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ABSTRACT

The Pre-estimate behavior of the tunnel at the time of investigation and design
stage widely differ with actual behavior of the construction due to the complexity
of the ground characteristics. Therefore, in tunnelling, it is important to ascertain
the stability of the ground and support by daily observation and measurement.
When danger is foreseen, countermeasures, such as the reinforcement and alteration
of support or excavation methods have to be taken immediately. For this purpose,
understanding deformation behavior of tunnel at an early stage of excavation, as
much as possible, before forecasting the final convergence of the tunnel is required.
Recently, measurements were performed at most of the tunnelling sites due to the
increased understanding for important of measurement, improved technique, etc, but
actual situations are not available to systematize analysis for the result of measure—
ment and utilized data of the behavior of the tunnel. Also, when forecasting the fi-
nal convergence through initial measurements, even though considered convergence
occurs directly after excavation to before measuring begins, but it is difficult to
pre—analyze for the appropriate base line suitable for convergence before measuring.
Therefore, in this study, to pre—estimate behavior of the tunnel through the field
measurement, method by existing approximate function is used. And it was com-—
pared with numerical analysis.

Key word : convergence, field measurement, approximate function, pre—estimate be—

havior, Numerical analysis
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Aol e wAsh: Wl e dwre] M5 Eshe AoR JdHA o
Panet 5(1982)°] °la] Hud fFoxdale wad AEW Uy, AF U9 1]
&2 "B AA 27%, &4 Al Von Mises ¥z o 30%, ek
Drucker 33 Z Ao A 20%, Strain-softening A ZolA+= 21% = AAE At} Hanafy
S (1980l ejstd A Aed oY fhanse] 45, ol vlE 30% W9l
= Ve FA Vassilev 5(1988)2 Bl'd @4l og Jas rHst7] fste] 33
o 4 FEM si4& AAR A ol vl&S 28 ~ 32%2A HEe gl & 9F

r°*'

& WA ge Aes YEEH(Sulem 5, 1987).

duty oz By U-FW$(Convergence) & =W o2 RE 1 FHMo] HHOE
sl Aoty Y E =3 olF At A wet ASHM ASd Adde AlZE
¥ =2 AL R A, AAe Ago= FARHA A x, o] A AZE g rbE

Aua o Fol AZe] AARLE AZ "ol curEel Wk EASA v, Aol

Adslol L o b FAREE AZ A W osb kel Hel AuiHon A%e
WEAs oo g AastA Gk meb] AZ® Aswosn vEwsle @7 3
e Basts 2o &4 gom A YWl U 4o Aastt

B gl 2HMe Ao @ 4% uEusds g gol ASgsE wA

c=Cf1-ew (—;%)} (2.4)
ANA, o 0 AE UBWe
w47 2]
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of A%, WAL B Bo| 2~ 3u) ool N S Ao ey
al

SEn 2ASE QARG 4 @AE Dt gel Akl UE g v %
- 9
C=Cx{1—exp(—§‘,)} (2.5)

AAE e dg ASZA3, 23] FFAYE SN AR 248 2 o
Ebstth. Frejus B2 45 Q3712 ovl o4, Kielder A1 FE 2ol A= 4 ~ 5uf ©]
F2l Ao E ASHAT

3t Hanafy 5(1980)2] Aol 2oldt™ I H(creep)= 1LH3I AFol= FHHe
a71et A A Srtete A2 vEhuth wEbA BE F9 ko] e

A A gkl wad EE ARAA MRAES e stolok B},

S

Kaiser(1980)¢] 918t A7+ o] 22 WM& AELS woli obule]a] B e ML tho
3 2o AR Yo nFEE 4 ),

(1) A=A 37 (progressive failure)x= Rke]l Al7F &3 FEEA o Wzl 7]

Hiciass

(2) A7+ o]&2 W8 (time-dependent closure)2 <tdko]l A7k o]& A A E W3l
71_1%

(3) A ukol A gl o] WAL WaHee Fe-stsolgol wet 274
=3

2dS o] gsto] ves] ASAdel tig sjAo] ofe AApEo] <

Panet(1979)+= calcareous schisttiol =2t¥ Frejus B2l A=A tisiA A

4 mag Aeaglen YIANE 4 263 2 20 T4 T AXeE A

o2 e
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C=a+blog(1+—%) (2.6)

