 20180426
On 20180427>

£ '
wizwandonrsoowikigluad (auii 11) awiin 9 e wnlldaudanniilna 250 Fasmai A ( wurBmdnioy

JUT 5-20 $1udndatnyudrmtiuIinge nu.6+430

ian : U3 Yy moudauawi 9110 USEW 91 woud & wiuawuyt $1im USEm awnsn Wulidess roudauaud $1in

WazUTEN Ngws wialulad 17e, 19 uns1Au (2562). A5IdeURNENSNU Grout NU.1 AT 45 & 46 , lenansiiaue
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<0On 20181130
6+232

On 20181201 >
6+230.5

_|

< 0n 20181207
6+229

On 20181209 >
6+226

WAINUBAAADAINANAIINNT (Advance Grouting) 1 nal. 6+229.000

ing) 1 N 6+226.000 WM 4

YmazaIIemou AMAN 6 WA Saw 3 nas linunslnasosildiu WNKI (Advance

4

o

JUN 5-21 9udaRaunyuaantingag na.6+232 , NN.6+230.5,13.6+229 UaL NU.6+226
n U

a

931 : USEN

¢ o o a v a

Yy AOUTALAWY S11R USEW W woud & wiuawuyt $1n USEm anwnse BulieSs roudauaud $in

o

WaEUS W Wawis welulad 9710, 19 un31em (2562). A5adeuenasu Grout NU.1 AT 45 & 46 , lenansuiae.

20180516
6+416.5 - 6+412
dulnsands shotcrete

g) 18w 5,7 uaz 9 wias Tuudaswan

599 N, 6+416.500 719 6+412.000 1ARAY 20 - 30 \TWANAT

374 Cavity Shotcrete Filling 539 nal. 6+416.500 iy 6+412.000

14
]

Ul 5-22 susadninyusraithuiiingng nu.6+416.5 8 nal. 6+412

v

€ o o a v o oa

ian : U3 Yy moudauaws 9110 USEW 91 woud & wiuawuyt $1im USEm awnsn Wulidless roudauaud $in

WazUTEN Wgvs wialulad 17e, 19 uns1Au (2562). i51RdeURNENINU Grout NU.1 AT 45 & 46 , lenansiiiaue.
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v a - 1 2/ a 1 =3 v v 1 N
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9

5-19 §i1 JUN 5-22 Weiinnsaitenanssenuanuiviiuseaniey (nu.1) Ivsinamsldianveway

Y

9
flo YuTwwduay sodium silicate 1uguiuannduandlunisned 5-1
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M1319% 5-1 uaAUSHIMTEAUaINENNINTIEIUANNATIMTaUsEIRBY (NU.1)

i F189UAMNAMEUSTI AU Yudiud sodium silicate
(nu.1) (6) (Bn9)
1 ﬂU.ﬂ%\iﬁ 36 (6 N.W.61 - 7 1.A.61) 88.610 26,499.800
2 ﬂU.ﬂ%\iﬁ 37 (8 1.A.61 -6 13.8.61) 53.376 23,568.000
3 | nu.nadl 38 (7 we61 - 6 wa6l) 105.473 80,044.000
4 | nupsdizo (7 nael -5 Re.61) 191.772 85,321.200
5 ﬂU.ﬂ%ﬁ‘ﬁl 40 (6 §1.8.61 - 5 n.A.61) 81.559 37,226.000
6 | nu.adait 41 (6 a6l - 4 an6l) 73.250 48,670.000
7 | nuesii a2 (5 a6t - 3 ne.60) 43.785 10,140.000
8 ﬂU.ﬂ%ﬁ‘ﬁl 43 (4 n.9.61 - 3 A.A.61) 92.706 19,029.000
9 | nup¥silaa @ np61 - 2 wesl) 65.575 31,250.000

o

3.2) msUfiReudadathyuaiami (Advance Grouting) vaaf3udis
JWUQIMQﬁﬁ\‘]‘IE’]“U'NLLﬂJI\?fﬂ - wainaa dyey1ft 1 nw.6+059

dioliAnaudaaulunisyaudadatiyudiamii (Advance

Grouting) vesfuins fuesumsusiliunazfiBervasussaiinen lddnwuazasaasunsiau
Tuaunuwes fudrsluraeglusddeiusiin - usinag nu.6+059 Faududrsiifueiunsusefiudian
Suilemeuda Teewdumsyinnudlofuil 20 fa 28 Tuew 2562 Tasrousumsyasuln f3uinaidadn
udaamth Sei¥udiagendt Modified Stages Grouting Tasldvia PVC $1uru 3 viefiaauen
unninaify seadluluvguiany ynvioassomesadnuosan Uszneude injuuasaesadnlufiendaing
wiglianisadadnlunauiuunainie uavaznedudu Siicate polymer musyazaTifmus
\Dunsusuldis Multistage Grouting fingUszasd wielfanswan Tanauiuluusavanswazadadlu

viauluuiazyemuanlaegesInsnNgwn Amandlugui 5-23 uag 5UN 5-24
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g‘U‘ﬁ 5-23 Modified Stages Grouting %aasﬁ%’u%’w

fian : Jines(Thailand) Co., Grouting for Tunneling and Hydraulic Structures (2018)

v A

31]17; 5-24 WEASI5N15DNANVDINEN Modified-Stages

[

N3UN 5-24 viedudian (1) iWuvienTvewandudunn uazazdnie

Jusduduusnimeussiuliunnidn welitandadadnluuesliszoznainisnediiiganusesunniiog

Y

Tnduthglusd vilinihglusddariuiuazudaus mndadavemanlugasdeld thyufaglilua
ponufintglusd Rntulszana 3 - 5 il Tedavesmauluvied (2) Fuduviefifvewautudy
Ununans tiogasesunnauAsRuAtsUaesied (1) laudls (3) wasmudnensdnanvesua
Twie?l (3) Faduvieislvesmaututulion uazdasoussiuiiing ielivemavanansadlumasesunn

=

Tildunniian azvinlinisondavemwanamdnduliegediuszdniam

o a 1

ulunisUfuRauaie {Fuinsldve PVC Fegf3uirasenin “ Stand
Pipe” $1u7u 2 i Usznaude viedu Sarmeniuszan 2 - 3 Wes uazviesm 1A1NE11 6 NS
aonuinlulumauiléiangliuds anudn 12 wes nduasshnsdadatyuuaslnfeouddinadi il
visumnenafululsllanzianzas 1wy 1 vie deffumesadavesnauiios 1 ey Feiigndesmisee 2 ae

fo 1 vio faandlugun 5-25 uasd5uineladndn sodium silicate Tuvies 1 @Eunsdsuandlugun 5-26)

Y
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warldlanziudndaluviodu FERudsuanslusui 5-26) dwaliianndndadnlunauiuuwaiiin

msnesuusSilicate polymer aaduneluvau Eduiduandlugui 5-26)

Line Sodium Silicate
Line Cement Grout

" Tunnel Fare

[r_Cement Cap/Cement Pack

Line Cement Grout
Line Sodiurn Silicate

ol Face

o~ ¥ : o vy v : 8 :
msamaﬂuﬂumwmmaaasumﬂiﬂwa PVC viodullasvag

5UN 5-25 N13601i0dnRnvanaunuUuRIuaevegiuldng

Line Cement Grout

Line Sodium Silicate

Cement Cap/Cement Pack

Tunnel Face

Tunnel Face

5UN 5-26 N199ARUYRIENSHENNETUNRNEARAYDINEY

A a Ao A o oa v 1 v o § v v a
LN@WQWim’]ﬁWL‘WCﬂW?ﬁ@]Lll@E]ﬂ@ﬂLGU']VLU"L&JNauﬂumﬂaqﬂaqﬂ'm'ﬂﬁﬂﬂqu@ﬂﬁﬂ

Yosuaw (Grouting) lidn5a Wuwaunannisldvie PVC aesvieuigeadnluviliaiuaudndiu

sevinhyuiuudiulafenddneilaen vewaunsasriinauiuneusadisesunnvsaging

a d{l 1 1 3 L U = 5 a o aaa
YDIUU LUBIINNUanene PVC NBUAULASYNIDYNIINU 2 09 3 LUn9 ﬂ@QNﬁNWQﬁ@Q%UWQSﬂWUQﬂiEﬂ

% ! 1 gj PN % v % 14 a LS (Y ! A (%
ﬂuL@WW%UNﬁUUL‘VI’]uu‘VIQﬂBWL%WIUQUNGNﬂUIW LLaSﬂimmamimmiqmmﬂuwa PVC LUD2nUDINEN

Wl vieazuanihliasnanlnaniusesunn vedoundueanu1angane (Grout Leakage)

auandlugui 5-27 dawaliudadevewanlidnsa ldawnsadadadilumusesunnvesiuniuils
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Aulvagueeninld lnsamzegngmnnausadauiyuaimiinuisangd naniunsluaniniild
Aulnawss n1sdndavesnanazlidnsadudlng Bamnanvesiuiezmnaumnldaniunis

o

aaa

lunsilvesnaudivhuiAsendn (slow setting mix) wazluaninussiuildfud (low ground
water pressure) waziisnsnslavenildauldunn (low eroundwater flow rate) siaiiidadaung
FButRvesiuindiaey fe fFuieinmudlaiiaainndeuinnislive PVC 2 vieuaoatnluly
quiddsdnvesnamdilulurie 1U38 Stand Pipe mmdlafinaiaindouiidudnanvemisiinng

o v a Y Y 1o & = 1 a a
mmuamamaﬂNamaqmumﬂumLssamaluuﬂszammw

JUN 5-27 vewauidndalviadousanuusians nu.6+059

UyymsuiRauda@eminyuaimti (Advance Grouting) wWuu Modified

Stages Grouting ¥a4K5UTBNUTENNT PR LielieansinavasinlarudLILLN J5Udnaiennis

1Y

dndnansiadl Ae sodium silicate AuissUsziniies Tnglinauduinyu Fadudnanvamils
AUTu0U sodium silicate WoUURMUATI 2zuNNIUTUUAINE YN Nan1TUSURY

v A

ARAYBIHAL NY.6+059 YBIKTUIRManTlUTUN 5-28
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wdnglusn GW= 100 Umin

25/3/62 (D)
GW= 3 Umin

; 25/3/62 (D) Y 25/3/62 (D) \K
@ W- 15 Umip wi¥a Grout uwa GWe 130 U @
Wia Grout ume e Grout ums

25/3/62 (D) 25/3/62 (D)
@ Gw= 30 Umip e A9 GW= 60 Umin
Wil Grout uwd Interrupted (Overtake) .

25/3/62 (D) 25/3/62 (D)
GW= 50 /mip GW= 230 /min
W& Grout Wwd Interrupted

(Take)

NH.6+059

-uUEENsE O@EOE® @ lydmuau Advance Grout
-MRUEMNBIETAIE © @ lydmiunsiaaeu (Check hole) 41U Advance Grout

%
v v o

JUUM 5-28 Usunanhladudiedsudnednanuiyuaant nu.6+059

U

mﬂgﬂﬁ 5-28 LLaqumngLﬁav‘hmué’mam%gumwﬁﬁ (Advance
Grouting) Insusnamaduilsinsuasfuuuvesnuynszilnglasd nu.6+059 vauil 3, 6, 1 uag 5
defidlgnulnasanunsiuausening 15 - 50 anseeunit wievins Advance Grouting udlému
laflvapenusouraieninnusnanvesnandnsa druvsinudiuiavanleaun vi'q:uﬁ 2,7 way 4
fusnanhldnulwasenununn Ussana 60 - 230 anssewnil e Advance Grouting udatlgau
gyasluananininn ﬁl,ﬁawqmﬁ 2 s?famié’mﬁmaawauéwL%LLawqﬂﬁﬂé’ a'awquﬁ 4 uag 7 NI9RAA
yoswanlaldnsa WownUSinamemaniisndniiunit 3,000 ans (Over Take) F99INYANITINEN
LLazLﬁaLa}'}wqmmwaaU (Check hole) quﬁ 8,9,10 uag 11 Aiganqu 10 flainutin winay 8, 9

[
Y

waz 10 wuihldaulwasonunuSunaman fedu 91w Advance Grouting nu.6+059 3<lalanunse
AuauUsInilFAuTlvasenuld uariifanuosnaugaidsoonun dosdnidunsudlunisdnia
(BNAGHRIRY
5.1.3 nsui ety

Mnan i uagnsne Tinseideyasiie Mifeates fuesunsuszidu
Tugruefdrnemsdriinnuieairsvaussmusnalugii 1 uazUszsrunmznssunIasIansinsle
MNasHusiun s latyn mudSUR

1) mUiulgeisURTRnuSadatauamth (Advance Grouting)

2) nmsuitelgyrinisidenisufuRnudadavesnan (Grouting) kazN157979
TUTInau mitfﬁthJ@uéuamua”ﬁaﬂﬁm”umwﬁw (Advance Grouting) LLﬁzﬂﬂuﬁﬂaﬂﬁ’]ﬂUULﬁuﬂmﬂ’]W

178a%u (Consolidation Grouting)
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NN Anseiteyaiinettewiwmunlagiguesunisussdiulauideyamn

Y
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o 1 v o

wilulgmlaen1suiul ity uRnudadnunyuaiin (Advance Grouting) veefsudnsneuiu

Y

[y

aeuwsn Wenguesumsusediuiiansand JyminedesiunisiaenisuiiRnudenveway

o

v
a o

(Grouting) WazN1395IIAUTIAU N1sTnAeRuesUdndat1yuatamt (Advance Grouting)
wazudadayuiinnuninuiaiiu (Consolidation Grouting) Aisimauily azdnialdsmenisuile

YV Y

Uaymn1sU5udgaasujuRaudadainyuarmiliudasaneu lneaziunistigligsudnsanunse

G
UftRudadamiyudrmiilfedsiivssaninm annsgadetan dwwadealddefianaswos]
Fuan9 wazazglilgminisidenisufiRnuuasnisasiainliuiaanu n1sidndiesu asuns
uiladsanudaiau avmnsands wagldfunisseuuannninesndetu Fauinanaradladis
nénURtRuarssanduniirmunnudyg iuATRmuudionadisa Syeandendail
5131 meliulsARURURmMSABmimjuamii (Advance Grouting)

n13U¥UU5eIsUR TR udadnthyualani (Advance Grouting)
fuosumsusziiunasifonasnussaivevesiivinwauauay lvaasdasnsudlunisiay
Tuv2s na1.6+059 Aigamsdigmmsdanaiildfuuinameuilamesurassdaglusd Tgluras
N11.6+059 Feanmssainelsld fuiiuinvaulsiudsusedsld Stand Pipe Fadusie PVC $1uam 1 vie
wdrdndnthyuuaz sodium silicate Fefiansvosnaunsnuiazaslinaufuiivasaisnouuddn
luluvie Stand Pipe nadivquitithaunnléld Packer luusiastasvosmquians da¥udnaldis

Mechanic Packer ka¢ Pneumatic Packer MsuUsuUssisufjiinusadainuatmiivaandugun 5-29
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n13aan Paker 19713 Stand Pipe

Ul 5-29 n15UFUU5eIBURURIY Advance Grouting ny.6+059

Lﬁ'avl,éfmaaw%"uﬂqqmiﬁ’mmé’maﬂfwgumwﬁw (Advance grouting)
Tut29 NX.6+059 Tngldta Stand Pipe, Mechanic Packer &g Pneumatic Packer anu@Anulnunea
YasaNLLAZ11 B9 Mechanic Packer winzdwisunsinsdlumaudilaidnnn waldusseilunisu
el Packer veesaBonfinlumau n3dinisld Pneumatic Packer avanusofnsidluviquiianls way
aildussaulunsnyuusilfauvdothdels Packer ve18d Tgannisusuussnsufoiaau e
n138adminyudremtaded 2 (Secondary Stage) hlvildAulunguaneynvay andiaglnasenu
1nUsELNN 60 - 230 AnsFauniianatauuis JsvazBnismsuuussadalneliaeviovena
wonanfulaenaaesldfunguil 1, 2, 5 way 6 Usingimdinssadavesnanaiuisasiiunis

o - g v v . [ ~ v a o @ goj v
mwwq@uﬂm waznnaesld Machanic packer AUAQUN 3 ﬂ’]i@@ﬁ@‘ﬂ@ﬂ&lﬁmaqLi‘\]LLaz‘VIQWU’]‘lﬂ
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a

! L ! = < o
LWUNY @Ungu 4 tdunqunidsunaun

laauuIndnvisuinnguite 39vn1sfings Stand Pipe

Ingldduamaniiieliuinuauiaiuiues 8nvisdslaneasdld Pneumatic Packer Angisfinaudn

3 s Ylinsondnvemandauazreminlinuwandlugui 5-30

v«é‘qmq'[mé GW= 30 - 50 U/min

ADVS6059-3
6m

ADVS6059-5

ADVS6059-1
6m

PVC Grout Pipe

f19U = 25 Umin

Wda = 0 /min
Vol. w/c = 264 1. (0.7)
Vol.w/s =351 (1)

Mechanic Packer
nau = 25 U/min
W& = 0 I/min

Vol. w/c = 401 . (0.6)
Vol. w/s = 221 L (1:1)

ADVS6059-6
12m

®

PVC Grout Pipe

nau = 40 /min

wie = 0 Vmin
Vol. w/c = 81 L. (0.6)

Vol. w/c = 414 L. (0.6)
Vol w/s = -

12m

®

PVC Grout Pipe
nau = 0 /min
was = 0 Umin

PVC Grout Pipe

noy = 20 Umin

&1 = 0 Umin
Vol. w/c = 293 L. (0.6)
Vol. w/s =36 L. (2:1)/::

ADVS6059-4
@
Nuemetic Packer + PVC
Casing (Stand Pipe)

nau = 86 min
#da = 0 Umin

Vol w/s = 63 L(1:1)

Vol w/c = 638 L (0.6)

Vol w/s = 345 L. (1:1)

NH.6+059
g‘dﬁ 5-30 wan13U3uU§e Advance Grouting ASadl 2 (Secondary Stage) nu.6+059

nNan15UTuUTINsUUReuaImin (Advance Grouting) H¥a3un1s
UizLijuVLﬁLﬁummﬁwﬁ@um%%’uﬂqﬁ%ﬂﬁﬁ’amué’mamﬁwmmau (Grouting) Hielannsaudletam
msviruesdfuddliivssansamunndy Fdnutuuisniivinnmuunudaliinmeusds
UtRmanusndnvessaudniunsnoairsglusddeinglotuil 30 nquniau 2562 Tasddidemngy
frussAinnnsuvaUsEnIu wasdiieivgiussdanuisniuinwmunuanu Wugussesuayiln
UftRnunaauisifunisldiaiesiienudadaveanay nseusuadinansadungudiegig
UsznousmeiimihfivesdiinauneaiiswaUssmusunelugd 1 Usmiuinnmuaunu uazgFuing
mudaa%qu‘[mﬁdmfﬂLLazmmiﬂizﬂaU F2auiEn - w2 duendl 1 U3 Bendeulne Andevnms

[

110 (W91vw) Fwudsyanm 50 au vazBuaduandluzun 5-31 fagun 5-34 nedlalaniiiunis
aUIBUURNsWED Jresunsusadiulaudsisudnaiulssnmsuf URnudadavemeauniuniuii

v o 9 a a o oy
SU@\TQLGUEJ'JGU']QJJQ']Uﬁim lli']EJagL@U@WW@JMUQﬁ@IUﬂWﬂNUUﬂ d.
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5UN 5-32 M5UTTENM MO BYN150UTUBUHUANNTNUINANVBINEY (5D)
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5U# 5-34 m1seusu@isUguRnsAAEuY (da)
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WelasunseusuFudnslausulianisujiRaudadaiiyuaimiiniends
INN15191¥d1599829111 (Probe ahead) wdasanarnuilaauluusununngg lneldisisenin

Modified Grout pipe method (Casing, Mechanic Packer and Grout pipe Method) ALaAILLALEN

(%
v A

sUN 5-35 Ts51eazLdunnail

Y

n3al A MsianznqudTIvaminudesndt 50 ansreunil aziEenioonRn
YDINAUAAI8AUTS Upstage Grouting AD LA1¥ASTILABIIUDITZAUAINNENTIABINITONRAVDINEL
wililafnes dadaainAunguiunilinvay agiin1sines Packer MUINnaY WaIEnEnvaInay

Fauwvegesladn 3 nsdl

nsal A-1 nwuttesndn 50 anseeunil kazUINviauseuausannes Packer
Unuaula 14 Packer aunaiduruAugnad 76 fadiuns wdwinsdndnveay
nsal A-2 wuidesndt 50 Anssieunil wavUinuquiavselisey lawise
fneia Packer laf 3914 Casing 1Wuvie PVC vunadunuaugnans 2 §3 e1iuszann 2 wns donwdily
wauuazld Water plug cement 9afit04319581319918 PVC wagntiavgueang anidnluuseana 30 - 40
a a v A O . a o ' YRS o o o
wURlAS Welvin1siiane Casing PVC danusupanusowssnuiiiazissdunlylun1sendnvesnay

dnnsdudunistesiuvewanluassn (Grout Leakage) 1 mauinugu &9.un1s Modified Stand

Pipe 9431038113911 Stand Pipe 980841110113 Grout 484314581314 Stand Pipe WAzt NaLLNL

lidsnatlivemanudet Wefnas Casing PVC udanasa 914 Packer vwimidunugudnans 49

HaBWAT WAIFIYINNITONRAUDINAL
N8 A-3 ARNENIA A-2 WALANAINE1IBY Casing PVC muanudniilanglae
SOULANUTIUILARAY

ad v a

n3il B magvaudisnaamtwutannndi 50 Ansrewdl anidonizsnda
YOINEAUWUU Downstage Grouting arnauuenidinuly lnsuvinisianzuazsnanveswauidugaeg
manemss (Multi-stage) mm’faagamiLmzﬁﬁwmmﬁﬁﬁwammﬁﬂﬁﬁiaaLmﬂm’muazfﬂﬁaumn
uazRnRs Packer fiunnvay udidndnveskan wnfideutinnanzuassndavomamndutim nanenss
ielnsaunuuaznsdndaudazdaelivssdnsam lidasdunisidensnsdiun auvesvanay
wsauililunsdndndiuusstuilituluusiazas Snidsannsnniuaunmsivanen (Leak) vadud
vl Fautsgeslddn 2 nadl

n3dl B-1 nuthanndn 50 Anssewnil MauNusIIuTiide 1S W3
Wzngulifedaaiidmunly wazfinda Packer iUnugy wadndnvosnay ntufislflvivosnay
wiei udishmanenqudnauidulildeudninnuiidmualy uasuasfinds Packer fiunnvau

LAIDARAVDINEL
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NS B-2 AA18NSM B-1 kAdzAavia PVC 1 lUauAIuaniiangtaasagwmn

(%
o

vioulanu uarduluannisiieniaves Mixed senirsinyuuay sodium silicate Tivosmanduiu
el munailarual

I
U ISl

iansdl B-1 uag B-2 winuquiaviseldiseu liaiunsofings Packer 19 fosld

(%
(Y 1

Casing PVC Anslanau 1on15Ansagulfeniunsal A-2

Advance grout
States Grouting
Downstage with Packer and via Grout MPacker 76 1.~ Mechank packes

| nsod B

SO\ ] A TiRew 0 Ui

P dunant S0L/mn.

v | 3
Ahomantin MPacker 76 w14 —  Pyoasida Packer 76 i Wilh 1.1 Packer Downstage 2 Vs wamvagrout  Lausa o PVC du Packer 76 um.
T Caning PVC 2 §3 wadl) Packer 49 un
2. MPackes 76 wai

Casing PvC 2 61 1360 A s .A.le 76 16 e IMLM 2 V6
| nsai B-1 E nsai B-2

Stage | l Stage 1
Caning PYC 2

5U# 5-35 Modified Grout Pipe Method
fiun : U3t Benideulve Andeuuiud $1in (W), (2019). MuSAdaveINaNEWT (Advance Grouting),

wAENTULEUS.

v Y aa

f51uazid8af19819n15U TRV TUINNAIUTT Modified Grout Pipe
LANISIYALLDEAINBLEUINUDADAVDINANAIINUITIG NU.5+960 AawanatusUN 5-37 haznNIN

Y

Modified Grout Pipe Method wasf3uinadauansluguil 5-36 uwaygud 5-38
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wnuau Advance Grout afovi 4 idaudiquiau 2562

(1) Sta.Face 5+960.0 a1awioufaouiuvi 22-6-62
Lol bl
\
-..l_.__ = e R— E-—';ob:nzﬁxs:__
Probe adudaly

Grout adatl 16.0 Lums

f—t |t

P—

5+928 5+932 54936 5+940 5+944 5+948 5+952 54956 5+960 5+964 54968 5+972 Face 5+960.0
@ Primary 10

Grout wuu Downstage grout Tasiaizguuia Dia.76 wi. Pakceruuia 76 uu.
¥inn1s Grout first stage A u&n 6-8 was au completed

¥inn1s Grout second stage ¥ia2u&n 16 a3 au completed

¥i1n13 Grout autBinanhaam&aau Method stagement

vinnsiila Full face ea'ladn 12 wias au Class support

vi1n1s Probe afsaluii 5+948 ilaanasavBinaniuiiansusnu Grout aa'll
WiNnowme : @rumbiuarinmunauiaizatadiunldouldaiutanaainnis Probe ahead

O HWN =

U7l 5-36 wauY Advance Grouting N¥.5+960

v

N e

an : USEN dnLdsulne AndeUluun 3R Wivw), (2019). USRAAYBINENAIEN (Advance Grouting),

waaTULEUS.

gﬂﬁ 5-37 Casing, Mechanic Packer and Grout Pipe Method

- usEn Bnideulve Andeuiuud 9109 (W), (2019). USAAAUBINENGIIMLN (Advance Grouting),

ONANSTULED.
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g‘dﬁ 5-38 Casing, Mechanic Packer and Grout Pipe Method (#8)

fiun : U3tw Benideulve Andeuuimd $1im (W), (2019). NudnBnveNaamt (Advance Grouting),
lenasUILEUD
HagtugsuilduiiRmusadminudmihmaismedandogaeiios Vil
nudndavesmauiidnsanuduianniuldnavhautesas dwalisnsnsivavesiléfiudhun
Tugladfiyaszidaudnanas msynszidnglusduaznszuaunsiaueusiung (Support) AuanIniiu
megmdanmsyaszidaannsadiiunuldlagliiadn fansanldainnsmi 5-1uagnsmd 5-2 Jauang

TayanuimivesnuyaseidaglusAdainlandediuasingiinudunaumieg a1us1891u

AMUNMIUTNUSEI AU (NU.1) ASIN 50 D9 52
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o

=

— e o o o e o .
w

rogress (m)

|_P
I
1

6+0561
12hold/7day

72 Wb,
4 we.
6 Ly,

N3N 5-1 uansanuivineuyassidnglusddaidaniian ausigauanuitmitlszdnaeu (nu.1) AN 50-52

il el |

|
& -y B Progress B Advance Grouting
- =3 B Support o Inveri I
~ ™M e q .S SUPPOT nver
U = o o~ ) I
<@ o
o] = s T S = = >
faa) o © = - S O o T = I
. 8 £ = =] = + = g 'o = o
i gy L o =] & o~ £ - i = >
= o — ¥ o N @ P = ad |
S ™ = > S35 I ofg N S a8
2L 5 ‘® + Ll = 5 QU2 = O ~N L a =5 |
@ ™~ 3 ° o o O N — = A 0 O N~ O o 2 o
= S o @ e 9 A=) o < AR Q O K |
2 S a0 - s 5 n + O x e : £ X
~ =0 o : U N 5 N NS al 1
2] O 5 @]
- e = === — _-_"_?02_ — E S — - S 1 _1.§_
= g " L = @
) = (= JE) =
@ e + @ o=
- (=] o O o L=
- = Qo @
o - o®
(NENENEERE N n e 1 i EEERENENERENERE i A 1 i AR RENE (NEN AR S ’l iz 2
2 2 2 8 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ € € € € € € € & & € €& € € € € FI LI PP DD DD 5 =3 =3 3 3
g3 g F I F a4 3 A rE e E EREEE B RO ciEee el et gy
ST eI gREgt TR S8 2RIAILE 8, R R R L i - [ i f{)
-~ s - ‘\,\ —~ N
nu.50 flu.51 u.52
Min. Brogress =0 myday _ _ _ e Swnaisdawdor - mmy (YD Louesisd i e ey
j Max. Progress = 3 m/day _! | Max. Progress = 4 m/day 1 I Max. Progress = 6 m/day 1
N N N N N N N S S ———— Lo R R N N N RSN B N RS S S
Avg. Progress = 0.650 m/day Avg. Progress = 1.267 m/day Avg. Progress = 1.760 m/day
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Progress(m)

NN 5-2 waAIAMUA1IMTIUYRTHUng lueAdIunH gl ans1euaNinIninuszaneey (nU.1) AN 50-52

\]
-q

L] w

—

-+

2

Y.

- - ETTETR

52.

NI
~

1

184y, e

Ll

Gy, m—

2843y, e——
0431 v *
LI
N e |

HAUIINT 50-52 glusdtkinetin

[ H{TIC

_1.
@
B
o

W Progress

W invert

B Advance gount
M Supgot  _

Il

@ " a8 a8 @ @ € € € € £EE€ €€ €€« €4 8 3 3 39 @SS FS3S @S
3 3 3 3 3 3 LP 3= S~ S S~ S S - S~ S~ S - S~ S S - O~
3 333 3 % e 7 rEE% L T L . AR . A A ‘.".‘.....“;“‘.k D 0
. ~ « - = - |~d~
\omgf_‘lgg clg}rlg «\Aﬁmm' :QﬂLEc.ﬂﬂ%.?i?\""‘m’ 02-*-—- Mat‘l(l.\:‘-
mu.50 nusl nu.52

Min. Pgress =0 m/dax

| M= Progress = 3.6m/day _ _ |
Avg. Progress = 1.687 m/day

Min. Pregress =0 m/’da)_

p o o e e e
e e I e ]
Avg. Progress = 1.297 m/day
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Min. Prgress =0 m."’dax

I M=o Progress = 25m/day |

Avg. Progress = 1.463 m/day




5.1.3.2 mawdlutgymmaidensuiuiRanudadavesay (Grouting) waz
UgymuSunasanu marﬁmﬁsﬁumawuﬁmamﬂqumawﬁw (Advance Grouting)
1) mawltagnmadenisufiRnudedavassey (Grouting
waduiilessudndnihyudianii (Advance Grouting)
1uqimﬁdaﬁf’jﬂszifmt,m3’m - wilnae Ay 1 U%L’JmmqaaméNLﬁUﬁﬂﬁaaLmﬂizajM uonwilleantlying

v A

UfURNuves §5uiwa laiindaminisidenisufuiRnudndnvesway (Grouting) 5eninaudndn

Wuaemin (Advance Grouting) uaraudaaauYuisAMA LA (Consolidation Grouting)

v
a = 4

FuAnTuangFuinfiansanseazdenvesdynludiuvedionasuuurinedyy) suin 2 919013
swazndendiuimnsn undl 13 4o 13.2.4 (5) Mudndntyuifinaaamuiadiu (Consolidation
Grouting) LagIUSNAAYBINENAIINLN (Advance Grouting) é’auamﬂugﬂﬁ 5-8 UWANM19AINNIT
finsanvesiivinumuguauasannIsuNsaTINssulssiudeden fil

- M3 Advance Grouting iewfinAanundsusivasuadiu
U3nuduntield vialeannisinadnanluslusdveshlnu

- M15%1 Consolidation Grouting ¥4#usaU* glueAnaIaN
AndamareuniniFousosud Wefiuaunimuesnaiuiiogsouy glusd

- Msvi Consolidation Grouting U3naufiuiineadslasens
mufigeuaNnuYestItatug

Taedemnudneiu suifesunsusediuldfne Jinsies
%’auﬂamﬂLaﬂmil,'ﬁlauimawﬁaﬁmumaaé’@ﬁm IpiaguUszAud1Ayuesanu Advance Grouting uaw
Consolidation Groutingiade 2.2.1) Fafiansan 1 Hu fuesunsuseidiu AUSnwimuauuLa
ANIENTIUNIATI9NT3S L R91581 “nsvi Consolidation Grouting UShaufiufineadidlasenns
muTigeuaNnuYesieimun” Aeudnalaginuiilévic Advance Grouting #15auda usinmwy
Snailiusnnunnlumsynssdngbidvas (Round) sl Suflnanwlafions a1ansneysiAlif
197U Consolidation Grouting feufindssuanreunia (Lineing) I Tuegdfunisiatsanves

U

HAUANATUVBIIIN

o Y

nyelfgsudelaniansandnyisvesuyaseiinglusdd

¥
o o <

v Y a . Y & o ro & Vo N3 g va A
A5UTREuNSaIU Advance Grouting U&7 (3dnsauazlidnsa) widsmdunlafulnasenun el

n38adavesnandionsatih Fadunisviheu Consolidation Grouting foufindauainaeunin
wazveldnArudinisfiansanvesfuinednan uazlilymanyssnsiieadosiuimany Ae
sodium silicate TuluudaUsuasuiazs1an (Bill of Quantity , B.0.Q.) sudeyay Tuiidasianis
14 Advance Grouting leldufiRnuatainninTmamunudayyiun Imaﬁﬁ%’uéﬁﬂﬁiﬁz’f sodium
silicate #113518N1597U Advance Grouting Tun1sUfuRulazseauaIusuunasuaINiImed

Uszdiiounn 30 Ju (nU.1) Asan 44 1Tudnwiusinarauunds 374,120 ans a1nUsunamudya
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o

fduauiiss 105,760 ang Wunnd@yansiui 268,360 ans Antdulssanu 354% iguainusuim

>

audyey FeansdidymunuinwaruanukarAuEnIIUN1IRTIINTTIe Tl sudneseau

=

314 sodium silicate sudisianuamanvan Aeyudwunlilisigausisuiuwiaglduiinnuase

[ (%
Y v

AUTIBUAUAINEIUTETNRDUY (NU.1) AILAASIN 45 (3 WeATNI8Y 2561 89 2 SwinAu 2561)
uiniounguaiau 2562 uazliladndreauianueauviy 2 $19n135AUATIaAB1AUIN

Mgl TEdunusI891UuANUAIMTNUTEIRBY (NU.1) AT 36 IURLABUNGYAIAN 2562

Tneidledvasunisuseiiu laiansanuazasivasu Yeym

(% =~

Aanana damendidyan Ae Jyninisujuaaiudaininyuaianta (Advance

] q >

=

Grouting) ¥83f5udslidUsgAnSamviateninnudaidnvemanlidnia Fuintunnsdidnda

v A =

voswaudlududuunnudanuduliddanaeinisugndada waznsdivieo grout gasuLiiniieg
vosnaulnasenu (leak) nnisains 2 1uannglig3uiisgaidovosman nsianiy sodium
silicate Wudnnusnn Tnedlefvesumsussdiuldsndunsuluviuusnmsuiifnueesgiuing lu
19 5.1.3 udd Feladarimnsindieuiisuusuiunislddanguenay Ao sodium silicate waz
YuBiuusd $1811501U Advance Grouting iusiiaunastsaensafiutiviowsiszdy (nu.1 s 30)
uffouliguIeY 2562 (NU.1 psdi 52) WiefansanyTinanuiouazndsnsuiulsam s
Advance Grouting ¥8353uing fauandlunsedl 5-2 wazdmimsanansuiinunuiazuinuild
sodium silicate 97U Advance Grouting lkag Consolidation Grouting ﬁizqﬁﬁmumm’lamu

¥ Y a L

81979 - 99nNLUU WIBUBUAUUTIANRTUIelE95e denanslunisien 5-3 tieunladgnd

kY

N138anIsUURNUSNAAYBINENTDIIU Advance Grouting kag Consolidation Grouting
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M13197 5-2 USunaudanuanaae1y Advance Grouting fiaunazndsusulgenisufuneu

o
N

s

euanufimiusdnfey | Yuduud () Sodium Silicate U8R
(nu.1) (Bn9)

1| nu.adsdl 30 (10 4.0.60 - 8 n.8.60) 29:597 4,460.00
2 | nu.adait 31 9 n.6.60 - 8 7.0.60) 114.880 4,765.00
3 | nu.adedt 32 (9 9.A.60 - 7 W.8.60) 38.127 -
a | nu.adait 33 (8 W.8.60 - 7 5.0.60) 10.326 -
5 | nu.edadi 34 (8 5.0.60 - 6 1.A.61) 61.563 2,267.00
6 | nu.adait 35 (7 wa6l - 5 N6l 13.215 -
7 | nuaded 36 (6 nw6l - 7 2.0.61) 88.610 26,499.80 BuaonsneuiUsyy
8 | nu.adeil 37 (8 fla6l - 6 w.e61) 53.376 23,568.00 UESORELRRRIERIEEREY
9 | nu.ndait 38 (7 w.e.61 - 6 WA.61) 105.473 80,044.00 LRNGRUEU RIS IEER Y
10 | nu.asdl 39 (7 wa6l - 5 8.0.61) 191.772 85,321.20 reaensheiUsEeY
11 | nu.nsil 40 (6 2661 - 5 n.A61) 81.559 37,226.00 LRNCRLRRRIERIEER Y
12 | nuadsdl a1 (6 n.a61 - 4 4.0.61) 73.250 48,670.00 LENGRLRURITERIEEREY
13 | nu.adait 42 (5 a6l - 3 ne.6l) 43.785 10,140.00 LEACRELRIRIERIEER Y
14 | nuasil 43 (4 n.o.61 - 3 n.e.61) 92.706 19,029.00 aenr U ULUTEIY
15 | nu.adeit 44 (@ n.A61 - 2 n8.61) 65.575 31,250.00 QR RITGRERIERIEEREY
16 | nu.adedl 45 (3 we.61 - 2 5.0.61) (20.614) (39,568.80) Hold U3snausnu
17 ﬂ‘U.ﬂ%ﬂ‘ﬁ‘ 46 (3 5.a.61 — 1 1.A.62) (32.154) (32,863.80) Hold USsnausnu
18 | nu.asfl 47 (2 w62 - 31 1.6.62) - ; ifimsvieu
19 | nu.adedt 48 (1 nn62 - 2 La.62) 38.991 3,490 Consolidation Grouting
20 | nu.addl 49 (3 iLa62 - 1 10.0.62) (11.052) (2,057.70) Hold U3y
21 ﬂ‘U.ﬂ%ﬂﬁ 50 (2 1.8.62 — 1 W.A.62) (17.258) (2,811.60) Hold USsnausnu
22 | nuaddl 512 na62 - 31 nA62) (8.062) (297.30) Hold U3anasenu
23 | nu.adait 52 (1 fle.62 - 30 fe.62) | 121.069 (31.929) | 1,193.656 (507.594)

wnewe 1. favluindu () Aunsfeuiinanuianvemwaniivhaswsldldssnumuiuuresy nu.l

2. favdnn Ao favUsunaesnaunsenulusuunesy nu.1
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M1919% 5-3  waAUTNUnslY Sodium Silicate M131518971UE1599-20NWUY WASUSLIUTE

FudeldUUReua39 91U Advance Grouting waz Consolidation Grouting

Chainage (Sta.)

