@

S
>
A2 -U’,dhﬁ:

J;uﬂ‘)ﬂ

Sigwf
g

I[P NCTCN P FPRPALIA-V8 [ PPN PO ¥ P . SR 5 PS4 X PR
ol ol 8l 355 5ok g5 e 6 i 5| dny (ny sl JSi s olas 51
bb;mkg)b r:Lo.:‘)|J¢uJ.:5; a‘fd..i:bw‘ f)y

e oo 3 590 53 5 5318 a5 vy S3Ls Julis s Jigh sl (slo ol 4.5 @
Jigs edaie slo IS8 10 5l (5,5l 5 oy i oo 53 (s okae s 45 3l o Lo
andl o s 1,

natural arch

zone of

loosened rock

reinforced
rock arch

/é— tightened
zone of rock

/ sholcrete ‘/ rockbaolt
weldmaesh
/ - excavated

g = /; tunnel
P s s
A LTI i olo ol 4 cpide bt 1L L B ipudigeisal

12/15/2013



dodde V-V

Jrs” 5 w0098 jL8," el by 90 wu i 5l sle Jigs 6 la> by, 5o 0

Al oo Coenl pl> gl Sl o 0 S 0095 LS,

A.L:.w‘s QNATM 6)LD L.)"’5) )»).
2 ey sl S i S
Candg ol 5lam g g )le> >
o s slply by la o5 4SS

Camdg (p 5k g 5 goladdl

Seddu g LS e

—~——"

Legend Measuring objective Instrument

1 Defermation of the Convergence tape _ )
excavated tunnel surface Surveying marks k)"ﬁ" 6[_@ olS 4_,&, 9 LJ""’) )t,’ﬁ) o

2 Deformation of the ground | Extensometer y LQ = - ‘ N b
surrounding the tunnel K S o ol 9 = o

3 Menitoring of ground Total anchor force ﬁ) < J ==r /' )
support element “anchor’ Do S o L\J‘

4 Monitoring of ground Pressure cells ST S J
support element ‘shoterete Embedments gauge
shell”

Y4 il enl e b5 ol ol 45 rokin | und g | ki J,.ol‘

N

S90S G k> alae (ygolym U JKB yndi g S -Y-V

d S g b 15 Gl oo (KirSCh) 3,5 ¥olas 5l oslial L @

45‘)J5J.)‘5| o).l‘é(:,a.s.an_iic)}o‘ﬁ‘)é 00l ol sl S
10903 dwle a8 5 )18 5 S Billae 6 IS )L Sl cod

¢t R
s [ I" 2 3 4
u,,:‘r; |!+A’](I--F;-)—|I—Kl(l—4f!—. += m, )cmlll]
21 r L rt rd
o [ .2 3
1ru|-=£j- (1 KJ(I + :;)—-t]—h'!(J--—f-: )cmlﬂ}
21 r: r
v [ 2a® 3at
Uru=% []—,{(r(]+ J—f:——:—Jinr:I{l]

e :
-— rrr=—'f [H l-K]—H—KiIJ[I—1'3—”_'1_'[}.-;_39]
. 2

I R 161

pa® i a’l .
Uy = — (1=K){2(1 —2v)+ — ; sin26
k = o,/0, 4Gr [ | A= ] o }

bl Jig sl oS 45 spin Ja I3 omie Jrel |

12/15/2013



12/15/2013

-—-—--'--—-—
63)"" s> clw ue"'r-; 6"“ .J-‘w M 3 ww ==Y

Nokes pr=a 6)‘4541-’ L (J‘ﬁ* °)‘~‘->) t5)L°'> hiie 50 S9y » o A5 )95 0920
1 dalys o3l ) &g & u*’;- -

600 = PI(1+K) + 2(1-K)cos20] |
Ry
Tr.e := 0 .

U5 (,la> adalo e (59, ¢ Azl 00
9009 yho by sle iS5 lepls sla
Ll sl sg2g daie gl i s

................

; T ; - T T oy A oy vy T B s B e s T e o
Mma o G T L el I &r;www‘l_

gssf'-’ «s;‘»c-h‘»ur'ﬁ s'-b..l&wxw su-‘ -Y-v

)owwlfbjw)fwdmloyja ' GL@IL;LDWHPAJM’:::

e S oy oy iS55 0 |

e E@i}ﬂglﬂf : | EJ-"WSLMW‘*“WJA f | Jay‘s-'WJré‘l

................