Lombardi(1979)= =2]7} Aldk ShaleZ o] 2% Gothard E2EdoA] 1259 =

ool A=A}Z 2709 Bingham 223 1719 B e A4S Ad2 A% daid 2l
24 dfAstdom & wdo] ¥x4 sy E yetlle HEdA Y ASAde} & F3

shobar sk
Otsuka 5 (1981)2 Kelvin-Voigt B2& o]&3slo] dite] HebAd sAas AAsta

N ol2A MABAL 4 QDY o] Bid s

C=da{1—exp(—tn)} + {1l —exp(—dh} @7

)= cx{1—(Q—) 2} 2.8)

ot
E.
>.
2
>
)
o
i
2
o

2 (28) W zlde] JFNE 1 2
o olol] o3 W7l HtEojof Frh ASAEY BAAR, A7 oFEH WP
2 @203 2ol SyHor WA= Ao ofg ZAW H o] oe IS Wi A
o= WA=, ol Kaiser(1980)ol <& #lAl® whe} o] dfFol2 o] gaFo] A7t
oEAH Wge #AHEPE gttt & 5 Qv wEA R 2 (299 2ol

Ad & g,

=]
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A, )=C () +Ax)C5(D (2.9)

%

H Frejus HEAIS tish 2o AG43, oA He] gojxl A QoA &
Asls A gF7 W8 20 SeRvtE 4 (21003 2 B o & Rt

sith= Ao 2 Uelyth(Sulem, Panet and Guenot, 1987).

Al (—T\"
) =4{1 ( HT) } (2.10)
g ohibell A A nd dubgo s 030 AP Aoz AbE A
HEHoR 2 (28) 2 210 2 29 "gste] 4 21D 2 g7t Ak

= et

X [T\
= i-(55 ) oo () )
o7IM, x =AW dFAe HAE dr

Ul

Sulem 5(1987)2 24 (211)& °o]&3to] FdAE 600 ~ 1200me] Frejus El'd =, 4
% 100me] marly soilel Z 2% Las Planas Bl2ol Ao A=A L3l & 4

FE AU
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Table 2.3 Various functions for fitting convergence

modeling function Parameter Remarks

C(x) =a{l —exp(— &)}

a b Elastic
or () =a{l—exp(— b}
AH=alog(1+b) a b Visco-plastic
Ax) = Cx{ 1 _<7(%) 2} Cy X Elasto-plastic
Visco-elastic
Clx,D=a{l—exp(—tx)} + {1l —exp(—db} a b od

Kelvin-Voigt

Elasto-plastic with

cw=c i) oenli-(7H) )] 6w i demten
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a

=)
AF0NTL AT T 2/ WALESE AF AALte wA, IDA WA AF
Welgabel ¥, Jela shwrebd EAe] WPt AF wswve BAE A
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Fig. 4.2 Regression analysis of Sta. No. 21K+600(crown)
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Fig. 4.3 Regression analysis of Sta. No. 21K+600(left wall)
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Fig. 4.4 Regression analysis of Sta. No. 21K+600(right wall)
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Fig. 4.5 Regression analysis of Sta. No. 21K+700(crown)

Displacement(mm)

25—

05 —

(1) Exponential
R-squared=0.945

(2) Fractional
R-squared=0.930

k2 \ \ \
40 80 120
Distance(m)

Fig. 4.6 Regression analysis of Sta. No. 21K+700(left wall)
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Fig. 4.7 Regression analysis of Sta. No. 21K+700(right wall)
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Fig. 4.9 Regression analysis of Sta. No. 21K+880(left wall)
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Fig. 4.10 Regression analysis of Sta. No. 21K+830(right wall)
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Table 4.1 The results of U, values by exponential function and fractional function

Exponential Function Fractional Function
Sta. No. U, | cmm) | g mm) | g (o) | o mm) | g (mm)
Crown 8.00 0.28 8.28 8.00 3.83 11.83
21K+600 Left 5.00 0.52 552 5.00 2.35 7.35
Right 7.00 0.18 7.18 7.00 3.25 10.25
Crown 2.30 0.02 2.32 2.30 1.24 3.54
21K+700 Left 2.12 0.08 2.20 2.12 1.29 3.41
Right 1.20 0.19 1.39 1.20 0.64 1.84
Crown 2.50 0.42 2.92 2.50 1.15 3.65
21K+880 Left 2.70 0.05 2.75 2.70 1.54 4.24
Right 2.70 0.00 2.70 2.70 1.30 4.00

dehg o A5 B

AEZ2 Zo)lE Hola 9lom Sta. No.21K+700
NAaE 2F 04 ~ 1.3mm9Y *o]E Holx t}. H3F Sta. No.21K+8800 A& <F