USNIUMINTIBITUEI5IV-DBNIUY

JSuanumuildass

Advance Grout

Consolidation Grout

Advance Grout

Consolidation Grout

From to (wns) (was) (was) (tun3)
0+050 0+100 10 55
0+100 0+500 - 40
0+500 0+550 10 5
04550 0+900 - 40
04900 0+950 10 25
0+950 1+100 - 15
1+100 1+150 10 5
1+150 14250 - 10
1+250 1+300 10 5
1+300 14700 - 40
1+700 1+750 10 5
1+750 1+950 - 20
1+950 2+000 10 5
24000 2+350 - 35
2+350 2+400 10 5
2+400 2+500 - 10
2+500 24550 10 5
2+550 2+850 - 35
2+850 2+900 10 5
2+900 3+050 - 15
3+050 3+100 10 5
3+100 3+250 - 15
3+250 3+300 10 5
3+300 3+500 - 15
3+500 3+550 10 50
34550 3+850 - 30
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Chainage (Sta.)

USNIEUAINTIBITUEITI-00NIUY

YSuraumunlydass

Advance Grout

Consolidation Grout

Advance Grout

Consolidation Grout

From to (buns) (uns) (uns) (bun13)
34850 | 3+900 10 5
34900 | 4+100 . 20
4+100 4+150 10 5
4+150 4+300 - 15
4+300 4+350 10 5
44350 | G+550 . 20
4+550 4+650 20 10
4+650 5+000 - 35
54000 | 5+150 30 35
5+150 5+950 - 80
54950 | 6+000 10 5
6+000 6+250 - 25 909 20
6+250 | 6+500 50 25 2,357 20
6+500 | 6+700 . 20
6+700 11+400 1,980 1625 45
11+400 11+450 - 5
11+450 11+500 10 5
11+500 11+900 - 40
11+900 11+950 10 5
11+950 12+500 - 55

iy 2270 2540

95197 5-2 wandliiiiudnUiinansly sodium silicate anasniendasuyzenis
UfURa1u Advance Grouting ag1aiiulddn Laga1nm191ei 5-3 1unisuansuiiauiiaa

dududeeir Advance Grouting ag Consolidation Grouting FalufiunesnisAuInUIINUIY

Mdeyey WguiuUIINNE

[

FUeUURuRIe

2) msunlalymusunnuy madndeturesudadatiyu

a2t (Advance Grouting) dmsulsziiudamnisnsiniadsuinanu waznsilnieTanaisiad

sodium silicate 11 Advance Grouting Tuu3afigniiunsuudivsiaaentius1u vy
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Avy v

Auesunmsussidiulannnsanlususesduivesndnuagdming sodium silicate N5udneglusAan

Y

=

W3R - Wi Fyeyrd 1 UEn Bnidenlne Andelund 31ie @vnvw) dnld@simming sodium

[y [

silicate filo US¥W Baisuddng d1An Asuanslugui 5-39

& U3En daisudaing e
EASTERN SILICATE COMPANY LIMITED
PRODUCT CERTIFICATION
CODE : SL-34A
CHEMICAL NAME ¢ Sodium Silicate Liquid 3.4 Mole Type A
We certify that above mentioned chemical specification is as follows :
CHARACTERISTICS SPECIFICATION
Appearance : Slightly Grey Liquid
Na,0 , % : 9.0 - 10.0
Si0, , % : 28.0 - 30.0
Mole Ratio : 30-32
$G./30°C : 1.38 - 1.41
Baume ' : 40 min,
Viscosity, cps H 200 max
MO~
Prepared By \_}2 Cisoiaioviaise. IO B ctoban s msachasiascisivesiond
Chief of QC ROM / PG
Date .20-01:14, Date 20201514

ESL-F-QC-11/02

5UN 5-39 TluSusasudinvesindnuazdnniieg Sodium Silicate

v
= °

AU nsuYaUsEIU USE Bnndeulneg Andeuiuug 310n W), (2562).35n1saduanusnantiiyu

kY

Lﬁuﬂmmwmaﬁu (Method of Statement of Consolidation Grouting).

puildfnw Tinseinnsguniskdn/dmine uavdeya
palususesdumaeagndn sodium silicate muade 2.4.3) Aauandluguil 5-39 Tufusesdud
YBIUTIN DaLiisuTaing 91ia uansdrdrdglunisiiansanulasarusuna sodium silicate Tugy
voumalnduusunauis Ao mole ratio 3.0 - 3.2, Na,0 9 - 10% Wwaz SiO, 28 - 30% wWiefla %
984 SI0, Uar Na,O launsaud 3slusnududesdda mole ratio lun1sfuia fatu dndu

4” . ar. 4 g % Qn‘/
LU sodium silicate LAY : U1 AU
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total alkaline(%Na,0O) = 10 (1)
silicon content (% SiO,) = 3% (2)
total solid% = (1)+(2) = 40 . (3)
ety 2928 %H,0 = 100-(3) 60

9393l sodium silicate wie : Y1 Wiy~ 40 : 60

INNTANUIUANERFIULED sodium silicate Wiigsawn 1Wuen
sodium silicate k¥13140% %38 0.40 WusuUsusuA1USual sodium silicate Nivaetdy ans (1)

wlasanlmduusunal sodium silicate v uanT (W)

Tagnauazmtun1sUTuAIUSUI sodium  silicate 9l

a

1 [ H ! a = 1 [d a 4 Y a a wa v a
wdedu 893 (0) wlasArSuadniiaidudng W) lafiansannsuifnudadavewauves

v oy =

FUTanivInemuauuldnsdeukazia1sand dn1sujudeuladidulyaia Method

X2

Statement @9ldA5:0nANIU A9lY FabAaRasIUSUanUSU e uliaanmaeenu Method

S vo 14

Statement Ldunou TnsdumsuililioNansuUsuiaun1uigsudelaldujufaiu Advance

Y

Grouting Utiauaaar e iuLLUsEumusIsaumuiIntiUszdnsiou (nu. 1) Aausn3ei 36

(% A

AUDIASIN 44 TUSuN sodium silicate $IUMNAU 361,748 ans arunsausvanasanvraoldu

aa

20,355.77 805 AgdI5n15ARNISUSUARAILARIIUATT N 5-4 WEAIALBE19IDANNISUSUARANY
NPIUAUNNMINTNUTZINABU (NU.1) ATIN 38 TadwuIN19NISUSUaRUSLIUINNNTSRAITUNUS U8
U1 1ARY (MU8:aA5AIUNN) 1NTUILIINNITNAITUIDMS1E@IU Cement Grout : Silicate 210

Method Statement 11ugaRnvenaudsuanslusui 5-40

Y] | ° Y v A a ‘:ll < Y1 a % § va
FIDYNNITANUIUYINU LUDNINTEUIRNIT NN 5-4 ﬁ]nguvLﬂquﬂﬁﬂquuqiﬁﬂu

a0

o4 () Tuudaznguang (@1dun 1 8e 46) YSinahladuilvasenuiegludsinaiuinnii 1 dns
owdl wiliiliy 10 nssawndl uiaNA1T19%09 U),(K) dnsrdiunaungsuIeuuRnuatiuves

Yufluudagtoaningnsidiunau Cement Grout : Silicate #1131 Method Statement L1 37nA1519

A a

Sfuf 1 wRuene ADVP6A39/1  HuSunanhldfu 1-10  Ansdeiundt lefiansan Method

v Y

Statement AugUfl 5-40 A1 Cement Grout : Silicate windy 30:1 usgFualddnsdui 2.03:1

(%
v

FeelrUsunuYe9 sodium silicate WUIANILTUTULINAINAUN F9UU F9ADINN1TUSUAN
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A15199 5-4 LANIR2981995

ad

ANNTISUSUANMINTIFUAMUNIINTNIUSEINRBUY (NU.1) ASIN 38

il NURENRY NuanauBuiuasiandmiu U3uau sodium ywwessy | Unanhldtu | Sandaudl wee . UfjtReuaie 9n3187UA3 method Sodium silicate
N39ARN silicate a3 Grout Take (sed) statment JSuAanudada
ey | ANy | Yuduud | Juduud th (Glab) (&n9) Yudud | : Sodium Yudud | : Sodium
H an @ng) (nn.) Ges) silicate silicate

A B C D E F G H=D+G | J=D/G K L M N=D/L
1 | ADVP6439/1 | 9 | 383200 | 3,766.09 | 2636.03 1,886.00 5,718.00 1-10 2.03 1 30 1 127.73
2 | ADVP6439/2 | 9 | 2,198.00 | 2160.19 | 1,512.00 852.00 3,050.00 1-10 2.58 1 30 1 73.27
3 | ADVP6439/3 | 9 | 6,656.00 | 6541.52 | 4,578.66 6.524.00 13,180.00 <1 1.02 1 50 1 133.12
4 | ADVP6439/4 | 9 | 2,05200 | 201671 | 1,411.57 1,300.00 3,352.00 1-10 1.58 1 30 1 68.40
5 | ADVP6439/5 | 9 | 2,860.00 | 2810.81 | 1,967.39 1,656.00 4,516.00 <1 1.73 1 50 1 57.20
6 | ADVP6439/6 | 9 | 1,550.00 | 152334 | 1,066.25 512.00 2,062.00 <1 3.03 1 50 1 31.00
7 | ADVP6439/7 | 9 | 2,848.00 | 2799.01 | 1,959.14 2,664.00 5,512.00 <1 1.07 1 50 1 56.96
8 | ADVP6434.5 | 9 | 1,778.00 | 1,747.42 | 1,223.09 230.00 2,008.00 1-10 7.3 1 30 1 59.27
9 | ADVPe4345 | 9 | 170800 | 167862 | 1,174.93 160.00 1,868.00 1-10 10.68 1 30 1 56.93
10 | ADVP6434.5 | 9 | 1,331.00 | 1,308.11 | 915.59 180.00 1,511.00 1-10 7.39 1 30 1 44.37
11 | ADVP64345 | 9 | 140000 | 137592 | 963.06 196.00 1,596.00 1-10 7.14 1 30 1 46.67
12 | ADVP6434.5 | 9 | 147600 | 145061 | 1,01534 192.00 1,668.00 <1 7.69 :1 50 1 29.52
13 | ADVP64345 | 9 | 136500 | 1,341.52 | 938.98 188.00 1,553.00 <1 7.26 1 50 1 27.30
14 | ADVP64345 | 9 | 1967.00 | 1,933.17 | 1353.10 284.00 2,251.00 1-10 6.93 1 30 1 65.57
15 | ADVP6478/1 | 4 287.00 282.06 197.43 : 287.00 . - . . . :
16 | ADVP6478/2 | 4 565.00 555.28 388.66 - 565.00 - - - - - -
17_| ADVP6478/3 | 4 462.00 454.05 317.81 - 462.00 - - - - - -
18 | ADVP6478/4 | 4 404.00 397.05 277.91 : 404.00 . - . . . :
19 | ADVP6478/5 | 4 392.00 385.26 269.66 - 392.00 - - - - - -
20 | ADVP6475/1 | 4 400.00 393.12 275.16 - 400.00 - - - - - -
21 | ADVP6475/2 | 4 427.00 419.66 293.73 - 427.00 - - - - - -
22 | ADVP64TS/3 | 4 521.00 512.04 358.40 - 521.00 - - - - - -
23 | ADVP6475/4 | 4 480.00 471.74 330.19 - 480.00 - - - - - -
24 | ADVP64TS/5 | 4 360.00 353.81 247.64 - 360.00 - - - - - -
25 | ADVP64T2/1 | 4 442.00 434.40 304.05 - 442.00 - - - - - -
26 | ADVP64T2/2 | 4 400.00 393.12 275.16 - 400.00 - - - - - -
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A15199 5-4 LANIR2981975ANNISUSUAANINSIEUAIINAIMLIUTZAIABU (NU.1) ASIN 38 (Aa)

il NURENRY NnuamauBuduaziandmiu | USinal sodium | SIuvBmEy Gunahldau | Sandaud wse . UjtRouaie 9n3187UA3 method Sodium silicate
nMsonan silicate fivinggq | GroutTake (Usec) statment USurmudngau
mnelawiad | ANy | Yudaud | Yudeud th (Glb) (a03) Yudiuud | : Sodium Yudud | : Sodium
an @ns) (nn.) @) silicate silicate

A B C D E F G H=D+G J=D/G K L M N=D/L
27 | ADVPE4T72/3 4 514.00 505.16 353.58 : 514.00 . . . : : :
28 | ADVP6472/4 4 295.00 289.93 202.93 - 295.00 - - - - - -
29 | ADVPE4T72/5 4 311.00 305.65 213.94 : 311.00 . . . . . .
30 | ADVP6430/1 9 | 7.194.00 7,070.26 4,948.75 3,460.00 10,654.00 1-10 2.08 1 30 1 239.80
31 | ADVP6430/2 9 | 422800 4,155.28 2,908.44 1,934.00 6,162.00 1-10 2.19 1 30 1 140.93
32| ADVP6430/3 9 | 4965.00 4,879.60 3,415.42 1,841.00 6,806.00 1-10 2.70 1 30 1 165.50
33 | ADVP6430/4 9 | 7.644.00 7,512.52 5,258.31 7,944.00 15,588.00 1-10 0.96 1 30 1 254.80
34| ADVP6430/5 9 | 7.104.00 6,981.81 4,886.84 1,898.00 9,002.00 <1 3.74 1 50 1 142.08
35 _| ADVP6430/6 4,422.00 4,345.94 3,041.89 1,748.00 6,170.00 1-10 2.53 1 30 1 147.40
36 | ADVP6430/7 1,354.00 1,330.71 931.42 2,504.00 3,858.00 1-10 0.54 1 30 1 45.13
37 | ADVP6430/8 9 | 2263.00 2,224.08 1,556.72 4,719.00 6,982.00 1-10 0.48 1 30 1 75.43
38 | ADVP6430/9 9 | 153000 1,503.68 1,052.49 5,136.00 6,666.00 1-10 0.30 1 30 1 51.00
39 | ADVP6430/10 | 9 848.00 833.41 583.34 3,202.00 4,050.00 1-10 0.26 1 30 1 28.27
40 | ADVP6425.5/1 | 9 | 4,318.00 4,243.73 2,970.35 5.520.00 9,838.00 1-10 0.78 1 30 1 143.93
41 | ADVP6425.5/2 | 9 | 4,230.00 4,157.24 2,909.82 4,640.00 8,870.00 1-10 0.91 1 30 1 141.00
42 | ADVP6425.5/3 | 9 | 4,956.00 4,870.76 3,409.23 3,602.00 8,558.00 1-10 138 1 30 1 165.20
43 | ADVP6425.5/4 | 9 | 4,896.00 4,811.79 3,367.96 5,380.00 10,276.00 1-10 0.91 1 30 1 163.20
44 | ADVP6425.5/5 | 9 | 2,868.00 2,818.67 1,972.90 4,264.00 7,132.00 1-10 0.67 1 30 1 95.60
45 | ADVP6425.5/6 | 9 642.00 630.96 441.63 1,008.00 1,650.00 <1 0.64 1 50 1 12.84
46 | ADVP64255/7 | 9 | 4,576.00 4,497.29 3,147.83 4,420.00 8,996.00 1-10 1.04 1 30 1 152.53

gt 339.0 | 107,319.0 | 10547310 | 73,824.72 80,044.00 187,363.00 s Sodium silicate USuAaEnsIuAIM Method Statement nu.38 3,041.95
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A N N NN SN S - -I
I 1) > 50 U/sec
Cement Grout 8318 WC =07 : 1
Cement Grout: Silicate Sam1dm 1: 1 1
Chemical Grout (PU-Foam)

I 2)>10 L/sec
Cement Grout Smidu W:C = 0.7 : 1
Cement Grout: Silicate §ns7d7u 10 : 1
Chemical Grout (PU-Foam)

1 3)>1 WUsec
Cement Grout Swdu W:.C = 0.7 : 1
Cement Grout: Silicate $m31d7u 30 : 1

4) <1 l/sec
SAm WC=07:1

Cement Grout: Silicate Sm31d2u 50: 1 |
——— —————— -

Smnuivg

1) owviudueonuduiuresasuald lunsdilimsnsoitiasmsinavonildAuanas
2) eniimsdndnvemaniniifusiwite Cement grout uae Chemical groutiSilicate)

3) wiseniinmdadnmanaiiuvubiy

Chemical grout (PU-Foam)

UM 5-40 uaasnslddnsndunay :udadavanay (Grouting)
fn : nsvaUsEyu ST Bnndeulne mndeuwud $1im @), (256138 ssudunudain

YOIWaNaU (Method Statement of Advance Grouting).
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1 ¥ U

Sns1drunaunL Method Statement Ipganndiegisdneduu3una sodium silicate figasldass
asvidoidudiuiu 127.73 dns (@es N) 9nuUSnaigiuddlddiman 1,886 ans (101 G) Fauandly
an51971 5-4 ndeanUuUSLa sodium silicate a1 Method Staternent w&a3sidauuUseA 0.40
mLﬂuma@mawﬂﬂ%mmﬁﬂ%’ué’mdauué”a padeUsunandy sodium silicate 8,142.30 ans Wufed
UTUNUUAAAIINTIBNUANLATINTNUSEIWABY (NU.1) 91U 353,605.70 85 lasuSuaauly

o

drutiagliiinArnuligSudng uaznsalusua sodium  silicate NLERZIAIUATIBIUAIIUATINN

o

Useafau (NU.1) AS97 45  UDaA5IN 51 2190 ulisIuUS LI IUNISI89TUAINUN 1IN

Usednou (NU.1) ASIN 52 5IUTIUIU 91UIU 1,193.656 AAT L51088LDUnRIwandlun1s197 5-5

SleldBina sodium silicate uauda Uszneuiunisfiansan
wiludgninisidenisuiRusndnvenay (Grouting) 581319911 Advance Grouting hazdu
Consolidation Grouting Ailsfiasandmimsaseudioutiinansldyudiums wag sodium silicate
U Advance Grouting fausifeuuazTsaens iU euszdY uasndsnsUsulssnsUfiRa

wagms1aUTeuisuUSINaUlazusIanstY sodium silicate MNSIBUENTIA - DOALUULAY

UShaung Sudnelduiinuass
RuesunsUssiiulugiuslsesuanenssinmyan1sdne 1o

=2 k%

Wy NUSNYIAIUANIIY warHIU1e UssyuniseilloTun 19 dguieu 2562 dukanslugun 5-40
Tngusvasammse wWeunlalammsidenisuianudadevama (Grouting) wastamusunau

a1 a v a8 ' v . A Yyy v Yo A
ﬂ']iLcUﬂﬁ]']EJLQum@QQquaﬂﬁﬂquuajﬂﬁuq (Advance Groutmg) LW@IV%ﬁU"iﬂ\ﬂ@i‘UVﬁqULLu’JV]'NWi@

'
a wvaa 4 =

nanUURNg AU IwasBanNi MuAluda) 51891U61399-09NKUL LAZBNAIINNIIBINITHIN

Y

MAgesmuteyanduesumsusalulafing Jinseiiazdnrinsgazidenunman
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M15199 5-5 USuae Sodium Silicate NUSUAININTIEU NU.1 ASIN 36 DY 52

Usunaau | Ysunadiuaiany Usunaliuan
nu.1 L TVACEN dndau RVIIIER
afedi I (Bn9) (Bn9) (Bn19)

(1) (2=C:S (3)=(2)x 0.4
36 6 N.N.61 a4 7 3.0.61 26,499.80 3,589.10 1,435.64
37 8 31.n.61 a9 6 13.8.61 23,568.00 789.53 315.81
38 7 1861 AN 6 W.A.61 80,044.00 3,041.95 1,216.78
39 7 W.A.61 a9 5 31.8.61 85,321.20 4,355.48 1,742.19
40 6 31.8.61 AN 5n.A.61 37,226.00 1,634.40 653.76
41 6 N.A.61 AN 4 d.n.61 48,670.00 2,247.10 898.84
42 5 d.n.61 AN 3n.8.61 10,140.00 914.25 365.70
43 4 n.8.61 AN, 3 7.0.61 19,029.00 1,976.93 790.77
44 4 5.0.61 AN 2 W61 31,250.00 1,807.03 72281
394 361,748 20,355.77 8,142.30
saudsuna sodium silicate (LkitdnaAneu) 353,605.70
45 3 W.8.61 a9 25.0.61 39,568.80 939.47 375.79
46 35.0.61 AN 13.0.62 32,863.80 953.30 381.32
47 2 31.7.62 a9 31 1.A.62 - - -
48 1 A.N.62 AN, 2 31.0.62 3,490 601.25 240.50
49 3 41.0.62 AN, 110.8.62 2,057.70 251.35 100.54
50 2130.8.62 a9 1 N.A.62 2,811.60 49373 197.49
51 2 W.A.62 a9 31 W.A.62 297.30 119.27 47.71
52 13.6.62 AN, 30 1.8.62 507.594 227.03 90,81
s2uUsueu sodium silicate 1,193.656
(ﬂ%’ummswmﬂu nu.1 ﬂ%\‘i‘ﬁ 52)

o < a & a . - Ao a M M Y &
nuBLua 1. mLmﬂuNLaU () @wpsPausunae sodium silicate Vlw”lf\]‘iﬂLLG]VLMVLWS’]EN”IWHMLLUUWE)SM nu.1

2. favdnn A Favusunu sodium silicate As1eauluwuunesy nu.l
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a wa

JUN 5-41 msUszguvnseuiladyninisidandsuiuneiu Grouting wazldyvnusunu

7UF18N1997U Advance Grouting

fieazeansUssrumdoasuil

1) €1 Advance Grouting \umsvianuu3nasiumiinglusd mngsudig
fufiumslaidnse uazlidniunisnudBaisienu (Method Statement) MgFuinaiaue vilsivag
vomaldlufuswauinn vieinmsgayide $1eonun sglinsraiausmnanuly uagmnanduduns
dndnvosnanluntendslifioindusu Consolidation Grouting waldunisuilesnu Advance
Grouting 7ilid5a Ainsarlinsiaiausinadviauiy

2.) 91U Consolidation Grouting ABIANTIUAITANENANIUAIAADUNTA
oluad (Lineing) Huwdunaiiginds (raznssunsnsansianasiivinwnuaue) fansand
fumdndudesdndunisneu mndunsdlifanaidsudneiesdarhsenuuaniseazideamamua
fifoainiuns JUuvuiLansihumls YounuarUiinumy sudaiimainu ndesinsiaiesile
figedlilumsyinnu Consolidation Grouting LausU3mmAmuAsUEYTRLAzARLNTTINMINTIINTENS
\iuraUneus g

3.) 578913 sodium silicate U993 Advance Grouting NUTMLALAIN

€

N dausuinuaeasaiutiuiussdn mussnueairniusssuieundsd 36 feadsd
44 liannsodnUmaduduilfuigiuield TasuTunmeu sodium silicate @wuitlallsidnidu
§1UU 353,605.70 Ans sananslums1edt 5-4 uazludiu sodium silicate ﬁﬁaﬂ%ﬁmguwﬁlwﬁu
unuynszdnglusdundaaia TrnonumunnudueteAsuiuafignies uavanmnsalndieany

Y
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Igdhnsuludiuwremaunan fs Yuduudndiuindduiifanuase wasdulunudeinunniudyy

o

FUHURMUSNEnURINEN warITN1579U (Method Siatement) MI§5UTg@URLT FaAausisIee1u

Y

)

anufvtissduitou aded 45 andedt 51 ladlésunsfimsanliidngis iesanidutandiunis
NANFIUAY sodium silicate AT IlenTaaeuLiTinNgnaesmmieulvinesy Idnsels
fausseau nu.1 st 52 Husuly waendsaniiflenenutagyudnndnunisldounieamnse
Bnaeldmudni ielviaenndestunisviinu

4.) n3dU3unas sodium silicate 991 Advance Grouting Lilafiansan

n13InUTUIAULazN S TNTERUANEYQYININMKUAIT ¢ N1TIAUTUIUNUSRARATDINEN 2EATIAIN

rnzdniisadlulungy wazfaSinaunumhadunanuvesdiunauyesnssadaiwineunis
a1 * fatu MsufiReuresiiuiistusnenuauinivsssuiou (nu.1) afedl 45
warlailfseauauia adel 51 arliFuiememuuaznsra¥auiuiny sodium silicate Tngususn
yhean ¢ Ans () 7 B« des Wiy 7 sdeyadiagiifdeanmiluusesdudiifiuiaue
fUsinmuiandunsed 5-4 isendlusenuanudiviiusssuiou (nu.1) adedl 52

AsuLdnINeAUlARely
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UNN 6

HAHILTY YALAUYDINAIURASNITANYINUMANLAUUFB LY

6.1 WARNLIIVDINAIIY

nsUTuUTIMsU UReugaanuiyuatani (Advance Grouting) ¥eE3udn9 Flavin

o ac Py 1 oA =2 @ o g v U o

n159nanveINaNnINItn1TNIUTulTteg1esailosaunnfalatu vinlreudndnvesnanidng
Audsannduldnamhnusesgydefaguemauiosas dwaliaunsanivauusunailaauli
fUsuanas N15YnseinglaueAuasnIsuIuNSEsuANIUAT (Support) MNENTNHAE ANENaINTT
YAT2i0n F9AIUAIMTININTWURIITUIINNTING 6-1 BeUantoyanIUAIMLIVONIUYA
seiinglusAdeifamiiounneutagnainisusensu Ry musienuanunmviilssineey

(nU.1) ASe7 36 54 52

N3N 6-1 Usuunsldiaguasnauniunuijinnuasniglugisanuiininyseanmou

(nU.1) A3S7 36 B9 52

Y3uun1sly Cement Typel uaz Sodium Silicate (AU.36 - 1U.52)
90,000.000 200.000
80,000.000 180.000
70,000.000 160.000
140.000
60,000.000
- 120.000
50,000.000
& 100.000 g
G ’ 3
40,000.000
- 80.000
30,000.000
60.000
20,000.000 R
10,000.000 -+ /\/ - 20,000

i B B R o O RN R R P e O
> TP P S S

© A H 9
KN AN ] :
SRR SAER AR &P

& &

= Sodium Silicate == Cement Typel

waznnsudlatlgmniaidenisuiiRnusadnvestau (Grouting) 1udndntiyu
d1amii (Advance Grouting) kazudadntnuifiuaaninaadiu (Consolidation Grouting) ifuasy
nsUszifiuindamddunsuiladam Tinquszasdiletielvgsuinmeuinileufifnu Advance
Grouting Tillulumudefvunmneg vesdnaegensensauas asvlinusninvemaninadisa
w1ty annstnaveshldfudiunnisluglud wavantuneunisdndnvesaudilunends Wodos

Yn3210nglusAtugag (Round) Aol iunisimupveuwnnusgrsdaauitlifianuierdesiviu
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Consolidation Grouting Fudusugnidnveinauniendauninneuninnisluusianigiidng
Winanasiiity saufsnisuansisiunvessionisauialiunanunssyludyyivesaiuis 2
518015 Previliiianiseeusu andyniviedelaudaseninsiunegindnuazgsudndunisvinny

Y

Advance Grouting kg Consolidation Grouting

nsallagymuTuiaeu n151n9188uaU Advance Grouting Huasunisuseuiiuly

F1U2U5T51UNTINITATIINITIN U819 w9l Aeandu Fesu wazwilatdynianuneasne sauds

Usmsdgruneadsiiiduluaudaiivun Seuludieg audyay reenaussidsutazdangmne

a A

£ 1 ' [y vy v o Y Ay ¥ = & o [ £%
MAgIvesegrunsnsn waglviinugndes Rndrunanthntreiy Jadumgdndudewnlytdeym
Y ' vy [ Y | S v I A | Avy v 1
aanadlisiannudusssudunndenadunisuiledymnaerdsiesn fie ¥aegiudineddaunsa
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fiail fisrvaziBensiu Advance Grouting figSudnalduitanuataunlaildseny
USinntanuosnan Aeyudiuusd uay Sodium Silicate Tanfadndieiu duurssauaufiome
Usediiou (nU.1) adait 45 quiandadi 51 $1uru 121.069 6 wag 1,193.656 an3 Aud ey Faldsauan
sz Ieu (1) el 52 nuieadglsddniuazemsUsnoy wieudnalsnoudy
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Wi azay

diu WG Vi | wie umimiog A (Um) ;
W - P Teli LTl AUELUART YT
13 40
3|fionsisiughisaau naun 04000 B4 M. 124500
3.4|vwetedredimi 6,150 u 577.00 3,548,550.00 248,000 248,000 2,521.000 2,521.000
3.6|aynalinglud (D&B) 261,270 | aua 316000 |  825613,20000 2,308.155 2,308.155 41,8919 41,899.191
37|vmuanes uasisdwiosneh 6250 . 630.00 3,937,500.00 12.000 12.000 508,000 508.000
38| muurmanduglng
3.8.1 YuABLMTAN (Sholcrete) @3uT83 Overbreak 12450 | aua 7,200.00 89,640,000.00 258.568 258.568 4,702.765 4,702,765
3.8.2 MuABLANAMENIAT (Steel Arch) uazdnlsznay 550,060 |  nn 54.00 29,703,240.00 8,748.780 8,748.780 125,731.382 125,731.382
384 yyupsunsawdn (Wiremesh) 13,700 | ms 130.00 17,121,000.00 1,417.697 1,417.697 24,617.394 24,617.344
385 runaunism (Shotorete) Wit 10 o, asgan | asy 240,00 0,708 400,00 753,060 753.040 4378524 4,378.524
386 MUABLAIAIL (Sholcrete) Wi 15 v 41,860 |  wsm 1,800.00 58,016,000.00 585.750 5R5.750 19,216,528 19,216,528
3.8.7 Mundneitu (Rock B 15,130 " 1,300.00 27,234,000.00 52.000 52.000 4,228,000 4,228.000
388 Muadndaitu (Rock Bolts) Tun @25 10 811 31, 9,020 0 3,100.00 27,962,000,00 279.000 279.000 1,531.000 1,531.000
3oliwiensriswinmsniaata
3.9.1 salaiu 1,530 |  aua. 179.66 274,879.80 8.380 8.380 250.730 250.730
3.9.2 yunundufneasuninnaun1ing Concrete Invert 1,530 | aua 4,500.00 6,885,000,00 6827 6.827 189.936 189.936
31003 Invert Concrete 20830 | aun 4,500.00 93,735,000.00 82.040 82.040 1,600.746 1,600.746
3.11frwmuninaaglrA (Tunnel Inner Lining) 34,480 | ava 5,970.00 205,845,600.00
3.a2frdndnvowme (Grouting) Tuglhad
3.12.1 N Advance Grouting
31211 azwgiion idadaTasm wuy Percussion (Drilling Grout Holes) 13,620 N 700,00 9,534,000.00 2,168.000 2,168,000 10,168,000 10,168.000
31212 Mudniiunsdaisuaman (Pressure Grouting)
3.12.1.2.1 yudndmuiung (Cement Grouting) 6610 #u 4,500,00 29,745,000.00 121.069 121.069 1,448,285 1,448,285
3.12.1.2.2 vidipiinesiadl (Chemical Grouting) 105,760 ans 5.00 528,800.00 1,193,656 - 106,953,656 375,554,156
rauiuiopas 100-125 70 100% 26440 | @ns 500 132,200,00 - - 26,440,000
naruiiudoras 125-150 919 90% 26,440 | @03 4.50 118,980.00 - - 26,440,000
wasufulouar 150 910 83% 4.15 - 215,720,500
3.12.13 Fapdmiunmidnile (Grouting Material)
3.12.1.3.1 Yusnd Type | 6,610 #u 3,000.00 19,830,000.00 121,069 121.069 1,448.285 1,448.285
3.12.1.3.2 lmieusaem (Sodium Silicate) 105,760 ans 22,00 2,326,720.00 1,193,656 - 106,953,656 375,554.156
mauiudoras 100-125 919 100% 26440 | Ems 2200 581,680.00 - - 26,440,000
uauiLdouas 125-150 18 90% 26,440 | Ens 19.80 523,512.00 - - 26,440,000
pauiLdouaz 150 976 83% 18.26 - 215,720.500
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6.2 AALAUVDINAU

6.21 M3UFuUsINsUURU Advance Grouting dININAATEELLIANITOARATDIHEY
Tifevasanndasfounsuiulge fnnsanldannundl 5 nsmii 5-1 sreauarminmiuszsufen
(nu.1) afaft 50 wag 51 Maaieuuinis 3-5 fu nsdsnaidanaiilesainiile Advance
Grouting A%ausn (Primary Stage) himmimﬁqmﬁﬂéf Sefeninssrdnvemanndifiaomitondaitany
#aly (Secondary Stage or Tertiary Stage) AN 18%dIaNUTVUTINTUJTANUY Aus189U
aufTvtUsER e (nu.1) afedl 52 1nanfies 1 - 2 $u Yseneutuidiouuusnsufdfa
Advance Grouting USuataniildlunmssndavemananas ilesananunsangathldainnissada
vowmavaiafe Wuusloviiaiuauasmenans

6.2.2 mMauFulzin1sufRauiitiu Advance Grouting Ssdwmalvisnsnsyasida
Mé’qmiﬂ%’uﬂqqmiﬂﬁﬂ’amuasﬁu finrsanlénunil 5 N3 5-1 MniANREuNTUTUUTEY 1890
arudmmtissduieu (Mu.1) adedl 50 waw 51 annsnyasednlfiadetuas 0.650 way 1.267 WS
MINAIFU WAnE9INUTUUTINSUUROIUY musgauauiIniisednseu (nu.1) pdail 52
annsoynsndaldiadoifiutudutuay 1.760 wns iWosmnUmanildfuiidunngluglusdanas
ylvmaimu s dawiasdumeuasmnmnianndu wu msussyisgedaaunmiildheuayrnga
sufmsussyiagssdelumauinlfiuiu deswnlifildRuswaunnlesenin dmalvinisszde
Ivthdanuuuy uagnsderuasuniamu (Shotcrete) anmnsanuudAnuisglusd Aynseide
silfsglusdiinnusiuas udauss vaends nidudlefinléfulnasenuagyiliniunounislifn
dwarorailumanufisnnnty

6.23 adnanudanulunumewieisujiinudadaiiyuiununmaiaiu
(Consolidation Grouting) kAZIUSABAVBMENEWTN (Advance Grouting) suiiauludormunnis
VDIFYYITENINHTUI fiUsnw waInslunsuInsdydnnease ilinssenudsnany
AUTIBNUAUAINTUTEI AR (NU.1) Wagn15iiningliu daugnassaennnediuisnsinenuy
6.2.4 sunsavszuiasuuszanaluniadndis Sodium Silicate uazAgULAL

Foueyn LesnUSunahlanulrariinigluglusrantesas
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6.3 AsAnEIUTiBgsEuinediunts viseumuuHu ey

nnewddesdymiliunuitlauanduund 2 Avesunsusidulafiansan
usmmansainne fiertestunasunisuiuussnsdanisiilétu Senudananisaiiigm
HranafvesumsUsziiunufoaving winsudlvdamegsenindindunisviediusuazduiuns
soly Tnsldfidunountowuimsufofidesiudadelidiiioados 1iu Ausnwiniuauau
AruENTIUNMINTIaN1N T SeeasBeanunuunieruiidosiniunsdelusad

6.3.1 m'a'sqﬂ'i::u‘jﬂqimﬁ‘daﬁﬁaaﬂNﬂuLLajﬁﬂ?Jwaanmﬁfc‘ieﬁwi'Nu,u'u,m - wiidn
Joueundi 2 929 NN.13+668.465 §19 N31.15+717.652

1) UazdenanuzI
plusAdasaenliusirle lusddrsdazegdnansedufuusiindeasly

Usanal 20 wins vhmaneasislasBnisunsade msdeaiaglusdlutisaenldusiiDasdenas
dsndrmihnamidaglisd (Tunnel Face) ienmaaouamamiiuwaynsiduvesi fud
@mmwhiﬁ%am&gqgﬁumwﬁw (Forepoling) isadnanvadnaw (Grouting) LLazLﬁaizLﬁqumﬁLwiazsau
(Round) uduada axfinisfndarndu Usenaude Rock Bolt vuiadusugudnans 25 fadiuns
813 2.0 luAs 371U 9 61 Shotcrete v 150 Tadns waz Steel Rib (H 125) siaadue1iglied 109

1.5 wns wavileneaisglusdaenwithalludiaianasnuud fazindiiduyniidemsamdunis

Usznaume Concrete Lining #u1 300 Hadiums wag Steel Lining w1 10 dadiuns

2) WINNNSANELLY
(2.1) M35 MANSalanIALEIVIE waensyuTissaliven (Mapping)
(1) $1UEIT9NDUNITNBATI (Pre-Construction Investigation)
Pnanmssdiveiinainaenudymlunisneains Wihnisdsae
reumsneat ienseunguisandeavestiymitmeinanindu dail
- sgludaeausithls
- 50UiARUMUILNTUARANETIRLNA 29 N3L.13+600 fi9 N31.25+624
- S08ADURIYANUYY YAYU Metasediment Uagyn¥iy Red Bed
- Joymannuserulgau
(2) madaviusuimessaineweminfinglid (Tunnel Face Mapping)
Snquszasdvesnsdniunumassaiinevesithdnglusd 1ield
Usenaulunismvuaviinueuiaiu (Rock Mass Types) N1531981904508uan AN ULUIglueA

waganmliau lnedsudnsresinliuanasaneunisinnsiduluglusdniendinisssilaudagsou



(3) NM194912d15998239117 (Probe Ahead Drilling)
NUAEd598 dnguszasdiiedimagaanmiivlulyusesiiou

drsnlnssluiiugeu viehuyu dsvsaivanlulyuiineineiidynsennlaaulnadim

Tuglued dawanalugun 6-1

gﬂﬁ 6-1 N13lA1ed1599s1mt (Probe Ahead Drilling)

v

1 : nsuvaUsEnU U3 aenaiug i 91 @), (2560). wallausgnisneaseg e deiiisaenusiiits.

