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Safety analysis for the tunnel adjacent to the pier
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ABSTRACT The finite element method and statistics of the convergence measurement are useful method of the
stability analysis of the tunnel adjacent to the pier. It is the purpose of the this case study to certificate
of validity of the application of those methods. The safety of the pilot tunnel method and LW pre-grouting
has been evaluated from the FEM analysis. The three-dimensional finite element method is carried
out for the decision of the level of stress redistribution at the two-dimensional numerical analysis.
An analysis of the convergence is carried out by the estimation of preceding convergence at tunnel
excavation. F-examination is applied for this estimation. As results of that analysis, The F-value is
from 10.81 to 158.74 and the coefficient of determination is from 0.82 to 0.99. An analysis of convergence
is carried out by using regression analysis. Consequently, it is shown that the convergence can be
modeled as following function C(?) = a[1-exp(-b1)].

Key words pier, FEM analysis, pilot tunnel, regression analysis
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Fig. 1 Geologic cross-section.
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Fig. 2 Estimation standard for the approximation range of
tunnel adjacent to the pile.

3olck. 24 Aol HiRt ke wdiet wzbe] 71

ZHE TR gH(HHAAT 2 THEBB)of| tiske]

I o] B7E Aol ofstH LﬂdAA’QJ 73%

wzk gl oz 2R ()9

BB’ ¢ wdje] e F&F 9 Xl@i ‘:‘EHL}
=]

wze] A9 (FPAN= W= o) 2uEy
of ofshd & MG Bd Ane] wk R wefe} o)
# 2R Yok Al 27 3 B 09 5

ke EYEA g B¢

HuB] o) ARTEEe 2 vel Bl o

4. 2NYNS OI8Y AN B
THEE] Bl AT Hieh Aol 2 A9
AR mee] oAl Shrg Aol EldS 2Xs)

7] 918k Ak RS A4St T S gl FAPHoNt

At 7to] desiet ol 98l PiloteldS =2} 3
3 Y ARE LW kb o) ®rela s

3= Aol AAEIQlen, o]d tiEk ¢k 3
7V ol RetesasiiE stk sidole #E
f3tas sz gl wl=F HKSAR] ABAQUS
STANDARD Ver. 6.1-& AR&3}5ch

4.1 SMIe
AHk @ gHdAEE Z17] Mohr-Coulombe] w}y]

N2 HeT B L BS Skt

UGS Fig, 6] Shzel Heliel 2eh. A

Table 1 Estimation standard for the approximation range of tunnel.

Items Condition

(D) P S

2By =(Df>-Df)tan(45°- §y2)+B,

(D,(IHY =4

oA=AAE AFHA %= B

H _9_20 [o)

b T %, B;) 5m ¢ , Bi=5m
DBy 1.5B;

(I gaFel we @By <(Dfs-Df)tan(45°-¢2)+1.5B;

o 2= 4B,
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Table 2 Rock physical properties applied to the analysis.

Unit weight Deformation . . Cohesion Friction angle
Rock R /m3) modulus Poisson ratio (t nf/mz) (deg)
(tonf/mz) o ce:
Filled layer 1.90 2,500 0.35 3.0 23
Sedentary deposit 2.00 5,000 0.35 3.0 23
Weathered rock 2.20 20,000 0.33 10.0 25
Hard rock 2.50 150,000 0.25 20.0 35
Table 3. Support physical properties applied to the analysis.
Proverti Rock bolt Soft shotcrete Hard shotcrete
operties (truss factor) (beam factor) (beam factor)
Elastic modulus 21,000,000 500,000 1.500,000
(tonf/m”)
et Pilot tunnel 0.1 0.15
Crcz)ss section area 0.00049
(m”) Main tunnel 0.15 025

316 Rl



g— AN LWIERSH] 49 HEArs

F7M07 Agsigon JEgsel ¢ OWE @&
aﬂ & 20 ZWA 0ymiew Agaidth B9ES
2 3o 2L TSk 240t/ m’ o R HEIct
shol Hest Taew T Alel S4AE Hejehd
Table 48} Zt}. SUAG = Flat jack method-& ©]
S5 BPA 2l 122 Hgarrt