0.7 ~ 1.56mm¢] Aol E Holx ul, AAZoZE ¢k 3mm TE 1 ol R # A

A<kl Sta. No. 21K+6000 A &= 7 REe] Fol7t 2m=E Eom AFAE v
E gxdd 3 X7 ASHETG dadoez =4 dErwt. = T g
7F 20m=Z 7} w1 Sta. No. 21K+7009 A/l = CD #& =33 A A8}
of ASXe 28A A &2 10 ~ 256mm9 #S E It Sta. No. 21K+880¢]
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A= 25 ~ 27mme] #HS R AT
Agba o g AFart B5gant o A3 324 235 BolF7] &
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Fig. 4.11 Exponential regression analysis of Sta. No. 21K+620(crown)
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Fig. 4.12 Exponential regression analysis of Sta. No. 21K+680(crown)
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Fig. 4.13 Exponential regression analysis of Sta. No. 21K+710(crown)
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Fig. 4.14 Exponential regression analysis of Sta. No. 21K+720(crown)

_36_



+ +
i .|.-|-+ + +
+ 4t
R
0 —
R~A2=0.93

2 —
“ | | |

0 40 80 120

Fig. 4.15 Exponential regression analysis of Sta. No. 21K+740(crown)
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Fig. 4.16 Exponential regression analysis of Sta. No. 21K+750(crown)
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Fig. 4.17 Exponential regression analysis of Sta. No. 21K+760(crown)
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Fig. 4.18 Exponential regression analysis of Sta. No. 21K+790(crown)
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Table 4.2 The results of U; values by exponential function

Exponential Function
Sta. No. U, (mm) ¢(mm) U (mm)
21K+620 7.21 0.04 7.25
21K+680 3.87 0.44 4.31
21K+710 413 0.16 4.29
21K+720 3.95 0.22 417
21K +740 3.51 0.12 3.63
21K+750 2.56 0.28 2.84
21K+760 3.28 0.27 3.55
21K+790 2.65 0.05 2.70
21K+890 1.73 0.11 1.84
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Twste] AEAS AAsA
Up=A-z,,+C or Up=A"-tp,+C, (4.4)

2AHE AF3)AEAE AA 3 A3 Fig. 4.20 ~ Fig. 4.22¢] e AT
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Fig. 4.20 Linear regression analysis of Sta. No. 21K+600(crown)
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Fig. 421 Linear regression analysis of Sta. No. 21K+700(crown)
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Fig. 4.22 Linear regression analysis of Sta. No. 21K+830(crown)
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Now 49 Ugw AFHe, BrdrE 44

Table 4.3 The results of U; values by each function

Sta. No. A %< (mm) E-ds(mm) A3 3AEA(mm)
21K+600 8.28 11.83 38.93
21K+700 2.32 3.54 3.01
21K+880 2.92 3.65 3.53

Bl = AR AR el Agrt of 1ID7AA S ASEE ol8ste] A E 3724

S 3 Ay A#BATE 083 ~ 09022 vBluwAd =A dERew, Uzl

AolE wolA| ghtth HAe] Awlsh o IDAAS AZGE AR F A3
2 AR AANEA Aupvks 21, 2535 9984 Asncs 4 ek
GeiA 9 wEel dawelel ma APARNS AN Fig 423 -
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Fig. 4.23 Linear regression analysis of Sta. No. 21K+620(crown)
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4.24 Linear regression analysis of Sta. No. 21K+680(crown)
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4.25 Linear regression analysis of Sta. No. 21K+710(crown)
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Fig. 4.26 Linear regression analysis of Sta. No. 21K+720(crown)
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Fig. 4.27 Linear regression analysis of Sta. No. 21K+740(crown)
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4.28 Linear regression analysis of Sta. No. 21K+750(crown)

25 —

2 —

i O
—
E 15
E
=1 |
c
-
]
o
E -
o
LY .
o
7 U=010*X+0.18
R*2 =083
0 —
05
\ | \ | |

U] 5 10 15 20 25
Distance(m)