(% '
Y v all

yieil Foyarilisunnia 3 memedmadingn asgmiildidlumsussdy
anmssdinenwtuteyaiifiogifumndueunsfinwuareenuuuneasden uadldlunsnaumuny
msyzglisAlaznsiansnnaiuawesng Al aenndesivaninssdiine,
(2.2) anmssiiineudnngldaeauitiDs
olusAao At D930 NY.13+668.465 59 N1.15+717.652
A lusdaenusitemaasdtgidatussiudldfuaseduinm nu.14+820 §1 n.14+910
Tneuinasinananmssaiinenasiduiiunse (Sandstone) uasfiunsisuda (Siltstone) Auns say
unsndeglutuiiunmenasiufunu (Shale) Fvn anmssdifily fauandluguil 6-2 Viaglusd
wfudiifuiisosunnuinidesanegluleuvessenidounstnls Sadululdfiseduildfulusedy
glusdazsaiostuusits Tnefiseduiluglusdasdinmadsuwasduamuseiure il
dlefansanainineazidunvemguiatzdisanounisesniuuglusduiim
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Tutnasiviunatsiisgs fMegrsfiiivldainnisiansdquaiwimsuiioaniaingnusaden
fufimsiduvenioglunasiviunans Shsmsluady = 6x10° v, soduit fa 2x10° . dedunid)
waziileinoaziBenvosmguinizdinanounisneainadslivinnng
Wefisdugn 3 vau infiansamuiilussduiiuglusdiduiunseaduiufiunneutl degedidan
magdinunine fulimsideglunamiuunanaduiieity
Tunmssidiunsyanzglusdaonuaitinds Wedesnisdisagamnin
fulilousenidewesivdodmatiinanildRuiilnadunluglued fesdunaaedisamin
(Probe Ahead Drilling) uaxésnfuazdemanislvad uveniidiy viefiurnaudwsweanaiuudna
AumiglaeAfagaiiunsyin Advance Grouting lngazdasaniliun1smugluiunisyasednglusd
mﬂamwmaﬁ‘iwmu%Lammmsauﬁwaaﬂﬁ]'maimﬁaaml,l,ahfﬂq
glusddsingnauaiung - wilin Sarweniiedu 25624 Alawns uasiloadusenoulasinisfiddoie
Udasorasgutneaninnglidaonuiinluuasdrsglusdasniuuiindadanudaninssdinen
vnadanarnfusuindudruuumunuszana 12,00 was Unaauduiiunseduady (Maroon
Sandstone) adufufiunsedimadihaawnmudulsusesidoudouyusi (Thrust Fault) fifaien
fududuasiinuuinaneulmeglisddainnouasgerafuindeunifnanysaivauunsniduuden
Heshagluiunseuagiuiunmdmdmsvivaznewdmunidmdiduiunsedman fuaesawn
FuRumulariulaauiinnugeudiudann aanmdu (RQD Wiy 0-100%) Tutiwiuresglusdasn

w1 UadlA1n13398Ngenn @nnda 180 gee) TutanatauasyingglusAlidIn1ssagu 5 - 22 guea
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(2.3) n13ynseiingluad D&B (Drill and Blast)
n13nsziinglusAdadigisaanudinte Femiadisddyniieaiu
LSeRUUN LAY waganNsIEINeIMINTINaIkanITIgadenlute 2) Feluiiungouning Lasyne
wipdldisnsudauuumuautigluisnisneaiigludaanuaiinls
N13AIUANNITIELTN %138 “Controlled blasting” Tun1sseilnlite
i 1% sl v o a A % & a do w o o =
nsneasvglusAnfenIsTUANUNS By NsmuAunssedndndudanddyuiu lngldgansd
wagldssinUsunaoanseeniuufedsauney NIsednseiansduasiiou wse8naINA (Air blast)
wazAulda1ninvuld n1smavaunisseidaluauneaineglued vsaeluifaenuiunUdiis
n1sAvAuNIssetiauunzanlunisaivguiitaydmsuaugaaizseiinglusfaonuiun Uads
ANEAIAEY 3 1399 AD
(1) msszidantsgliealinseuldfinisuanraninluluuntsgluad
n1saauauliliiinisuanvesiuiuraunieglusd (Overbreak)
Y @ ¢ o a 4 1 ¥ v = < a v 1% '
waglvinlaglusAvaanisssidaseuliuanirudnly dsonaenanedugasusuvenisuaninselily
Fuiiu (Weak point) annsavilalagiiiudiuiugaiunu (Control holes) w3aiizuauUanaAluLUY

'
a va v 1 [ a @

szilnglusdanuuRiueguds Fae1aasduginlivisyingssdaniaussyingssidalulsunaies

q 9

[
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Dummy Charged @
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Holes Holes
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dl a o v o o w a ' 1 [ A g 1 ] 96/ a
01 : NTUYAUTENIU VSN aeuiuginnn 1R W), (2560). wedauaznisneadieglinadeiirinenusinds.
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Smoothwall Holes
on 18to 2|4" Centers

SRR LY . Y
An 1

=
LP Det - : » R————
< >4 A A 4
2% 172 stk 200 grain Coed 7
tamped lo taped to Primer
plug hole Cartridgo + Subdnill
Buffer Load

"'"'““
LP Det —

- J| f' B4
18 Lz

Tamp Untamped * Subdkill
Last Stick Cartridges
Blasthole Load
159
woet | SRS
: A o
2 \r
Tampaed %
Cantridges Subdel

GENERAL SMOOTHWALL BLASTING

JUN 6-4 nsszidauuudantinieu (Smooth Blasting) USLIMMAIAGLUNA

= a o o o o w a Py c 18 RN
1 : NTUYAUTENIU USEN aeuiug i 1R W), (2560). edlauaznisneaiieglinddeiitisnenusiinds.

(2) MmImuaukssduaziioulnsmsanUiinaingszdardedamemiag
(Maximum charge per delay)
nsszidnglusAlaenisnindunznssadn Wunsbiinissede
luneundiladdunisszilaoanuiiuieg aufinsuengafents waznaan1glued danansluwnui
SUTl 6-5 vhatl vhldlagldufulnihTamgmiasfuuuiadiui (MS) uasuuuaidiud (Hs)
nssidnglusdanausitt Tafesansiuaussndeifliufives
Feaffuas el manessndadlngidnnussadannis 12 - 25 5 deufuniluues Fedu Fems
anasliivdelsiiu 10 3 etesniieiues uenainizim (Cut holes) AlFufULUUTARTUTILE
'ngzgu‘] WU Stoping holes, roof holes waz floor holes Arslddunfuviinadaiund (Half

Second,HS) 199N N9 1IAN L ULAR LI UIUTY BIUTARULANAIR wavanwsIEuazTioulaun



JUN 6-5 spgaukuranIsIeEInuNsssiinglued

dl a o L o w a ' 14 & 1 g 1 ] 96/ a
101 : NTUYAUTENIU VSN aeuiug i 1R W), (2560). wedauaznisneadieglinadeiirinenusinds.

(3) NMIIRMTENAMUNTOUVBITURDUNNTANYY NSANEU M3 Shotcrete
o s A 9 vo v g & yva ) a
Hiaglaed welwvihaulaiasadulasmdnissudn
m3dnanisuselieaninnissude mnaiunsavilalaesaldiiale
Hiaglusdnain1synseilinumiiuly szanlonianaziinisunniniiunsensSduvesidiuiany
AL 310 INTIgluad Tnsmnluaiunsadnnisauiideiiionninnisssialiadedulais ases
USuanszeemmtiisieseu (Advance pre round) as Lialvidyisssezvadglusadundililanduuas
S a = @ 9 v % 9 - & A & S 1% ]
Annumounsn FravanunsaUszaswtialualiliuanst W vssannuiinTiHTuveniadld winin

flvnssoensunndnuasnisfuveniludnsfiunn nsendsveme (Grouting) ssdesiusiiunis
ol nMszdITIIaImlnazansatisTunsmruauNuuloiusgg 19
(2.0) nMsRsakaztmuAriavessUUASuglaes
(1) nseenuuuneassldnann1s NATM (New Austrian Tunneling
Method) Taefudnnislsnafiuseuglusd vhmdhilduadundnseuglusd (Self-support) u&sn1s
yaseidn tude Wellinsynszidnglued snafiunilselusdaznerenanadouiiiinan Jaasvinliiiuden

9
[y

fuoswaziialu Arch Ring @ansimaeumseslidifaunniiulyauinnisidounau (Loosening) 19
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Fouitu uaridunafiuanas Inonsaiiu (Rock Support) Sutsznauluie Shotcrete, Rock bolt
wazu19nsdl Steel Arch #78 Banseanuuuievdnnisdnainasiilinisldmsutioniian
(2) nsdengUnuuidusEnitinsneainseluadty 1éldwnimes
Aeatueunvesglusdaniiniu nismeivesseslufiulideiies wazanminimadudafiansan
withsiiszrrisneadsadslimaufuamsdadensuuuumduilfidniuanmssdine waznnfinssy
yosglusdTiintuasednate
nsnoadsglusddniinasaonuiinde a1n nu.13+668.465 9
NI.15+717.652 38 2,049.187 wims lagagviinishnneiamdn Steel Liner wuin @ 3.85 i3
1 16 fiadiuns TuglusddsidisaenuaiiiDe 929 n1.14+150 B9 Nw.15+025 590871 875 (AT
Lﬁaamﬂ13?’;6‘3%@&5’&&1’5%1ﬂﬁ?u%mmﬂauﬂ%'mqimﬁ (Tunnel Inner Lining) S8 viowian Steel

Liner AMuiuUnoasavsneiay daandluzui 6-6
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- * P ufl e TRed gontd oo | pod |
&yoyrnarfl a.07/2550 (alww.3) S | .07 /2550(NNN.3)—0802
I

=D.
b=
=}

s nFuYAUTEIIL UTEM aguniugiann 9in Ganww), (2559). waidauaznisneainaglusddaiigiaenusl

1l | |

UM 6-6 uuunaadisalusAdeiuazainisusenau wiandiuusznaudu glasAtasaanusiuits

v

Wdalenansuuuyedyn #uIn 1 wuugy sudanuegniaysuvens.
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2.5) M3nRaveNE (Grouting) Tusuglusd
n1s8adnvasna (Grouting) iauAuSuasuarantldfuluuye
W1glueAmeIsN1szssinluglied Usenausie
(1) nM3dndminyuszariaarouninuaziiu (Contact Grouting)
ns8ndminyuiiogatosinsnireuninanveseluduayiiv
PRBARILENENgLANFANN doshmdinldiinisdadntiyufiunuamanadiu (Consolidation
Grouting) &1 uazmquuBsNISadntYLIEFod U luuesetien 0.20 wms Ersesdevasiiv
Lidnauagionaysdadatudiluluiiuseuy alusdognsdes 050 was ddluyng ewen 100 wms
vosgluddniazdeannouninesedos 28 Yu deurin1sdadaiiyuuuy Contact Grouting

Aauandlugui 6-7

w

UM 6-7 uansdnuazudnlaliyusenineninnaunIauaziiu (Contact Grouting)

v
°

= a o o cw o w a v s 1 o 19 A
NN : NTUVAUIETNIU VTN ﬁaﬂuwuﬁq’amuﬂ QRialg (an%u), (2560). WAUALIAZNITNDAIY Eﬂuﬂﬂmu’l"lj’maammu’lﬂ\‘l.

(%
a o

(2) MsoadatUusynINABUnIALaEiawan (Skin Grouting)

Y

oY

nMsondaunyusrinnounsauasviowan (Skin Grouting) lWuMsan
Fesinszninemsuninnnglusduazvioman dsazduiunisilleglusdldinasuningng 100 was
wazLaSudiogation 28 Yu evhnmssadathyuudaiata lumsmsiadeugmuamveanissadatiyu
ynnudesfiuansdadositmdaiomdnudtuagdewhnisdadaiiyu (Skin Grouting) iy

UNTENIFINUQNanmetyuriaviug
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(3) mié’mamﬁnﬂuu‘lugww (Fill Grouting)
nsndathyulugiang (Fill Grouting) Wunssndntuiiiogns
vquizATE T LargIrUneth Geasdoniinisgandudetiyu (Fill Grouting) THiSeusperauil
A1ARBUNIMELLSA Lagndsa1nsh Contact Grouting L3uuspsudavdearinisganduseiyu
(Fill Grouting) TuszuussUIETUaL YN (Sump Pit) HaAs1IuTnAiue Tusdimundiethyui
HudunanvesuBiuuduasyae fousediu 0.5 wnnguhaaa (5 11$) sunseiislifimdeny
(@) msé’mamﬁﬂgmﬁmmmwmaﬁu (Consolidation Grouting) Lay
NT9MAAVDINALAINUT (Advance Grouting)
msadminyuiiiunanimnadiu (Consolidation Grouting) ka3
é’mﬁ@ﬁwgudqmﬁﬂ (Advance Grouting) agmifiunisifieyfulinmnmyelafiuwazinnly
uausmeunafiuinudumihgludniedioanmslnadiuluglusdvosnilifu fuandusuil 6-8
Tudauni9vh Consolidation Grouting Huazdiiunmdsanindreuninanglasdudiaia lunsdli
SndmiuiieanUiualnaduluglisdvenitlitiu fso1vaudu Filler vdoaainfifterilsiiu

-
wiassTule

6 holes grout pattern 8 holesgrout pattern

Grout Holes Grout Holes

Overlap = 50 m.
(rminirmum length)
1

-t

Tunnel Face

Safe Excavation Length = 15.0 m.

Grout length = 20.0 m,

5UN 6-8 udnsanwazuandaruiiuamaInuaiiu (Consolidation Grouting)
uaznudaRayusaania (Advance Grouting) wazdnunEIULUUNUS AR AYRINEY

dl a o L o w a ' L4 [ A 201 1 1 96/ a
U1 : NTUYAUTENIU VSN aeuiug i 1R ), (2560). wedauaznisneadieglinadeiirinenusinds.
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Mnadiauazmanoaisglusddnitisaenuii densduiomme
finsanldndtuneusasismanoatng fudmsdien asaevanmmesiine azduiunnanedisa
d2amti (Probe Ahead Drilling) Faagtaelunistmunusunulesiusiieg I mnuanisiangdisn
et wudn fnslwahuvesildau Anasiiiunissnanveauarctii (Advance Grouting)
lngagdosiniiunisamugluiunisyasidnglued uagldinalian1sunseilnglusd (D&B) wuuAIUA
Tufiufigounnng uagyia wSouriadnmseunundounismudosiu (Primary Support) tuneu
M3ty N3Adu marunsuniawLingsgluad (Shotcrete) ttelinmuiatadulfismasnissedn
wazanlemafiaziinisuanirafisnionisifuresiuduiasauduseesniglusd nvi
¥nsmdua1as (Permanent Support) Inenisinseviowdn (Steel Liner) NUANNABUNINLANA
wazausadaiuluglasd (Grouting) iilelvglusdiinudsauazufauss Fanszuruniainey
roas1selusdmudunoutimundengn arannsnannis@uveuildfufiand luluiinugluee
Prsaeausithly

ANSANYIIUNBYTENINANTUNIT NIBIUNABIALTUNSHD LY

Y

ad

vesudeaieglusdduinfeisyaszida (Orill and Blast, D&B) axiluvsslond denislédnw
wansaifasinty sufsuamanssiiuny fasdmademanieunmiewiounumieureu
fifiumsnoadns uazfinsanuiuusmnniideunnies ielvinisuiuupnisdaninildfudeis
UsgAnsnm mudeadisglusddnivineiSyaszida (Onill and Blast, D&B) TasanaiiiuyFuash
Tugnafuihensuinasgausns Smiaidedn fgdudunmsdoludsorssintym Wunsudle

Iaegngnses Fazdmasoruimviiimsynssidng A liud a3 danuduauduss muvdnignms
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M15199 N1 USu1ews1u Advance uaz Consolidation Grouting (128 : LuAs)

Support TBM TBM and D&B
Chainage (km) Length (m)]  RMT BT Type Contact Grout Consolid Grout] 2e Hole Ad Grout Probing Ahead
from to % m m m %o m o m
- 50 50 3F 7 D 1.0 50 1.0 50 0
50 100 50 as 2 D 0.3 15 0.1 5 10 50
100 150 50 3F 2 B 0.3 15 0.1 5 0
150 200 50 3A 2 A 0.3 15 0.1 5 0
200 250 50 3F 2 B 0.3 15 0.1 5 0
250 300 50 3F 2 B 0.3 15 0.1 5 0
300 350 50 3 2 A 0.3 15 0.1 5 0
350 400 50 3F 2 B 0.3 15 0.1 5 0
400 450 50 3 2 A 0.3 15 0.1 5 0
450 500 50 3F 2 B 0.3 15 0.1 5 0
500 550 50 &5 2 D 0.3 15 0.1 5 10 50
550 600 50 3F 2 B 0.3 15 0.1 5 0
600 650 50 3A 2 A 0.3 15 0.1 5 0
650 700 50 34 2 A 0.3 15 0.1 5 0
700 750 50 3F 2 B 0.3 15 0.1 5 0
750 800 50 3 2 A 0.3 15 0.1 5 0
800 850 50 34 2 A 0.3 15 0.1 5 0
850 900 50 3F 2 B 0.3 15 0.1 5 0
900 950 50 &5 3 D 1.0 50 0.5 25 10 50
950 1,000 50 3F 2 B 0.3 15 0.1 5 0
1,000 1,050 50 3F 2 B 0.3 15 0.1 5 0
1,050 1,100 50 3F 2 B 0.3 15 0.1 5 0
1,100 1,150 50 80 2 C 0.3 15 0.1 5 10 50
1,150 1,200 50 3F 2 B 0.3 15 0.1 5 0
1,200 1,250 50 3F 2 B 0.3 15 0.1 5 0
1,250 1,200 50 80 2 C 0.2 15 0.1 5 10 50
1,300 1,350 50 3F 2 B 0.3 15 0.1 5 0
1,350 1,400 50 3 2 A 0.3 15 0.1 5 0
1,400 1,450 50 34 2 A 0.3 15 0.1 5 0
1,450 1,500 50 3F 2 B 0.3 15 0.1 5 0
1,500 1,550 50 3F 2 B 0.3 15 0.1 5 0
1,550 1,600 50 34 2 A 0.3 15 0.1 5 0
1,600 1,650 50 3F 2 B 0.3 15 0.1 5 0
1,650 1,700 50 3F 2 B 0.3 15 0.1 5 0
1,700 1,750 50 80 2 C 0.3 15 0.1 5 10 50
1,750 1,800 50 3F 2 B 0.3 15 0.1 5 0
1,800 1,850 50 3F 2 B 0.3 15 0.1 5 0
1,850 1,900 50 3 2 A 0.3 15 0.1 5 0
1,900 1,950 50 3F 2 B 0.3 15 0.1 5 0
1,950 2,000 50 80 2 C 0.3 15 0.1 5 10 50
2,000 2,050 50 3F 2 B 0.3 15 0.1 5 0
2,050 2,100 50 34 2 A 0.3 15 0.1 5 0
2,100 2,150 50 3F 2 B 0.3 15 0.1 5 0
2,150 2,200 50 3A 2 A 0.3 15 0.1 5 0
2,200 2,250 50 3 2 A 0.3 15 0.1 5 0
2,250 2,300 50 3F 2 B 0.3 15 0.1 5 0
2,300 2,350 50 3F 2 B 0.2 15 0.1 5 0
2,350 2,400 50 802 2 C 0.2 15 0.1 5 10 50
2,400 2,450 50 3F 2 B 0.3 15 0.1 5 0
2,450 2,500 50 3F 2 B 0.3 15 0.1 5 0
2,500 2,550 50 80 2 C 0.3 15 0.1 5 10 50
2,550 2,600 50 3F 2 B 0.3 15 0.1 5 0
2,600 2,650 50 3F 2 B 0.3 15 0.1 5 0
2,650 2,700 50 3F 2 B 0.3 15 0.1 5 0
2,700 2,750 50 34 2 A 0.3 15 0.1 5 0
2,750 2,800 50 3F 2 B 0.3 15 0.1 5 0
2,800 2,850 50 3F 2 B 0.3 15 0.1 5 0
2,850 2,900 50 80 2 C 0.3 15 0.1 5 10 50
2,900 2,950 50 3F 2 B 0.3 15 0.1 5 0
2,950 3,000 50 3 2 A 0.3 15 0.1 5 0
3,000 3,050 50 3F 2 B 0.3 15 0.1 5 0
3,050 3,100 50 8O 2 C 0.3 15 0.1 5 10 50




A15199 N2 USuewa1u Advance waz Consolidation Grouting (#1178 : Luns) (fo)

Support TBM TBM and D&B
Chainage (krn) Length (m)) RMT BT Type Contact Grout C 0 Grout] Hole -} Grout Probing Ahead
from to G m G Wl m S m o m
3,100 3,150 50 3F 2 B 0.3 15 0.1 5 0
3,150 3,200 50 34 2 A 0.3 15 0.1 5 0
3,200 3,250 50 3F 2 B 0.3 15 0.1 5 0
3,250 3,300 S0 80 2 C 0.3 15 0.1 5 10 50
3,300 3,350 50 3F 2 B 0.3 15 0.1 5 0
3,350 3,400 50 3F 2 B 0.3 15 0.1 5 0
3,400 3,450 50 3 2 A 0.3 15 0.1 5 0
3,450 3,500 50 3F 2 B 0.3 15 0.1 5 0
3,500 3,550 50 85 9 D 1.0 50 1.0 50 50 10 50
3,550 3,600 50 3F 2 B 0.3 15 0.1 5 0
Total 1,185 aro 50 130 650
3,600 3,650 S0 3F 2 B 0.3 15 0.1 5 0
3,650 3,700 50 3 2 A 0.3 15 0.1 5 0
3,700 3,750 50 A 2 A 0.3 15 0.1 5 0
3,750 3,800 50 3F 2 B 0.3 15 0.1 5 0
3,800 3,850 50 3F 2 B 0.3 15 0.1 5 0
3,850 3,900 50 80 2 C 0.3 15 0.1 5 10 50
3,900 3,950 50 3F 2 B 0.3 15 0.1 5 0
3,950 4,000 50 34 2 A 0.3 15 0.1 5 0
4,000 4,050 50 3F 2 B 0.3 15 0.1 5 0
4,050 4,100 50 3F 2 B 0.3 15 0.1 5 0
4,100 4,150 50 &0 2 C 0.3 15 0.1 5 10 50
4,150 4,200 50 3F 2 B 0.3 15 0.1 5 0
4,200 4,250 50 34 2 A 0.3 15 0.1 5 0
4,250 4,300 50 3F 2 B 0.3 15 0.1 5 0
4,300 4,350 50 &0 2 C 0.3 15 0.1 5 10 50
4,350 4,400 50 3F 2 B 0.3 15 0.1 5 0
4,400 4,450 50 3 2 A 0.3 15 0.1 5 0
4,450 4,500 50 3A 2 A 0.3 15 0.1 5 0
4,500 4,550 50 3F 2 B 0.3 15 0.1 5 0
4,550 4,600 50 85 2 D 0.3 15 0.1 5 10 50
4,600 4,650 50 80 2 C 0.3 15 0.1 5 10 50
4,650 4,700 50 3F 2 B 0.3 15 0.1 5 0
4,700 4,750 50 3F 2 B 0.3 15 0.1 5 0
4,750 4,800 50 3F 2 B 0.3 15 0.1 5 0
4,800 4,850 50 3F 2 B 0.3 15 0.1 5 0
4,850 4,900 50 3F 2 B 0.3 15 0.1 5 0
4,900 4,550 50 3F 2 B 0.3 15 0.1 5 0
4,950 5,000 50 3F 2 B 0.3 15 0.1 5 0
5,000 5,050 50 80 2 C 0.3 15 0.1 5 50 10 50
5,050 5,100 50 85 3 D 1.0 50 0.5 25 10 50
5,100 5150 50 &0 2 C 0.3 15 0.1 5 10 50
5,150 5,200 50 3F 2 B 0.3 15 0.1 5 0
5,200 5250 50 3F 2 B 0.3 15 0.1 5 0
5,250 5,300 50 3 2 A 0.3 15 0.1 5 0
5,300 5,350 50 3F 2 B 0.3 15 0.1 5 0
5,350 5,400 50 34 2 A 0.3 15 0.1 5 0
5,400 5,450 50 3F 2 B 0.3 15 0.1 5 0
5450 5,500 50 3F 2 B 0.3 15 0.1 5 0
5,500 5,550 50 3 2 A 0.3 15 0.1 5 0
5,550 5,600 50 3F 2 B 0.3 15 0.1 5 0
5,600 5,650 50 34 2 A 0.3 15 0.1 5 0
5,650 5,700 50 3F 2 B 0.3 15 0.1 5 0
5,700 5,750 50 3F 2 B 0.3 15 0.1 5 0
5,750 5,800 50 3A 2 A 0.3 15 0.1 5 0
5,800 5,850 50 3F 2 B 0.3 15 0.1 5 0
5,850 5,900 50 34 2 A 0.3 15 0.1 5 0
5900 5950 50 IF 2 B 0.3 15 0.1 5 0
5950 6,000 50 &0 2 C 0.3 15 0.1 5 10 50
6,000 6,050 50 3F 2 B 0.3 15 0.1 5 0
6,050 6,100 50 34 2 A 0.3 15 0.1 5 0
6,100 6,150 50 3F 2 B 0.3 15 0.1 5 0
6,150 6,200 50 3F 2 B 0.3 15 0.1 5 0
6,200 6,250 50 3A 2 A 0.3 15 0.1 5 0
6,250 6,300 50 3F 2 B 0.3 15 0.1 5 50 10 50




A15199 N3 USuewau Advance waz Consolidation Grouting (#1179 : Luns) (fa)

Support TBM TEM and D&B
Chainage (km) Length (m)  RMT BT Type Contact Grout Consolid Grout] ze Hole d Grout Probing Ahead

from 1o k) m % m m S m % m
6,300 6,350 50 34 2 A 0.3 15 0.1 5 50 10 50
6,350 6,400 50 3F 2 B 0.3 15 0.1 5 50 10 50
6,400 6,450 50 3F 2 B 0.3 15 0.1 5 50 10 50
6,450 6,500 50 3F 2 B 0.3 15 0.1 5 50 10 50
6,500 6,550 50 34 2 A 0.3 15 0.1 5 1]
6,550 6,600 50 3F 2 B 0.3 15 0.1 5 0
6,600 6,650 50 3F 2 B 0.3 15 0.1 5 0
6,650 6,700 50 3F 2 B 0.3 15 0.1 5 1]
6,700 6,750 50 85 3 D 1.0 50 0.5 25 50 50 50
6,750 6,500 30 85 3 0 1.0 S0 0.5 25 30 50 50
6,800 6,850 50 SF 2 B 0.3 15 0.1 5 50 10 50
6,850 6,900 50 4F 2 B 0.3 15 0.1 5 50 10 50
6,900 6,950 50 4F 2 B 0.3 15 0.1 5 50 10 50
6,950 7,000 50 85 2 D 0.3 15 0.1 5 50 50 50
7,000 7,050 50 2F 2 A 0.3 15 0.1 5 50 10 50
7,050 7,100 50 5F 2 B 0.3 15 0.1 5 50 10 50
7,100 7,150 S0 2 1 A - - 0 50 10 50
7,150 7,200 50 SF 2 B 0.3 15 0.1 5 50 10 50
7,200 7,250 50 5 2 A 0.3 15 0.1 5 50 10 50
7,250 7,300 50 5F 2 B 0.3 15 0.1 5 50 10 50
7,300 7,350 50 4F 2 B 0.3 15 0.1 5 50 10 50
7,350 7,400 50 4 2 A 0.3 15 0.1 5 50 10 50
7,400 7,450 50 4F 2 B 0.3 15 0.1 5 50 10 50
7450 7,500 50 85 L D 1.0 50 1.0 30 50 50 50
7,500 7,550 50 85 2 D 0.3 15 0.1 5 50 50 50
7,550 7,600 30 SF 2 B 0.3 15 0.1 5 S0 10 50
7,600 7,650 50 2 A 0.3 15 0.1 5 50 10 50
7,650 7,700 50 4 2 A 0.3 15 0.1 5 50 10 50
7,700 7.750 50 4F 2 B 0.3 15 0.1 5 50 10 50
7,750 7,800 50 85 9 D 1.0 50 1.0 50 50 50 50
7,800 7,850 50 85 9 D 1.0 50 1.0 50 50 50 50
7,850 7,900 50 5F 9 B 1.0 50 1.0 50 50 10 50
7,900 7,950 50 aF 2 B 0.3 15 0.1 5 50 10 50
7,950 8,000 50 4 2 A 0.3 15 0.1 5 50 10 50
8,000 8,050 50 SF 9 B 1.0 50 1.0 50 50 10 50
8,050 8,100 50 85 9 D 1.0 50 1.0 50 50 50 50
&,100 &150 50 85 9 D 1.0 50 1.0 50 50 50 50
8,150 &,200 50 SF 9 B 1.0 S0 1.0 30 50 10 50
8,200 8,250 50 5 2 A 0.3 15 0.1 5 50 10 50
8,250 8,300 50 5F 9 B 1.0 50 1.0 50 50 10 50
8,300 8,350 50 4aF 2 B 0.3 15 0.1 5 50 10 50
8,350 £,400 50 4 2 A 0.3 15 0.1 5 50 10 50
8,400 8,450 50 4F 2 B 0.3 15 0.1 5 50 10 50
8,450 8,500 50 5F 9 C 1.0 50 1.0 50 50 10 50
8,500 8,550 50 2F 2 A 0.3 15 0.1 5 50 10 50
550 &,600 50 2 i A - - 0 50 10 50
8,600 8,650 50 2F 2 A 0.3 15 0.1 5 50 10 50
8,650 8,700 50 5F % C 1.0 S0 1.0 50 50 10 50
8,700 8,750 50 85 9 D 1.0 50 1.0 50 50 50 50
8,750 8,800 50 85 9 D 1.0 50 1.0 50 50 50 50
&800 &850 50 5F 9 C 1.0 50 1.0 50 50 10 50
8,850 8,900 50 85 9 2] 1.0 50 1.0 0 50 50 50
8,200 8,950 50 4F 2 B 0.3 15 0.1 5 50 10 50
8,950 2,000 50 4 2 A 0.3 15 0.1 5 50 10 50
2,000 2,050 30 4F 2 B 0.3 15 0.1 5 50 10 50
$,050 9,100 50 5F 9 C 1.0 50 1.0 50 50 10 50
9,100 9,150 50 85 9 D 1.0 50 1.0 50 50 50 50
9,150 9,200 50 5F 9 C 1.0 50 1.0 50 50 10 50
9,200 9,250 50 85 9 D 1.0 50 10 50 50 50 50
9,250 9,300 50 2F 2 A 0.3 15 0.1 5 50 10 50
9,300 9,350 50 2 1 A - - 0 50 10 50
9,350 9,400 50 2F 2 A 0.3 15 0.1 5 50 10 50
9,400 9,450 50 AaF 2 B 0.3 15 0.1 5 50 10 50
9,450 2,500 50 4 2 A 0.3 15 0.1 5 50 10 50
9,500 9,550 50 TF 2 A 0.3 15 0.1 5 50 10 50

A1519% N4 USunaueu Advance

n-3

ag Consolidation Grouting (W2 : LAT) (6i9)




Support TBM TBM and D&R
Chainage (km) Length (m)Y RMT BT Type Contact Grout C ik y Grout] D ze Hole .} Grout Probing Ahead
fiomn 1o % m k] m % m o m o m

9,550 9,600 50 85 9 D 1.0 50 1.0 50 50 50| 50
9,600 9,650 50 2F 2 A 0.3 15 0.1 5 50 10| 50
9,650 9,700 50 2 1 A - - = 0 50 10 50
9,700 9,750 50 2F 2 A 0.3 15 0.1 5 50 10| 50
9,750 9,800 50 5F 3 C 1.0 50 0.5 25 50 10| 50
9,800 9,850 50 &5 3 D 1.0 50 0.5 25 0 50| 50
#,850 F,500 50 85 3 D 1.0 50 0.5 25 50 50| 50
9,900 9,950 50 5F 2 B 0.3 15 0.1 5 50 10| 50
9,950 10,000 50 TF 3 A 1.0 50 0.5 25 S0 10 50

10,000 10,050 50 85 3 D 1.0 50 0.5 25 50 50 50

10,050 10,100 50 85 2 o 0.3 15 0.1 5 S50 50| 50

10,100 10,150 50 TF 1 A - - - 0 50 10| 50

10,150 10,200 50 7 2 A 0.3 15 0.1 5 50 10| 50

10,200 10,250 50 TF 2 A 0.3 15 0.1 5 50 10| 50

10,250 10,300 50 aF 2 B 0.3 15 0.1 5 50 10 50

10,300 10,350 50 5 2 A 0.3 15 0.1 5 50 10| 50

10,350 10,400 50 SF 2 B 0.3 15 0.1 5 50 10] 50

10,400 10,450 50 85 3 D 1.0 50 0.5 25 S0 50 50

10,450 10,500 50 SF 2 B 0.3 15 0.1 5 50 10| 50

10,500 10,550 50 85 3 ] 1.0 50 0.5 25 50 50| 50

10,550 10,600 50 4F 2 B 0.3 15 0.1 5 50 10| 50

10,600 10,650 50 85 3 D 1.0 50 0.5 25 50 50| 50

10,650 10,700 50 TF 2 A 0.3 15 0.1 5 50 10| 50

10,700 10,750 50 85 2 D 0.3 15 0.1 5 50 50| 50

10,750 10,800 50 5F 2 B 0.3 15 0.1 5 50 10| 50

10,800 10,850 50 85 3 D 1.0 50 0.5 25 S0 10] 50

Total 3,220 1840 4450 1830 4850

10,850 10,900 50 SF 2 B 0.3 15 0.1 5 50 10| 50

10,900 10,950 50 4F 3 B 1.0 50 0.5 25 50 10| 50

10,950 11,000 50 85 2 ] 0.3 15 0.1 5 S0 50| 50

11,000 11,050 50 TF 2 A 0.3 15 0.1 5 50 10 50

11,050 11,100 50 aF 2 B 0.3 15 0.1 5 50 10| 50

11,100 11,150 50 3F 2 B 0.3 15 0.1 5 50 10j 50

11,150 11,200 50 SF 2 B 0.3 15 0.1 5 50 10| 50

11,200 11,250 50 aF 2 B 0.3 15 0.1 5 50 10 50

11,250 11,300 50 85 3 D 1.0 50 0.5 25 50 50 50

11,300 11,350 50 80 2 C 0.3 15 0.1 5 50 50 50

11,350 11,400 50 3 3 A 1.0 50 0.5 25 50 10| 50

11,400 11,450 50 3F 2 B 0.3 15 0.1 5 0

11,450 11,500 50| s0Q 2 C 0.3 15 01 5 10| 50

11,500 11,550 50 3F 2 B 0.3 15 0.1 5 0

11,550 11,600 50 34 2 A 0.3 15 0.1 5 0|

11,600 11,650 50 3F 2 B 0.3 15 0.1 5 0|

11,650 11,700 50 34 2 A 0.3 15 0.1 5 0|

11,700 11,750 50 3F 2 B 0.3 15 0.1 5 0

11,750 11,800 50 34 2 A 0.3 15 0.1 5 0

11,800 11,850 50 3F 2 B 0.3 15 0.1 5 0|

11,850 11,900 50 A 2 A 0.3 15 0.1 5 0

11,500 11,950 50 80 2 C 0.3 15 0.1 5 10| 50

11,950 12,000 50 3F 2 B 0.3 15 0.1 5 0| 250

12,000 12,050 50 3 2 A 0.3 15 0.1 5 0

12,050 12,100 50 3F 2 B 0.3 15 0.1 5 0|

12,100 12,150 50 3F 2 B 0.3 15 0.1 5 0

12,150 12,200 50 3 2 A 0.3 15 0.1 5 0

12,200 12,250 50 34 2 A 0.3 15 0.1 5 0|

12,250 12,300 50 38 2 L) 0.3 15 0.1 5 0|

12,300 12,350 50 3F 2 B 0.3 15 0.1 5 0

12,350 12,400 50 3F 2 B 0.3 15 0.1 5 0|

12,400 12,450 50 3F 2 B 0.3 15 0.1 5 0

12,450 12,500 50 3 2 A 0.3 15 0.1 5 0
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1 INTRODUCTION
This report presents the results of the geological — geotechnical studies,

accomplished by 3G Gruppe Geotechnik Graz ZT GmbH, during the detailed design
stage of the "Mae Ngad — Mae Kuang Tunnel Project. The expert missions were
accomplished from 04.04.2005 — 22.04.2005 and from 01.08.2005 until 19.08.2005.