Jigi sl olf S —Y-V

4 Boes 5 0ad olon] figh ahabio )3 (o D il c0e) (950 Jigh o alawly 4 @
@ Fy Ol 9y » At LU kol 5 4l als o jlad by alaie jo> Lo
RWIPPR I V. SR ¢}

0391 oo ol slo JSi s 5 cide )] Jes ( Jigh sl o8 4SS a5l B @
ahte (Kt el Wl (o g 0950 Joo LB g5 Bl e 0098 Jawgi aS
30,5 Pgs oads (5 la>

s gt 0t ol (gl i oalel 45 T (sl 4y e figs ol S5 pawrn oyl o0
ot sl Sl o 3 3 i B (o Crnglin 355 Ja gt Sy
S5l aalol jo g o ools JSi s o5l )] o ey Ceaglie 4 dzg3 b g ooy oolasul
B9 (oo oolaiwl Jigi o8 4SS laie 4 5 S0 LY

ey Cunglie 4y axgi b (g la> lam figh alasie jlre sla S0 i Gl ramis o 0
Al (g0 dly Jigh o8 4S5 sz g Aok ogi 5 T S,k

#14 e e 55 sl olf 4,55 spiin Juod g5 | godigal el \

g oo ol 4k Y-
f st IpRed — o Jod] e

Bl (03 e 5,150 Lo (e Joall (oSe pafitns (65 oIl GBSl Joe o ¢
Al (oo e S5 @Ko Gl g o plule 5 oIl Sl (S 0

potie S Sl SS90 o Sy @l Ke” 5 ey Jodl S A T amg L
Dges owyp B 2 Ked (e 4z g L) ey Joddl (Ko (g5 (oo 009

System response curve Convergence curve
(evolves with excavation {measureable in situ})
. advance, and hence time) (1,50 o
@ Ground < 8.2 o (1,85)
g g | e loph ° 5. o 505
2 response curve g s 3| (5.5, &
b7 o LA ( 2»’7) ]
2 & “ A ¢ 5)
& 3 5 s %2
= b L (83![3) > [ ]
£ g g .3
d
& o 4 o (B4:7) ©
© -~ Available &
" support line e (B505)
Boundary displacement Boundary displacement Time
(evolves with excavation
advance, and hence time)
Y4 il e Fgi slo o5 4SS ipian fad P owiige Joo!

12/15/2013



Gl Soptn ey —> Jigi sl olF 4S5 Y-V

flpRas — o Jad| S ®

Yy
SASSL S - -z 515 b JSo yss ( bigy i Lo
Sl B Fs 2l Ken cely oals sl

205

Fs5 adaiio (g o> 51 L3 Fs ehie )i jlaw

AR

@b e Fg e o a5 ptin Joad g ot Jsel

o8 aSs lus >

Jigi sl olf 4S5 —Y-V
L-pi=pe  pule g f st IyRed — o Jodl) ke ®

I e 5 ghie sl IS5 ois 9,5 ®
L g o8 a5 ol (o0 sl 5l om
Sl sl KD ks Ol 0g2g 4y dalol 5L eoges |,

o) D3ai 55 sl B slo KL s

tip — Scdly sl S pss
o5 5l g o 4SS s ol o0
S ol g alaiie i LSS

23,5 o obml ooy, ol ;o 5 0890

e (ks sl S o) (ol Ko 1 ’

Sogad i ymey aidS gla JSKS posi gl 50 o8 4SS )0 ool bl (sle Lid e 5 L
Al M‘? J..ol?- U""Q) @‘;.o.b).:‘): )é olfc\.&:)l.ws

ana

i Sl Jig oo oS S5 i fod Ji5 ot Jsl

12/15/2013



Jigi sl olF 4S5 Y-V
¢t o ol e

o) $|)@_0K@)m)|éwo
Fg ahaiio 4y (e Jodll e Sl
43‘53‘50(515&[9)&3005.30_\&]&}

sl clien S5 du g1l

£975 b asiyo gl a8 (1399) S pa

ey (k8 o IS o) (ol S

Gl Sw glp ) Sadh gl IS s
g0 Slpidon pj O jge

PC‘I‘ = o5 4..&: ‘Sll)PD )L.:._‘a
Pcr — 2Po _Zcm k= 1+S%I’l¢ Po = e adgl s
1 + 1 - Sln¢ (TCIH = S 0393 (5,970 Y CA.osUia
¢ = I SKhol ayl;
V-1 e e Ji5i lp o5 4S5 otde Jsb Jig (omie Jy!

o5 A..S; )Li'.é P .

Foi s olF &G -Y-V
¢ o2l —n Josll S

o@@w@mﬁwfb°
& o) Jodll S (gt o Jig
Ly ooy 2ld S50 s Gliee (lgS
Olyee 5 g o8 4SS a5l oy
Iy o5 4SS (9,0 ouds oloul (slog s

.0)51 Cawdy

w0y (k8 slo IS 1) o S g

ARIAS)

i Sl Jig oo oS S5 i fod Ji5 ot Jsl

12/15/2013



Jigi sl olF 4S5 Y-V
¢t o ol e

St ) ol 4T ik 5 ol ST el i yial s 90 (5110 o8 A ST puds Sovie®
A3l (oo dwlee LB ol A ST o5l £ 5 iz 4 4> g5 b g 0090 (e Smmie SCiWY