4.29 Linear regression analysis of Sta. No. 21K+760(crown)
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4.30 Linear regression analysis of Sta. No. 21K+790(crown)
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4.31 Linear regression analysis of Sta. No. 21K+890(crown)
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P37 EA o2 F4% U, ks Table 4490 F§ate]l e At

Table 4.4 The results of U, values by linear regression analysis

Sta. No. A BAF(R?) U, (mm)
21K+620 0.89 7.90
21K+680 0.99 4.20
21K+710 0.85 456
21K+720 0.96 4.47
21K+740 0.91 4.30
21K+750 0.95 3.20
21K+760 0.83 3.48
21K+790 0.88 2.94
21K+890 0.33 2.10

A 971 wwel dewlel digk AP 8 HEA A3, Sta No. 20K+8909] 7
F7b 0330 WS e A2 ALHY A 0992 S AA e H d 5

gtk 3 FAH WAF A AFFFE AZH A Y} S M52 PP nol
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Table 4.5 Feature of shotcrete

GRS SR I -
R - T .
Nl R N PN
r| X By
m M I
T T F |
) = ~
i W B H X oy 1
iy & i —
# 1 m iy > Njo %
ol — | & [T ! ]
Tl @ + |5 T %
B oo | T 0 K| oo -
jo | xR B Oo i " MI 0
of J
P
Ny =
A fl g |TE T o |
i wEE IR E e
5| 8 o
Sl e i - N e
TrlT e W |
W S| 2
Tol|l §EX ar |Ar AR
Nl +— 1_11_ O#E _Z#ﬁ J.E ﬂ
=N e X o oo
S| B A e
N o i I R
ol - e ol I
2P DT W ||| W
T | R T | A | P m | o T
=K ﬂu.o =
1 T
e I - O IR s
2n = N | N
U I e - -
— | G
O B e P B
™ gy M ,m.m A ECEE )
S | ™
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Table 4.6 Feature of rockbolt
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W 28 | NE 7S 35

AW Aol F ¥ MM FoGgm ohwrel AuAY vEe P
SN FAE | A7]E QugE FolE ARFEE WAAA AWHOR ghuks
At Age woh

(3) 3A
FLACS 329 (Finite Difference Method)S 2 -&3lo] A&A] Q49 %7|%4,

AAZ7E Newtond 5 A sty HY, %, AES 73t HIdES ALt

sto] AN ANE o8 SHS AL S Blaste] Fogrel Aol wEtd
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Table 4.7 Support pattern

RMR Rock 1 Rock 1I Rock 1I Rock IV Rock V
1% (mm) 50 50 80 80 100
shotcrete
22Hmm) - - - 40 60
Zo](m) 3.0 3.0 4.0 4.0 4.0
7N5=(70) Random 6/7 9/10 15/16 15/16
rockbolt
74 (m) - 2.5 2.0 15 1.2
27+4 (m) - 2.0 2.0 15 1.2

oAl A AL E A EA S FA A= Table 483 Zow A¥he] &A= A4
o HFHEIEH F3E, TG, AY, ddew ofFolA Slal Table 4.9 LER
At

Table 4.8 Properties of support

T A5 =(kg/cent) | A (ton/m’) | @9 FF(ton/m’) | Poisson
soft shotcrete 210 500,000 2.4 0.2
hard shotcrete 210 1,500,000 2.4 0.2
rockbolt - 21,000,000 7.85 -

Table 4.9 Properties of rock

T | MEASEMPa) | Eobgy] | GRTRN/mM) | WREREEZ(- ) | 2 (MPa)
THE 15 0.35 19.0 29.0 0.000
FE 30 0.33 19.0 30.0 0.020
Z 3kt 150 0.31 21.0 34.0 0.030
4 ¢ 2,500 0.28 24.0 375 0.425
I 12,500 0.23 26.5 45 2.250
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Fig. 4.37 Crown displacement of Sta. No. 21K+600
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Fig. 4.38 Left wall displacement of Sta. No. 21K+600
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Fig. 4.39 Right wall displacement of Sta. No. 21K+600
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Fig. 4.40 Crown displacement of Sta. No. 21K+700
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Fig. 4.41 Left wall displacement of Sta. No. 21K+700
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Fig. 4.42 Right wall displacement of Sta. No. 21K+700
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Fig. 4.43 Crown displacement of Sta. No. 21K+880
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Fig. 4.44 Left wall displacement of Sta. No. 21K+880
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Fig. 4.45 Right wall displacement of Sta. No. 21K+880