The aim of the missions was to review and to evaluate the investigation results and
to assess engineering geological — geotechnical conditions along the tunnel
alignment.

The location of the inlet portal at the Mae Ngad Reservoir has been fixed according
to the encountered topographic conditions during a site reconnaissance trip, jointly
attended by members of RID, Panya Consultants Co., Ltd. and 3G Gruppe
Geotechnik Graz ZT GmbH.

Changing the location of the inlet structure as well as the tunnel alignment between
approx. km 1.0 and approx. km 5.0 achieved a geotechnical optimization. Due to
the modification of the alignment between approx. km 1.0 and approx. km 5.0, which
was running along a fault boundary within this section, could be shifted to a more
homogeneous and geotechnical more favorable area.

The following assessment is based on the study of available documents and maps,
provide by Panya, the evaluation of stereo pairs of aerial photographs, outcrop
studies accomplished during field inspections during this and former expert
missions, geological alignment mapping results performed by Panya geologists, and
the results of subsurface investigations (core drilling, geophysical surveys,
laboratory tests) performed up to now.

2 GEOLOGIC SETTING

The summary of the geologic setting, adopted in this chapter, is based on recent
research results, and on results from field trips during expert missions of this and
former design phases.

The lithology of the project area includes sedimentary rocks belonging to the Lower
and Upper Palaeozoic, the Tertiary and the Quaternary. Igneous rocks include
Triassic granitoid intrusives and felsic volcanic rocks, which are generally
considered to be Permo — Triassic and inferred to have formed in a magmatic arc.

The oldest rocks in the project area comprise the Thung Song Group, which belongs
to the later part of the Ordovician, possibly extending into the Silurian. The rocks of
this group are mainly limestone with some shale horizons.

Through the Silurian deeper water conditions prevailed. The area lay on an E-facing
passive continental margin where pelagic sedimentation spread and continued into
the Devonian. The prevailing rock is sandstone, in parts developed as sedimentary
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orthoquartzite (or slightly metamorphic sandstone). Shale (siltstone) and chert occur
in lesser quantities. Occasionally limestone deposited in a shelf environment occurs.

A thick sequence of poorly fossiliferous, mainly clastic marine sedimentary rocks (in
parts slightly metamorphic), known as the Thong Pha Phum Group, conformably
overlies the Thung Song Group. It is essentially Siluro — Devonian, extending up into
the Carboniferous in places. These sediments are broadly interpreted as having
been deposited in shelf to back-arc settings. The rocks of this group include mainly
sandstone, shale (siltstone) and chert. Occasionally limestone and agglomerate are
found. Volcanic activity was marked in the Upper Devonian — Middle Carboniferous
time interval.

Overlying the Thong Pha Phum Group, generally without any marked discordance,
are various Carboniferous — Permian sequences, including turbidites (Mae Hong
Son/ Phrae Formations; Dan Lan Hoi Group, Ratburi Group). Conditions became
essentially shallow-water by the Middle Carboniferous. Reef limestone was
deposited in the Late Carboniferous. By the Upper Carboniferous period much of the
area may have been emergent, although generally with low relief. There are some
red beds in the uppermost Carboniferous and mafic volcanic activity (basalt), with
the characteristics of an extensional continental setting. This continued into the
Permian. Extensive shelf seas developed in the Permian with an abundance of
shallow — water carbonatic rocks. Typical rocks of this sequence are sandstone,
shale (siltstone) and limestone of mainly Lower — Middle Permian age, which forms
striking karst landscapes wherever it crops out. Occasionally greywacke, chert and
agglomerate occur. By the end of the Permian there had been general emergence
with only local basins of sedimentation remaining.

Tertiary sediments fill graben, more than 2,000 m thick in places. There is a scarcity
of coarse sediments in many of the basins, suggesting a landscape of no great relief
for much of the Tertiary.

In the Pliocene to early Pleistocene large areas were uplifted to form highlands. The
erosion that accompanied and followed this uplift flooded low-lying areas with the
Pleistocene continental deposits. Weathering processes and the formation of slope
debris and river deposits developed into the Holocene.

The tectonic setting in the project area is characterized by thrust sequences. A fold-
thrust belt developed during late Palaeozoic — early Mesozoic events. This mobile
belt (Yunnan — Malay belt) results from the convergence and collision of the Shan
Thai block in the West and the Indosinia block in the East, with the closure of an
intervening ocean basin that was preceded and accompanied by eastward
subduction and underthrusting.

The Triassic collision was associated by granitic intrusions, which was followed by
general uplift. Thereafter, relatively stable conditions prevailed. According to Mitchell
(1992) there was again overthrusting further West in the Late Triassic and Early
Jurassic. Continuing or renewed convergence in the extreme W of Thailand caused
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folding affecting the Mesozoic molasse formation. The severity of this folding has
decreased towards the East.

Late Cenozoic tectonic events are generally attributed to the India — Eurasia
collision. As a result of this collision, Southeast Asia was pushed south-eastwards
and rotated. Strike-slip faults oriented NW-SE caused displacements of tens of
kilometers. NNE-SSW-trending strike-slip faults are also important. In conjunction
with these strike-slip dislocations, a series of extensional basins was opened up,
extending N-S through the central part of Thailand. This extension tectonics may
have begun in the Oligocene in the S (gulf area), and continued into the Miocene
towards the N. There were basaltic eruptions in the early Quaternary, related to the
prevailing extensional tectonics.

RESULTS OF INVESTIGATION PROGRAM

The subsurface investigations, including the drillings for the feasibility study,
performed until now, consist of:

- 28 core drillings in total (boreholes T 7/1 — T 7/6 drilled for the feasibility
study, boreholes DHW-1 to DHW-19 drilled for the detailed design study,
DHI-1 and DHI-2 at new inlet - portal location, DHW-6 “New” close to the
new alignment section)

- water pressure tests carried out in selected boreholes
- refraction seismic profiling and resistivity sounding

- laboratory tests (point load tests, uniaxial compressive strength tests,
triaxial tests, tensile strength tests (Brazilian Test), direct shear test on
discontinuities, Cerchar abrasivity tests, thin sections on outcrop and core
samples), qualitative clay mineral analysis using X-Ray Diffractometry

Exploratory Borings

The results of core drillings T 7/1 — T 7/6 have been described in the Geological
Report of the Main Tunnel, Mae Kuang Reservoir Inflow Project — Feasibility Study,
prepared by Geoconsult — Prof. Dr. Gunter Riedmueller in January 2002.

Engineering geological logging results together with core photos, presented by the
contractor during drill core checks by 3G and Panya geologists as well as submitted
digitally by Panya, show following results (lithological terms are used according to
the core logs and field classification:
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DHI-1 (vertical, depth: 20 m)

An approx. 3.4 m thick layer of residual soil covers the bedrock. The core exposes
intensely jointed to locally fractured and sheared siltstone down to a depth of
approx. 5.8 m; beneath that depth highly fissile, locally fractured slate was
encountered.

The RQD values, recorded O for the entire core, point to a considerable tectonic
disturbance.

A groundwater level was recorded at a depth of 3.4 m below ground level.

DHI-2 (vertical, depth: 20 m)

The soil layer has a thickness of approx. 6.5 m. The remaining core section down to
the depth of 20 m exposes fault gouge material with a fine-grained clayey to sandy
matrix of shale or slate origin and blocks of jointed to fractured sandstone. Between
13.5 mand 20 m depth most of the core material was recovered as cuttings.

The drill hole exposes a fault zone. The internal structure in the fault gouge indicates
a steep dipping structure (50° to 70°).

A groundwater level was recorded at a depth of 4.6 m below ground level.

DHW-1 (vertical, depth: 90 m)

Residual soil, approx. 8.7 m thick covers competent but intensely fractured to locally
crushed quartzitic sandstone, which was encountered down to a depth of 42.4 m. A
sequence of siltstone with sandstone intercalations and sandstone with siltstone
intercalations follows down to the bottom of the borehole.

Low core recovery and RQD values, recorded mainly to be 0, point to a
considerable tectonic disturbance.

A ground water level has been recorded at a depth of 2.5 m below surface.

DHW-2 (vertical, depth: 90 m)

Beneath an approx. 3 m thick soil layer, jointed to intensely jointed, competent
quartzitic sandstone has been encountered down to depth of 40 m. From 40 m to
about 80 m faulted rock mass, consisting of coarse to fine grained fault gouge and
fractured rock mass (quartzitic sandstone, red shale, siltstone and sandstone) gives
evidence about the thrust fault system. Jointed to fractured siltstone with sandstone
intercalations dominates the rock mass down to the bottom of the borehole.

8070C_rep-02-05-03.doc 3G Gruppe Geotechnik Graz ZT GmbH
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Frequent core loss, abundant fault gouge as well as extremely low RQD values
reflect the intense tectonic impact on the rock mass by the thrust faulting.

A groundwater level has been recorded at a depth of 0,7 m below surface.

DHW.-3 (vertical, depth: 295 m)

Covered by an approx. 4.2 m thick topsoil layer the borehole exposes competent
quarizitic sandstone with intercalations of shale down to a depth of 172 m. The
shale intercalations show a maximum thickness of approx. 6 m. Below 172 m
quartzitic sandstone only has been encountered in the drilling. The rock mass is
jointed with variable intensity (15% of core length with RQD values > 80).

The rock mass shows only local influence of moderate to slight tectonic disturbance.

The borehole encountered artesian water at a depth of approx. 40 m. During the
field trip (19.04.2005) the amount of groundwater flow from the borehole was
estimated to be in the range of 10 I/'s. The water pressure was estimated to be in the
range of several meters above ground level.

DHW-4 (vertical, depth: 30 m)

Beneath a topsoil layer, approx. 3.5 m thick, highly to moderately weathered,
intensely jointed to fractured sandstone has been recovered down to a depth of
26.7 m. Down to the bottom of the hole moderately weathered, fractured to faulted
shale has been recovered.

The amount of fractured rock mass, low core recovery as well as RQD values of 0
reflect an intense influence of tectonic faulting on the rock mass. The intense
weathering is a result of an open jointed to fractured rock mass.

No groundwater has been encountered in the borehole.

DHW-5 (vertical, depth: 165 m)

Beneath an approx. 2 m to 3 m thick layer of residual soil a sequence of sandstone
with shale and siltstone intercalations was encountered down to a depth of approx.
100 m. Most of the sandstone is intensely jointed to fractured; the shale has been
sheared and changed to fault gouge due to tectonic faulting. From approx. 100 m to
approx. 120 m the drilling penetrated the thrust fault contact to the mudstone/shale
beneath. The core exposes mostly fine-grained fault gouge with broken sandstone
fragments of cobble to bolder size. The mudstone/shale has been altered close to
the fault contact, which is indicated by the discoloration from an original reddish
color to a light brownish grey. The mudstone is intensely jointed to fractured and
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locally sheared, and shows a distinct fissility along the bedding planes, dipping with
20° to 30° in average.

The core exposes a fault contact between quartzitic sandstone, thrusted on top of
red shale. All the core material contains fractured to faulted rock mass with
abundant coarse to fine grained fault gouge. The main fault sections have been
encountered between approx. 34 m and approx. 80 m as well as between approx.
100 mand 124 m.

No information on groundwater was available.

DHW-6 — OLD ALIGNMENT (vertical, present depth: 40 m)

Underneath approx. 7.4 m of topsoil down to the present bottom of the borehole,
fractured to faulted rock mass has been recovered in the drill cores. The faulted rock
mass shows remnants of chert and limestone intercalated with chert.

Low core recovery, abundant core loss as well as all RQD values being O reflects
the intense tectonic faulting of the rock mass.

During drilling artesian water with a pressure of approx. 1.4 bar was encountered at
a depth of 36 m. An overflow of approx. 1.0 I/s with very low hydraulic pressure has
been observed during the field inspection trip of this expert mission.

DHW-6 — NEW ALIGNMENT (vertical, depth: 85 m)

Beneath approx. 2 m of topsoil down to the present bottom of the borehole,
sandstone with intercalations of shale has been recovered in the drill cores. The
rock mass is fractured to faulted to a wide extend, especially the shale layers have
been converted to fine grained fault gouge.

Low core recovery, a lot of cuttings as well as RQD values of O reflect an intense
tectonic faulting of the rock mass.

During drilling artesian water was encountered, but no information on depth, flow
rate and pressure was available.
DHW-T7 (vertical, depth: 95 m)

All the core material consists of fractured to faulted quartzitic sandstone with a few
intercalations of mud- and siltstone.

The intense influence of tectonic faulting on the rock mass is reflected by low RQD
values as well as by core loss or low core recovery

A groundwater level has been recorded at a depth of 4,0 m below surface.
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Water pressure test have been performed at the depth intervals of 86 m — 89 m,
89m—-92 mand 92 m — 95 m. No results could be obtained due to leakage at the
packer during testing.

DHW-8 (vertical, depth: 80 m)

All the core material consists of fractured to faulted rock mass with remnants of
quartzitic sandstone and mudstone with sandstone intercalations (approx. 40 m to
47 m).

The intense influence of tectonic faulting on the rock mass is reflected by very low
RQD values as well as core loss or low core recovery

Artesian water was encountered during drilling, but no information on depth, flow
rate and pressure was available. After completion of drilling works the groundwater
level was recorded at ground level.

Water pressure test have been performed at the depth intervals of 51 m — 54 m
(32.84 Lugeon), 54 m - 57 m (24.37 Lugeon) and 57 m — 60 m (44.80 Lugeon). The
results show high Lugeon values, indicating a high hydraulic conductivity of the rock
mass.

DHW-8 (vertical, depth: 80 m)

Below a topsoil layer of approx. 6 m thickness down to the bottom of the borehole
faulted rock mass has been recovered in the cores. The faulted rock mass shows
remnants of shale and chert.

Low core recovery, abundant core loss as well as RQD values being all O reflect the
intense tectonic faulting of the rock mass.

A groundwater level has been recorded at a depth of 15 m below surface.

Qut of three water pressure tests, performed at a depth of 71 m - 74m, 74 m —
77 mand 77 m - 80 m, only one was successful, resulting in a Lugeon value of 0,75
(test section: 74 m — 77 m). This indicates a low rock mass conductivity.

DHW-10 (vertical, depth: 155 m)

With exception of a topsoil layer, approx. 10 m thick, the entire core exposes faulted
rock mass, consisting of mainly fine-grained fault gouge with portions of fractured
rock mass (siltstone, sandstone, quartzitic sandstone, shale).

Only a very few sections with RQD values > 0 and frequent core loss are indicators
for the intense tectonic faulting of the rock mass.
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A groundwater level has been recorded at a depth of 7.8 m below surface.

Wiater pressure test have been performed at the depth intervals of 146 m — 149 m,
149 m - 152 m and 152 m — 155 m. No results could be obtained due to leakage at
the packer during testing.

DHW-11 (vertical, depth: 155 m)

Beneath a topsoil layer, approx. 3.3 m thick, completely weathered shale with
properties of a fine-grained soil have been encountered down to a depth of 24 m.
From 24 m — 34,7 m a cavity has been encountered, followed by jointed limestone
down to 52 m below surface. Fault gouge (faulted black shale and siltstone)
underlies the limestone down to a depth of approx. 71.4 m. Fractured to faulted
andesite has been recovered in the cores down to 97 m below surface. Between
97 m and 113 m the core exposes fault gouge material, with fractured to faulted
sandstone following down to 135 m below surface. From 135 m down to the bottom
of the hole fractured to jointed, intensely foliated shale has been encountered.

The core reflects the complex and heterogeneous composition of the rock mass
within the thrust fault complex. Intensely karstified limestone boulders of variable
size and portions of intact rock mass (e.g. sandstone, shale) are embedded in fault
gouge material. With exception of the sections between 33.5m-52 mand 130 m-
155 m, where intact rock mass has been encountered, all the rock mass is affected
extensively by tectonic faulting.

A groundwater level has been recorded at 12.5 m below surface.

Water pressure test have been performed at the depth intervals of 146 m — 149 m,
149 m - 152 m and 152 m — 155 m. No results could be obtained due to leakage at
the packer during testing.

DHW-12 (vertical, depth: 137 m)

The bedrock is covered with a approx. 4 m thick layer of colluvial sediments.
Sandstone to quartzitic sandstone with intercalations of siltstone/shale has been
encountered down to the bottom of he borehole. The sandstone is jointed to
intensely jointed with local zones of fractured rock mass. Siltstone/shale
intercalations have frequently been sheared parallel to bedding, which is dipping
with low to moderate angles (10° to 30° in average).

The rock mass is moderately weathered with limonitic staining on almost all
discontinuity surfaces. About 50% of the core shows RQD values > 20, with only
about 10% of the core length with RQD values > 70, indicating the intense jointing of
the rock mass throughout.

No groundwater has been encountered in the borehole.
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DHW-13 (vertical, depth: 150 m)

The bedrock is covered with a thin layer of colluvial sediments. Sandstone to
quartzitic sandstone with intercalations of siltstone/shale has been encountered
down to the bottom of the borehole. The sandstone is jointed to intensely jointed
with local zones of fractured rock mass. Siltstone/shale intercalations have
frequently been sheared parallel to bedding, which is dipping with low to moderate
angles (10° to 30° in average).

The rock mass is moderately weathered with limonitic staining on almost all
discontinuity surfaces. About 45% of the cores show RQD values > 20, with only
about 5% of the core length with RQD values > 70, indicating the intense jointing of
the rock mass throughout.

A groundwater level has been recorded at a depth of 81.9 m below ground level.

DHW-14 (vertical, depth: 124 m)

Beneath a layer of completely weathered rock mass, approx. 7 m thick, the core
exposes sandstone to quartzitic sandstone with shale intercalations between 7 m
and 41.5m as well as between 64.0 m and 81.0 m. Most of the rock mass is
intensely jointed and locally fractured.

The remaining core sections consist of fine- to coarse-grained fault gouge material.
Internal structures of the fault gouge indicate moderate dip angles of fault planes.

Only a few core sections with RQD values >0 reflect the influence of tectonic
faulting on the rock mass. The sandstone is slightly to moderately weathered,
whereas the fault gouge material appears not to be weathered.

The borehole had to be cancelled at a depth of 124 m due to drilling problems.

No information on groundwater was available.

DHW-15 (vertical, depth: 150 m)

The bedrock is covered with a layer of colluvial sediments, approx. 4.5 m thick. The
cores expose sandstone to quartzitic sandstone with a few intercalations of
siltstone/shale. The sandstone is jointed to intensely jointed with local zones of
fractured rock mass. Sections of slightly to moderately weathered sandstone
alternate with fresh rock mass. Joint surfaces showing limonitic staining and some
weathered fault gouge has been recovered frequently, indicating an open rock mass
structure.

A groundwater level has been recorded at a depth of 96.50 m below ground level.
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DHW-16 (vertical, depth: 100 m)

The core consists of faulted to fractured rock mass, with fault gouge dominating
down to a depth of approx. 41 m and intensely jointed to fractured gquartzitic
sandstone dominating the remaining section.

The abundant amount of fault gouge as well as RQD values of 0 in the section with
quartzitic sandstone reflect the intensive influence of tectonic faulting on the rock
mass.

A groundwater level was recorded at surface level. During the recent field inspection
the water level was encountered at a few decimeters below ground surface.
According to drilling records there was artesian water flow from the borehole during
drilling, which stopped after completion of drilling works.

Wiater pressure test have been performed at the depth intervals of 91 m — 84 m
(1,03 Lugeon), 94 m — 97 m (1,33 Lugeon) and 97 m — 100 m (0,99 Lugeon). The
results show low Lugeon values, indication a relatively low hydraulic conductivity of
the rock mass in the sections tested.

DHW-17 (vertical, depth: 100 m)

The core material consists of intensely jointed to fractured quartzitic sandstone with
a few intercalations of shale. Locally the rock mass is faulted with fault gouge
material encountered between approx. 11.7 m and 21.2m as well as between
approx. 29.0 mand 30 m.

The influence of tectonic faulting is reflected by fault gouge encountered within
limited sections as well as by low RQD values.

No ground water level was recorded.

DHW-18 (vertical, depth: 100 m)

From O m to approx. 64 m and from approx. 81.5 m to the bottom of the hole, core
material consists of intensely jointed to locally fractured quartzitic sandstone and
shale with sandstone intercalations. Between approx. 64 m and 81.5 m and approx.
89.6 m to 92.6 m fault gouge material has been encountered.

The variable quality of the rock mass, with RQD values ranging between 0 and 90,
reflects the heterogeneous composition of the rock mass in the vicinity of a fault
zone, with portions of competent rock mass adjacent to fault gouge material.

A groundwater level has been recorded at 7 m below surface.
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3.2

Water pressure test have been performed at the depth intervals of 91 m — 94 m
(2,51 Lugeon), 94 m — 97 m (3,25 Lugeon) and 97 m — 100 m (1,64 Lugeon). The
results show moderately low Lugeon values, indicating a relatively low hydraulic
conductivity of the rock mass in the sections tested.

DHW-19 (vertical, depth: 80 m)

The core material consists of intensely jointed to fractured quartzitic sandstone with
a few intercalations of shale. Locally the rock mass is moderately jointed. The rock
mass is moderately weathered with limonitic staining on discontinuity surfaces.

The rock mass shows local influence of moderate to slight tectonic disturbance.

Water pressure test have been performed at the depth intervals of 71 m — 74 m
(23.35 Lugeon), 74 m— 77 m (22.65 Lugeon) and 77 m — 80 m (24.19 Lugeon). The
results show high Lugeon values, indicating a high hydraulic conductivity of the rock
mass.

A ground water level > 80 m below surface was recorded.

Seismic Profiling

Refraction seismic surveys, relevant for the actual tunnel alignment, were performed
in 4 areas (see relevant reports of feasibility study and detailed design study). These
are the area of the inlet (profiles A), the portal area of the access Tunnel 5 (profiles
B), the portal area of the access Tunnel 6 (profile C) and the outlet area (profiles A
to E).

- Inlet area — OLD ALIGNMENT - Profiles A:
The longitudinal profile (line A-A'/length 300 m) and the cross sections (A1 -
A1'/length 50 m; A2 - A2'/length 50 m; A3 - A3"/length 50 m) show a 3-layer
configuration (p-wave velocities:340 - 350 m/s, 660 — 940 m/s, 1900 —
2300 m/s).

The results point to deep reaching decomposition of the bedrock by
weathering (maximum thickness of weathered zone 20 m to 30 m). The
bedrock beneath the weathered zone seems to be intensely fractured and
faulted.

- Portal Access Tunnel 5 - Profiles B:
The longitudinal profile (line B-B'/ length 200 m) and the cross sections (B1
- B1'/length 50 m; B2 - B2'/length 50 m; B3 - B3"/length 50 m) show a 3-
layer configuration (p-wave velocities: 320 — 356 m/s, 610 — 990 m/s, 2900
- 3000 nvs).
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3.3

The results point to deep reaching decomposition of the bedrock by
weathering (maximum thickness of weathered zone 20 mto 30 m). The
bedrock beneath the weathered zone is interpreted to be slightly weathered
and fractured sandstone.

- Portal Access Tunnel 6 - Profiles C:
The longitudinal profile (line C-C'/length 120 m) shows a 3-layer
configuration (310 — 370 m/s, 830 — 940 s, 2400 — 2600 m/s).

The results point to deep reaching decomposition of the bedrock by
weathering (maximum thickness of weathered zone 10 mto 15 m). The
bedrock beneath the weathered zone seems to be fractured and faulted
shale and sandstone.

- Qutlet Area — Profiles A to E:
The longitudinal profile (line A-A’/length 500 m) and the cross sections (B-
B'/length 100 m, C-C'/length 50 m, D-D'/length 100 m, E-E'/length 100 m)
show a 3-layer configuration (380 — 590 m/s, 710 — 1200 m/s, 2000 rm/s —
2600 m/s).

The results point to deep reaching decomposition of the bedrock by
weathering (maximum thickness of weathered zone 10 mto 15 m). The
bedrock beneath the weathered zone seems to be intensely fractured all
over and locally faulted.

Resistivity Sounding

Resistivity sounding was performed along a profile 3.8 km long, running parallel to
the tunnel alignment in the section between approx. km 6.9 and approx. km 10.7
(GTU 4). Boreholes DHW-1, DHW-9, DHW-10 and DHW-11 are located along the
profile; borehole DHW-2 is close to the southwestern end of the profile.

The result, displayed as a black-white iso-resistivity section with indicated resistivity
levels of 200, 400 and 600 Qm, shows low resistivity values in the range of approx.
< 200 Om to approx. 400 Om for most of the resistivity profile. This can be
correlated to shale dominated and/or faulted rock mass with abundant fine grained
(sandy, silty to clayey) material.

Resistivity values of approx. > 1,000 Qm, which could be related to limestone, have
not been detected at tunnel elevation.

Between approx. profile km 0.8 and approx. km 3.2 the resistivity profile shows no
results close to the surface (approx. top 100 m). Therefore the correlation with
borehole results of DHW-11 (limestone encountered between 34,7 m and 52.0 m
depth) can not be drawn.
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3.4

Distinct inhomogeneous areas, tracing possible faults; are indicated between profile
km 0.0 and 0.4, profile km 1.200 and km 1.600 as well as between profile km 2.7
and km 2.9.

Mineralogical Analysis — Rock Samples

A microscopic analysis of thin sections has been performed on selected outcrop and
core samples.

The sample location of almost all outcrop samples is in the area of the so-called
quartzitic sandstone of Carboniferous age, west of the valley.

According to the mineralogical analysis the outcrop samples belong to the following
lithological types:

- Sample No.10/2:
Greywacke quartzite
(Feldspar: ~25%, Quartz: ~75%, rock fragments: ~5%, total: 105%)

- Sample No. 11/1
Feldspar greywacke
(Feldspar: ~35%, Quartz: ~50%, rock fragments: ~15%, total: 100%, matrix
proportion: 15%)

- Sample No. 13/2
Arcose quartzite
(Feldspar: ~55%, Quartz: ~40%, rock fragments: ~5%, total: 100%, matrix
proportion: 15%)

- Sample No. 14/1
Feldspar greywacke
(Feldspar: ~70%, Quartz: ~25%, rock fragments: ~5%, total: 100%, matrix
proportion: 15% - 75%)

- Sample No. 14/2
Feldspar greywacke
(Feldspar: ~45%, Quartz: ~45%, rock fragments: ~10%, total: 100%, matrix
proportion: 15% - 75%)
- Sample No. 24/1
Feldspar greywacke
(Feldspar: ~60%, Quartz: ~35%, rock fragments: ~5%, total: 100%, matrix
proportion: 15%)
One sample has been taken from the area of the fault contact between the thrust
fault zone and the Carboniferous quartzitic sandstone.

- Sample No. 11/9
Andesite
(Hornblende, Na Ca Plagioclase, Pyroxene, Olivine)
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Core
samples:
Borehole Depth Rock Type
Fiehl Pemagraphic Mineral Content [Vel %]
Chassificat . [ Subsrdinate Minerals Accessary Minerate
from 1. ) 5 )
DHW-2 00| 3720 | sandstane ‘Bubarcosic Arenite Quartt 820 | Amdtic-k-fel. Sericie 1,8 Catcite, epusote
DHW-3 8810 8820 | shale Feldspatic Grinwatks | Ouartt 85,0 | Serecitic--fel 3
138,10 | 139,20 | sandssong Arcosic Arenite Quar 70,7 | Serecitic - Feddspar 2 LI
157,00 | 157,20 | sandssone Subarcosic Arenie Quarty T6.7 | Serecitic-K-Fel » ARt 1
183,35 | 163,50 | shale Mugsinn Clay 1,0 Magsl Duart 1.
20555 | 20565 | sandssone Arcosic Arenite Ouarty T0.8 | Amatic - Sericite - - fal. 2
5% | 116,00 | sandisne ‘Subarcosic Arenite Quarz 75,1 | Sevecite - K- Fol. « Abits 1 <1,
I3080 | 221,00 | sandssene ‘Subarcosic Arenite Quarty T7.0] Serecite - k- Fel « Albite 19,0{Calcite 2,3[Epedote « Muscovte |
* Opagues
70| 220,80 | sanduene ‘Bubarcosic Arenite Quartr T8 | Serecite - K- Fel » Albite 20,2]Caicite - Epidote - 1.0
L)
2¥.20 | 238,30 | sandutane ‘Subarcosic Arenite Quarty T80 Serecite - k- Fel « Albite 11,7 |Epidote 3.3|Calcite - Chicrne - 1,0
[Muscovite
24290 | 243,00 | sandstone Arcosac Arerite 10 Quarty 53,0 | Serecite- K- Fel. 24,8|Epidote + Chiorite 15,2 Calcite - Muscovite +
Griywatkn
27300 [ 273,10 | shala Mudsnone Clary = T5,0] Modal Quanz - At 21,0]Epidote + Muscovite -
287,00 | sandstan: Feldspatic Graywatks [IX] 28,T]Ey
DHW-5 1240 | 22,50 | sanason Subarcosic Acenite 0.7 5,5/ 195
8270 5230 | reashawe Muddy - Feldspatic 16,0] Bereclic-kofel. «
Griywatks
TAL0E | 144,25 | red snaim Mudstone 10,0
DHA-11 TATO| 7490 | anceste ‘Serpendinie 200-250
8700 | 8720 | anceste Serpanainit: Basal 50-10,0
14570 | 14580 | shain Black Shalg 30-50;
D12 B210 | 8820 | sandstons Subarcosic Arenie 228
D13 B4g0 | 6500 | sangstong Subarcosic Arenite 765 | Serecite- K- Fol 18,3

Table 1: Results of mineralogical analysis on thin sections, table
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3.5

Mineralogical Analysis — Fault Gouge Samples

To investigate the swelling potential of fault gouge material core samples have been
selected and X-Ray Diffractometer Analysis has been performed for a qualitative
assessment of clay mineral composition.

Borehole Depth Mineral Composition

[m]
DHW-2 58.50- 58,70 Quartz, Kaolinite, Microcline, |llite, Chlorite, Montmorillonite
DHW-7 33.70-3390 Quartz, Kaolinite, Microcline, Chlorite, Muscovite Montmorillonite
DHW-9 6.20-6.40 Quartz, Kaolinite, Microcline, Illite, Chlorite, Albite, Muscovite

DHW-10 39.10-39.30 Quartz, Kaolinite, lllite, Chlorite, Albite

53.80-54.00 Quartz, Kaolinite, llite, Chlorite, Microcline, Halloysite,
Montmorillonite, Epidote

55.20 - 55.40 Quartz, Kaolinite, Microcline, Illite, Chlorite, Microcline,
Montmorillonite

77.80-78.00 Microcline, lllite, Chlorite, Calcite, Montmorillonite, Tremolite,
Epidote

95.50-95.70 Quartz, Kaolinite, lllite, Microcline, Chlorite, Montmorillonite, Albite

DHW-16 29.80 - 30.00 Quartz, Kaolinite, Illite, Chlorite, Calcite, Albite

88.40 - 88.50 Quartz, Kaolinite, lllite, Chlorite

Table 2: Results of clay mineral analysis (qualitative X-Ray Diffractometer Analysis)

The test results indicate that fault gouge, recovered in boreholes DHW-2, DHW-7
and DHW-10, contains swelling clay minerals of the Smectite group
(Montmorillonite).

ENGINEERING GEOLOGICAL DESCRIPTION OF THE TUNNEL ALIGNMENT

Main Tunnel

Tunnel section from inlet to approx. km 6.7

From the inlet to approx. km 6.7 the alignment traverses mainly highly fractured and
locally faulted quartzitic sandstone with shale and siltstone intercalations.
Depending on the orientation of the tunnel alignment, the moderately SW dipping
bedding planes of the sandstone sequence are oriented parallel to the tunnel axis
(approx. km 1.0 = 5.0). Due to the tunnel alignment curve between approx. km 5.0
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and 6.7 the bedding planes are oriented with angles of approx. 40° to 50° to the
tunnel axis. Between the inlet portal and approx. km 1.0 the dip orientation and
angle of bedding planes is expected to be highly variable due to the influence of
tectonic faulting and folding on the rock mass structure. Most faults are expected to
run more or less perpendicular to the tunnel alignment. Nevertheless, sheared- and
faulted siltstone and shale intercalations parallel to the bedding have to be expected
within this section. The risk of tunneling through the thrust fault boundary between
the Carboniferous sandstone on top of a wide thrust zone (faulted shale — chert —
sandstone — (Permian) limestone sequence) is considered to be low. The fault
boundary dips towards NE and strikes parallel to the tunnel alignment between
approx. km 1.3 and 4.6. According to the drilling results, along the tunnel alignment
the thrust fault contact is located below the tunnel invert. Nevertheless, due to
displacements of the thrust fault boundary along NE — SW striking high angle faults,
a certain risk remains.

In combination with the fault zones concentrated inflow of groundwater to the tunnel
has to be expected. The inflow is expected to be high, with peak inflows in the range
up to several 100 I/s, and with a slow decrease due to a rather high volume of the
fault and joint bounded aquifers. Sparse water inflow from open jointed sandstone
has to be expected for all the section.

The main geotechnical problems will be linked to the intense jointing to fracturing of
the rock mass, causing instable conditions along the tunnel side walls and crown of
the tunnel as well the at the tunnel face, orientation of bedding parallel to most of
this tunnel section with the potential of systematic overbreak, and inflow of
groundwater in combination with faulted rock mass.

Tunnel section from approx. km 6.7 to approx. km 11.3

After crossing a NW-SE striking boundary fault the most crucial alignment section,
located in a thrust fault of considerable thickness, is reached. The thrust fault is
remarkably heterogeneous. It consists of limestone blocks, varying in sizes from
hundreds of meters to decimeters, which are embedded in sheared shale, chert and
sandstone. The limestone blocks usually show karst features such as corroded
joints, pipes as well as caves. The karst cavities are likely to be filled partially with
residual soils and boulders of collapsed rock mass. Perennial artesian springs from
limestone blocks, located in this area, indicate a certain transmissivity through the
faulted rock mass, most likely linked to individual fault/fracture zones. Peak inflow
rates from such fault zones, exceeding several 101/s and slow decrease of the
inflow have to be expected.

In case karstified limestone is encountered at tunnel elevation high water inflow of
up to several 100 l's has to be expected. The water may carry cave sediments.

It is highly uncertain whether karstified limestone will be encountered at tunnel
elevation or not. Core drilling in this section encountered limestone in one borehole
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only (DHW-11). This limestone was encountered close to the surface. The result of
geo-electrical sounding, which should detect limestone portions as high resistivity
anomalies in the low-resistivity field of (sheared) shale, was not available during
preparation of this report. Presently, the geological model considers the occurrence
of limestone at tunnel elevation.

The thrust fault complex is terminated at approx. km 10.7 by a system of strike-slip
faults (approx. km 10.7 to km 11.3), which displace the fault rocks of the thrust zone
against sandstone and shale.

The main geotechnical problems of this section include abrupt changes of weak/soft
and strong/brittle rock mass, mixed-face conditions, difficulties with groundwater and
high prediction uncertainties.

Tunnel section from approx. km 11.3 to outlet (km 23.0)

The highly tectonically disturbed boundary zone, which continues to approx.
km 11.5, is followed by quartzitic sandstone with shale intercalations. From approx.
km 125 to the tunnel outlet the moderately NE dipping bedding planes of the
sandstone sequence are oriented parallel to the tunnel axis. According to the study
of aerial photographs, highly fractured rock mass and faults are limited to sections
under passing gullies running mainly NE — SW as well as from km 15.3 to approx.
km 17.0. Most faults are expected to run almost perpendicular to the tunnel
alignment, except a few NW — SE trending faults, identified by aerial photo analysis.
In addition, sheared- and faulted shale intercalations parallel to the bedding have to
be expected within this section.

