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ABSTRACT

The research makes to study for ground movement. Consequently, it has
constructed tunnel and for consider to impact and problems that it happen. Can
examination by instrument that name [nclinometer, it can measure about lateral movement.
Magnetic Extensometer, it measure to move plumb line that parallel tunnel. Level camera,
it measure to move plumb line that perpendicularity at tunnel. The result of study, it can
adopt for defended and solve to ground movement with drill tunnel that it will impact to
soil and nearby structure at least

Significant factor that move of soil is tail void as dril] tunnel with ground
loss for prevent to move of soil with control quantity lowest ground loss. Then an
essential element ground loss is size of tunnel, method of drill, kind and soil profile.

The control ground movement, it can keep stability of soil with control face
pressure to suitable soil profile and it conforms to earth pressure. Furthermore, the
controls most grout soil to less soil void. When it presses consolidation, volume of soil
have balance. -
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2.3.3. Stochastic aud Empirical Methods

2.3.1.1. Peck (1969)
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2.3.1.2. O’Relly and New (1982)
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Ground Tunneling Trough width Remarks
Conditions Methods parameter constant, X
Stiff fissured clay Shield or hand 0.4-0.5 Considerable data
available; losses normally
1-2 %
Glacial deposits Shield in free air 0.5-0.6
Shield with Compressed air to assist
compressed air control of ground
movements
Recent silty clay Shield with 0.6-0.7
deposit compressed air
(Cu = 10-40 kPa)
Granular material 0.2-0.3
above the water table
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2.3.1.3. Attewell and Woodman (1982)
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Tunnel Face

Surface settiement (mm)
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2.3.4.  F8msdin1el (Analytical solutions)

3.2.6.1 Verruijt and Booker (1996)
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£ = uniform radial ground loss i 2.20.

6 = long-term ground deformation due to the ovalization of the tunnel
Lining ;ﬂ‘ffil 2.20.

Zi = z—H

Z = z+H

r,’ _ 4z,

. = X2+ z°

R = tunnel radius

H = depth to the source

m = 1/(1-2v)

k = v/(1-2v)

v = Soil Poisson’s ratio

f a o - 4
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nszurumsveaglusd 1dun
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53015 Analytical solution 1 1dgmi§inlqalau Gonzélez and Sagaseta 11112001

¢ < v 4 4 X
MELEN 8 fit Yoyafi lWonmsTaduauniives Veruijt and Booker  18@gadu
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Uniform radial

ground loss Ovalization
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2.3.3. Finite element and Numerical Methods
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(a) Tunnel advances in perfect alignment and fully supported at the face

*

(b) Tunnel advances in perfect alignment but allowing soil movement at the
face due to relief of stresses

GAP:Gp+u*3D+ @

e e - —

(c) Tunnel advancement is subjected to all possible sources of “ground loss”
Including over-excavation due to alignment and workmanship problems

JUfi 221, msdounuYMIgaTennaY
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Initial position of peints on what will become
the crown after excavation

(G,=24+5)

Simulated tunnel

opening GAP &= Clearance for
erection of lining

i — e ——_ e i e W e Y e e e e e e o e e S

A= Thickness
of tailpiece

Tunnel Heading

2D Plane strain representation
of tunnel heading
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Excavation Elements
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2.3.1.1 Kimura and Mair (1981)
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J Ground movement
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2D Ground movement
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2.3.1.2 Nomoto (1999)
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311 3.2. Principle of Inclinometer operation

3.1.1. sHaves Inclinometer (types of Inclinometer)
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3.1.1.2. Slope Inclinometer Series 200B
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1 1 3.5, Slope Indicator Seried 200B inclinometer (courtest of Slope Indicator Company ,
Seattle, WA),

3.1.1.3. Inclinometer with Bonded Resistance Strain Gage Transducer
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3.1.1.5. Inclinometer with Electrolytic Level Transducer

neails Electrolytic Level Transducer na111ay Granvina taz Carison 1Ay
unslfianues1¥vefifidurgudnata 14 7 a6 ) wdeaflel¥Tinssonuuudmsunay
e Wennll  Taonmnzvqueees¥szuunssznhlasns e nslé
sruvRteudnalalumsmenguididfemed dimsdmuald walisneutée vowes
aszurasd Slip Rings uay Mercury Switch it Sawdon13lundeaile Electrolytic Level
Transducer laspisaumivng q el quascinaassfindiugnguezeisondeuns
‘Iﬂw"i‘ai‘nfhnmﬂﬁauﬁ‘waqﬁu'lﬁ“luu?nmi’iﬁﬁ?’lﬁﬁuag"‘luuqu Tauvziinsdadganudiuaiy
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A1519% 3.1. Inclinometer