Table 4.11 The results of numerical analysis

FA A 2 - No Support(mm) | Support(mm) | ¥ Y7 28(%)
A 9(C-C) 2.7495 2.6265 450
21K+600 SH A L(L-C) 1.6683 1.5732 5.70
SHHAL(R-C) 1.6668 1.5715 5.70
A 9(C-C) 4.4581 3.9652 11.1
21K+700 SHHL(L-C) 0.9873 0.9617 2.60
SHHAS(R-C) 0.9863 0.9617 2.50
A 9(C-C) 1.7907 1.7749 0.80
21K+880 SHHL(L-C) 0.3141 0.3111 0.96
SHHA L (R-C) 0.3133 0.3103 0.96
2IK+880A41 & gk AeES Hdo|l Fdatal do] A Kol g W FAagol
1%m ko2 w9 A Yebytt, v 21K+7004] -2 ddgtol] waEo Qe g
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Fig. 447 Left wall displacement by coefficient of lateral pressure(Sta. No. 21K+600)
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Fig. 4.48 Right wall displacement by coefficient of lateral pressure(Sta. No. 21K+600)
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Fig. 4.49 Crown displacement by coefficient of lateral pressure(Sta. No. 21K+700)

20 —

| 24 BD 21K+700 : Left
"" —o—k=05
] --a--k=1.0
K b4 0 —OF - k=2.0

Stress Release(%)

Displacement(mm)

Fig. 450 Left wall displacement by coefficient of lateral pressure(Sta. No. 21K+700)
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Fig. 451 Right wall displacement by coefficient of lateral pressure(Sta. No. 21K+700)
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left
0.264
1.123
2.877
right
0.023
0.292
0.829

left
0.265
0.806
1.894

crown
2.974
2.621
1,942

Left Excavation

0.904
0.771
0.506

crown

k=0.5
k=1.0
k=2.0
k=0.5
k=1.0
=2.0

k

Sta. No.
Sta. No.

21K+600
21K+700

Table 4.12 The results of numerical analysis(Sta. No. 21K+600)
Table 4.13 The results of numerical analysis(Sta. No. 21K+700)



Table 4.14 The results of numerical analysis(Sta. No. 21K+880) (49 mm)
AdH =2
Sta. No.
crown left right
k=0.5 1.935 0.052 0.051
21K+8380 k=1.0 1.775 0.311 0.310
k=2.0 1.502 0.834 0.833
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Table 5.1 Analysis data of Sta. No. 21K+600

analysis crown(mm) wall(mmm) displacement ratio
Exponential Regression 8.28 5.52 15
Fractional Regression 11.83 7.35 1.6
Linear Regression 8.93 - -
Numerical(k=1.0) 2.55 1.57 16
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Table 5.2 Analysis data of Sta. No. 21K+700

Analysis Crown(mm) Wall(mm) displacement ratio
Exponential Regression 2.32 2.20 1.05
Fractional Regression 3.54 3.42 1.03

Linear Regression 3.01 - -
Numerical(k=2.0) 2.31 2.72 0.85

TR T Ay BT Aet 2 AolE Bola jlo Hdweleh =
Hele] WejH & o] 085 =A Agiaret Eadtare] 3L ARy vig 2

vebdth 28u 345 10004 FREH S 3T wo] Hehafrl 3.82mm, 4
HA7F 0.96mmE v &o] 2k 4082 e
Sta. No. 21K+8302 ZA¢o= FA45 o] oy, daddzzs HE3qr. ARE

0

shotcrete 50mm, 4m Z°]¢] rockboltZ 25m 7+A oz AX&Art AZ71+= 44 5m

Aol Ax] @ AZ3stH T Sta. No. 21K+8809] #4123} = Table 533 #t},

Table 5.3 Analysis data of Sta. No. 21K+880

Analysis Crown(mm) Wall(mm) displacement ratio
Exponential Regression 292 2.75 1.06
Fractional Regression 3.65 4.24 0.86

Linear Regression 3.35 - -
Numerical(k=2.0) 150 0.83 1.81
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