In combination with the fault zones concentrated inflow of groundwater to the tunnel
has to be expected. The inflow is expected to be high, with peak inflows in the range
up to several 100 I/s, and with a slow decrease due to a rather high volume of the
fault and joint bounded aquifers. Sparse water inflow from open jointed sandstone
has to be expected for all the section. Confined aquifers in sandstone maybe
caused by intercalations of shale as well as by faults containing fine-grained fault
gouge material.

The main geotechnical problems will be linked to zones with intense jointed to
fractured rock mass, causing instable conditions along the tunnel side walls and
crown of the tunnel as well the at the tunnel face, orientation of bedding parallel to
most of this tunnel section with the potential of systematic overbreak, and inflow of
groundwater in combination with faulted rock mass.
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4.2 Adit No. 5
421  Tunnel section from portal to approx. km 0.9

422

The tunnel section is located in sheared to faulted siltstone, shale, chert and
sandstone, with shale and faulted rock mass expected to be dominating. The rock
mass structure is expected to be highly variable due to internal folding and faulting,
with a general strike orientation in approx. NWW — SE direction. Major fault zones are
expected to cross the tunnel alignment with approx- 30° to 50°. In addition, sheared-
and faulted rock mass parallel to the bedding / foliation has to be expected.

The rock mass is expected to be low permeable with water inflow limited to
permeable fractured and faulted rock mass. Peak inflows are estimated with a few
liters per second.

The main geotechnical problems will be systematic excessive overbreak caused by
fractured rock mass in combination with low confinement of the rock mass. The over
break will affect the entire tunnel perimeter as well as the tunnel face. Shallow stress
induced shear failures may be linked to sections with faulted rock mass. The
combination of faulted and fractured rock mass of different lithological origin may
result in mixed-face conditions. Fine grained fault gouge may be prone to swelling
behavior due to the occurrence of swelling clay minerals.

Tunnel section between approx. km 0.9 to junction with main tunnel

The tunnel alignment traverses mainly highly fractured and locally faulted quartzitic
sandstone with shale and siltstone intercalations. Between approx. km 1.0 and
km°®1.1 the tunnel crosses a low angle thrust fault, strikihg NW — SE and dipping
towards north-eastern direction.

Moderately SW dipping bedding planes of the sandstone sequence are oriented with
approx. 45° to the tunnel axis, with dip directions mainly against driving direction.
Major fault zones, including the thrust fault, are expected to cross the tunnel
alignment with approx- 30° to 50°. In addition, sheared- and faulted rock mass
parallel to the bedding / foliation has to be expected.

In combination with the fault zones concentrated inflow of groundwater to the tunnel
has to be expected. The inflow is expected to be high, with peak inflows possibly
exceeding 100 I/s, and with a slow decrease due to a rather high volume of the fault
and joint bounded aquifers. Sparse water inflow from open jointed sandstone has to
be expected for all the section.

The main geotechnical problems will be linked to fractured and faulted rock mass
with shallow to deep seated shear failures in combination with discontinuity
controlled block failures. Specifically face stability problems have to be expected.
Faulted sandstone in combination with water inflow may result in flowing ground
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43

4.31

51

behavior. The combination of faulted and fractured rock mass may result in mixed-
face conditions. Fine grained fault gouge within the thrust fault zone may be prone
to swelling behavior due to the occurrence of swelling clay minerals.

Adit No. 6

Tunnel section between Portal and junction with main tunnel

The tunnel section is located in sheared to faulted siltstone, shale, chert and
sandstone, with shale and faulted rock mass expected to be dominating. The rock
mass structure is expected to be highly variable due to internal folding and faulting,
with a general strike orientation in approx. NW — SE direction. Major fault zones are
expected to run parallel the tunnel alignment. In addition, sheared- and faulted rock
mass parallel to the bedding / foliation has to be expected.

The rock mass is expected to be low permeable with water inflow limited to
permeable fractured and faulted rock mass. Peak inflows are estimated with a few
liters per second.

The main geotechnical problems will be systematic excessive overbreak caused by
fractured rock mass in combination with low confinement of the rock mass. The over
break will affect the entire tunnel perimeter. Shallow stress induced shear failures
may be linked to sections with faulted rock mass. The combination of faulted and
fractured rock mass of different lithological origin may result in mixed-face
conditions. Fine grained fault gouge may be prone to swelling behavior due to the
occurrence of swelling clay minerals.

ROCK MASS CHARACTERIZATION

General

According to the procedure outlined in the Austrian Guideline for Geomechanical
Design of Underground Structures (i), the information gained by the field
investigation, drilling, and laboratory testing is used to define Rock Mass Types in a
first step. Rock Mass Types are groups of rock masses with similar geotechnical
properties.

After establishing the Rock Mass Types, their distribution along the alignment is
determined. For each section of the tunnel then the relevant factors influencing the
rock mass behavior are established. Influencing factors are primary stresses, tunnel
size, ground water conditions, and relative orientation of the rock mass structure to
the tunnel axis. The rock mass behavior is defined as the ground reaction to the
excavation, without of consideration of supports or other construction measures.
After analyzing the rock mass behavior for each section of the tunnel, the single

8070C _rep-02-05-03.doc 3G Gruppe Geotechnik Graz ZT GmbH

-23



Mae Ngad — Mae Kuang Tunnel Project Engineering Geological — Geotechnical Design
Detailed Design Final Report Page 24

behaviors can be grouped into basic behavior categories, so called Behavior Types
(BT). Methods for the determination of rock mass behavior can be empirical or
analytical, using closed form solutions block analyses, or numerical simulations as
appropriate.

Excavation and support methods are then determined based on the rock mass
behavior in a way to meet the requirements, like constructability, stability,
serviceability, and economical aspects.

5.2 Determination of Rock Mass Types

Geotechnically relevant parameters are used to define rock mass types. Such

parameters can be: rock type, bedding thickness, fracturing, strength, weathering,

joint condition, etc.

The selection of parameters depends on the project phase and to a certain extent

on the possible construction methods.

For this project 17 rock mass types have been determined using the criteria listed

below. Classes used in each criterion are shown in brackets.

- Rock type (Limestone (marble), limestone, quartzite, sandstone, siltstone,
plutonic rock, volcanic rocks, fault rocks distinguished according to the
source material, and alluvial deposits)

- Bedding thickness (>60 cm, 60 — 20 cm, 2 — 20 cm)

- Joint persistence (low, high)

- Fracturing (low, high)

- Joint roughness (rough, smooth)

- Karstification (none, small cavities, large cavities)

- Intact rock strength (<10MPa, 10-50MPa, 50-150 MPa, 150-
250 MPa)
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bedding thickness fracturing | jeint joint intact rock strength
RT fockbype [>60cm [ 60-20 |20-2cm| low | high | high low  |v.rough] rough [smocth | none | small | large |<i0MPal 10- i 150-
o L - Eovn LSNP 20000
RMT 1 limestone (marble) X X X X X
RMT 11| limestone (marble) fractured | x x X X x x
RMT2 limestone X X X X X %
RMT 2 fmestone fractured x x X x x x
RMT 3 quartziic sandstone X x x x x x
e el I E aE JE1E i
RMT 3| qu. sandstone fractured X X X % X X
RMT 4 mnuﬂ?;:tséllt:.mes- shale X " ¥ % " % " "
RMT 41 sannisr:lc::::lsi;:t::a-dsnale x % ¥ % ¥ x
RMT S siltstone - shale X X X X x X
RMT S| siitstone - shade fractured X X X b X X
RMT & plutonic rocks X x x X x x
RMTEf|  piutonic rocks fractured X x x X X X
RMT 7 volcanic rocks x X X *x X X
RMT 71| voicanic rocks fractured x x x X X X
RMT 8a| fault rocks / sandstone odgin | n.a na na. na. na. na. na na. na na. na na. na X
RMT 85| fault rocks ’rc:"gﬁm. ~ahele na. na na. na. na. na. na. na. na. na. na na. na X
RMT & alluvial deposits na na. | na | na na na na na na na na na na na, na na na
Table 3: Rock Mass Types and classification parameters
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5.3

Description of Rock Mass Types
Rock Mass Type 1

The rock type is a re-crystallized limestone (marble). The mechanical relevant
bedding planes are spaced mainly between 50 cm and 500 cm. Discontinuity sets
typically are oriented orthogonal to the bedding planes. Typical block volumes are in
the range of several dm® to a few m®. Discontinuities have high persistence and
mainly rough iron stained surfaces (JRC values typically >10). Karstification is
minor. Small karst cavities generally are filled with brown residual soils.

Intact rock UCS values are estimated to be in the range of 100 MPa to 200 MPa,
with a mean value of approx. 150 MPa.

Joint friction angles are estimated in a range of 35° to 42°
The abrasivity is assessed to be low.

RMT 1 will not be encountered during the construction of the tunnel between Mae
Ngad and Mae Kuang Reservoir.

Rock Mass Type 1f

The rock type is a re-crystallized limestone (marble). The rock mass is highly
fractured. Discontinuity sets typically are oriented orthogonal to the bedding planes,
with irregular jointing in addition. Typical block volumes are in the range of a few
cm®. Discontinuities have high persistence and mainly rough iron stained surfaces
(JRC values typically >10). Karstification is minor. Small karst cavities generally are
filled with brown residual soils.

RMT 1f will not be encountered during the construction of the tunnel between Mae
Ngad and Mae Kuang Reservoir.

Rock Mass Type 2

The rock type is limestone. The rock mass is massive and sparsely jointed.
Discontinuities have high persistence and surfaces are mainly rough and iron
stained (JRC values typically >10). In this rock mass type large karst cavities are
developed, which are partly filed with residual soil and blocks of collapsed
limestone.. Discontinuity orientation, especially jointing are expected to be highly
variable.

Typical block sizes range from several dm® to a few m”.
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INTACT ROCK PARAMETER

Test Number of Tests | Mean Value | Max. Value | Min. Value | Standard Deviation
Point Load Test 79 7515MPa | 221,17 MPa | 1.78 MPa 39.78 MPa
ucs

Table 4: Rock Mass Type 2, intact rock parameter

Joint friction angles are estimated in a range of 35° to 42°
The permeability is high to extremely high.

The abrasivity is assessed to be low.

Rock Mass Type 2f

The rock type is limestone. The rock mass is highly fractured. Discontinuities have
high persistence and surfaces are mainly rough and iron stained (JRC values
typically>10). Discontinuities show irregular orientations. Typical block sizes range
from a few cm® to a few dm®.

Joint friction angles are estimated in a range of 35° to 42°

The abrasivity is assessed to be low.

Rock Mass Type 3

The rock type is quartzitic sandstone (field classification). According to petrographic
classification by thin section analysis this rock is classified as Feldspar Greywacke
to Quartzitic Greywacke to Greywacke Quartzite to Arcose Quartzite to Subarcosic
Arenite to Subarcosic - Quartzitic Arenite. The detailed mineralogical composition is
shown in Table 1.

The rock mass in general is competent, with a variable bedding thickness (cm — m).
Orientations of bedding planes depend on the section of the tunnel, striking mainly
NW - SE and dipping with low to moderate angles towards north-eastern and south-
western directions. According to the evaluation of joint orientations, prepared by
Panya, orientation of joints is highly variable with a certain domination of high angle
joints against low joints. Discontinuities are mainly planar (JRC values typically < 6).
Joints occasionally are filled with quartz. Quartz veins, which can occur frequently,
show a thickness of several decimeters up to meters.

Typical block sizes range from to a few dm?® to several m®,
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INTACT ROCK PARAMETERS

Test Number Mean Value Max. Value Min. Value Standard
of Tests Deviation
Bulk Density 15 26.57 kN/m® | 28.79kN/m® | 25.89 kN/m’ 0,78 kN/m®
Point Load Test 11 15.00 MPa 105.99 MPa 2 MPa 40 MPa
(unspecified test direction)
ucs
Point Load Test 52 213.69 MPa 385.67 MPa 79.25 MPa 75.24 MPa
(diametrical direction)
ucs
Point Load Test 63 161.45 MPa 273.59 MPa 14.22 MPa 63.56 MPa
(axial direction)
ucs
Uniaxial Test 37 90.05 MPa 269.19 MPa 0.57 MPa 64.95 MPa
ucs
Uniaxial Test 6 40.75 GPa 56.98 GPa 30.24 GPa 11.42 GPa
Young Modulus
Uniaxial Test 6 0.24 0.34 019 0.08
Poisson Ratio
Triaxial Test* 4 186.08 MPa 250.73 MPa 123.20 MPa 53.53 MPa
ucs
Triaxial Test* 4 38.28 MPa 46.92 MPa 24 69 MPa 9.86 MPa
c
Triaxial Test* 4 47.20° 52.93° 3273 9.71°
phi
Triaxial Test* 4 50.71 GPa 58.95 GPa 44,53 GPa 6.34 GPa
V-Modulus
Triaxial Test* 4 55.76 GPa 62.96 GPa 50.47 GPa 5.37 GPa
E-Modulus
Triaxial Test* 4 0.09 0.10 0.07 0.02
Poisson Ratio
Triaxial Test* 4 20.15 31.86 576 10.85
mi (Hoek-Brown)
Direct Shear Test 3 1.28 MPa 2.21 MPa 0.34 MPa 0.94 MPa
(Discontinuity)**
c
Direct Shear Test™ 3 ar.29* 56.31° 19.80° 18.30°
(Discontinuity)
phi
Brazilian Test 12 15.96 MPa 30.18 MPa 3.36 MPa 7.42 MPa
Tensile Strength

*)  Triaxial Tests were performed as multi-stage tests
*)  Discontinuities described as “smooth, slightly undulating” (2 samples), “rough” (1 sample)

Table 5: Rock Mass Type 3, intact rock parameter
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The abrasivity of the rock was analyzed by performing Cerchar Abrasivity Index

Test Number of Mean Value Max. Value Min. Value Standard
Tests Deviation
Cerchar Abrasivity Index Test 11 4.16 476 3.84 0.31

Table 6: Rock Mass Type 3, results of Cerchar Abrasivity Index Test

CAI Classification:

CAl 0.3-05 0.5-1.0 1.0-20 2.0-4.0 4.0-6.0
Classification | not very abrasive | slightly abrasive | medium abrasive yery abrasive extremely
to abrasive abrasive

Table 7: CAl classification

Rock Mass Type 3a

The rock type is quartzitic sandstone (field classification) with thinly bedded/foliated
intercalations of siltstone and shale. For petrographic classification of the sandstone
please refer to the description of Rock Mass Type 3 and Table 1. Orientations of
bedding planes depend on the section of the tunnel, striking mainly NW — SE and
dipping with low to moderate angles towards north-eastern and south-western
directions. According to the evaluation of joint orientations, prepared by Panya,
orientation of joints is highly variable with a certain domination of high angle joints
against low joints. Discontinuities are mainly planar (JRC values typically < 6). Joints
occasionally are filled with quartz. Quartz veins, which can occur frequently, show a
thickness of several decimeters up to meters.

Typical block sizes range from to a few cm® to a few m”.
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INTACT ROCK PARAMETER
Test Number Mean Value Max. Value Min. Value Standard
of Tests Deviation
Bulk Density 9 26.17 kN/m’ 26.80 kN/m® | 25.27 kN/m® 0,57 kN/m’
Uniaxial Test 6 66.25 MPa 123.54 MPa 593 MPa 50.07 MPa
ucs
Uniaxial Test 4 53.98 GPa 83.07 GPa 33.25 GPa 22,75 GPa
Young Modulus
Uniaxial Test 4 0.18 0.24 0.13 0.05
Poisson Ratio
Triaxial Test* 6 109.14 MPa 167.66 MPa 43.45 MPa 53.87 MPa
ucs
Triaxial Test* ] 27.28 MPa 40.55 MPa 13.11 MPa 12.11 MPa
c
Triaxial Test* 6 38.53° 44 90° 35.05° 3.75°
phi
Triaxial Test* 6 45.75 GPa 59.22 GPa 23.95 GPa 14.82 GPa
V-Medulus
Triaxial Test* 6 48.62 GPa 60.60 GPa 30.05 GPa 12,65 GPa
E-Medulus
Triaxial Test* ] 0.11 0.12 0.08 0.0
Poisson Ratio
Triaxial Test* 6 10,68 15.35 8.01 248
mi (Hoek-Brown)
Direct Shear Test 9 0.72 MPa 1.08 MPa 0.39 MPa 0.25 MPa
(Discontinuity)**
c
Direct Shear Test** 3 36.21° 46.67° 26.57° 7.22°
(Discontinuity)
phi
Brazilian Test 3 13.46 MPa 16.66 MPa 9.80 MPa 3.45 MPa
Tensile Strength

¥ Triaxial Tests were performed as multi-stage tests
) All discontinuities described as "smooth, slightly undulating”

Table 8: Rock Mass Type 3a, intact rock parameters

The abrasivity of this rock type will be governed by the sandstone, which is
classified as mostly extremely abrasive. For detailed analysis please refer to the
description of Rock Mass Type 3.
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Rock Mass Type 3f

The rock type is quartzitic sandstone with some thinly bedded intercalations of
quartzitic siltstone ("shale"). For petrographic classification of the sandstone refer to
the description of Rock Mass Type 3 and Table 1. The rock mass is highly fractured.
Discontinuity sets are typically irregular to the bedding. Discontinuities are mainly
planar (JRC values typically < 6). Joints occasionally are filled with quartz. Quartz
veins, which can occur frequently, show a thickness of several decimeters up to
meters.

Typical block sizes range froma < 1 cm’ to a few dm”.
Concerning abrasivity refer to the results shown for Rock Mass Type 3.

Rock Mass Type 4

The predominating rock type is sandstone (field classification) with varying bedding
thickness. For petrographic classification of the sandstone please refer to the
description of Rock Mass Type 3 and Table 1. Thinly bedded intercalations of
siltstone / shale of variable thickness (dm to several meters) exist. Carboniferous
sequences occasionally have small intercalations of black shale and organic
coatings on bedding planes. Discontinuity surfaces are typically planar and iron
stained (JRC values < 6). Occasionally intercalations of chert layers are found.
Gradations into medium to thickly bedded arcosic sandstone are possible.

Typical block sizes range from to a few cm® to a few dm?.

As no significant differences in the physical properties between Rock Mass Type 4
and 3 can be distinguished the intact rock parameters of Rock Mass Type 3 should
be used.

Rock Mass Type 4f

The predominating rock type is sandstone. Thinly bedded intercalations of siltstone,
shale and chert exist. The rock mass is highly fractured.

Carboniferous sequences occasionally have small intercalations of black shale and
organic coatings on bedding planes. Discontinuity surfaces are typically planar and
iron stained (JRC values < 6). Occasionally intercalations of chert layers are found.
Gradations into medium to thickly bedded arcosic sandstone

Typical block sizes range from < 1 cm® to a few cm®.
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As no significant differences in the physical properties between Rock Mass Type 4
and 3 can be distinguished the intact rock parameter of Rock Mass Type 3 should

be used.

Joint friction angles are estimated in a range of 30° in direction of the siltstone
intercalations to 42° in sandstone dominated joints.

Rock Mass Type 5

The rock type is siltstone and/or mudstone with transitions to shale and
intercalations of chert. A detailed mineralogical composition of 4 core samples is
shown in Table 1. The bedding thickness ranges from thin to foliated. The thickness

of chert intercalations varies from < 1 cm to several meters.

Bedding planes are typically planar and smooth (JRC values < 4).

Typical block sizes range from < 1cm?® to several cm?®.

INTACT ROCK PARAMETERS

Test Number Mean Value Max. Value Min. Value Standard
of Tests Deviation
Bulk Density 1 2831 kN/m® | 28.31 kN/m®
Point Load Test 1 36.97 MPa 36.97 MPa
(unspecified test direction)
ucs
Peint Load Test 10 52.83 MPa 177.51 MPa 15.84 MPa 48.38 MPa
(diametrical direction)
ucs
Uniaxial Test 3 27.86 MPa 71.70 MPa 0.57 MPa 38.34 MPa
ucs
Uniaxial Test 1 16.92 GPa 16.92 GPa
Young Modulus
Uniaxial Test 1 0.19 019
Poisson Ratio
Direct Shear Test 1 0.53 MPa 0.53 MPa
(Discontinuity)**
c
Direct Shear Test** 1 43.53° 43.53°
(Discentinuity)
phi
Brazilian Test 1 12.30 MPa 12.30 MPa

Tensile Strength

**)  Discontinuities described as “smooth, slightly undulating”

Table 9: Rock Mass Type 5, intact rock parameters
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Joint friction angles are estimated in a range of 25° to 30° in siltstone dominated
joints and around 20° in chert intercalations.

The abrasivity of shale was analyzed by performing Cerchar Abrasivity Index (CAl)

Tests.
Test Number of Mean Value Max. Value Min. Value Standard
Tests Deviation
Cerchar Abrasivity Index Test 2 1.26 0.76

Table 10: Rock Mass Type 5, Results of Cerchar Abrasivity Index Test

The siltstone / shale and mudstone is estimated to be low abrasive to medium
abrasive to abrasive in general. Chert is expected to be very abrasive to extremely
abrasive, with extremely abrasiveness dominating.

Rock Mass Type 5f

This Rock Mass Type applies to a highly fractured RMT 5.

Typical block sizes range fromto < 1cm” to a few cm”.

Joint friction angles are estimated in a range of 25° to 30° in siltstone dominated
joints and around 20° in chert intercalations.

Concerning abrasivity please refer to the results shown for Rock Mass Type 5.

Rock Mass Type 6

The rock types prevailing in this RMT are plutonic rocks (granite, granodiorite,
occasionally diorite). Joints are highly persistent with a wide spacing.

RMT 6 will not be encountered during the construction of the tunnel between Mae
Ngad and Mae Kuang Reservoir.

Rock Mass Type 6f

This Rock Mass Type applies to a highly fractured RMT 6.

RMT 6f will not be encountered during the construction of the tunnel between Mae
Ngad and Mae Kuang Reservoir.
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Rock Mass Type 7

The rock types prevailing in this RMT are volcanic rocks (basic and ultrabasic rocks,
occasionally rhyolite, andesite, tuff and agglomerate). Andesite (field classification)
has been encountered along the alignment of the tunnel. The petrographic analysis
of two core samples resulted in serpentinite and serpentinitic basalt. The detailed
mineralogical composition is shown in Table 1.

INTACT ROCK PARAMETER

Test Number Mean Value Max. Value Min. Value Standard
of Tests Deviation
Peint Load Test 4 153.88 MPa 197 .68 MPa 120.50 MPa 37.09 MPa
(axial direction)
ucs
Uniaxial Test 1 79.90 MPa 79.90 MPa
ucs
Uniaxial Test 1 32.86 GPa 32.86 GPa
Young Modulus
Uniaxial Test 1 0.22 0.22
Peisson Ratio

Table 11: Rock Mass Type 7, intact rock parameter

Intact rock UCS values are estimated to be in the range of 100 MPa to 250 MPa,
with a mean value of approx. 170 MPa.

Joints are typically rough (JRC values > 10).
Typical block sizes range from to a few dm® to a few m°.

Joint friction angles are estimated in a range of 30° to 40°.

The andesite is estimated to be very highly abrasive to extremely abrasive.

Rock Mass Type 7f
This Rock Mass Type applies to a highly fractured RMT 7.

Intact rock UCS values are estimated to be in the range of 100 MPa to 250 MPa,
with a mean value of approx. 170 MPa.

Joints are typically rough (JRC values > 10).
Typical block sizes range from < 1 cm” to a few dm®.

Joint friction angles are estimated in a range of 30° to 40°.
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Concerning abrasivity please refer to the results shown for Rock Mass Type 7.

Rock Mass Type RMT 8q

The source rock type is (quartzitic) sandstone (field classification). The rock mass is
sheared to completely crushed, with relatively competent residual blocks within the
crushed matrix.

While the matrix is crushed to the size of sand, the blocks can have a size of up to
several tens of m’.

The cohesion of the crushed matrix is low, which especially under the influence of
ground water flow can lead to complete disintegration.
Rock Mass Type RMT 8s

The source rock type is predominantly siltstone and shale. The rock mass is
sheared, consisting of clayey gouge and individual blocks of different sizes. \While
the matrix is fine grained, the blocks can have a size of up to several tens of m°,

Locally hydrothermal alteration with precipitation of sulphur can be expected.

Some cohesion can be expected in the clayey matrix.
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54 Distribution of Rock Mass Types along the alignment

0 5.000 10.000 15.000 20,000

Figure 1: Distribution of rock mass types along the alignment (2f =25, 3a =325 3f=35, 4f=45 5f=55, 7f=75, 8g=8, 85=8,5)
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5.5 Rock Mass parameters used for analyses

Following rock mass parameters were derived for the analyses based on the
evaluation of the laboratory test results and inspection of drill cores and outcrops.

To consider the uncertainty of the rock — and rock mass parameters, and to evaluate
the influence of the uncertainty on the construction, three sets of parameters were
used (see Table 12).
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Intact rock Rock mass
UCS (MPa) E (GPa) v | Abras | mi | GSI| UCS (MPa) Cohesion (MPa) Friction (*) E (GPa

RMT | low | med | high low | med | high | low | med | high | low | med | high | low | med | high
1 100 150 | 200 60 0,1 1 10 | 80 |38 |57 76 9 13 18 39 |39 39 56 |56 56
1f 100 | 150 | 200 40 01 1 10 40 [14 |21 |28 |4 |6 8 28 |28 |28 |56 |56 |56
2 50 75 130 50 0,2 1 8 85 |22 |33 56 |53 |8 14 38 |38 38 |53 |65 75
2f 50 75 130 40 0,2 1 8 50 |8 12 20 |23 |35 (6 28 |28 28 |7 9 10
3 170 | 180 | 230 65 01 5 201 50 |41 |44 56 10 |11 14 36 |36 36 |10 [10 10
3a 80 120 | 170 50 0,15 1 18 | 50 (18 |27 39 5 7 10 35 (36 36 9 10 10
3f 80 120 | 170 45 0,15 5 20| 35 |13 |20 28 |4 4] 8 A ) 37 |42 |42
4 150 | 180 | 250 55 01 L] 17 | 40 |27 |33 45 75 |9 12 32 |32 32 56 |56 |56
4f 150 | 180 | 250 40 0,15 5 17 | 30 |22 |26 3% |63 |76 (106 |29 |29 29 31|31 |31
5 20 40 70 50 0,2 2 7 50 |3 3] 10 |09 |18 |31 27 |27 27 44 |63 |84
5f 20 40 70 35 0,2 Bl 7 3 |2 41 |72 |07 |13 |24 23 |23 23 |19 (27 |35
3] 120 | 150 | 180 40 01 3 25| 85 |72 |90 108 |13 |17 20 48 | 48 48 |75 |75 75
&f 120 | 150 | 180 30 0,2 2 25| 50 |33 |40 49 |8 98 (12 38 |38 38 |10 [10 10
7 110 | 150 | 180 60 01 4 27 | 85 |67 |92 M7 |12 |17 22 49 | 49 49 7 |75 75
7f 110 | 150 | 190 40 0,2 3 27 | 50 |31 |42 53 |73 |10 13 39 |39 39 |10 [10 10
8q 80 120 | 170 na 03 4 20115 |79 |12 17 125 |37 |53 25 |25 25 |12 (13 (13
8s 20 40 70 na 03 2 7 20 |13 127 |47 |05 |1 1.7 19 |19 19 |08 (11 [15
] na na | na na 1 na | na |na |ma |na |na |na |na na (na |na |na |na |na

Table 12. Rock- and rock mass parameters used for the evaluation of rock mass behavior
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6.1

6.2

DETERMINATION OF ROCK MASS BEHAVIOR

General

The purpose of the determination of the ground reaction to the excavation without of
the influence of constructional measures is to identify potential failure modes and
thus provide a basis for the selection of appropriate excavation and design methods.

After assigning the appropriate rock mass types with their relevant physical
parameters to the individual sections along the alignment, the analysis is performed
under consideration of the influencing factors, like primary stresses, size of tunnel,
and relative orientation of main discontinuity sets to the tunnel axis.

In a first step, an analytical procedure is used. After dividing the alignment into
“calculation segments” the rock mass behavior for each segment is determined in a
hierarchical way. The result of the analysis is checked against the criteria
established to distinguish the single behavior categories. Systematically the results
are checked against each criterion. The dominating failure mode then is shown in
the output.

In addition the magnitude of displacements is assessed based on closed form
solutions.

The basic procedure of the determination of Behavior Types is shown in the flow
chart (Figure 2).

As defined in the guideline, the Behavior Types are determined for the unsupported
rock mass. All measures designed (like division of face into top heading, bench,
invert, support quality and quantity, etc.) are derived from the BTs.

To allow a consistent procedure, criteria for the determination of the behavior types
are established.

The analysis shows potential hazards, like overbreak, excessive deformations, or
potential for flowing ground, etc. Based on the results of the analysis typical sections
are selected and analyzed in more detail with respect to rock mass structure and
correlated failure mechanisms.

Identification of Behavior Types

The general categories of behavior types are shown in Table 13.
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Behavior Type (BT) Description of potential failure
modes/mechanisms during excavation of the
unsupportedrockmass
1 Stable Stable rock mass with the potential of small local
gravity induced falling or sliding of blocks
2 Stable with the potential of |Deep reaching. discontinuity controlled, gravity

discontinuity controlled block fall

induced falling and sliding of blocks, occasional local
shear failure

3 Shallow shear failure Shallow stress induced shear failures in combination
with discontinuity and gravity controlled failure of the
rock mass.

4  Deep seated shear failure Deep seated stress induced shear failures and large
deformation

5 Rock burst Sudden and violent failure of the rock mass, caused
by highly stressed brittle rocks and the rapid release
of accumulated strain energy

6  Buckling failure Buckling of rocks with a narrowly spaced
discontinuity set, frequently associated with shear
failure

7 Shear failure under low |Potential for excessive overbreak and progressive

confining pressure shear failure with the development chimney type
failure, caused mainly by a deficiency of side
pressure

8 Ravelling ground Flow of cohesion-less dry or moist, intensely
fractured rocks or soil

9 Flowing ground Flow of intensely fractured rocks or soil with high
water content

10 Swelling Time dependent volume increase of the rock mass
caused by physical-chemical reaction of rock and
water in combination with stress relief, leading to
inward movement of the tunnel perimeter

11 Heterogeneous rock mass with | Rapid variations of stresses and deformations,

frequently changing deformation | caused by block-in-matrix rock situation of a tectonic
characteristics melange (brittle fault zone)

Table 13:  General categories of Behavior Types

The hierarchical procedure for the analytical determination is shown schematically in
the flow chart (Figure 2). Only if no failure mode can be identified, the tunnel is
considered as stable.
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Figure 2: Flow chart of basic procedure to determine Behavior Types
according to the Austrian Guideline for Geomechanical Design of
Underground Structures

6.3 Criteria for the determination of Behavior Types

Potential for Overbreak (BT2)

Overbreak besides other factors, like method of excavation depends on the joint
density, the joint set orientations, the stress situation, and size of the underground
opening.

At low stress levels, the shear strength of joints due to lack of normal stress is low,
making the falling of a block more likely than at a higher stress level. In addition, the
overbreak depends on the size of the tunnel, thus a scale factor has to be
introduced.
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For this analysis the degree of fracturing is expressed with the GSI. Adjustments to
the basic GS| were made with respect to stress level and tunnel diameter. Shown in
Figure 3 is the dependence of limit 1 on the stress level and tunnel size.
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Figure 3: Dependence of Limit 1 on stress level and tunnel size

An example shall demonstrate the influence of the tunnel size and stress on the
potential for overbreak. For a tunnel of 6m radius the GSI of the rock mass at a
stress level of 1,4 MPa must be higher than 72 to fulfill the criterion for BT1, while for
a tunnel with 3 m radius a GSI of about 62 is sufficient to satisfy the criterion for a
stable tunnel. At a stress level of 0,6 MPa a GSI of about 86 for the 6 m radius
tunnel and about 72 for the 3 m radius tunnel is required to meet the criterion.

Rock masses having lower GSI values than limit1 are grouped into BT2 if no other
failure mode is identified.

A second limit (limit2) is used to distinguish between BT2.1 and 2.2 (Figure 4): The
difference between BT 2.1 and BT 2.2 is the severity of overbreak (BT2.1 slight
overbreak, BT2.2 voluminous overbreak).
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Horizontalspannung [MPa]

Grenzwert 2 [-]

Figure 4: Dependence of Limit 2 on stress level and tunnel size

Depth of Failure Zone (BT3, BT4)

The parameter depth of failure zone is used to identify behavior types 3 and 4
(shallow and deep shear failures). In cases where the stresses after excavation
exceed the strength of the rock mass, a failure zone develops. The depth of failure
zone (DF2Z) is calculated with a closed form solution, or can also be determined with
a FE or DE program. For this analysis the analytical model of Hoek was applied.

The DFZ- limit is expressed in terms of a fraction of the diameter, corrected by a
scale factor (Figure 5).

The DFZ is also used to distinguish between BT 3 and BT 4. It may also serve as a
criterion to further subdivide BT 3 and BT4.

For BT 1 and BT 2 the strength of the rock mass must not be exceeded, thus a
failure zone depth of zero is a preconditions for those BTs.

The magnitude of displacements is used to define sub-categories of the BT 4.
Following limits have been used:

- BT 4.1: circumferential strain (considering 25% pre-deformation) < 5%

- BT 4.2: circumferential strain (considering 25% pre-deformation) > 5%
<15%

- BT 4.3: circumferential strain (considering 25% pre-deformation) >15%
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Figure 5: Example for scale factor for the criterion fzlim1, distinguishing between
BT3 and BT4

Rock Burst (BT 5)

Three criteria are used to determine the potential for rock burst for the selected
RMTs. All three criteria must show a potential for rock burst, otherwise rock burst is
not to be expected.

- Criterion 1: potential energy of elastic strain

pEs =YC5_
2xE

UCS [MPa], E[GPa]

pot. energy Category |RB potential

PES < 50 1 very low

PES < 100 2 low

PES < 150 3 medium

PES < 200 4 high

PES > 200 2 very high
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(ct...tensile strength)

- Criterion 3: strength utilization T=61ang/UCS

utilization Category | RB potential
T < 0,47 1 no
T < 06 2 low
T < 07 3 medium
T > 0,7 4 high

(Stang ...circumferential stress at tunnel wall)

Buckling (BT 6)

Detailed Design Final Report Page 45
- Criterion 2: brittleness B=UCS/at
brittleness Category | RB potential
B > 40 1 no
B > 26,7 2 low
B > 145 3 medium
B < 145 4 high

Buckling of slender rock slabs requires a rock mass with narrowly spaced foliation.
In addition the tunnel axis must be parallel or close to parallel to the strike of the

foliation.

Criteria are:

- RMT

- Orientation of foliation to tunnel axis

- Foliation thickness

- Stress

- Size of tunnel

- E-modulus

Chimney Type Failure (BT7)

This type of failure is associated with low overburden or low horizontal stresses and
poor ground. The criterion for this type of failure is fulfilled, when G>2T. For the
present case a limit has been set at an overburden of 4 tunnel diameters. Cohesion
has been neglected, only friction considered. The ratio between horizontal stress
and vertical stress was taken to 0,5.
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I A P

Figure 6:  Schematic sketch of chimney type, day-lighting failure

Ravelling, Flowing Ground (BT 8, BT 9)
Criteria for this behavior type are:

- RMT

- Cohesion

- Groundwater

This BT can be observed in rock masses, which have low or no cohesion. In dry or
moist conditions, BT 8 (raveling) will be the consequence, while with the influence of
considerable quantities of ground water, or higher water pressure, BT 9 (flowing
ground) can be identified.

Basically these BTs can be identified with soil or gravel type material, as well as in
fault rocks.

To identify raveling, an empirical formulation for the stability of the face (iv),
considering tunnel diameter, cohesion, friction and round length is used.

To identify flowing ground, two criteria are used:
- Criterion 1: the rock mass has to be soil type or fault material

- Criterion 2: the ground water pressure is compared to the cohesion of the
rock mass.

In case, the rock mass is in the category of criterion 1 and the ground water
pressure is higher than the cohesion of the rock mass, a potential for flowing ground
exists.

(Note: as the GSI concept provides misleading results of cohesion for cohesive fault
gauges, a correction factor between 1,5 and 4 for those types is used).

8070C_rep-02-05-03.doc 3G Gruppe Geotechnik Graz ZT GmbH

U-46



Mae Ngad — Mae Kuang Tunnel Project Engineering Geological — Geotechnical Design
Detailed Design Final Report Page 47

6.4

6.5

Swelling Potential (BT 10)

Basically the Rock Mass Type, respectively the mineral composition is used to
determine swelling potential.

Heterogeneous Rock Mass (BT 11)

This behavior type has to be expected is faulted rock masses. Either a block-in-
matrix structure or a sequence of faults crossing the tunnel alignment applies to this

type.
Criteria to distinguish BT 11 are:

- Block-in-matrix rocks: volumetric block contents > 15%; block size between
0,1 and 5 tunnel diameters;
strength contrast block/matrix > 10:1

- Fault frequency: fault spacing < 5 tunnel diameters

Results of Analysis

The rock mass parameters have been assessed based on the laboratory results and
findings from field investigations. Those apply to the introduction of the rock mass
type 3A, which represents intercalations of quartzite and siltstones, and a
differentiation of the fault rocks according to their source rocks: rock mass types 8Q
(quartzitic origin) and 8S (shale origin).