42 SiF2EE2Y 27

Fig. 4 siizale] we} apgriele] be A

ShlES EARE Aolek. o] Au] t=wm AN
o SRFEHA] T2 e Holk R ¥ 4 9

ok SHHRACIAL o] 33 SMEUE Hgstol
Piloteld 23 9 AHEE Ao 222F g}
AA) A 5%, 1% W 2% feelE Aol
12%, 3% $ATE 2 SBE Ao oA 30%
7h ol o= sk sk 2R A9 24
F usih AR wsle) 52%, 13} @ 2% seelE
Aol 9%, 3% ST W YBE Aejold L]

2] 39%7} Dojup= Aog 7HEsto] sjadslgie). Fig.
5= 32k siA Al AshEztel wE HPEHIE
ZAIEE Aol

43 ofiNE

By AR wgo] x2E gt HE= " 227
o= Q)3 THEAMTHRO] WS y|Roa AESGon
WEo] ZonpElEe gl Aoz J1ASHth Baker
(1991) 5o =W QJIHZE 7|ZAP0|S RFsk= 7}
He| 7|Eo R TR A AT olA= 0.003, A&7
A= 0.004HTh 39 o= Aoz Rysty glon
=20 ERARA (199, AdmEH)o| oJstH W
O ARGRE AAE = e nHe sHolsel
3t 3-8Xx]= 15mm, %E}Xl‘dbﬂfﬂ-l &A=

30mm, 7]%7ke] F-SHLFE2 20mmeolstoltt. s
At wzke] B Z‘JEH—.—&!%H? 16.95mm, <=

Blol 853mm, ZHHel 0.000302 FMEgom,

o] ¢ HoiHeE 11.01mm, Foij=EHe
L 8.81mm, ZHA9l: 0.002182 sA=|c) o|df

LA Al ()

ol
-60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.
Oell ~ T T |
hY ] ' I
- AuEm
i 0.20 aterzat
0 \
ol
. I \ 1 o
g\; 0.40
3 I
5 }
¥ 0.60
OF -—— e 1 | 1
B 0.80
oo L | : | D=l
Fig. 4 Settlement history curve.
Table 4 Rock physical properties applied to the analysis after grouting.
Unit weight Deformation modulus Poisson ratio Cohesion Friction angle
(tonf/m’) (tonf/m’) (tonf/m’) (deg.)
2.40 30,000 0.33 20.0 25
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Fig. 5 Three-dimensional displacement contours.

Table 5 Displacements analysis result on the closest part to tunnel of the pile foundation above tunnel.

After pilot
Ttems Vertical displacement (mm) | horizontal displacement (mm) | Displacement angle
1 1.11 0.83
2 0.91 0.80
Pier No. 5 0.00016
3 0.73 0.73
4 0.56 0.66
1 0.45 0.64
Abutment 0.00017
No. 2 2 0.77 0.78
After half upper section excavation
1 15.77 7.48
2 13.73 7.75
Pier No. 5 0.00185
3 11.66 7.63
4 9.66 722
1 6.30 7.10
Abutment 0.00208
No. 2 2 10.05 8.20
After the whole section excavation
1 16.95 7.89
2 14.90 8.26
Pier No. 5 0.00187
3 12.82 8.24
4 10.78 7.94
1 7.08 7.76
Abutment 0.00218
No. 2 2 11.01 8.81
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Table 6 Analysis results on tunnel displacements.