Type of Advantages Limitations Typical | Approximate
Inclinometer Range Precision’
Force Long successful +30°, +0.05-0.5 in. in
balance experience record optional | 100 ft{+ 1-13 mm
acc- Most widely used type to £90° | in 30 m)
elerometer | Version available with
transducer automnatic readout,
{e.g. Figure | recording, data
12.66) reduction, and
plotting provisions
Version available for
use in 1.5 in. (38 mm)
inside diameter
grooved casing
Version available for
use in horizontal cas-
ing for monitpring
settlement
Slope Long successful experi- Standard version is +£12°, | £03-1.0in. in
Indicator ence record Uniaxial No provision optior;al 100 £ (= 8-25 mm
Series for automatic readout to+25 | in 30 m)
200B No longer manufactured
Bonded Version available for Errors owing to +20" | £0.02-1.0in. in
resistance use in smooth 1.5 in, moisture temperature 100 & (+£0.5-25

strain gage

transducer

(38 mm) instde diameter

pipe

and electrical

connections are

possible
Abandoned by most

manufacturers

mm in 30 m)
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#1319% 3.1. Inclinometer (#9)

Vibrating Long successful Special manufacturing +20° [+0.1-05in. in
wire experience recordd techniques required 100 ft (£3-13 mm
trasducer to minimize zero in 30 m)
drift
Bulky transducer
results in large probe
Abandoned by most
manufacturers
Electrolytic Size of transducer £40° | +2in.in 100 fi (+
level limits use to near- 50 mm in 30 m)
transducer horizontal holes
Short experience
record
Shear probe | Simple Poor precision +30° | Very crude
{poor man’s | Inexpensive Does not measure
inclinometer inclination
) Cannot determine
curvature below
point of smallest
curvature

‘Defined as repeatability with which the instrument can determine the horizontal position of one end of

a near-vertical casing with respect to the other (£1 in. in 100 ft corresponds to about £25 mm in 30 m,

+8 x 10” radian,or + 170 arc-seconds).Repeatability in near-horizontal casing is similar. Repeatability

is decreased in inclined casing

¥ v A = o o o v A4 a
Cooke @z Price (1974) lénantimeinuiuisumiiannuaimdusTeeldinToae

& & 4 o o = 3} ady w
Electrolytic  Level Transducer ‘NlﬂulﬂiﬂﬂHf)‘i'lﬂ"]ll'l5ﬂ‘lJ'I-WIﬂNﬂﬂBdﬂﬂgﬂiuﬂﬂﬂﬂiﬂﬁ’mm

n’;‘ 1 4 w w o e i
waeq nialaoes lufilynutesdoyassdouiuiu dawadnin Iniluimimeleuin
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3.1.2. dedafiimariildlddeyatigndosvea Inclinometer

Asdrgnlnaildilvivitinnugndoslumsiaveatioya  Inclinometer fo

ATUAINI0 HazAINFEIYYeIyRnIng lums Insesdotandia 9

3.1.2.1. mmqné’mummﬂfm‘%mﬁa Gravity — Sensing Transducer

e = s & ' 2
Tas ldmisningunstiazlinsdmunsvaziBorveanivaiiofodazidun 34
- ; - : : £ 1 4
winsioRiimsdidygn upy Gravity ~ Sensing gnadndumvlafuguanugnissd
aunsosulsziunnugadesdlusaehinnl§iidaula
& ﬂ! = J .‘: e r » L ul: ar L3
anunmawasuiiaduiusziisungudn q ogduiusgiimua 3 4o fie Sudy
i 4 . A4 .
WIN ANuRMRRAsUinInamsia SudufiTsnnuamaniowiisininmsdmunga iduge
¥
My Sudumuasvyuvenjuesls(azimuth  rotation) Mmisdedggnavoimsialiany
o e - 1 1 ¥ o o * a
dukufussninmsdweyaiunsiudoya  Tasdmuamnaspuyesms Plot asvniudu
o . ] 3 4 . & .
nreevidagud (bias) veamssual Inclinometer 1iomimsnaassluuuins (True — Vertical
. g & o el 1
Alignment)  mInyuvsauesdisanuaaiandeuningadnifilanisnandusims
- 1 1 o’ L .3 . = 4 1] -~ 1 A
dmuauouiies 14 lumsdadygaududivedds Inclinometer Tlfemafiuandisdunazainld
1 A d 1 o Ll - : }
nnmanaasesihildesdanuamanisuiienafiufiu £0.50 degree anufianaiaa 3 Yol
¥ 3 - et a a ooy v
aunsanuquidiles adldlas  maislinueuquiida  desenciulusaiiviniavtou
. A Y 4 - | o o : A 1 ] ar 3 -
Inclinometer fialdind esileflanuiis himsnaasanain 4 afuemidwndi msdiuuddeyad