The water level has been estimated on the basis of the information available at
present.

Expected Rock Mass Behaviors

Shown in the following tables is the expected distribution of Behavior Types for the
three sets of ground parameters used in the evaluation.

Note that the Behavior Type 9 (flowing ground) always is associated also with
another Behavior Type. The percentage of the BT 9 is for information only, on which
length special measures (like (drainage, grouting, etc.) might be required. After
ground treatment, another BT becomes relevant.
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6.5.1 Main tunnel

low Geotechnical Unit
Behaviour Type 1 2 3 4 5 (] 7 8 total
1 0% 0% 0% 5% 0% 0% 0% 0% 1,1%
21 35% 21% 33% 23% 42% 48% 24% 45% 33,2%
22 45% T76% B7% 21% 58% 45% 52% 49% 49,5%
3,1 5% 2% 0% 13% 0% 0% 0% 0% 3.3%
3,2 0% 0% 0% 21% 0% 0% 0% 0% 4.1%
3, 0% 0% 0% 0% 0% 7% 14% 5% 3,3%
4, 10% 0% 0% 17% 0% 0% 0% 0% 3,9%
4,2 0% 1% 0% 0% 0% 0% 0% 1% 0,4%
4.3 0% 0% 0% 0% 0% 0% 10% 0% 0.9%
7 5% 0% 0% 0% [ 0% 0% 0% 0.3%
9°) 0% 2% 0% 23% 0% 3% 10% 1% 6,5%
length (m) 1000 4350 1350 4600 1200 3000 2100 5410

Table 14. Distribution of expected Behavior Types in the single Geotechnical Units,
low rock mass quality

med Geotechnical Unit
Behaviour Type 1 2 3 4 S 5] 7 8 total
1 0% 0% 0% 5% [ 0% 0% 0% 1,1%
2,1 35% 21% 33% 25% 42% 48% 24% 45% 33.7%
2, 50% 76% 67% 36% 58% 47% 55% 53% 54,1%
3, 0% 3% 0% 27% 0% 0% 0% 0% 6,5%
3,2 0% 0% 0% 7% 0% 0% 0% 0% 1.3%
3,3 0% 0% 0% 0% 0% 5% 12% 1% 2,0%
4, 0% 0% 0% 0% 0% 0% 0% 1% 0.2%
4,2 0% 0% 0% 0% 0% 0% % 0% 0.7%
4,3 0% 0% 0% 0% [ 0% 2% 0% 0,2%
7 5% 0% 0% 0% 0% 0% 0% 0% 0.3%
9 0% 2% 0% 23% 0% 3% 10% 1% 6,5%
length (m) 1000 4350 1350 4600 1200 3000 2100 5410

Table 15. Distribution of expected Behavior Types in the single Geotechnical Units,
medium rock mass quality

high Geotechnical Unit
Behaviour Type 1 2 3 4 5 ] 7 8 total
1 0% 0% 0% 5% 0% 0% 0% 0% 1.1%
21 35% 21% 33% 25% 42% 48% 24% 45% 33.7%
22 55% 78% 67% 54% 58% 48% 67% 54% 60,0%
3.1 5% 1% 0% 15% 0% 0% 0% 1% 3.7%
3.2 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
3.3 0% 0% 0% 0% 0% 3% 0% 0% 0.4%
4.1 0% 0% 0% 0% 0% 0% 7% 0% 0.7%
4.2 0% 0% 0% 0% 0% 0% 2% 0% 0.3%
43 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
7 5% 0% 0% 0% 0% 0% 0% 0% 0.2%
94 0% 0% 0% 22% 0% 2% 10% 1% 5,6%
length (m) 1000 4350 1350 4600 1200 3000 2100 5410

Table 16. Distribution of expected Behavior Types in the single Geotechnical Units,
high rock mass quality
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The different rock mass qualities used for the evaluations lead to a shift in certain
behavior types. Depending on the assumed rock mass quality following distributions

are assessed:

Behavior Type 1:

Behavior Type 2:

Behavior Type 3:

Behavior Type 4:

Behavior Type 5:

Behavior Type 6:

Behavior Type 7

Behavior Type 8

Behavior Type 9:

Stable tunneling conditions (about 1% for all conditions)

Stable tunneling conditions are found only very occasionally and
are limited to massive limestone and volcanic rock sections.

Potential for overbreak (between 83% and 89%)

Minor and voluminous overbreaks are the dominating behaviors
expected along the tunnel. Voluminous overbreak is expected to
dominate.

Potential for small stress induced failures (between 8,5% to
10,7%)

This type of behavior is expected in fault rock in sections with an
overburden below 100m.

Potential for deep reaching shear failures (between 1,5% to
5,2%)

Considerable overstressing of the rock mass associated with
increased displacements can be expected in fault rocks with
medium to high overburden.

rock burst
No potential for rock burst could be detected.

Buckling

This behavior type will be analyzed, as soon as all geological
information is compiled. A certain potential exists in the thinly
bedded siltstones under medium to high overburden.

Comment: Because of the intense jointing of the strata as well as
the rather gentle to medium dipping of bedding planes no
buckling is expected.

Chimney type shear failure, day lighting (around 0,3%)

This behavior type is expected in the portal areas only..

Ravelling

No potential for this failure type could be found.

Flowing ground (between 5,5% and 6,5%)
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Behavior Type 10:

Behavior Type 11:

Flowing ground is identified mainly in fault zones of quartzitic
origin and those of shale origin at higher water heads.

Swelling ground

The potential for swelling will be analyzed as soon as the
relevant information is available.

Comment: Smectite has been encountered in fault gouge
samples (faulted shale) within GTU 4. Only qualitative analysis
was performed, no information on possible swelling pressure is
available.

Heterogeneous ground, with frequently changing displacements
and stresses

This behavior can be expected in the tectonic mélange between
approx. km 6.7 and 10.3 in case the limestone blocks are found
also in the level of the tunnel.
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Figure 7: Distribution of evaluated Behavior Types along the alignment for medium rock mass quality
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6.5.2

Adit 5

The evaluation for the adits because of their relatively short length has been done
only for the medium rock mass qualities.

The distribution of the Rock Mass Types for adit 5 with a total length of 1.340m is
shown in Table 17.

Adit 5 GU
RMT 7 2
3 0% 1%
3A 0% 11%
3F 0% 32%
7] 1% 0%
4F 22% 0%
5 5% 0%
5F 50% 11%
8Q 0% 1%
85 1% 73%
length (m) 900 440

Table 17. Distribution of Rock Mass Types for adit 5

The evaluated Behavior Types for adit 5 are shown in Table 18.

Adit 5 GU
Behaviour Type 1 2

2,1 22% 14%

2,2 56% 43%

3,1 0% 29%

3,2 11% 14%

7 11% 0%
length(m) 900 350

Table 18. Distribution of evaluated Behavior Types for adit 5

On certain sections also flowing ground has to be expected. This should be
considered on a length of about 100 m.

653 Adité
The distribution of the Rock Mass Types for adit 6 with a total length of 750m is
shown in Table 19.
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Adit 6
RMT I(m) %
2 50 7%
aF 100 3%
5 50 7%
5F 400 53%
8sS 150 20%
750

Table 19. Distribution of the Rock Mass Types for adit 6

The evaluated Behavior Types for adit 6 are shown in Table 20.

Adit 6
Behaviour Type I(m) %
2,1 50 7%
2 500 67%
3,1 100 13%
7 100 13%
790

Table 20. Distribution of evaluated Behavior Types for adit 6
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71

ENGINEERING GEOLOGICAL — GEOTECHNICAL PREDICTION OF THE
TUNNEL EXCAVATION

Longitudinal sections present the predicted engineering geological conditions along
the tunnel alignments (Main Tunnel, Adit No. 5, Adit No. 6).

The engineering geological sections for detailed design include the general geologic
architecture together with the distinction of stratigraphical and geotechnical units,
the distribution of rock types, rock mass types as well as rock mass behavior types,
estimates of the main discontinuity structure and the groundwater situation.
Summarizing all relevant parameters and influencing factors geotechnical remarks
on the tunnel excavation will be presented.

Main Tunnel

Geotechnical Unit 1

From the inlet portal to km 1.00 the tunnel will penetrate a sequence of clastic rock,
dominated by quartzitic sandstone, with intercalations of silistone and shale of
variable rate of recurrence and thickness. Over all, orientation of main
discontinuities (bedding, foliation) is right — to obtuse angled to the tunnel alignment.

Due to the vicinity of major faults the rock mass is mainly severely fractured over all
and minor fault are expected to occur within this section. The faults are expected
with clayey gouges and variable orientation to the tunnel axis. Siltstone and shale
intercalations have been sheared and faulted parallel to bedding. Rock mass
structure is expected to be highly variable because of internal folding and faulting. It
is postulated that fracturing, faulting, and in places deep reaching weathering, has
created an open jointed rock mass.

Gravity induced block failure as well as shallow stress induced shear failures in
combination with discontinuity and gravity controlled failure of the rock mass at the
circumference as well as the face of the tunnel, if unsupported, is predicted. Locally,
deep-seated stress induced shear failures and large deformation may occur in
faulted rock mass. In combination with high hydraulic head the rock mass in fault
zones is expected to show flowing behavior, which requires probing ahead and
drainage or grouting measures. Mixed face conditions have to be expected due to
the occurrence of different rock types / rock mass types within one excavation cross-
section.

Temporary groundwater inflows will most likely be limited to faults and fracture
zones with interconnected open joints. Initial inflow may reach several 10s of Is,
decreasing rapidly. Sparse groundwater inflow has to be expected from open
discontinuities all along the alignment section.
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Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]

1 3 100 10

3A 250 25

3F 500 50

8s 150 15

Result 1.000 100

Table 21: Geotechnical Unit 1 - Distribution of Rock Mass Types

Geotechnical Unit 2

From km 1.00 to km 5.0 the tunnel will penetrate a sequence of clastic rocks
dominated by quartzitic sandstone, with intercalations of siltstone and shale of
variable rate of recurrence and thickness. The tunnel axis is oriented parallel to the
bedding, which is dipping mainly with medium inclination towards southwestern
directions.

Due to the occurrence of major faults in the immediate vicinity of the tunnel the rock
mass is severely fractured to a great extend. Faults with fault gouge and right-
angled orientation to the tunnel axis are expected to dominate. A major WSW-ENE
trending fault system will be traversed between approx. km 4.6 and km 4.7 km. The
tunnel will intersect a fault zone with very acute angle (approx. 10° to 20°) to the
tunnel axis between approx. km 5.0 and km 5.2. In addition, intercalated siltstone
and shale layers are frequently sheared or faulted parallel to bedding.

Gravity induced block failure are expected to dominate. Locally stress induced shear
failures in combination with discontinuity and gravity controlled failure of the rock
mass, if unsupported, is predicted. According to the orientation of the tunnel axis
parallel to bedding planes systematic overbreak is expected to occur in the eastern
sidewall and crown area of the tunnel. In combination with high hydraulic pressure
the rock mass in fault zones is expected to show flowing behavior. Mixed face
conditions have to be expected due to the occurrence of different rock types / rock
mass types within one excavation cross-section. exceed

Groundwater inflows will most likely be limited to faults and fractured zones with
interconnected open joints. Boreholes T-7/3, DHW-6 “Old Alignment" and DHW-6
“New Alignment”, drilled in the vicinity of NE —SW striking high-angle faults,
encountered artesian water (T-7/3: approx. 40 m below surface, DHW-6 “Old
Alignment”: approx. 36 m below surface). The water from the boreholes was flowing
out at ground surface, indicating a water pressure of 4 bar (T-7/3) and 1.4 bar
(DHW-6 “Old Alignment"). These findings point to severe groundwater problems
when passing faults. Probing ahead and the execution of drainage/grouting
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measures will be required. Sparse groundwater inflow has to be expected from open
discontinuities all along the alignment section.

Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]

2 3 400 9

3A 500 11

3F 2.550 59

8Q 750 7

8S 150 3

Result 4.350 100

Table 22: Geotechnical Unit 2 - Distribution of Rock Mass Types

Geotechnical Unit 3

From approx. km5.00 to 6.50 the tunnel will penetrate a sequence of clastic rock,
dominated by quartzitic sandstone, with intercalations of siltstone and shale of
variable rate of recurrence and thickness. Orientation of main discontinuities
(bedding, foliation) is obtuse angled to the tunnel alignment.

Due to the occurrence of major faults the rock mass is mainly severely fractured
over all, fault gouge is frequently encountered.

Gravity induced block failure as well as shallow stress induced shear failures in
combination with discontinuity and gravity controlled failure of the rock mass, if
unsupported, is predicted. Locally, deep-seated stress induced shear failures and
large deformation may occur in faulted rock mass. In combination with high
hydraulic head the rock mass in fault zones is expected to show flowing behavior,
which requires probing ahead and drainage or grouting measures. Mixed face
conditions have to be expected due to the occurrence of different rock types / rock
mass types within one excavation cross-section.

Temporary groundwater inflows will most likely be limited to faults and fractured
zones with interconnected open joints. Borehole DHW-8, drilled in faulted rock
mass, encountered artesian water. This finding points to severe groundwater
problems when passing faults. In such a case probing ahead and drainage or
grouting measures are of paramount importance. There is the potential for the
occurrence of thermal water along the fault boundary. Sparse groundwater inflow
has to be expected from open discontinuities all along the alignment section.

8070C_rep-02-05-03.doc

3G Gruppe Geotechnik Graz ZT GmbH

U-56



Mae Ngad — Mae Kuang Tunnel Project Engineering Geological — Geotechnical Design

Detailed Design Final Report Page 57
Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]

3 3 50 4

3A 400 30

3F 850 63

8Q 50 4

Result 1.350 100

Table 23: Geotechnical Unit 3 - Distribution of Rock Mass Types

Geotechnical Unit 4

Within GTU 4 a major thrust fault complex, confined by a NW - SE running strike —
slip fault system at approx. km 6.70 in the Northeast and at approx. km 11.30 in the
Southwest, will be traversed.

Subsurface investigations give evidence that the thickness of the thrust fault
exceeds 200 m. Investigation results reveal a heterogeneous internal structure of
the thrust, which will generate severe geotechnical problems during the excavation
of the tunnel. The adverse influences on the tunnel construction include the
possibility of rapid variation of limestone blocks with karst features and intact
portions of sandstone, chert and shale, embedded in a weak sheared shale-chert-
sandstone-fault gouge sequence.

Gravity induced block failure as well as shallow stress induced shear failures in
combination with discontinuity and gravity controlled failure of the rock mass, if
unsupported, is predicted. Deep-seated stress induced shear failures and large
deformation will occur in faulted rock mass. In combination with high hydraulic head
the rock mass in fault zones is expected to show flowing behavior. In highly
heterogeneous sections rapid variations of stresses and deformations, caused by
block-in-matrix rock situation of a tectonic mélange (brittle fault zone) have to be
expected. Mixed face conditions have to be expected due to the occurrence of
different rock types / rock mass types within one excavation cross-section. Swelling
may occur in clayey fault gouges.

Special attention has to be paid to the potential of high water inflows from large
jointed and/or karstic limestone blocks. Initial inflow may be in the range of several
100 I/s. The karst cavities may occasionally be filled with collapsed material and/or
residual soil. Field investigations give evidence of artesian water associated to the
karstic limestone. A certain transmissivity through the low-permeable, faulted rock
mass, most likely linked to individual fault/fracture zones has to be expected. Peak
inflow rates from such fault zones, exceeding several 10 l/s and slow decrease of
the inflow have to be expected.
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In addition to the support required for faulted rock mass, probing ahead and special
construction measures (drainage measures, construction of bypasses for karst
water, plugging or bridging of karst cavities, grouting) should be provided.

Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]
4 2 200 4
2F 350 8
3F 50 1
4 300 7
4F 800 17
5 200 4
SF 1.050 23
7 50
7F 300 ¥
8S 1.300 28
Result 4.600 100

Table 24: Geotechnical Unit 4 - Distribution of Rock Mass Types

Geotechnical Unit 5

After passing the boundary fault in the Southwest at approx. km 11.30 up to approx.
km 12.50 the tunnel will be excavated in intensively fractured quartzitic sandstone
with sheared intercalations of siltstone and shale. Orientation of main discontinuities
(bedding, foliation) is obtuse angled to the tunnel alignment.

Due to the occurrence of major faults in the immediate vicinity of the tunnel the rock
mass is severely fractured to a great extend. Faults with fault gouge and right-
angled orientation to the tunnel axis are expected to dominate.

Gravity induced block failure as well as shallow stress induced shear failures in
combination with discontinuity and gravity controlled failure of the rock mass, if
unsupported, is predicted. Deep-seated stress induced shear failures and large
deformation will occur in faulted rock mass. In combination with high hydraulic head
the rock mass in fault zones is expected to show flowing behavior, which requires
probing ahead and drainage or grouting measures. Mixed face conditions have to be
expected due to the occurrence of different rock types / rock mass types within one
excavation cross-section.
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Temporary groundwater inflows will most likely be limited to faults and fracture
zones with interconnected open joints. Initial inflow may reach several 10s of I/s,
decreasing rapidly. Sparse groundwater inflow has to be expected from open
discontinuities all along the alignment section.

Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]
5 3 200 17
3A 300 25
3F 550 46
8Q 150 13
Result 1.200 100

Table 25: Geotechnical Unit 5 - Distribution of Rock Mass Types

Geotechnical Unit 6

From km 12.500 to km 15.55 the tunnel will penetrate a sequence of clastic rock
dominated by quartzitic sandstone, with intercalations of siltstone and shale of
variable rate of recurrence and thickness. The tunnel axis is oriented parallel to the
bedding, which is dipping mainly with medium inclination towards northeastern
directions.

Faults are expected to dominate with mainly granular fault gouge and right-angled
orientation to the tunnel axis. In addition, intercalated siltstone and shale layers are

frequently sheared or faulted parallel to bedding.

Gravity induced block failure are expected to dominate. Locally stress induced shear
failures in combination with discontinuity and gravity-controlled failure of the rock
mass, if unsupported, may occur. According to the orientation of the tunnel axis
parallel to bedding planes systematic overbreak is expected to occur in the western
sidewall and crown area of the tunnel. In combination with high hydraulic head the
rock mass in fault zones is expected to show flowing behavior. Mixed face
conditions have to be expected due to the occurrence of different rock types / rock
mass types within one excavation cross-section.

Main groundwater inflows will most likely be limited to faults and fractured zones
with interconnected open joints. Artesian water associated to fault or fracture zones
was encountered in boreholes further south of the alignment. These findings point to
severe groundwater problems when passing through faults. Initial groundwater
inflow from such zones may be in the range of several tens of liters up to > 100 I's,
decreasing with time. Probing ahead and the execution of drainage/grouting
measures will be required. Sparse groundwater inflow has to be expected from open
discontinuities all along the alignment section.
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Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]

6 3 1.050 35

3A 400 13

3F 1.350 45

8Q 200 7

Result 3.000 100

Table 26: Geotechnical Unit 6 - Distribution of Rock Mass Types

Geotechnical Unit 7

From km 15.50 to km 17.10 the tunnel will penetrate a sequence of clastic rock
dominated by quartzitic sandstone, with abundant intercalations of siltstone and
shale of variable rate of recurrence and thickness. The tunnel axis is oriented
parallel to the bedding, which is dipping mainly with medium inclination towards
northeastern directions. NW — SE striking faults bound this zone in the North as well
as in the South.

Fractured rock mass, in combination with faults is expected to dominate his tunnel
section. Faults with fine-grained as well as granular fault gouge and obtuse to acute
orientation to the tunnel axis are expected. In addition, the intercalated siltstone and
shale layers are frequently sheared or faulted parallel to bedding.

Gravity induced block failure are expected to dominate, together with stress induced
shear failures in combination with discontinuity and gravity-controlled failure of the
rock mass. Deep-seated stress induced shear failures and large deformation will
occur in sections with fine-grained fault gouge. According to the orientation of the
tunnel axis parallel to bedding planes systematic overbreak is expected to occur in
the western sidewall and crown area of the tunnel. In combination with high
hydraulic head the rock mass in fault zones is expected to show flowing behavior.
Mixed face conditions have to be expected due to the occurrence of different rock
types / rock mass types within one excavation cross-section.

Groundwater inflows will most likely be linked to faults and fractured zones with
interconnected open joints. Artesian water associated to faults or fracture zones was
encountered in boreholes further south of the alignment. These findings point to
severe groundwater problems when passing through faults. Initial groundwater
inflow from such zones may be in the range of several tens of liters up to > 100 I/s,
decreasing with time. Probing ahead and the execution of drainage/grouting
measures will be required. Sparse groundwater inflow has to be expected from open
discontinuities all along the alignment section.
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Geotechnical Unit | Rock Mass Type | Length [m] per Length [%] per
GTU GTU
7 3A 500 24
3F 1.100 52
8Q 300 14
8s 200 10
Result 2.100 100

Table 27: Geotechnical Unit 7 - Distribution of Rock Mass Types

Geotechnical Unit 8

From approx. km 17.10 to the outlet portal at km 23.010 the tunnel will penetrate a
sequence of clastic rock dominated by quartzitic sandstone, with intercalations of
siltstone and shale of variable rate of recurrence and thickness. The tunnel axis is
oriented parallel to the bedding, which is dipping mainly with medium inclination
towards north-eastern directions.

Faults are expected to dominate with mainly granular fault gouge and right-angled
orientation to the tunnel axis. In addition, intercalated siltstone and shale layers are
frequently sheared or faulted parallel to bedding.

Gravity induced block failure are expected to dominate. Locally stress induced shear
failures in combination with discontinuity and gravity-controlled failure of the rock
mass, if unsupported, may occur. According to the orientation of the tunnel axis
parallel to bedding planes systematic overbreak is expected to occur in the western
sidewall and crown area of the tunnel. In combination with high hydraulic head the
rock mass in fault zones is expected to show flowing behavior. Mixed face
conditions have to be expected due to the occurrence of different rock types / rock
mass types within one excavation cross-section.

Main groundwater inflows will most likely be limited to faults and fractured zones
with interconnected open joints. Boreholes DHW-3 and DHW-16, drilled in the
vicinity of high-angle faults, encountered artesian water at a depth of approx. 40 m
(DHW-3). Presently the water from this borehole is flowing out at ground surface
(estimated flow: 10 l/s) with a considerable water pressure. DHW-16 explored
artesian water during drilling, which stopped after completion of works. These
findings point to severe groundwater problems when passing faults. Probing ahead
and the execution of drainage/grouting measures will be required. Sparse
groundwater inflow has to be expected from open discontinuities all along the
alignment section. Close to the outlet portal the water level is below the tunnel
invert. In this section water inflow may be related to seasonal precipitation.
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Geotechnical Unit | Rock Mass Type | Length per GTU | Length per GTU
[m] [%]

8 3 1.650 30

3A 800 15

3F 2.510 46

8Q 400 7
85 50

Result 5.410 100

7.2

7.3

Table 28: Geotechnical Unit 6 - Distribution of Rock Mass Types

Adit No. §

For the engineering geological — geotechnical prediction of the tunnel excavation
please refer to Chapters 4.2 and 6.5.2.

Adit No. 6

For the engineering geological — geotechnical prediction of the tunnel excavation
please refer to Chapters 4.3 and 6.5.3.

COMMENTS ON GROUNDWATER

The assessment of the groundwater conditions for tunneling is based on very basic
investigations and observations, which consist of recording water inflow and losses
during the drilling operation, singular readings of water levels in open standpipes,
installed in few boreholes, mapping of springs in the area close to the tunnel
alignment and the chemical analysis of a few water samples.

The occurrence of artesian water in a number of boreholes at the eastern as well as
western leg of the tunnel in combination with a scarcity of natural springs, and of
natural artesian springs in the project area are indicators that the groundwater
regime in the project area is highly complex. Deep reaching weathering along open
discontinuities, observed mainly in the sandstone-dominated sequences, in
combination with an intense jointing over all, has he potential of rather large joint
aquifers.

Presently, it is highly uncertain how frequently groundwater will be encountered
during tunnel construction. It also applies for the assessment of peak inflow
quantities, the draw down, the inflow rate under steady stage conditions as well as
the potential of influencing existing communal water supplies (artesian wells) by the
tunnel excavation.
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The groundwater related figures and information stated in this document are based
on experience from other projects in comparable geologic and climatic conditions
and represent a best guess.

As the tunnel gradient is extremely low any water of lager quantity will have to be
pumped out, even in the ascending tunnel stretches. To overcome these risks it is
strongly recommended to perform probing ahead of all excavation faces,
independent of the excavation method. Sufficiently large quantities for probe drilling,
stand still time due to high water inflow, drainage and grouting works as well as the
installation and operation of pumping facilities have to be included in the BOQ and
have to be considered in the specifications of the TBM as well. To limit the risk for
the construction it would be possible that the contractor performs additional
investigations, utilizing the time required for delivering and erecting the TBM on site.

il

0eGG, 2001. Guideline for the geomechanical design of underground structures with conventional
excavation.

Cerchar, 1986: The Cerchar Abrasivness Index. Centre d'Etudes et Recherches de Charbomnnages de
France.

West, G., 1989: Technical Note — Rock Abrasiveness Testing for Tunneling. Int. J. Rock Mech. Min.
Sci. & Geomech. Abstr., 26 (2), 151-160.

v Vermeer, P., Ruse, N, 2001. Die Stabilitit der Tunnelortsbrust in homogenem Baugrund. Geotechnik
24, 186-193
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anUse DARNVDINAUAIUTN (Advan

msvihaudadagiunay (Advance Grouting ) 1 figauseasd 3 eehafie

1) Wieladummuudauss (Grouting of Strengthening ) Tunseifiuvsenuiiannlaia imihiduddudrmiin (Pre-Support)
muenanssds dmiuliunuamudinn mslémedadunsunsieairvieuiuussanmwiumiondaelud
(Improvement Ground) fisuyalanziiiuniy lagagldidisanminaliuuinamdmalusd sesunnazdenunng fesinis
Viuussanmaiaiiu i nsvihnusndadiunauaisti (Advance Grouting) ¥3e n3ad1a Counter Weight §ulf wioduq
Jusu GmJLaﬂﬁ‘}‘ié'N?N @ﬁanﬁn’aﬂé’wqﬁmé (Technical Manual for Design and Construction for Road Tunnel-Civil
Element), iatatiaei] 6.6.4

2) WieasUinamsiiduveniléfuiivanmusesunniufwdrlunelugludsswinsdidumsyaairelued mnldnusa
ﬁmehuwamhwﬁ'lauﬂ'Js‘lﬁﬁﬂﬁsmsaﬁﬂﬂ'%mmmﬂwaﬁauﬁqLﬁunTsLLaums'Jﬂi’ﬂﬂ‘%mmmﬂwawaaﬁmé’qnTsﬁ'n,ﬁumﬁ Wit
iosnmsvhausadaveswauareminiu laldmneennai %mﬂwmmsmqﬂuﬂmm Buitemegaitldunsdau el
annsaneaieglusdsalule muun’mﬂﬂimmmﬂwammmwﬁmjauamﬂzg Aeldussunauseuildlunssnda uay
m'L'LImﬁnﬁmamaﬂammumammwm (Advance Grouting ) sanfie¥anuasgunaaiildlunisvinen

3) Lwaﬂaanumiaﬂswﬂwaqm’lmmu (Grouting to Prevent Groundwater Lowering) luﬂimwﬂmﬂmﬂmumuummmﬂwu
fugeau mamumuauﬂ ﬂﬂ“Lﬂﬂﬂ’l‘i‘ﬂ‘iﬂW)
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i 5 ﬁﬁuLﬂﬂzﬁﬁﬂﬁ’ljjﬂ@"N‘lﬂﬁﬂ (Probe Ahead Dirilling)

Probe Ahead 8-16 m Fill grouting PBDH

Wiensaeuanwssdinguasilfudountsynda

1.1 auliumsiangvaun PBDH-01 Ad1udn 8-16 u.

1.2 frdoyalaiiiieswe en99wvigu PBDH-02 way PBDH-03 Lilaifi

1.3 iilussiuivdefildRuysinasnnliims Fill srouting Y8vgu PBDH viuil
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msvhausndndunay (Advance Grouting ) 1u figauszasd 3 ag1eie

1) iivetaiunuudauss (Grouting of Strengthening ) Tunseififunieduianiwlid vhwihdiduddugrmih (Pre-Support)
muenanseeds dwiuiiugunmuginn mslfinedaduneunisteaievdeusutssanmiumiendenglue
(Improvement Ground) flaugaLALAUNN Tmmz’l%'l,fiaamwmaﬁuu%mmwé’amqimﬁ fiseunnazldununng Aosvinnis
Vsudgeanmwanadiu 1wy msvhaudndadiunanaisith (Advance Grouting) 138 153313 Counter Weight Ul wieduq
sy nanenanssneda gifenisneasrveland (Technical Manual for Design and Construction for Road Tunnel-Civil
Element), ¥adaeioei] 6.6.4

2) WeanUTinaumsiiduvenhléfuiiinanmusesusniufiasdnlumeluglisdsenisiiiunsyamnzglusd mnldouse
Sadunaniaumsidfinensninuiinunsivateusiiunsusgasainuiinunisivavesiwmdemssduns el
desnnmshausndsvemandrmiiniy bildwnsanh asilfaunsovgaildvun Guismgaildusd el
aunsaneaelusdrsluly dadumstauiinunisivavesnidulutoyadiy Weldvsrnaussiuildlunmssadn ua
lgiBnmsvhausadadiunausiani (Advance Grouting ) saufisTanuazgunsaiildlunmsviiau

3) iletastunsanseduvenhléu (Grouting to Prevent Groundwater Lowering) Tunsiifigladyaianzsnudinadiudy
Audeu vietuiudug fiednnismgad

i .
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2. TupauIUIndaYuLINuAMNIWIaEuEIwTi1 138 Advance Grouting

2.1 Advance grouting uietfinenuudausswesnaiiu vinuiunihglusdvioeannisinaidunluglusdvesnhldnu
2.2 Wignquindlvlutuiuuszanm 8.0 - 16.0 wes

2.3 Grout WU Single stage WU Packer 580M@N NEIAINYUMNZENDIYUUU Multi-stage grouting Ale

2.4 fManssalneliunganiunsly Packer Iildinaiia Stand pipe (PVC/Steel pipe) grouting (M3LaNA1591984)
2.5 fanmssaiimenlimnganiunisly Packer way Stand pipe Tldinaiia Pipe Roof grouting (mslenansensds)

2.6 ShveuRANYeY Cement grouting wamgumuummu'ﬂumwau Smsrduyudumd 100 nn.seth 70 &ns (W/C Ratio lifiu 0.7)

g1y Admixture ‘14 iunsfuwaﬂaﬂmﬂumaamﬂ‘“ mmms”lmawmﬂuaimmaqmlmmu W3ponaLiiu Filler visoansial
Lwawﬂwmﬂul,vmmlmﬁwu

2.7 9n51dunaNYe Chemical grouting fi® Cement grouting WUy 1:1 (Two Component) 8ns1diuanansaufuldsuldniuainy
wingauaunsaidenld Mix Ratio Tuhden 4.) Tdlunsdinfiussiuthas dildduuSinaannuasungunnuin  RQD #n

a
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2.8 Grout laglguseiu 20-50 bar+Water pressure weilaiiiu 5 MPa (50 bar.)

2.9 e Grout @Saudnzdesiia Packer Iifladnunseduussduailfaunseianiuuudem (nitial set)
ALY Stand pipe Technic 'Lﬁilaﬁaﬁm%’ua"mﬁﬂL%H‘lﬂﬁql":‘lwqu

2.10 WgnGrout WetldduliiiugUassaienisioairuavanunsoinsmduldeuysal Wy musasude
nuRafadndaiiu warauriuaeunia nliaunsoviliinaldiuanadd msvinsenzuas

ANTUNUBARATDINANEWMUIMAN Secondary, Tertiary sy

— o ——

fl- 14

i
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3. ULUUNISN9IUINAAYRINENAIUTE Advance Grouting

3.1 ‘tmmL’;zumulma’mnummmmﬂi“w 914 Stand Pipe Technic Grouting asanan ndiuuanunn laanansaldnng
mmanmaPacker WUU Up-Stage %38 Down-Stage 161

3.2 WIEVQUAMTUSARNYBINAN VUNATURUALINAI 76 Uy, AWEN 8-16 LA

3.3 nsaild Stand Pipe Technic Grouting kU Single Stage litdanviodniudndnveomway w'ml,aumuﬁuanma 1/2 i
30 % 1 Sy 1-3 vieluvaundi Iﬂ&lmmtmu,mavLLm'menumamm‘samﬂﬂamau b L R ——
WigauAuan Wit IﬂaimgmzLuumuaﬂmﬂawal,ﬂﬂ niaMuTuduseiu vinnmssedadunaunieudiu lngld
Grout Pump wuu Double piston athstiey 1 1384 (2 line grouting+) 38 Single Grout Pump agties 2 1a3os

3.4 nsfiiumt Face fis08unnunAIsviINTg Shotcrete YosunmihFacensuwaruinaunwauinivineusadndrunasl
Mjuudadrgauinvau wetlesiu Grout Leakage

3.5 YNMIOARAVBINANLUY Fast setting fieu wievimihiliasiou Packer '[:umi‘iUu,semuuavmmuaﬂamwsnmumalu

3.6 vgamssndavesuan Weussuintuiiunasimmualsiiu 50 113 wavUsiesvesradlsianas(<3 Ans/and)

3.7 yinmsduiintayalee Grout Recorder

3.8 mn%'u,ﬂu'iwmmsm ﬁ‘swmamivwanmuma islriussiutmimaanas ausavnusadnvemanldinety

3.9 mmimusmumua”aqmqummimmm Iﬂammmumuumamﬂwaume

3.10 Wevhmsdndaveskamaianduazannsadumiils doandestey Over Lap Grouting (88hatios 3-5 11)

Welanusavinusadavesaslusoudely (mafiaausdu)

| |
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3.1 gwuumahnunsddadnveskeandn 8 u. asvihnsyaliniiszes 4 u.
dledugnszardinanudnyimsinevquitesadnvenausoulnl

3.12 gUwwumahnunsddadnvessanin 10 4. awvimsyadaiisves 5 4.
maauamvaumﬂanLmavmmimwwaumaamamamamav’[w

3.13 s'ULuuum'smmuﬂmamawamauaﬂ 12 w. avmmwmﬂﬂm“av 6 .
dledugnssesdinanudrasimsinenquifiesniavemausoulys

3.14 msuliunudedavewandnnti ssdndunsdadavau Primary dou
winlignansaviliviinasldfuanasld 3 mmm‘smwu,aumLum'maﬂammwaumwmwau Secondary, Tertiary iy

3.15 nsdlinzszdayailafunii(Advance) wdmuifinsivavesnhldnu
Uinamthdmglusduimnannuanduguassasionsaeains ihnsianevauilasidunisdadavesauiiudalaviud
TagliswIusiosselinsussogmuiiiivun

3.15 mf,umm"m1il1ﬂa=umm“lﬂmuwamﬁammsamwmﬂlﬂaw Hosnd 20 Anssiounvisiovay

3.16 Lﬂm%aﬁl‘i’m’l'ﬂ‘i«iﬂ‘uElﬂu’ﬂ,ﬂﬂ‘u‘lﬂﬁ’m'1'a'ﬂ‘YI‘1ﬂ'li‘ﬁlﬁlm‘daﬂﬂﬂWULLakuﬂauﬂiﬂlﬂa‘c‘J‘ﬂ Wewnin 100 AnsweiunvisioFace
ummuqsauaimﬂw*n’nnﬁwuﬂaunsmﬂaummm

3.17 Bmsieiuenidu 2 3580 1) WmsTauuuma nsaiinnmaueny 2) Wnsiauuuv-notch nsdi¥adimtiFace
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Advance grout

r@( —

2 3
|
1 1 2
LTJ — Driling Holes And Injection of Cement
Grout from section A

ADVANCE GROUT 10 M — Tunnel excavation from section A to B

1aWNe Top Heading 6-7 yiay - ADVANCE GROUT 10 M

Full Face 10-12 viau - EXCAVATION 5 M
-OVERLAB5 M t

A-1/



2 Layer Grouting
Step 1
Etheﬂ_Eage_bLSthcLetg/
Layer 1:

Advance grouting 10 m
Layer 2 :

Advance grouting 4 m

Step 2

1.Excavation ~5 m

2.0ver lap ~5m

3.Drain Hole

4.Advance grouting
Step 1: Repeatedly

Pregrouting, dule cover (alwa oerlapping of
1-1.5 * blasting round)

Pre-grouting provides an overlapping water sealing layer.
It keeps minimal 3~5 M ahead of excavation face.
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2 Layer Grouting

Step 2
1.Excavation ~5 m
2.0ver lap ~5m

3.Advance grouting
Step 1: Repeatedly

Pre-grouting, double cover (alwas olaping of
1-1.5 * blasting round)

Pre-grouting provides an overlapping water sealing layer.

It keeps minimal 3~5 M ahead of excavation face.