WIAZE ASEEe] AH B ohet 994 @ A
AR SRl B Aol Bgel] AL
2ol AT 4 G A ARy e A=Y
o Eguee] dat uEusle) Z4elc

B sk sy £ Augte] Az
st2 Aoshe Zeolth SAUNE AFew 22 2
Aol Ax|solof 3w, ol BIY YA ARzt
3 22 AAAe] BE Polnz 24 Aol ¥
Aok WslE Zol7] SaiMelch Aol Mol
Hloh o] 271X 249 9IRS argzte] A
e X, AR T, Z48 H944S Dk 3
W, golel ARk Tiol AT A 29Nt 2247
PYezke] Azl Xelxm, A4& D7 Eek webd A
2 X} AR T=Ti-Too) 320 e 9] Ck the:
3} gk

(X, T)=D—D, @D

Excavation After pilot After half upper section After the whole section
step (mm) excavation (mm) excavation (mm)
Items Step 1 Step 2 Step 3
Roof 7.82 28.22 29.21
Left SL 0.75 1.98 3.80
Right SL 0.73 2.42 3.14
Bottom 1.99 293 5.82

Table 7 Stress analysis results on the supports in each excavation step.

After half upper - After the whole -

Excavation After pilot - - - : Allowable

step secion excavation Section excavation stress
Items Step 1 Step 2 Step 3
Shotcrete axial force (tonf) 53.5 169.8 155.8
Shotcrete bending moment (tonf - m) 0.10 1.69 1.60
Shotcrete shear force (tonf) 0.66 6.94 942
Shotcrete compressive stress (kgf/cm2) 38.30 8.41 77.70 96
Shotcrete shear stress (kgf/cmz) 0.44 2.78 3.77 3.87
Rock bolt stress (kgf/cm?) 715 1530 1750
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Fig. 6 Normal stress history contour in each excavation step.

Table 8 Modelling function of the convergence in tunnel.

No Modelling Function Parameter

1 C(D=all— exp(— br)] a, b

5 C:a[l—exp(—bx)]+c[1—exp(—dt)] a, b, c d
_ 0.3
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(c) Convergence on pilot tunnel

Table 9 Regressive analysis result on measuring data.
(a) Roof settlement (half upper section excavation)

(b) Convergence on the half upper section

Station No. a b R squared Final settlement Calculated final
(mm) settlement (mm)
23k 010 5.818 -0.165 0.97 6 5.82
23k 030 3.014 -0.213 0.93 3 3.01
23k 050 4.910 -0.205 0.94 5 4.87

(b) Convergence on the half upper section

Station No. a b R squared Final settlement Calculated final
(mm) settlement (mm)
23k 010 5.275 -0.133 0.98 5.40 527
23k 030 3.032 -0.050 0.72 2.70 248
23k 050 4.227 -0.194 0.97 4.40 4.19
(c) Convergence on pilot tunnel
Station No. a b R squared Final settlement Calculated final
(mm) settlement (mm)
23k 010 4.016 -0.058 0.96 3.80 3.84
23k 030 7.778 -0.107 0.93 7.70 7.74
23k 050 10.323 -0.151 0.98 10.20 10.24
23k 070 5.146 -0.235 0.93 5.50 5.15

322

Fig. 8 Measuring results of the settlement and the convergence.
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Table 10 Predicted displacement results at the unmeasured sectio by initial displacement tendency.

(@) Roof settlement (half upper section excavation)

Station No. Regressive formula

F Value

Displacement at unmeasured
R squared P

section(mm)
23k 010 -0.390 x 0.407 10.81 0.82 0.407
23k 030 -0.179 x +0.586 17.18 0.90 0.586
23k 050 -0.183 x +0.416 21.05 091 0416
(b) Convergence on the half upper section
Station No. Regressive formula F Value R squared Dlsplacemen.t at unmeasured
section(mm)
23k 010 -0.349 x +0.434 20.95 0.82 0.434
23k 030 -0.106 x +0.310 16.02 0.90 0.310
23k 050 -0.179 x +0.509 158.74 0.99 0.509
(c) Convergence on pilot tunnel
Station No. Regressive formula F Value R squared Dlsplacemen.t at unmeasured
section(mm)
23k 010 -0.058 x +0.319 19.81 091 0.319
23k 030 -0.066 x +0.189 73.23 0.97 0.189
23k 050 -0.238 x +3.458 34.67 0.95 3.458
23k 070 -0.322 x +0.878 74.67 0.97 0.878
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