L o] (e 5 o8 4S5 ol i (G b g 2 S5l ol o8 4S5 (sl Jle lgie 4
g dinlgz dewlxe JB 5 adaly 50 5l ool

B A e

o5 4 - - ' 2
= 7 v 2v ) P Ve 6t ol ward

tC 5 4\_&4 Cwles

A Ay max T 2
- i

) 2
b 25 p _%{lw} Vi oS ass sl glas

O R GHrw ST Zeglie

cc

‘ 7R il enl e Jis5 el ol 4.5 rzin _fusd _p,:ww_;w‘

B sl olF &G -Y-V

Jlo®

ST Lad SIS 85 s O Gyys e VIAD Bl Ly ol ol akaiia b Jigh OG0

de o Jigi gl opls alaie glad 00,5 oo olowl oog igi oo 3l L8 JLLIKY -

By SV (Soend gmmin g 5,hd JSb oss o8 4S5 jlid i o 5§ (]

Sk lp g SanY a8 w5 al> e 50 (s sl S8 pts Sl (0
Jig 82y Sos |
23,5 0,8 Sl odgasme o s IS L3, oo soled jo

Sl BT 0 s Jgoto /T8 5% (ol o 3 o SISy (5 1 Sy dimmsias¥] Jybo
Il (Ko B+ i3 5 y970 ST Ceoglio

‘ YA e e 557 (ol ol 4S5 roin | fund Uiy | guodids JM‘

12/15/2013



Jigi sl olf S —Y-V

Y
55 o9l sleolaul s o8 aSs Jlad - ey JSKD s Soie duloes
= —i:l_- [ll + K)y=(1-= KJ|4[I — )= ”__ ’um_’E]j| (S o8l eled o s
rF re

(O il o) Soilivly opn Lid Lyl s cle 4 K=1

jgi ola> o:r=a R . !

Ol5ee) 558 slo IS i (o] 055 plp 99 5 (35 Wolae K =T 1=2 0lis 5,301 L
Al asles o gy adal) sleaaianl b (by ol Koo

$ohd gl S s
(Ji5 2l5en i) a’ . (1.85x0.5
o =25 22 x[(1+1)]=—p":-p( x05)
£ o yr ,L2d) 4.G.a G 2
(Il
B e e Ji5i lp o5 4S5 otde Jsb Jig (omie Jy!
| J:y ‘Slb elfé.,;ﬁ—f—v
(S E r-zf(r-fflz
“ K= =c|i r. c) - ﬁ.
s (1 v, )[(1 - 21’0)’}'2 + (rr B ’rc’)—J
B 301852~ (1.85-[1.85-1.7)} o radrk

(1+0.25)|(1-2x0.25)x1.85 + (1.85[1.85—1.7] |

. 2 — ’
webd 25 p e 17(’1' o) | _350 1_M =3.88 MPa
> 2 1.85

Vo4 e e Jis (sl ol 4S5 uzin b T e ]

12/15/2013



12/15/2013

Jigh o olF &G -Y-V
5 Jo i jlas (2 5e0) oy
s JSul K ¥e oo oyl p-(1.85x0.5) =— 10.(1.85%0.5) =-4.63 mm
ail> den 2 2
12 |
— o) s
1N
o 8 >
9
4 4 ~
J \
£l
0 \
0 1 2 3 4 5
o sk e (k8 sla S o) ol Ko
VA e e i slo ol 4.5 rozin Juad Jig it Sy

J.ts.\ ‘Slb o5 A.oS.t -Y-v
TR Gl .. I T —
S b @ o, 2.78
12
— ) gllas
3 \ o Say
\,j“ 8 Y
Y
‘g. 4
1 T
> ! 3.88 MP
I =DJ. a
0 : \
0 1 2 3 4 5
o s (e (6,k8 sla S5 o) (ol Ko
Wi i e I slo o 55 i b 5 il o)




Jigi sl olf S —Y-V

5 2hKen 5 (1.85x%0.5) (10=3.88)%(1.85%0.5) =
e qblis oo = _ P A . . —~=-2.83mm
5 o) gllas sla 2 2
= Sy 12
— e llas
5 8 N
‘jz
\g,, 4
J 7 A
= ! i
0 : : \
0 1 2 3 4 5
s shen ciany (5,8 glo S5 ys) (ol Sen
YANNA e e L3 ol olF 4S5 pzim Juad F5 e Jsel

J.»,.\ élb o5 aSS -Y-v

ot St S5 ] 6ol 6l iyre; el JHlao= (2.83-1.39)= 1.44 mm
12
— e las
3 \ o Say
\3“ 8 N
¥
g, . .
<
J ! !
= ) :
0 : | \
0 1 2 3 4 5
e (e ey (58 slo S 509) (ol Sen
1 e e i s o .53 im Jd 5 ity

12/15/2013

10



12/15/2013

11