} 3 & 4 -
Taarminaasuiieanemsiddanunlasyeguugil

3.1.2.2. senuutazmifnuaanIwyadde (Design and Condition of Wheel
Assembly)

) ¥
Wilson nag Mikkelen (1997) 1aTinmsfaduitmsnaastidiulaoniseonuuy
» ¥ ] *
Xovna Inclinometer 1WAty lavvimsfivunurosde eaamsideuloavesde uazifiumsan
" e . a L avy A 4 4 P, ¥ o
nLNeRIvee Inclinometer mysennuuivziiideslimamulivvosde 2 4o Taumsinns

naeuinz liAsindeudmuTe sniieytuie Casing
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3.1.2.3. uuavie Casing (Casing Alignment)

nAmsed 2 Yszneudan anwmnsalumsiaveunissilouaztlizinnyesms
a1 Inclinometer A1snARDINIs SAnAouAIve Inclinometer Tunuaialagszamnsotalu
o Casing fimsaadatuiuosy Tunsdadygnouyy Gravity-Sensing ﬂsquaifuuﬂu
firm19danss anugadoslumsiamamdoudivesiulude Casing Tuusswezadrofums
fnsavieTuuuada ua:“lumqﬂsiﬁmsi’ﬂmsmﬁiauﬁﬂuumﬁamwzﬁmmgﬂn”mmnnhms5&1
mandoudlumnswdissinmstamaindeudihunnsueziinedoulaaves Inclinometer
funnahmsiamandeunalumnds

lumsnaasansindeusussaulaul¥ Inclinometer Tusie Casing lifdofiu 2
Famwsehld 355 1 Duuvusssum msnaresntnndeudivesielunuidaiitinny Ty
Busogszning 45 degree youmIRY uazmyTansindeuiavesrelusidanuTiude
agsxvin 45 degree 1ndnaflovy himmnsodedudygadedinesuniuuinadhe 4 e
vininseaiielinawladerasesevdte uahdiinnurmamndsuiivadntorozannsosuud
1#TavldkaTon (Check Sum) %3 2 misl¥mismaasslure Casing Teufinnuldiudos
Uszuial 25 degree Muuuafamznas lunsvaaeses ¥ Inclinometer A190gluvie Casing
Tavsziinsdedygnatmndenmnfviudia a‘ﬂ'lumiﬁQﬁfgtywﬁ’t’ﬁﬁmﬁumuﬂ:fhwam
I ewasmi oz iennsadmn 1914

fovimsiamsindoudaluvie Casing mflﬂﬁuuﬁmvmquaziﬁmﬂummqﬁ
valdifannunmanion sindotuaiions Casing vWwoonmauAs 5 degree ATWAAM
nRevufifatuezinfy 2 ﬁ")‘lﬂﬂﬂ’l'lm:ri 100 }a Wio 50 wu. fiA2mge 30 u. (Wilson and
Mikkelsen) msufrﬂqswamﬁummmmqumﬂﬂunmﬂmﬁauﬂjﬂqnﬁm%auv’humﬁa Casing
Tne Mikkel and Wilson (1983)

Penman and Hussain (1984) '1¢’|'ﬁmiﬁﬂﬁ’unqyﬁﬁms"ums’J’ﬂmﬂﬂﬁluuuﬂm
veadoufnhiitihegmedmmhiudeuifnaasuiiogdnmt Inclinometer szindoud
luszi3ravie Casing Aiins fuBos uag Inclinometer sxfseguniniis Tnsozndowdi lus s
fAmsanegiusosediamth dnfusnfunsnniiosWmsedeusa ldrosussuinsonaay

Inclinometer lTumIdamsinAoudalvpAU
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3.1.2.4. 1durmgudnaavoavie Casing (Casing Diameter)