Italian-Thai Development Public Company limited




LHUNSTAANVDINANA NN (Advance grout) fiounisunitla

Drain Hole 12 m

Tunnel Direction - Top View

Excavation 5 m

-t et Pl &i-TUNNel

67460 6+466  6+469

| Overlap3.5m;  Adv.grout 10 m
Adv.grout}10 m
]

1
|
Adv.grout 10 m ! Overlap5m :

64457 =~
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suiuu 1 Advance grouting

1. FUN98RERGEMIIINEAYINETUUY 1-6

2. suniadunaviay Primary @

3. fuvdsdvaeavqu Secondary

4. nsgigrout uﬁdﬁawuiwﬁﬂﬁ’i’ﬁuéﬁmﬂag} o ungquiang 14
’LucﬁwLmﬂaﬁmmsau(Tertiary, Quaternary) @ @

5. Aeumsyallamsiinsinsviquasaeuiaunnass sdatles 4 a
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UU 2 Advan i WORK PROCEDURE TYPE A

Set position of grouting holes. Start drill and grouting
POSITION AND NUMBER OF GROUTING HOLE

with odd number holes, then follow drill and grout

. ; 1 with even number holes. Grouting each hole until no
1

¢ more water leakage.

: Set position of grouting holes. Start drill and grouting

! 2 with even number holes, then follow drill and grout

with odd number holes. Grouting each hole until no
more water leakage.

After stopping water leakge and testing, then can start
3 escalate. If water ingress during escalate, then either
grout more or might need to consider other type of
- grouting methods

WORK PROCEDURE TYPE B

Set postion of grouting hole. Drill and grout one hole
- atatime.

After grouting one hole, then move to the second
hole. Drill and grout the second hole. Drill and

2 grouting holes sequence with move from right to left.
(For example, start with hole number 7--36--38--35--
>9-->4)

After stopping water leakge and testing, then can start
escalate. If water ingress during escalate, then either
grout more or might need to consider other type of
grouting methods

Italian-Thai Development Public Company limited :




4. dps1dIUNEYN NUDNINVDINEN(Grouting)

1.) > 50 /sec

Cement Grout 8ns1du W:C = 0.7 : 1
Cement Grout: Silicate dms1d7u 1: 1
Chemical Grout (PU-Foam)

2)>10 L/sec

Cement Grout 8m3ndau W:C = 0.7: 1
Cement Grout: Silicate dns1d7u 10 : 1
Chemical Grout (PU-Foam)

3.) >1 W/sec
Cement Grout m3187U W:C = 0.7: 1
Cement Grout: Silicate Sns1du 30 : 1

4.) <1 L/sec
ansEu WL =071
Cement Grout: Silicate §ms7d7u 50 : 1

Mg

1) oneviudiuaruduiuresarsuanls unsditliannsaiisnamslvavenilfuanas
2.) eniimsdndavewauiiuiusening Cement grout was Chemical grout(Silicate)

3) Wisoninsordnarsiaiivuuivy

Chemical grout (PU-Foam)

e




ASINAAVDINANSIN (Cement Grout and Chemical Grout)

Although this technique was originally
implemented for subsidence abatement
in flooded coal mines, it now has a wide
range of applications. It is especially
effective in stopping water. Projects
include the stemming of reservoir leaks,
the shoring of failing breakwaters, and
dam repairs where flows up to 600 gpm

were encountered.!?

Silicate-cement grout can be tailored to
meet a wide variety of geotechnical chal-
lenges by modifying mix ratios and pumping rates.

Modifications of grout set times

7 SILICATE
GROUT

Grout:Silicate
Ratio by Volume S Thew Une
1:1 1-10 sec. High flow water blocking

10:1 1-10 min. High angle of repose
support columns or
cutoff walls

30:1 10-20 min. Penetration into rubble
zones and formation
of column footings

50:1 30 min.-1 hr. Pressure grouting
applications

A-25
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Method Statement-Work Procedure

WORK PROCEDURE TYPE A

Set position of grouting holes. Start drill and grouting
with odd number holes, then follow drill and grout
with even number holes. Grouting each hole until no
more water leakage.

POSITION AND NUMBER OF GROUTING HOLES

Set position of grouting holes. Start drill and grouting
with even number holes, then follow drill and grout
with edd number holes. Grouting each hole until no
more water leakage.

After stopping water leakge and testing, then can start
escalate. If water ingress during escalate, then either
grout more or might need to consider other type of
grouting methods

WORK PROCEDURE TYPE B

Set postion of grouting hole. Drill and grout one hole
i atatime,

After grouting one hole, then move to the second
hole. Drill and grout the second hole. Drill and

2 |grouting holes sequence with move from right to left.
(For example, start with hole number 7—->6-->8--35-
>9--34)

After stopping water leakge and testing, then can start|
escalate. If water ingress during escalate, then either
grout more or might need to consider other type of .
grouting methods ‘

ltalian-Thai Development Public Company limited
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Method Statement-Grouting

Position and Number of Grouting Hole Amount of Grouting
; Total amount of
Topic Amount z 6180 m
grouting area
Area need
improvement According to Japan Grouting
Escalate Length 4. ! i =2
o m (Above center of —— Association (Minimum Length )
oS tunnel face)
routing Hole e =
h € 9.0m Escalate Length x2+a Improvement Length 60m
Improvement
Angle 17° 17~24* ST 6% m3 6%~12%
Percentage
Drstmce. hﬁftween 20m 3.0m (Within) Grouting Amount 37.08m3 Improvement Percentage 6%
each Grouting Area
Distance betw
= ? = 0.7m Amount of Holes 10 holes Normally 7 holes
each Grouting Hole
Grouting Amount y ;
Each hole will insert 3 steel pipes (Sm, 7m, 5m). pe?th:}Tf - 3.708 m 3 /hole |According to above drawing
Groutin Area . Amoun ting h I 2
2 .I . C.over e' SR ’ GRE prou ‘|ng oy a]_“,j =N Grouting holes decided according to actual work site. If water not stop leaking
position will be decided according to the water ingress position at actual ; : : <
S then need to increase grouting holes or drill drain holes
At this stage estimate approximately 6-7 grouting holes.

Italian-Thai Development Public Company limited E



Method Statement-Work Flow of Each Stage

Stop Water Leakage

Confirm and Test

Escalate

If have problem repeat step 1

ifalian-Thai DevelopmeﬁElJ: Company limited E
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Method Statement-Ratio of Material

C:W=1 2 C:W=1 1 Sodium Silicate Ratio 40%
Cement 50kg Cement 100kg Sodium Silicate #5 641 100L
Water 100L Water 100L Water
Total 15.87L 100L Total 31.74L 100L Total 64L 80L
115.87 13174 1441
C:W =15 x § C:W=2 1 Sodium Silicate Ratio 50%
Cement 150kg Cement 200kg Sodium Silicate #5 80L
Water 100L Water 100L Water 80L
Total 47621 100L Total 63.5L 100L &5t Total 80L 80L
147.62 163.5 160L
FLWRATIO (40~ 90sec) __ FLWRATIO _ (10~40sec) GEL TIME ACCELERATOR RATION (USE, SEAL HOLE, STOP WATER)
P~ ——
m'"'::’ s s1L 5“"”':55""““ 67L Sodium Silicate #5 8oL
Cement 50kg Cement 100kg Gel time Accelerator 2001~
Gel time Gel time
Aeliistss (0~ 10kg) icolerbor Skg Water 80L 150L
Water 100L 641 Water 100L 67L SubTotal 160L 160 L
SubTotal 151 115L SubTotal 1341 1341 Total 320L
Total 230L Total 2681 Gel time accelerator amount adjust accroding to the actual site

Gel time accelerator amount adjust accroding to the

actual site

Gel time accelerator amount adjust accroding to the

actual site

e s
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PREPARE DRILL GROUTING HOLE

CONFIRM GROUTING HOLE
POSITION, ANGLE, DEPTH

I

DRILL GROUTING HOLE
CONFIRM AMOUNT OF WATER,
COLOR, PRESSURE

s

FINISHED DRILLING GROUTING
HOLE, EXTUBATION

Method Statement-Work Flow Chart

CONFIRM
INSERT STEEL PIPE PREPARE THREE PIPE LENGTH
CONFIRM LENGTH @ om, @ 7m. @ sm|
| PREPARE GROUTING MATERIAL
[ SEAL GROUTING HOLE | GEL TIME ACCELERATOR
| INSERT GROUTING P | CEMENT

PREPARE PIPE FITTING AND

FINISH GROUTING I

SODIUM SILICATE 85

l

MAINTAIN SAME PRESSURE

TIME _ (200°3set)

CONNECTORS FOR GROUTING PIPE
CONFIRM GROUTING AMOUNT OL
START GROUTING MAINTAIN SAME PRESSURE
3 PUMPS GROUT AT THE SAME ADJUST GROUTING AMOUNT

|

ADIUST CEMENT GROUTING [THICKNESS)

WHEN GROUTING MATERIAL IF NO MATERIAL LEAK FROM
LEAKAGE FROM GROUTING HOLE GROUTING HOLE
USE FLW TO GROUT INSTEAD CONTINUE USE CEMENT GROUT

ADIUST AMOUNT ACCORDING TO ABOVE

l

ri-ou

ltalian-Thai Development Public Company limited




5. 1A584inlun15MIUsndnvesnEy (Grouting)

5.1 iAsealinlunisyinausndatiilu (Cement Groutine)
% g

5.2 \n3ealislumsvihnusadeasiadl (Chemical Grouting)

5.3 insesilolumstuiindaya (Flow meter & Grout Recorder)

Italian-Thai Development Public Company limited E
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5.1 \a5asdinlunisineusndaunuu (Cement Grouting)

Mixer » Agitator » Grout Pump Packer

ltalian-Thai Development Public Company limited g
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Product Details Company Profile

Specifications
Place of Ongin: Hubet, China (Mainland) Brand Name:  BWW-Machinery
After-sales Ser.. Engineers available 1o service..

Packaging & Delivery
Packaging Details: standard packing.wooden case, 190*115°100cm
Delivery Detall.  one week after order time

Specifications
Reclprocating Pump Structure: Piston Pump Usage: Slurry, Mud

Specifications

1.Company was set un in 1958
2 Centification:1S09001,1S014001,0HSAS18001,CE etc.
3.Design pump according to customer's demand.

Black Whirlwind Engineering Machinery Development CO.,LTD
3SNS High pressure grout injection pump
Product information

Theoretical flux(l/min) 100/207
Rated pressure(Mpa) 10/4
Inlet diameter(mm) 64
Outlet diameter(mm) 32
Power(kW) 18.5
Weight(excluding power kg) 730

External dimension(mm) 18007945705
After-sale service

Model Number. 3SNS

1.We can design and manufacture the product and send the technical personnel to guide the installation
of equipment at customer's workplace according to the requirements of our customers

2.If there is anything wrong with the products you can contact us in any time we'll send the customer's
feedback to technology department and return the results to customers as soon as possible.

Fl1-55
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Cement Grout Pump : Rated Pressure 100 Bar
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Cement Grout Plant
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5.2 1A3893ialun1591191undnansiadl (Chemical Grouting)

ltalian-Thai Development Public Company limited
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5.3 Lﬂ'%mﬁa"lumiﬁ'uﬁn%’aya (Flow meter&Grout Recorder)

222 vien

S

N
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Hose pump (DL25) — 4 wins | D Agiator —> 3 o

Grout flow meter: DRS-0S 25-120-12 5D Grout flow meter: DRS-DS 25-120-12 5D (Chemical grout pump

Italian-Thai Development Public Company limited E



6. Yanildlusudadnvasuay (Grout Material)
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Grouting Team Operator

Consistency and
Pumping, OK !

T-MG-100
Material Mixer

4

opper Round
Small Size

TS-23MTG

Italian-Thai Development Public Company limited D
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LY [ ] v o = g 2 ' +
L;gumsmmymmmﬁfmwaaﬂmuLﬂg;mumu:mwunﬂszgy

SPEENTY 200 U. TENIN NU.6+475 D19 NU.6+275
wHuN3YALUA (Excavation) 1.5 u./3u a1 135 u

UNUNUSARAYBINEL (Pre Excavation Grouting)  Grout 10 11./6-10vau = Yaila 5 1.=> Over lab 5 4.
VA 40 A3 ASSas 2 Ju Tamisdu 80 Ju

594 215 1/200 4.
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Vimnnhitlua Q avay 5unil uendu
Fuusn Fald
Fanamdnh 10 wins iiléaarase

= 10.405 Funil

windmitluanina = 4.1 AT
vhan = 0.11 13
vinuntilva (Q = v A) = 043345 av./ Juii (1)
wusiguinan vuiavio Drain 439 § Grout = 2ih ()
Wusiquénans vuanie Drain 2 = 2/1/4x(Nx254/100)7 (2)
0.00203 A3y,
wimiinsfindavo Drain $1uau = 20 un 3
wafu thinalioudazuna = (143) = 0.02167 av.a/ Junil (4)
mudnfliie udazunn = @/(2) = 10.6884 1/ Sunit s)
#afu Wiy (Pressure) Hifoadin 52Wi1a Grouting AMANNITMEW (Energy Equation)
q0#l 1 (Wi Face) qait 2 uviaihlua)
PL/Y, « V28, n = |e2sv, +  V2f2g s B
TR
A1 Al ¥ag 5aR Grout (Density) = Y, = 1.05 fu / av.a.
P1 Wuusaduitld vz Grout
v1 Wumudaiag Grout noudin fiad du o
Z1 = Z2 Yssnuiseduniii
P2 Wuusadu vsssnrinvonh foda vty 1
fr aamnmiv vasih =y, = 1.00 #u/ avu.
amudnfilnio udazuna = (@/(2) =v2 = 10.69 1/ Gurit
unurirauysly aunasil (6 veldangy asail
PL/Y, s 0 + = 1 4 v2i/2g & 0
PL/Y, = 1 + 5808
PLfY, = 6.82 winAT
P1 ussdunidn uarnismuvas Packer = 7.16 ton/m’ = 71.64 Bar
aqu

1. fuusadini tiloau Pre-Excavation Grouting 1u #osléusaduin udflhnnuiriidan wmswonliszunh

2. foaiinsseuaothild woannamudath v2

3. Packer WUV Mechanical Packer Salilnnzan ivsizuusadalduings doalduuu Pneumatic Packer
4, windamh Face #rousaduga Momaimia Face wa dafu dosfinds Packer WAn

WINR

Andoa 013 Input Fudsihifuldonauimniu

dafu azdavimuntivayndu uzadu ufrdon tilonrmasafuuaznisdudovoanuniu

(6)

(6
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UsziAuAIaNy A5.UN on Unique TBM stucks at sta21+593.704 since 20170531

14:53

THANU'S TUNNELS (45)

| Dr.HopAIT

filas material ASU U
Useoanlsesu e style
afindmih Tuqunu expert
204 SELI udnimuafiani
ma pregrouting sty lu
adflugzadasaly
Tuafaiieids fusue:ld pu
routing sialu lu stage 2-3
wida
Stage 1 #vilumi face fin
3 was 14 pu'ld 4000 Gas
yaA1 1.6 A uumuda 9n
Vo Tu BOQ vadiyan
7000 a5 ... Anwde g
pressurefia 60 bars ifu
manzanwie  grout Taelaldl
packer ?
15u1a7 pu foam nouuIM
#4000 dns wglulu
wia dnlJud sulal react Tal
u
Setting time MnvsUssm
5-10 sec .
anmhlua anafiiia pu
form 9= set luu?

didsmn atha @s. sudos

4 © Enteramessage

agudmanlszneudag

1) Grout#a pressure 60 bar gniaaviali

2) Grout Taelail¥ packer lhvdald

3) PU form Vliluda 4000 ag el visadabivinfisen /i
4) dauanudailua PU form axset vy

¥
uazfagadudug

1@na1991994uaN Aa Pre Excavation Grouting Tme Knut F. Garshol (2003 waz 2011)
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Pre-Excavation Grouting
in Rock Tunneling

Kt FCarshal
W5 Ergreerg Jecemy

Ref Garshol 2003 & 2011

Amau

Grout doy pressure 60 bar gnipavizela

P52 ref2003

In most cases under ground, there is a need of combined effects from an injection,
like water flow cut-off and ground consolidation. The cost of materials is also
important. The best consolidation is reached when there is very little foam
reaction, but this will reduce the penetration into finer openings and the volume
cost becomes high. At the other extreme, a very quick foaming to several times
the original volume, will produce a low strength grout, that may be very effective
for an initial cut-off of running water, but with litle consolidation effect. A very
porous grout will also not seal completely and subsequent water pressure build
i caka The volume cost

vof

P86 ref2011
6.5.7. Pump pressure

The injection pressure Is important for the success of the injection and
needs to be as high as conditions allow. This is one of the advantages
of injection ahead of the face (compared to post-injection) and should
be used fully.

As noted above, relatively high pumping pressure is generally possible
with the pre-injection approach, because injection Is made inlo undls-
mmecltockaheadoﬂhalurnelhoe Thed )

However, situations may exist where other factors Influence the choice

of Injection pressure and the methods of control. Some typical special
measures are given below.
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Injection often requires pumping pressures of more than 30 bar. Because the
mldhdesmmdnthwallat Y] 4° to 8°, the distance to the

P74 ref2003
6.8 Packers

When a hole has been drilled into the md(fomuhon

The typical packer consists of a pipe with a coupling in the tunnel end and an
ahsﬂcsmﬂuﬂﬁmbshmmdmﬂmldammﬂedagmmth

h)adlonpurrplmnlshooked
uptoﬂwpipummopurpmbnhrhd
There are a number of different packer types available and some examples are
shown just for illustration, Most manufacturers produce in principle the same
types of packers, but they may be quite different in quality, dimensions and
technical details. Packers must be selected for each individual project based on
ground conditions, availability, price and a number of other factors.

P78 ref2003
684  Standpipe techniques
There are situations

mlng an wdm diill biolos. 76 mm
Wh&ﬂbadupﬂtofaﬂh#wmrﬂﬁlnmﬂﬂepm'bhbmn
asteel pipe of suitable diameter (i.d. > 55 mm, 0.d. < 66 mm) into this hole. The
pipe must be grouted in place using a high quality shrinkage compensated
cement grout. This is easy to do by placing a packer close to the inner end of the
pipe and pumping the grout into the annular space between pipe and rock, until
it appears at the bore hole collar. See Figure 6.14.
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7.64  Special issues

In spite of probe drilling and pre-grouting, a risk is always there to stll intersect
mteruhenwihgahlaslm hsuchasttmon mmdzammdofmuum
d |

nll

rrwhalostmmdtame bmmmmmw allowing
controlled grouting fo be executed.

Amauwileudianeauuti

Whanfniieadas

. -
s q . -
a

uﬁamLum‘f‘lﬁﬂﬁtﬁnimwmmhmﬁnﬁﬂ TBM Ao nsud TBM Tnglaiwdenluduuiniuuiin

TBM Drives at the Gotthard Base Tunnel - Design and
Experience from Tunnelling in Faido

Thomas Jesel
Amberg Eng rg Leul 21,8105 forf- Watt, fand
Thomas Roluer

4G, I 3. 6003 Luzern, land

ABSTRACT: mhwafﬁewmmhmdwnuwgwd«mw
rock conditions that were 1o be aad the the 1]
Sk s St ol i s e e o
mhlkmhemumnﬁnhd.lhmmnwhwm;u&ﬂnnﬂmr
components are installed and the uane] was officially opened 1% June 2016. T we can say, that
most of the decisions taken in the desipn phase were correct. But the experience thow us as well, that
the behavior of the rock mass was ot always predicted fully comect. The flexibility in choice of
&ffmntmkuwndmm was d: This was oaly possible due
mwhhmﬂﬂwmwmwmmm

This presentation summarizes the mot inmportant facts from the TBM heading and show where
larger differences were encountered. The focwm will be on the following wﬁt\mu‘hﬂﬁw
water inflow, reck bunt, squeezing rock. Hocked TBM, inner lining and logistics. In the end of
«m lopndnlumlemtdnﬂhpumd.

1IN JENEN LUnY e e | Pr T 1.

aeomuwwmmm»h decision making.
area of the Tenelin Zone. The leading east
machine had come lhmd: with some over

other
(Figure 11).

taken are deseribed in detail in [3] and above all
:I.G!: e TR R 2 L )
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20U9A89n751F PU foamleehils
- - & 4 o : [
PU form Wlunsdiiimasedlimesnmnauudoliiling uazaliitedanai Wduusnuinis dlessmsfiveah
- o
aslfifomeusafiasnuisandniaadratu

sha p
spnclﬂcaly fur PU and shall store !ha ma‘tsﬁats ntrlcﬁy in

liers' recommendation. The
Cnnummaywmlomellheromorlwo

8adn PU foam (1luaa 4,000 amslu zone 1 wnluflun
srathanielui] 1l 6o i vielszann 53,000 Ans Tumsdaulivhrliivga duaily 8 dieu
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A case study on TBM tunnelling in fault zones and lessons learned from @ ——
ground improvement

Massoud Bayati **, Jafar Khademi Hamidi®
4 €urtin University of Trchnology, Perth, WA, Aussralia

" Alining Faculty of Tarblat Modares University, Tehron, fran

ARTICLE INFO ABSTRACT

Article histgy: TEM tumnelling in fault zones is one of the major challenges which affects the advance rate of TBM and
Received 14 January 2016 sometimes leads to long TBM stoppage. The Zagros water transfer tunnel is under construction through

Received n revised form 10 December 2016

w310 12016 the Zagros Mountains in Iran. During the excavation of the tunnel, the double shield (D5) TEM experi-

enced overall lochnul pmpmln ‘worse than expected ones and a great geological event with unpre-

dicted and The fault zones caused hmmh: of the TEM
head and shield. Ground i and grouting were imph d widely to
%dm relesse TEM. Applied techniques were fully successful and the THM restarted excavation after eight
Diffcult gruund months stoppage This paper dms to share practical ahout Tones,
Daylight collapse grouting, and key elements of passing through the fault zone in TBM tunnelling.
Zagros tunnel © 2016 Elsevier Lrd. All rights reserved
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40 meters unpredicted fault zone Comsobdation
Ch. 14089 m -

Fig. & Injection sequence from the cuter head.

Location of injection holes
inside the machine

() (b)
Fig. 7. () Available holes in the Tail shield, and (b) Galvanized pipe installation and injection from the cutter head.
Glavanized pipe to perform the injection

inorder to clog the bottem part of the
chimney and cavity

Step 1: 890 kg
Step 2: 2200 kg

Fig 10. Two main steps foe pipe installation and grouting

Eight months of TBM stoppage occurred only for this extraordi-

nary and extended bad geological event. About GO tonnes of expan-

sive and consolidating foam used in different moments and steps

to resume the excavation. Several probe drilling investigations car-
ried out to characterise the collapse zone.

TNH
20170801
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Full length article
Grouting techniques for the unfavorable geological conditions of
Xiang'an subsea tunnel in China

Dingli Zhang, Qian Fang®, Haicheng Lou
Key y for Urban L £ 1 Engineering of the Educetion Ministry, Beijing Jiaotong University, Beijing 100044, China

ARTICLE INFO ABSTRACT

One of the major challenges during subsea tunnel construction is to seal the potential water inflow. The
paper presents a case study of Xiang'an subsea tunnel in Xiamen, the first subsea tunnel in China. During
its construction, different grades of hered g jals were enc ed, which was the chal-
lenging issue for this project. To deal with these unfavorable geological conditions, grouting was adopted
as an important measure for ground treatment. The grouting mechanism is first illustrated by intro-
ducing a typical grouting process. Then the site-specific grouting techniques employed in the Xiang'an
subsea tunnel are elaborated. By using this ground reinforcement technique, the tunneling safety of the

Article history:

Received 4 May 2014

Received in revised form

16 June 2014

Accepted 3 July 2014

Available online 16 September 2014

Keywords: "

Subsea tunnel Xiang'an subsea tunnel was guaranteed. )

Weathered rocks © 2014 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by
Grouting Elsevier B.V. All rights reserved.
‘Water inflow

1. Introduction

The geological conditions of subsea tunnels are rather difficult to
accurately explore because of the close proximity of an infinite
amount of seawater. Therefore subsea tunnels are greatly affected
by the geological uncertainties and are more risky than most other
tunneling projects (Palmstrom, 1994; Chen et al, 2013). During
construction of the Seikan tunnel in Japan, the longest and deepest
operational rail tunnel in the world, four disastrous water inflow
accidents occurred. These accidents caused serious construction
delays, enormous financial losses and 34 fatalities (Anderson and
Roskrow, 2003). The excavation of the Vardo subsea tunnel in
Norway was performed through some very unstable faults, At one
of these faults, sliding took place and started to develop upwards
towards the sea bed (Palmstréim, 1982). During construction of the
Oslofjord subsea tunnel in Norway, an unexpected 15-20 m wide
cleft filled with gravel material was detected, only 15 m in front of
the tunnel cutting face. Tremendous efforts were made to deal with
this unfavorable condition (Berggren, 2000). In this paper, a case
study of the Xiang'an subsea tunnel in Xiamen, China is presented.
During its construction, different grades of weathered rocks were
encountered. Grouting techniques were employed to address these
unfavorable geological conditions. The grouting mechanism is first

* Corresponding author. Tel.: +86 10 51688115,
E-mail address: qfang@bjiuedu.cn (Q. Fang).
Peer review under responsibility of Institute of Rock and Soil Mechanics, Chinese
Academy of Sciences.
1674-7755 © 2014 Institute of Rock and Soil Mechanics, Chinese Academy of Sci-
ences, Production and hosting by Elsevier BV, All rights reserved.
hitp:fjdx.doLorg/10.1016/j jrmge 2014.07.005

illustrated by introducing a typical grouting process and specific
grouting measures adopted during the subsea tunneling are
elaborated.,

2. Grouting mechanism

Grouting is critically important in tunnel engineering. The
compaction grouting mode or hydro-fracture grouting mode can be
used depending on the local geological conditions of the given
project (Soga et al., 2004). To date, the majority of grouting appli-
cations have adopted the soil fracture technique (Essler et al,
2000). However, as grouting is a complex process, both perme-
ation grouting and compaction grouting can be observed in a
fracture grouting dominated process. Many factors may affect the
eventual grouting modes used, such as the grout material, grouting
pressure, soil type, and stress state of the ground. A typical rela-
tionship between the grouting pressure and grouting rate during
the grouting process in a loose soil is shown in Fig. 1. A conceptual
model of grouting, which consists of the following five stages, can
be built up accordingly.

(1) Stage 1: backfill grouting and permeation grouting

A grouting pipe is first filled with pressurized grout, and the
grout enters the ground from holes preset along the pipe. The
injected grout fills the cavities in the loose soil; this is referred to as
backfill grouting. Meanwhile, the injected grout may also permeate
the voids between the soil particles, which is referred to as
permeation grouting (Nonveiller, 1989). Due to the effects of
backfill grouting and permeation grouting, the ground permeability

A-54



and G i ineering 6 (2014) 438446 439

D. Zhang et ol. { Journal of Rock

‘Secoadary fracture initiation

Primary fracture initistion. |
| =—Giroating pressure
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Fig. 1. Grouting pressure and grouting rate during a typical grouting process in a loose
soil.

is reduced and the ground is thus strengthened and stiffened. At
this stage, the grouting pressure and the grouting rate can be
reduced gradually. Generally, the duration of this stage is very
short, lasting for only tens of seconds.

a} =a; >a, (in tension)
@ Tensile stress

e Compressive stress

(2) Stage 2: compaction grouting

The continuously injected grout expands the soil outwards and
forms a grout bulb around the pipe. With the increase in the
grouting pressure, the size of the grout bulb increases until the
grouting pressure accumulates up to the fracturing pressure. The
formation of the grout bulb displaces and compacts the sur-
rounding soil (Wang et al., 2010). At this stage, the grouting pres-
sure increases to a peak value and the grouting rate drops gradually.

(3) Stage 3: primary fracture grouting

When the grouting pressure reaches the first peak value, a plane
of fracture is formed in the soil by hydraulic fracturing (Gothdll and
Stille, 2009). Assuming that grouting is performed in an isotropic
elastic medium, the fracture plane is theoretically perpendicular to
the secondary principal plane along the longitudinal direction of
the pipe, considering that the first principal plane is horizontal
(Fig. 2). The primary fracture is initiated by the tensile stress. Due to
the grouting pressure inside the borehole, tensile stress occurs in

Grouting pipe Primary fracture

ﬁ/ Secondary fracture
/ a,

L

a, = ay =>a, (absolute valuc)

Fig. 2. Mechanism of grouting lracture initiation.

Tunnel portal K6+54

Fig. 3. Layout of Xiang'an subsea tunnel,
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Weathered st F1 yyooipored slot F4 a

d slot F2 feathered slot F3

Fig. 4. Longitudinal geological profile of Xiang'an subsea tunnel,

Table 1

Properties of different rock types in the project.
Rock type Specific weight (kN/m?) LIS (MPa)
Manzonite 26 nu
Diabase 28 717
Granite 26.1 793
Granodiorite 266 935

the tangential direction in the ground around the borehole. The
maximum tensile stresses are located at two points in a cross-
section of the borehole (points a and b in Fig. 2) where the orig-
inal tangential stresses are the lowest in compression (or the
highest in tension) after borehole drilling. The initiation of the
fracture changes the boundary conditions abruptly owing to the
grouting effect and the injection pressure drops dramatically.
Although the grouting pressure is reduced after fracture initiation,

the fracture develops very fast due to the stress concentration at
the tip of the fracture. The surrounding ground suffers continuous
splitting until the pressure around the fracture tip is not high
enough to split the ground any further. Meanwhile, with the
development of the fracture, additional grout is required to fill the
initiated fracture, leading to an incremental increase in the grout-
ing rate.

(4) Stages 4 and 5: secondary compaction grouting and secondary
fracture grouting

When the grout flow is confined, the grouting pressure starts to
increase, With the increase in the grouting pressure, the injected
grout can enlarge the width of the primary fracture. When the
grouting pressure increases to a certain value, a secondary fracture
may be initiated and then filled. More secondary fractures may be
initiated due to the subsequent grouting. The initiation location and

(b)

Fig. 5. Samples collected from a borehole in the weathered slot F1.
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Fig. 8. CRD excavation method.

(4) Excavation of the lower part in the first round.

YKE+379

(6) Excavation of the upper part in the second round.

Xiang'an District, reducing the travel time by road from about
95 min to 15 min. This triple-tube tunnel project has two vehicular
tunnels with an excavation cross-sectional area of 170 m? each, and
one smaller-diameter service tunnel. Each of the vehicular tunnels
serves as a three-lane one-way traffic route. The total length of each
tunnel is about 6.05 km, including a 4.2 km part under the seabed.
The lowest point is 70 m below sea level. The drill-and-blast
method was adopted for tunnel construction. The layout of this
project is shown in Fig. 3. The northernmost vehicular tunnel is
referred to as the left line and the southernmost as the right line,

The undersea tunneling of this project encountered four
weathered granite slots, naming F1, F4, F2 and F3 respectively, in
the direction from Xiamen to Xiang'an. These types of unfavorable
geological conditions could lead to sudden water inrush and were
the most challenging parts in this project. The longitudinal
geological profiles of the left and the right lines are shown in Fig. 4.
The specific weight and saturated uniaxial compressive strength
(UCS) of some typical rock samples are shown in Table 1. In this

(%) Excavation of the upper part in the third round.
YKB+460

o DS

(11) Excavation of the lower part in the third round

(12) Excavation of the upper part in the fourth round.

Fig. 9. Grouting and excavation process of weathered slot F1 {unit: cm).
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paper, the grouting measures adopted for the treatment of the
weathered slot F1 along the right line are outlined.

The weathered slot F1 is located from YK8 + 324 to YK8 + 460
along the right line with a total length of about 136 m. It is about
1756 m away from the tunnel portal on the Xiamen side. In this
section, the overburden thickness above the tunnel crown to the
sea bed varies from 30 m to 35 m, and the sea depth ranges from
10 m to 18 m. Samples collected at various depths from the same
borehole before construction of the tunnel are shown in Fig. 5. Both
completely weathered and highly weathered granite were identi-
fied. A probe drilling method in conjunction with the tunnel
seismic prediction (TSP) method was adopted when the cutting
face of the tunnel approached the weathered slot F1 identified by
the previous geological site investigation. It was revealed that the
weathered slot F1, a bowl-shaped slot, was mainly composed of
weathered granite, weathered monzonite and weathered diabase.
These weathered rocks are classified as completely weathered,
highly weathered and slightly weathered (Fig. 6). The typical
physico-mechanical properties of different rock samples of the
weathered slot F1 are shown in Table 2.

A center cross diaphragm (CRD) sequential excavation method
was adopted for this project when the tunnel construction was
performed in the unfavorable geological conditions under sea. The
construction process and support parameters are shown in Fig. 7. A
picture of the CRD excavation method taken during construction is
shown in Fig. 8.

4. Ground grouting for subsea tunneling through the
weathered slot F1

4.1. Construction process for weathered slot F1

During tunnel construction through the weathered slot F1, the
CRD excavation method was employed. Full-face grouting was
adopted to reinforce the ground before excavation. The construc-
tion process for the weathered slot F1 along the right line consisted
of four rounds. The first two and final rounds of tunneling were
mainly performed through completely and highly weathered
granite formations. The third round was excavated through the core
of the weathered slot, where the geological conditions were much
worse. The construction process is illustrated as follows (Fig. 9):

(1) The first round of excavation started on 20 June 2007, During
this round, a total length of 25 m of rock was full-face reinforced by
grouting, and then a 20 m long tunnel was excavated and
supported.

(@) Second round.

(a) Thickness of o Marithan injection fraclure.

(b) Marithan injection fracture on-site.

Fig. 11. Marithan injection samples.

(2) The second round of excavation started on 22 October 2007
with a total length of 30 m of rock full-face reinforced by grout-
ing. Subsequently a 25 m long tunnel was excavated and
supported.

(3) The third round of excavation began on 21 March 2008. At
this time, 40 m of the rock was full-face reinforced by grouting, and
a 35 m long tunnel was excavated and supported.

(b) Third round.

Fig. 10. Layouts of grouting boreholes.
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Table 3
Laboratory test results of some erdinary €S grout mixes.
Water-cement  Cement-sodium  Initial  UCS (MPa)

ratio (in weight) silicate ratio setting

(C:S in volume) time (s) 1day 3days 7days 28days

061 1:03 1 58 67 74 10.2
1:05 133 55 65 73 a7
1:0.7 16.6 53 65 7 93
1:1 205 49 64 6.9 9
0.8:1 1:0.3 144 53 62 84 96
1:0.5 19.1 5 6.1 83 9.1
1:0.7 23 48 59 8.1 85
1:1 268 52 57 79 8
[H] 1:0.3 159 45 47 58 78
1:0.5 204 37 38 4.4 69
1:07 244 31 36 39 6.7
11 215 28 24 EX £1
1.5:1 1:03 255 24 34 39 58
1:05 327 23 29 35 45
1:0.7 38 18 25 33 44
1 484 16 24 31 5.2

grouting boreholes were drilled in the first two rounds and final
two rounds, respectively.

4.2, Grouting techniques used for the weathered slot F1

A chemical grouting product called Marithan and a grout
mixture composed of ordinary Portland cement (P.O 42.5R) and
sodium silicate (Na20-35i02, 30-45 Baume degrees) were selected
for injection when tunneling through most sections of the weath-
ered slot F1. Marithan is a two component polyurethane product,
which has high adhesive strength and outstanding mechanical
properties. It can create a bond with the rock and can remain intact
through the lifetime of the prnjecl When the product is injected
into the ground, the low- ins liquid for
several seconds and penciiates easily where it
expands, sets and seals the threaded zone. Some Marithan injection
samples obtained after excavation are shown in Fig. 11. The Portland
cement-scdium silicate grout (CS grout) is a type of dual-

.-;Uhll)’ I

(4) The fourth round of excavation started on 18 July 2008; 41 m
of rock was full-face reinforced by grouting, and then the weath-
ered slot F1 was excavated through with support.

It should be noted that in the first two rounds the full-face
grouting was performed through the upper bench and lower
bench, respectively, where the upper bench of the tunnel was first
grouted and excavated, followed by the lower bench. In order to
improve the construction efficiency, grouting was only performed
through the upper bench in the final two rounds, during which the
full-face ahead of the tunnel cutting face was reinforced by grouting
from the upper bench first and then the ground was excavated
sequentially. The layout of the grouting boreholes in the second
round and the third round is shown in Fig. 10. A total of 237 and 216

@20 mm steel

Grouting sealing wall

ipe (Marithan injection)

p grout, which has the properties of early strength,
eariy setting time, low bleeding and low shrinkage. Moreover, it is
cost-effective, and its setting time is controllable. The initial setting
time and UCS of some typical CS grout mix designs are shown in
Table 3. Generally, the setting time of this dual-component grout
increases with increasing water-cement ratio and decreases when
the cement-sodium silicate ratio increases. The grout strength in-
creases rapidly at first, and then slows as time elapses. The grout
strength increases with a decrease in the water-cement ratio and an
increase in the cement-sodium silicate ratio. The optimum grout
mix design should be adaptively adjusted according to site-specific
conditions based on the laboratory test results, During a typical
grouting process, the CS grout was first injected into the ground
using a double packer that is movable within a sleeve pipe known
as a tube & manchette (TAM) from the base of the borehole to the
surface. The Marithan product was injected to the end of the
borehole (Fig. 12). The CS grout was injected to reinforce the ground

Borchole (65 mm diameter)

Marithan injection

Fig. 12. Grouting process in a borehole,
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(2) Water inflow before grouting.

(b) Water inflow after grouling.