' N { o [ t o 4
ve  Casing  Wildudiwgudnanlngeldmigndesiiqn  uazdaves
. = J 1] 4 oo
Inclinometer vzdoalinunfiunniiu uazesii linnunmamdouninyuesSisozanns

3.1.2.5. n’s::'u‘mm'ii\uﬁuu?nmﬁnqmmz ( Borehole Backfilling Procedure)
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3.1.2.6. adndurveane Casing (Spiraling of Casing)
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foufsziimsanmandninimzdasaiimiiatone Aot AnuEvBIe
¥ ]
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L4
darsaunsshinsasseounldlasmsasasummonveey Tavsrganugafeaves
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antinsoyeatorieniolt uazeziinsdunsdaumnldidie FBmsatusgfuuindnin 1w
u3tin Slope Indicator szl¥immnmsgmmsfanuvasifiamas arsldanusnvemeldiduiug
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o 3 i as o ar ! o A 4 = u’:
mmsnagey 5 ldassiuszdeniimstsuninouseninainiturumsdiudseniumsiad
N y . ¥ s . $414% 4 a

AWVDYBY casing ABIMYUIABATY Uary casing Msteiligliunndu niswizuaznou

. Y nT vlrd w . o - & . a 1A A v

casing Apei lae lulimanyumsTalay spiral 839InAAAY casing szilarnnivdededevas
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WolimsAadaluszdudnnit 200 ffm (60 u) Saduudeansumsmnieudifiuieiy Tasmsda
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1. spiral checking sensor 317 3.6 allszuzsznineds 1.5 u. annsadwdoyaldiimmaies

2. inclinometer probe 14mbouastu casing Wanuaziduage

Guide Rotary
wheels transducer

Spiral checking sensor.

Guide
. wheels

Orientation
rods with tongue-
and-groove

connections Du mrﬁy Dlgl‘tllt®

sensar

319 3.6. umea spiral checking sensor
spiral szemdeyafics 1 yauAasns i lunuy biaxial NefIuiam
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3.1L.2.7. oA luunAasAumL

Mt b iddmuamanniimstefiuen  Tasazdummisosdsddinms
gy Biniuey midafidnofy Inclinometer wxdpahifinnBa dwmiaiiimsiaszdouiiy
gaoIstoinivoy  Bnmmguitiissiunsuanufanmaldfemsmiinanueoves casing
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casing 9o unfinIzuzvesiieszndadouns Inclinometer fifohdu iszuztivhfunts
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3.1.3. wiiavos Inclinometer casing
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3.1.3.1. plastic casing
1 L] [ 3 . . a j. 1 A £
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3.1.3.2. Aluminum casing
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3.1.3.3. Steel Casing
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3.1.4. msidenilsziAnves Casing
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3.1.5. mifiada Inclinometer casing
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3.1.8. msAadiilungiuoi

srorsEnamiveanquIniziy Inclinometer casing  vzAoaiinis grout Ay
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Grout pipe
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Pige, Inclinometer quick-connect
12in. lang casing coupling with
check valve
Rubber
gasket ' ‘ Male
. quick-connect
coupling with
.Check chck s\;d'alwe
valve Heavy-duty
bottom cap

Perforated pipe

.L: Pipe cap
v v

fa} tw)
iﬂﬁ 3.7. Asrangement for grouting through a pipe within inclinometer casing

a) single shutoff arrangement with gasket seal and
b) double shutoff arrangement with quick-connect

(courtesy of slope indicator Company, Seattle, WA},
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3.1.9. msaamlununfinanmneecinsinioudininly Thin Shear Zone
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3.1.11. Calibration
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3.1.12. Near — Vertical Test Casing
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3.1.13. Test in Bottom of Near — Vertical Field Casing
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3.1.16. Check on Inclinometer for in Inclined Casing
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3.2. Extensometers
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3.2.2.2. Tensioned and Untensioned Rod Extensometer
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110 6.30 Surface settiement troughs measured on GS-13 and operational parameter recorded

from shields as they pass the measurement section
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718 6.32 Surface settlement troughs measured on GS-16 and operational parameter recorded

from shiclds as they pass the measurement section
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1% 6.5 Surface settlement troughs measured on GS-17 and operational parameter recorded

from shields as they pass the measurement section
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37 Surface settlement troughs measured on GS-18 and operational parameter recorded

from shiclds as they pass the measurement section
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zﬂ‘ﬁ 6.39 Surface settlement troughs measured on GS-19 and operational parameter recorded

from shields as they pass the measurement section
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3141 0.41 Surface settlement troughs measured on GS-20 and operational parameter recorded

from shields as they pass the measurement section
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711 6.43 Surface settlement troughs measured on GGS-21 and operational parameter recorded

from shiclds as they pass the measurement seetion

[46



-

A

Y

e
i
F
]
I
1
I
I
|
i
i
1

-
\

_ .
ooy
Mmmz¢z-3

A

ﬁﬂ

-‘-—-'-—-0—————-— o=
w

/
L

..%._
i
i
gl M -

1
|
|

. 1
3 I
i

_—
as]
o~ | .
" Lan i i
J '
v s
) =
L

FYRREE

¥

=~

‘“.

i
1]
FEY
I
1

~

L S ) g

~ | . -~'T &1

R mwmuﬁxmmﬁmmp |
4 _ o5 = 1
T 5 ww !
¥ : - |
; !
i )
" S O _ _4¢)
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1hf1 A3 Surface settlement troughs measured on GS-22 and operational parameter recorded

from shiclds as they pass the measurement section
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31 6.47 Surface settlement troughs measured on GS-23 and operational parameter recorded

from shields as they pass the measurement seetion
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311 6.49 Surlace settlement troughs measured on (GS-24 and operational parameter recorded

from shiclds as they pass the measurement section
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gﬂﬁ 6.51 Surface settlement troughs measured on GS-25 and operational parameter recorded

from shields as they pass the measurement section
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319 6.54 Surface settlement troughs measured on GS-26 and operational parameter recorded

from shiclds as they pass the measurement section



I
R Z
1 } :
! |
b eszruh, : GS-27
I
| ! :
-2 S,
I it
I I
€S25/1-1 I &527, BA I
6526/1-2t 1 A :
| ;
el 1A |
-E__L"_4j i } ';‘ il Iy n“--.—ll_......_.l\ J.f L‘_:_-_;:H_l_l\_
1L AR R RN R 4 £/ g SZX T T n: "‘+|,
5526/1-1 3 | ) | i 1
2810 2820 2830 § 20 I 2870 2880 2890
5s27/18) I
o ZRi : 6527/26E }
G326/1-JR : )
" !
wi LWl J

51/71 6,55 Layout of the settlement array GS-26



|
10 e e GAUSSIAN CURVE (=8 )
‘ | VEASURED DAT2
0 - e . R T
-10 ‘\‘\ i "1

SETTLEMENT (mm)
%
o

30 [ 3
- DENSE SAND 4~
40 [ vg. Face Pressure = 100 kPa !
Avg. Grouting Pressure = 3 bar i j
Ground Loss = 1.0 % CL =275m. ;
-5 R T NS FE VY FUNYY PRI O VTN PG POy DT NS RO PO
-30 -40 -30 -20 -10 ] 10 20 30 40 50
DISTANCE (m)
Earth Pressure {kPa} Jack speed Avg.
(L w0 -
L B
e £
£, !
087 L
f 3 F
& 4
3 * &
" I J
v i
?:.s:.sa E 1 &
H E -1
UWzaar | L]
0l ‘ . IEN, il 0 b Nz . i 1 j
W40 2760 270 28O0 2620 240 2460 208F 00 1820 Ima0 M40 2740 270 2600 203 W40 26D MM 20D 2920 940
Ring Numbar Ring Numbes
Grouting Pressure Grout Fill Rate (%)
B e e 00 e b peeststragree e s smemon o e,
) QS ;
— 250 E :
5 |
o - H .
% CRUSY :
P
4 £
a i
:_,Em E 108
3 °
] 50
0 e e PP o . T SO
2740 2760 2780 OO0 2020 643 660 2480 7900 2020 2944 2740 ZTed TS 2800 2820 2640 W60 2BA0 2900 Is0 2840
Ring Number Ring Number

711%1 6.56 Surface settlement troughs measured on GS-27 and operational parameter recorded

from shiclds as they pass the measurement section
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317 6.58 Surface settlement troughs measured on GS-28 and operational parameter recorded

from shields as they pass the measurement section
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gﬂ‘ﬁ 6.61 Surface settlement troughs measured on GGS-29 and operational parameter recorded

from shiclds as they pass the measurement section
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71/ 6.63 Surface settlement troughs measured on GS-30 and operational parameter recorded

from shiclds as they pass the measurement section
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119 6.65 Surface settlement troughs measured on GS-31 and operational parameter recorded

from shields as they pass the measurement section
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