Fig. 13. Grouting effects in water sealing.

and reduce its permeability. The Marithan injection mainly served
to solve the water inflow problem,

4.3. Evaluation of grouting effects

Grouting mainly serves to improve the water-tightness, strength
and stability of the surrounding ground when it is used in a subsea
tunneling project. These three effects are extremely important in
guaranteeing the safety of the tunnel construction. The grouting
effects of the Xiang'an subsea tunneling through the weathered slot
F1 are elaborated below.

A total of 22 inspection boreholes were drilled after the third
round of grouting was performed in the weathered slot F1. These
boreholes were mainly used to determine water inflow after
grouting, two of which were also selected to provide core samples.
Due to the grouting reinforcement, the maximum water inflow
from a single borehole was reduced from 50 m3/h before grouting
to 0.6 m?/h after grouting (Fig. 13). The subsequent tunneling could
then be performed under dry or low leakage conditions.

Some representative mechanical properties of the rock samples
obtained before and after grouting are shown in Table 4, We can see

Table 4
Properties of rock samples before and after grouting.

Fig. 14. Grouting fractures after excavation,

that the mechanical properties of the surrounding ground are
effectively improved due to grouting.

Because grouting was carried out through multiple boreholes,
the ground was fractured and the grout propagated into the
induced cracks (or the existing discontinuities were filled by
grouting). Therefore, both the integrity and stability of the sur-
rounding ground were significantly improved. The potential cav-
ities during construction could be effectively controlled. Some
photographs of the grouting fractures taken after excavation are
shown in Fig. 14.

5. Conclusions

This paper presents a case study to illustrate the grouting
techniques adopted in the Xiang'an subsea tunnel construction in
China, First, a conceptual model of grouting is proposed to intro-
duce the five stages of a typical grouting process, i.e. backfill and
permeation grouting, compaction grouting, primary fracture
grouting, secondary compaction grouting, and secondary fracture
grouting. Then, the grouting techniques that were used during the
construction of the Xiang'an subsea tunnel in highly weathered
rock under the seabed are introduced. A cement grouting was used
to reinforce and seal the rock, and the permeability was further
reduced by Marithan injection. This reinforcement technique
significantly reduced the permeability, strengthened the ground
and guaranteed stability of the excavation. It is noted that due to

Sample Moisture content (%)  Wet density (glem”)  Compressibility (MPa~')  Compressive modulus (MPa)  Friction angle (")  Cohesion (kPa)
Before grouting 243 1.84 047 37 216 433
10-20 213 03 49 22 51.3

After grouting
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the inherent uncertainties of the geotechnical and geological con-
ditions and the complex interactions between the ground and
grouting material, the grouting parameters (e.g. grouting pressure,
grouting material, and the amount of grouting) employed during
construction were mainly determined from field tests. Some
further studies should be performed to facilitate the determination
of the grouting parameters.

Conflict of interest

The authors wish to confirm that there are no known conflicts of
interest associated with this publication and there has been no
significant financial support for this work that could have influ-
enced its outcome.

Acknowledgments

The authors gratefully acknowledge the financial support given
by the State Key Program of National Natural Science of China
(Grant No, 51134001) and the Fundamental Research Funds for the
Central Universities of China (Grant No. 2012)BMO031).

References

Anderson G, Roskrow B. The channel tunnel story. Boca Raton, FL: CRC Press; 2003,

Berggren L The Oslofjord subsea tunnel, a case record. In: Proceedings of the In-
ternational Sympaosium on Ground Freezing and Frost Action in Soils. Louvain-
La-Neuve, Belgium: AA. Balkema; 2000, p. 267-72.

Chen T, Zhang D, Zeng C, Ying G. Application of new concept waterproofing in
Xiang'an undersea tunnel, China. China Ocean Engineering 2013;27(1):121-30.

Essler R, Drooff E, Falk E. Compensation grouting: concept, theory and practice. In:
Advances in grouting and ground modification. Reston, VA: American Society of
Civil Engineers; 2000, p. 1-15.

Gothall R, Stille H. Fracture dilation during grouting. Tunnelling and Underground
Space Technology 2009;24(2):126-35.

Nonveiller E. Grouting theory and practice. Zagreb, Yugoslavia: Elsevier; 1989,

Palmstrém A. Problems during construction of the Vardd tunnel — a 2.6 km long
submarine road tunnel. In: Proceedings of the 4th International Congress ol
International Association for Engineering Geology and the Environment, New
Delhi; 1982, p. 23144,

Palmstrom A. The challenge of subsea g. T ing and Undergs d
Space Technology 1994:9(2):145-50.

Soga K. Au SKA, Jafari MR, Bolton MD. Laboratory investigation of multiple grout
injections into clay. Geotechnique 2004;54{2).81-90,

Wang SY, Chan D, Lam KC. Effect of lateral earth pressure coefficient on pressure

in triaxial condition. Soils and F i

[ compaction
2010;50(3):441-5,

Dingli Zhang obtained the Bachelor degree and MSc.
degree from Shandong University of Science and Tech-
nology in 1985 and 1988, respectively; and his Ph.D, in
Mining Engineering at the China University of Mining and
Technology in 1995, After that he got the post doctoral title
on Mining Engineering at the same university in 1998, In
2004, he got an Associate Professor position in the China

iversity of Mining and Technology. He is now a Professor
and the Head in School of Civil Engineering in Beijing
Jiaotong University. He has warked with large engineering
firms dedicated to tunnel services and design, His research
interests cover risk management for urban tunnel projects,
structural analysis of rock-support interaction, and subsea
tunnel related topics, He is the chief scientist of National
Key Basic Research Development Program (also known as
=473 Program") and the head of High Technology Research
and Development Program (also known as "863 Program”).
He has published over 100 academic papers and is the
author of four hs and four books. He has
got eight national invention patents. He has been invited
for more than twenty keynotes both at home and abroad.

A-62



degussa.

Construction Chemicals

Pre-Excavation Grouting
in Rock Tunneling

M-63



Pre-Excavation Grouting
in Tunneling

KnutF. Garshol
M.S¢ Engineering Geslogy

Acknowledgement

The author wishes lo thank colleagues within MBT Underground Construction (a Division of Degussa
C ion Chemicals) for their assé d'supportin the preparalion of this publication. Special
thanks are due lo Hans Olav Hognestad for his valuable input and ions based on his i
hands-on experience; lo Sam Spearing (now with a new employer) for his polite and necessary
language corrections and general content suggestions; to Tom Melbye for approving the project,
proof reading and other suggestions and his conlinuous push lo move forward o printing. Anumber
of external friends and contacts have also contributed in many ways to the final producl.

A-64



©  Copyright MBT Inlerational Underground Construction Group,
Division of MBT (Switzerland) Lid., 2003

A-65



Index

INTRODUCTION

1.2 Short explanation of the subject
1.3 Scope ofthe book
14 Tradiional cement based grouting technology
1.5 Ralionale for the increase in the use of pressure grouting
16  Some comments on Post-grouting
1.7 New time-saving methods and materials technology
GROUTING INTOROCK
21 Paricular features of rock (compared to soil)
2.2 Handiing of rock conductivity conrast
221 Description of typical grout to refusal procedure
222  Stable grout of micro-cement using dual stop criteria
223  Comparison of the two procedures
23 "Design” of grouting in rock tunnels
24 Fluid transport in rock
25  Practical basis for injection works in tunnelling
26 Grout quantity prognosis
FUNCTIONAL REQUIREMENTS
31 Influence of tunnelling on the surroundings
32 Conditions inside the tunnel
321  Calculation of water ingress to tunnels and tightness of
grouted zone
33  Special cases
34  Requirements and ground water control during construction phase
35  Measurement of water ingress tot he tunnel
CEMENT-BASEDGROUTS
41 Basic properties of cement grouts
411  Cement particle size, fineness
412  Benlonite
413  Rheological behavior of cement grouts
414  Pressure stability of cement grouts
415  Use of high injection pressure
416  Grout setting characteristics
4.2 Durability of cement injection in rock
4.3  Accelerators for cement injection

Reasons for grouting in tunneling

A-66

10
1
12
14
15

17
17
21
21
22
22
23
25
27
29

3
Kl
33



CHEMICAL GROUTS
51  Polyurethane grouts
511  General

52
53
54

55
5.6
5.7

512  MBT - PU producls

513  Pumping equipment

Silicate grouts

MBT colloidal silica

Acrylic grouts

541  MBT acrylic products

Epoxy resins

Combined systems of silicate and acrylic materials
Bitumen (asphalt)

BORE HOLES IN ROCK

6.1
6.2
6.3
6.4
6.5

6.6

6.7
6.8

Top hammer percussive drilling

Down the hole drilling machines

Rotary low speed drilling

Rotary high speed core drilling

Example solution for drill and blast excavation (tunnels and shaft)
6.5.1  Driling of injection holes

6.52  Packer placement

6.5.3  Water pressure testing

6.54  Choice of injection materials

6.55  Mix design for Rheocem grouting
656  Accelerated cement grout

657  Injection pressure

6.5.8  Special measures

6.59  Injection procedure

6.5.10 Injection records

6.5.11  Cement hydration

6.5.12 Other relevant issues

Solutions for TBM excavation

6.6.1  The Oslo sewage tunnel system

6.62  The Hong-Kong sewage tunnel system
6.6.3  Comments on drilling and injection equipment
Cleaning of holes

Packers

6.8.1  Mechanical packers (expanders)

6.82  Disposable packers

6.8.3  Hydraulic packers

6.84  Standpipes techniques

6.8.5  Tube-a-manchet

A-67



6.9  Probing ahead of the face
691  Normal approach
692  Computer supported logging

HIGH PRESSURE GROUND WATER CONDITIONS
7.1 Basicproblem
7.2 Featuresthat add to the problem
7.3 Consequences for the contractor
74  Consequences for the owner
75  Methods
7.6 Practical procedure in high risk areas
761  Pumping system
762  Probedriling

763  Injection
764  Specialissues
7.7 Practical aspects
78  Equipment
79  Examples

791  Kjela Hydropower Scheme (south-central Norway)

79.2  Ulla Forre Hydropower Scheme (south-west Norway)

793  Holen Hydropower Scheme (south-central Norway)
710 Summaryoflessons learned

EQUIPMENT FOR CEMENT INJECTION
8.1 Mixing equipment

82  Groutpumps

83  Completesystems

84  Recording of grouting data

OUTLINE METHOD STATEMENT FOR PRE-GROUTING IN ROCK
91 Drilling
911  General
912  Flushing of boreholes for injection
913  Lengthof boreholes
9.14  Number of holes, hole direction
91.5  Placing of packers
92  Injection
921  General
922  Mixing procedure
9.2.3  Use of an accelerator in the grout
9.24  Injection pressure
925  Injection procedure
926  Injection records

M-68

101
101
101
101
102
102
103
103
103
103
104
106
106
107



10.

93
94
95
96

Setting of grout, time until next activity
Drilling of control holes

Measuring of water ingress in excavated parts of the tunnel

Decision making flowchart, example criteria (Figure 9.1)

EXAMPLES OF RESULTS ACHIEVED

101
102
10.3

104
10.5

10.6

10.7

10.8

109

General

Whatis achievable

Comparingshallow and deep tunnels

10.3.1  Some shallow hard rock tunnels in Sweden
10.3.2  Some shallow tunnels in the Oslo area
10.3.3 Deepsituated tunnels

Sedrun access tunnel Alp Transit project, Switzerland
Bekkestua Road Tunnel, Oslo Norway

10.5.1  Practical execution in the Bekkestua Tunnel
The Bjoroy sub-sea road tunnel

10.6.1  The project

106.2  The problem

106.3  The solution

1064 Results

The Orment Project (the snake) Stockholm, Sweden
10.7.1  The project

10.7.2  Tunnel data

10.7.3  Some general information

Limerick main drainage water tunnel, Ireland

10.8.1  The project

10.8.2 The problem

10.8.3 Thesolution

10.8.4 Resuls

The Kilkenny main drainage tunnel, Ireland

10.9.1  The project

10.9.2 The problem

10.9.3  Thesolution

1094 Resulls

10.10  West Process Propane Cavern project (WPPC), Norway

10.10.1 The project
10.10.2 The problem
10.10.3 Thesolution
10.10.4 Theresults

M-69

107
108

108

m
"M
m
12
12
114
115
15
116
116
17
"7
17
118
19
120
120
120
121
121
121
121
122
122
123
123
123
123
124
124
124
125
125
126



Recent Advances in Rock Engineering (RARE 2016)

Performance of polyurethane grouting to
handle heavy seepage in tunnels

N Rana and R Nair
Heavy Civil Infrastructure, L&T Construction
Chennai, India
ns-rana{@|lntecc.com

Abstract—Fault zones, shear bands, underground water
channels and other features in the Himalayan geology have
made ( ling a very plex activity in the region. The
major hydropower projects present construction problems but
also render the project economically tough to handle. A case
study is presented in this paper wherein heavy ingress of water
in one of the tunnels is document, This problem has caused lot
of disruptions and serious concern on feasibility of the project.
One of the attempts of using polyurethane grout has been
di d and its imj ion at the site is presented.
Grouting is considered to be the most common defense towards
water ingress in tunnel. Polyurethane grouling is a grouting
technique that involves the injection of expanding
polyurethane to cutoff water flow through joints or cracks or
to fill voids beneath or behind subsurface of excavated area.
The grout is injected with high pressure through a predrilled
hole, grout then expands to fill the erack or void. Polyurethane
grouts used for both leak sealing structures against high water
flow and ground consolidation. The project in consideration is

can have catastrophic consequences to the structural
integrity. Amongst the various options, groutingprovides
most frequently used remedial option to improve of
mechanical and sealing properties of soil and rock. This has
created a demand of higher performance grouting materials,
Polyurethane grouting involves the injection of expanding
polyurethane to cutoff water flow through joints or cracks
and to fill voids beneath or behind subsurface of excavated
area. The grout is injected with high pressure through a
predrilled hole, grout then expands to fill the crack or void.
Polyurethane grouts used for both leak sealing structures
against high water flow and ground consolidation. The
paper deals with heavy ingress of water with slushes
encountered after face blast during construction of Head
Race Tunnel (HRT) in the TapovanVishnugad Hydro
Electric Power Project, Uttarakhand India. The rate of
seepage recorded at peak was 1800 to 2000 lit/min. The
seepage of water from excavated face caused to erosion and

construction of head race tunnel (HRT) in TapovanVish d
Hydro Electric Power Project (520 MW), Uttarakhand, India.
The heavy ingress of water encountered with the high rate of
seepage (1500 to 1800 Vmin.) caused erosion and dissolution,
resulting in collapse of the opening. Polyurethane grout was
used to start remedial measure in order to stabilize the
rockmass and to divert the excessive water seepage. In this
paper discusses the chall during r lial es and
stabilization, implementation approach and steps to handle
heavy seepage using Polyurethane grout in the tunnel are
described,

Keywords—polyurethane head  race  tunnel;

hydrogeology

grout;

[ INTRODUCTION

Tunnels in Himalayan region encounter significant
hazards due to the geological and hydrogeological
uncertainty. During construction, modifications and
adaptations of these structures in the design are common.
Likewise, persistent, time- consuming and expensive
remedial works during the construction of the underground
structures are no exception. The most common hazard is
influence of groundwater which can be consequence of
poor geology of the area. Despite extensive investigations,
the water flow under the ground is mostly unpredictable in
space and time. There are incidences portraying destructive
processes that may appear abruptly. Water ingress in tunnel
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dissolution of material and resulted in the collapse of the
opening. Polyurethane grout was attempted as a remedial
measure in order to stabilize the rockmass and to divert the
excessive water seepage. In this paper, the process
undertaken to handle the heavy seepage from the tunnel
face with slushes by using polyurethane grout, has been
described along with the performance and methodology of
polyurethane grout in such situation.

II. ABOUT THE PROJECT

The project TapovanVishnugad Hydro Electric Power
Project (4 X 130 MW), Uttarakhand, India, is situated on
river Alaknanda /Dhauliganga in the district of Chamoli
about 280 km from the nearest railhead Rishikesh. The
project is situated in latitude N 300 29" 30" and longitude
E 790 37" 30" this zone is listed as earthquake zone
number V, this is a run-of- river project, the catchment
area up to headworks is 3100 sq.km and the average
annual rainfall 1625 mm. the catchment of river
Dhauliganga extend from 30015'N to 31000'N and
longitude 79030’E to 80015°E. It is completely
mountainous, significant part of which is covered by snow
(1483.00 sq.km). In the project, de-siltation chamber, head
race tunnel, power house and tail race tunnel are located
on the left bank. The study area was envisaged for Head
Race Tunnel (HRT) which is used for conveyance of
water from desilting basin to power house via surge tank



and pressure shaft. The length of these tunnels is 11.9 km
and 5.40 m in diameter. It is a horse shoe shape tunnel
with design discharge and velocity of 119.2 cumecs and
4.93 m/s, respectively.

111. GEOLOGY
A. Regional Geological Setting

The project area falls in Dhauliganga and Alaknanda
valley exposing rock mass classed as central Himalayan
crystalline by Heim &Gansser (1939). They are composed
mainly of medium to high grade metamorphics. The
crystalline rocks of the Dhauliganga valley derived from
politic, semipelitic and psammitic sediments which
occasionally are interlayered with Metabasic and to a lesser
extent in DhakJarkula area calcareous rocks are also
recognized. Towards the south, the crystalline are thrusted
over the lesser Himalayan sediments of Garhwal group of
rocks Main Central Thrust (MCT). This passes through
village, Helong, located 3 km, dow of the power
house site area. The grade of metamorphism increases
northward from Helong to Joshimath and from Tapovan to
Joshimath ranging from biotite near Karchi and Animath
village to garnet near Tapovan and Helong to staurlite
grade near Bargaon, Parsari and Jogi dhara area. These
rocks gradually combine into the kyanite zone. Thus two
major formations namely Tapovan and Joshimath
formations are formed. In between Tapovan and Joshimath
formation there is no shear plane or plane of discordance
nor there any topographic break. The schistosity of the
rocks is very well marked by the preferred orientation of
flaky minerals like biotite, muscovite and also chlorite
when present. The gneisses are characterized by the
presence of the alternate bands of the leucocratic quartz,
feldspathic mineral and mesocratic to milenocratic
micaceous bands. The mica flaks are elongated along the
foliation. The general strike of foliation is NW-SE and dips
at 300 to 450 towards NE. in general the gneisses of
Joshimath area dips mainly in the NE direction with
considerable local variations. The rocks are well
documented by several small scale folds, ptygmatic folds,
and pinch and swell structures, boudinage, mineral
lineation and crenulation lineation. Rb/Sr geological dating
and isotropic studies have revealed a Precambrian age with
varying ratio of radioactive isotopes of strontium in the
sequence (Singh, A.K). Joshimath is situated with in the
zone of biotite muscovite injection gneisses which
resembles certain  types of Darjeeling gneisses.
TapovanHelong and Joshimath formations have the great
variation in the amount dip and small scale refolding in
crystalline rock indicate that area has suffered polyphaser
deformation (Heim &Gansser 1939).

B. Geology along the Head Race Tunnel (HRT)

The head race tunnel of the project is 11.9 km long and
was driven through higher Himalayan central crystalline
consisting of Augen gneisses, gneisses, schists, quartzites
and metabasics belonging to Tapovan and Joshimath
formations with increasing grade of metamorphism from
south to north. The Main Central Thrust (MCT) one of the
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major low angle fault zone along the Himalayan lies about
3 km south of power house location. The rock cover and
rock type over the tunnel are shown in Fig. I, which varies
from + 300m up to chainage 1475m. Beyond which it
varies gradually to £ 1200m up to chainage 10500m. From
chainage 10500m, it gradually decreases sown to £ 200m
near to surge shaft.
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Fig 1. Longitudinal section along head race tunnel (during initial site
investigation)

In the entire length of head race tunnel excavation of
project was 57% rockmass encountered falls under class
111 (Fair), 28% under class IV (Poor), 7% under class V
(Very Poor) 3% under class VI (Extremely poor) rock
category as shown in the Fig. 2.

The rocks exposed throughout the HRT mainly
comprises higher Himalayan metamorphics, comprising
of schists, gneisses and quartzites, metabasics affected by
shearing and have undergone to mylonitization at many
places due to the effect of MCT and subsidiary
faults/faults.

® The rock exposed nearer to the fault/thrust planes are
highly mylonitized and the degree of mylonitization
decreases away from the encountered faults.

e As per the tectonically deformed / mylonitized rocks
exposed on surface at places throughout the length of
HRT, have also been encountered during excavation.

Considering the geological conditions as per surface
exposure and as encountered during excavation, it was
expected that the sympathetic shear zones shall be
encountered at many places while further tunneling.

C. Rockmass Characteristics of the Failure Zone

Geology of the face was slightly fractures Augen
gneiss and mica schist of Tapovan formation with water
scepage and shear zone (fractured and crushed rock
materials with gauge and clay), moderately to highly
weathered, few vertical to sub vertical joints with clay
filled and fractured rock materials in between the vertical
joints. Three plus random joint sets, rough or irregular,
planar, crushed rock, earth like; disintegrated or crushed
rock and clay zone thick enough to prevent rock wall



contact, zone or bands of disintegrated or crushed rock
and clay. The tunnel orientation N3380 and the main joint
orientation of the face was J1/Foliation joint 40/N020o, J2
40/N2200. J3 70/N1200 and Jr 70/Ne500 and its falling in
the rock class V (Very Poor). Three-dimensional tunnel
log of the HRT is shown in the Fig. 3 and joint properties
are tabulated in Table I.

Head Race Tunnel (Downstream)

]

m Rock Class |

m Rock Class Il
i Rock Class Il

o W Rock Class IV
/0

W Rock Class V
® Rock Class VI

Fig. 2. Rock mass classification of head race tunnel (Ch. 0.0 to 1553 m)
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]

Fig. 3. Three dimensional tunnel log of the head race tunnel

TABLE 1. JOINT PROPERTIES OF THE FAILURE ZONE

Joint | Spacing Rough| Persis- [Apertu | Infilling] Water
Orie- (em) “ness | fence, re condition
tation (m) (mm)
4055 | 620 PO 519 | 2500 [ Cly | Flowing
Planar
Rough, . .
T0/110 20-60 Danect 10 | 05-25| Clay Dripping
55220 | 60-200 ':,‘l‘:"ﬂ: 3-10 |05-25| Chay | Dripping
Rough, Clay .
80/335 =200 Planar 1-3 <0.5 Coateid Dry
Slicken
60040 60-200 sided, =10 10-100 | Gauge | Dripping
Undulat

Fig. 4. Waterlogged in the head race tunnel due to heavy water ingress

Fig. 6. Scepage water diverted from the tunnel face by using probing
holes

1V. DESCRIPTION OF THE PROBLEM

During the construction of the HRT - downstream face,
there was rockfall at chainage 1553 m. This was followed by
continuous  seepage of water with slushes. The rock
fragments/filling  from  the open  joints  was
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continuouslyWashed out. finally, sudden ingress of ground



water was encountered from the crown portion of the face, it
covered a region of 75 m area away from the face. After few
hours® ground water stabilized and flow continued at a rate
of 1500 to 1800 Kl/day. Due to this heavy slush, 4-5 lattice
girder near to face has completely damaged and formed a
huge cavity above the crown level at face. The entire
construction work has hampered along with severe damage
to machineries and pre- installed rock support as shown in
Fig. 4 to 6. Treatment of this failure zone was identified as
the critical task.

V. EXCAVATION METHOD AND ROCK SUPPORT INSTALLATION
BEFORE FAILURE

The HRT tunnel was excavated by conventional drilling
and blasting. Due to poor to extremely poor rock mass
condition at certain locations, the excavation sequence had
heading & benching. In case of adverse geological
condition (ground flowing conditions), multiple drifting
method was being adopted. Based on detailed design, the
various types of rock support installed in tunnel excavation
can be summarized as:

+ Shotcrete (50 to 200 mm) as per rock class

« Rock bolts 3.0 m long (1.5 to 2.5 c/c) as per rock class
* Wire mesh (single and double layers)

o Steel ribs (300, 600 & 900 mm spacing) and lattice girder
in some places (500, 1000, 1500, 2000 mm spacing) as per
rock class.

* Pre and post grouting
 Drainage holes

o Probe holes for forecasting of the geological and
hydrogeological conditions before advancement

« For polling/Spilling (using steel rods, channels, pipes etc.).

V1. STEPS TO HANDLE HEAVY SEEPAGE AND CAVITY
TREATMENT

e Dewatering the seepage water from tunnel and then remove
the muck/slush to access the treatment activity.

o Due to the heavy rock fall and seepage, cracks were
observed in some places. For safe construction, the loose
rock fragments were scaled and chipped. Consequently,
shotcrete was sprayed to hold the loose surface rock mass for
safety purpose.

* 4.0 to 8.0 m long self-drill anchor were installed to holding
the wedges, and cement grout injected self-drill anchor for
consolidation of the surrounding rock matrix of the
influenced zones and to reduce the permeability of the rock
IMAsses.

o First stage, pipe roofing with 15 m long and 114 mm
diameter steel pipes, above spring level of the tunnel (10° to
159 inclined outside) having overlap after everyl0 m. with
second stage of pipe roof.

e Chemical grouting (polyurethane grout) is performed
through slotted pipes (used for pipe roofing), to divert the

ground water flow and fill-up the washed out joint.

« Grouting the roof and wall portion to fill up the gap
between backfill concrete and surrounding rock mass.

» Drainage holes were installed to release water pressure.

* Probe holes were drilled for forecasting the geological and
hydrogeological conditions before advancement.

VIl POLYURETHANE GROUT

A. Introduction

Polyurethane grouting is a grouting technique that
involves injection of polyurethane to cutoff water flow
through joints or cracks or to fill voids. The grout is injected
under low pressure through a predrilled hole. The grout then
expands as it comes in contact with water to fill the void.
Many polyurethane grout products are available with
variations in viscosity, reaction time, reaction with water,
expansion characteristic and flexibility of the reacted grout.
Polyurethane grouts can be single or multi-component grouts
and can react when coming in contact with water or require a
reactant. It is important to select the proper grout for the
specific application. The technique has been also used to fill
voids behind subsurface walls and seal leaking cracks and
joints in subsurface structures.Polyurethane may be used to
grout the water charged jointed rock masses. The PU grout
stabilizes, strengthen and seal the rock mass by diverting the
huge seepage water from the tunnel face to farther area. The
face condition can also be improved by injecting PU grout.

B. Material Description

In this case study, TamPur 125 is used as polyurethane is
employed for grouting. TamPur 125 is based on a polyol
component (part A) and a polymeric MDI (part B). When
mixed, hydrophobic polyurethane foam formed which is
tough, rigid and resistant to a wide range of chemicals. The
compound reacts rapidly to “cut off” large water leaks [1].
Polyurethane, polyol and isocyanate reacts forming a high
strength adhesive material. The main property of
polyurethane is its versatility, it can be found in different
formulations having different properties either in liquid or in
hardened phase, such as viscosity, thixotropic, foaming
reaction (depending on the water being present) and
mechanical strength. The properties of polyurethane
compound are presented in Table 1. The polyurethane
chemical grout swells up to 20 times its size when it comes
into contact with water and seals the rock mass. The grout
has good compressive strength of 80MPa once it hardens,
thus providing sufficient strength to loosen material in the
joints Table Il provides reaction time of polyurethane
compounds at different temperatures. The key benefits of
polyurethane grout are:

+  High foam strength
*  Rapid reaction

*  Good bond strength
s Medium viscosity

e Solvent free, environmentally safe.



Two-component systems can have high expansive
properties with many of them capable of curing to a foam
density of 6 Ib/cu ft. Unlike the hydrophobic or hydrophilic
systems, they do not require water as a catalyst as the
reaction is started when Part A comes into contact with Part
B in a static mixing tube. They are generally much faster
reacting systems and can reach up to 25 times expansion in
as little as 7 to 10 seconds. With the high expansion rates
and extremely fast reaction times, they can have the
potential to move structures and require extreme care when
using.

TABLE Il. PROPERTIES OF TAMPUR- 125 POLYURETHANE COMPOUNDS

Properties TamPur 125 Part amPur
A 125 Part
Colour Opaque Brown
Densily 1.05 1.23

Mix ratio (A:B by volume) 1:1 1:1

[TamPur 125 mixed at a ratio of 111

IColour [Brown
[Density 1.1
F-'-inal cure 1 Day
(E B00-400 cps
B3-4%
Up to 20 times
Compressive strength confined 80 MPa
KCompressive strength free foam 2 MPa

Erant shear bond strength BS6319412.9 MPa

TABLE 11l REACTION TIME OF TAMPUR-123 POLYURETHANE COMPOUND

Reaction time (1:1) ) 15°C @ 25°C
Cream time 50 sec 30 sec
Gel time 120 sec B0 sec
Take free time 180 sec 150 sec

A major advantage to sealing active leaking cracks/joints
is that material is water activated as opposed to most
materials that require the water intrusion to be eliminated
before the repairs can be done. Two-component polyurethane
product designed for rapid stabilization for soft ground, rapid
cavity fillings and strata consolidation together with fire
resistant properties. These products are used when enhanced
structural integrity of the rock is required, while providing
strength and flexibility [1].

+  Extreme water ingress
e Large voids
*  Dry fissure grouting

*  Foundation stabilization
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Fig. 7.Polyurethane grout materials

C. GroutingEquipment

Injection of grouting materials into the rock mass was
performed by grouting pumps. Piston type pumps with
electric or pneumatic drive were used. The grout material
was technically designed to transfer the pressure of the
grouting material, preventing back flow of the material out
from the borehole. The pumps were equipped with a back
valve. Along with pumps, grouting packers, grouting anchors
or bolts, grouting tubes etc. are also employed [2].

D. Grouting Methadology
The HRT of TapovanVishnugad hydro power project had
followed the standard industry practice of filling open
joints/cavity and sealing the heavy seepage by pressure
grouting using polyurethane chemical compounds.

1) Find out the seepage path and reason of failure: The
first step in procedure was to identify the source of possible
water carrying joints with the help of geological mapping of
the excavation faces. Two sub-vertical shear planes were
found to intersect in the crown portion of the failure face,
one was the foliation plane (40/N355) and another shear plan
(60/N040). Due to the intersection of these weak and water
bearing planes in the crown portion, flooding had occured
during opening the tunnel face. The water flow carried the
infilling materials with water, causing collapse of the

pening face. Investigation probe hole of 10.0 m long, 100
inclined upward (10.0 m behind and 1.0 m right side crown
of the collapse face) were drilled. Behind the collapse face,
some drainage cum probe hole were drilled for the purpose
of diverting the water channel and reduction of the water
pressure.

2) Selection and drilling of first stage pipe roofing: After
identification of the weakness plane, the treatment

hniques were pl d. It was decided to employ pipe roof
to stabilize the tunnel roof ahead of face. Hence, the profile
was marked on the face followed by drilling of holes for pipe
roofing in the failure zone. The drill holes were 15.0 m long
and 119 mm diameter, followed by insertion of steel pipes
for pipe roofing. In order to control drill hole deviation,
optical target has fixed in the drifter of drilling machine and
surveyor continuously measured the orientation of the
drilling holes. Total 24 no’s of holes drilled, and average

A-74



drilling time was 10 min/m. The pipe lengths of 3.0 m were
coupled after inserting of previous pipe segments and
simultaneously the pipes were pushed during drilling. In
order to inject polyurethane grout, these pipes were
perforated in different spacing on the basis of the probe hole
and previous drilled holes. Geologists continuously observed
and recorded the drilling behaviors, penetration rate and
seepage behaviour to investigate the exact shear zone
location for grouting purpose. Thus, pipe roofing was used to
create an umbrella like structure around the roof and above
sprirlg level to control displacement of rock masses (Fig. 8).

T,

tion of polywr ¢ d. After completion
of drlll holes and packer fixing, m_]ectlun of polyurethane
compounds was undertaken. To inject these compounds,
special grout pump which was mechanically operated. The
pumps had two pistons to push the compound separately.
The ends of the pistons were connected to the main packer.
When mixed, a hydrophobic polyurethane foam is formed
within 30 to 60 second, which is tough, rigid and resistant to
a wide range of chemicals, this will react rapidly to cut off
large water leaks and fill water charged jointed rock masses.
Injection was initiated from lowest hole of the left side
spring level to crown portion and finally closed in the right
side spring level. Initially, few minutes, high injection rate of
20 to 30 lit/min was maintained with low injection pressure
(2-5 bar). In the case of water flow in the grout holes, grout
pressure was increased more than the water pressure.
Injected grouting quantity per hole and the grout hole lengths
were noted as in the Table [V.

4). Grouting termination: During drilling of holes, water was
diverted to a channel. After reaching of the maximum
pressure and minimum grout flow (<1 lit/min), the injection
of particular hole was terminated and next grout hole was
taken up for injection. In some grout holes the leakage from
the jointed rock mass was controlled by increasing volume of
polyurethane grout, after few minutes. Injection quantity was
found to decrease (<1 lit/min) with time, consequently,
injection pressure was found to increase greater thanl0 bar
within 2-5 min. The above observation indicated that grout
termination of a particular grout hole had reached.

Fig. 8 Polyurethane grouting scheme
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4) Second stage pipe roofing: After grouting of first stage,
mostly water seepage area was sealed and the seepage was
observed to be around 25-30 lit/min in the tunnel.

TABLE V. GROUT CONSUMPTION AND INJECTION TIME

Grout Hole | Part-A Part-B Total Time
No. (Kg) (Kg) Quantity (min)
(kg)

1 2] 24 45 i0

2 105 120 225 83

4 84 96 180 83

5 35 36 675 23

7 35 36 615 i0

8 273 32 585 40.0
9 0 [ 0

10 42 48 90 1.0

1 556.5 636 11925 60.4

12 1155 132 2475 200

13 60 62 122 15.0

14 26 26 52 30

16 23 22 45 25

20 18 19 37 25

22 14 15 29 20

23 15 15 30 20
24 0 0 0

Total 1416 1599 3015 1833

Further construction of HRT was commenced but
installation of recommended additional support (i.e. steel
ribs, rock bolts etc.). The pipe roofing was extended further
15.0 m. Thus, umbrella support was created above the spring
level as second stage of pipe roofing further head of face.
The drill hole location selected in between the first stage
holes and the section has overlapped with 5m. These stages
were further extended in weak zones.

Fig. 9 to 14 shown the heavy seepage and rock failure in
the tunnel before polyurethane grouting and the process
involved during grouting, diverting seepage water by grout
holes and the tunnel after completion of polyurethane
grouting.

A, Limitations

As with all materials, Polyurethanes also have
limitations. Hydrophobic polymers usually have
better chemical resistance. To insure proper cross
linking during the reaction, water should be tested to
ensure a pH level of 10 or less. A pH close to neutral
(7) produces the most ideally cured polymers. A pH
below 7 slows down the reactivity and too far below
7.0 will inhibit the reaction. Higher pH will increase
reactivity up to a pH 8-9, but after that will begin to
degrade the quality (the water holding ability) of the
cured polymer as the pH increases. As the pH climbs
above 7, the same is true for increasing alkalinity up



to the maximum of 14. While a water temperature of
500F degrees or higher is preferred, the materials
have been successfully used with water temperatures
near freezing. Below 50°F the material will steadily
decrease its cure rate as well as its physical
characteristics, and once the water begins to
crystallize, the resin cannot absorb it and the reaction
will not oceur [3].

Fig. 9. Diverted water seepage from the tunnel face by drill holes

Y

Fig. 14. Tunnel after polyurethane grout

VII. CHALLANGES ENCOUNTERED DURING POLYURETHANE
GRrouT

During the injection of polyurethane grout, lots of
challenges were encountered. These challenges are listed as
under:

o To divert and channelize heavy seepage from face and

Fig. 11. Packer fixing for polyurethane grout working with this situation was a challenging task
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Identification of the water carrying joints and finding
exact location of the intersection for grouting

Drilling of 119mm diameter and 15.0m holes and
inserting pipes simultancously with drilling in a weak
zone.

Small boulders used to cause difficulty in drilling
To maintain drill hole deviation

Packing and sealing of leakage points during injection of
grout

Safety of workers to harmful chemicals for avoid any
infection

Maintain maximum injection pressure, grout volume
and flow rate

During injection some packers and pipes move out with
pressure due to high water and injection pressure.

VIII. CONCLUSION

In order to handling heavy seepage in the head race
tunnel of the project Tapovan Vishnu gad hydroelectric
power project, the crown was treated with polyurethane
grout and pipe roofing was employed to stabilize the rock
mass above springing level. This task presented numerous
challenges. Polyurethane grout is performed in order to
seal the leakage and divert the water channels. It also
helped in achieving improvement in physical and
mechanical properties of the rock and the materials in the
cavity. This is a temporary technique for handling the
worst situation and installation of permanent rock support
were required to complete the stabilsation of the area. The
ground water ingress during excavation of the Head Race
Tunnel were handled by judicious combination of probing
and polyurethane grouting and pipe roofing. The initial
seepage water quantity of 1800 — 2000 lit/min was
controlled to 25-30 lit/min after polyurethane grout. To
improve the performance of grouting, experience and
complex knowledge from the various field like geology,
hydrogeology and structural geology of the area and
working experience in underground construction,
chemistry of the grouting malermls equlpment (pumps,
packcrs] and gruutmg hniq (inj e,
injection volume, injection time etc.) are requlrcd
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