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Abstract

Based on the TBM tunnel project of Daliangshan No. 1 pilot tunnel in Sichuan Province, aiming at
the problem of large tunnel deformation in soft rock, the primary support system of TBM tunnel is
designed. Through the calculation of the support resistance provided by shotcrete, anchor rod and
H-shaped steel arch and the self-supporting force of surrounding rock, the shear slip failure me-
thod is used to calculate and select the strength and thickness of shotcrete, the model and spacing
of reinforcement mesh, the type and spacing of anchor rod and the model and spacing of H-shaped
steel arch. Under the condition that the reserved deformation is less than 5cm, the support mate-
rials with relatively small model and size shall be selected. For class V surrounding rock with poor
integrity in the project, C25 strength concrete, HW150 I-steel and @22 cartridge bolt are used. In
other surrounding rocks with better support capacity, the support materials with smaller model
and strength are used respectively, which can save the space cost and construction cost in the tunnel
while ensuring the construction safety. It provides an idea for the design of TBM tunnel support
system under large deformation of soft surrounding rock.
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Figure 1. Schematic diagram of construction section of Daliangshan No. 1 tunnel K2 standard leveling guide tunnel using
TBM method
1. KR 1 SEE K2 #xF 58 TBM &t LR EE

ZI0H SR By & 4 Wi FRE E SEHL(TBM), SCHEACRTRE: L. Bift. ANHLZE RN 57 I 45 .
2.2. TiEMR

BEIE AL T 2 02 m JE 5 ) P R Ll s, AT R AR, BREOL R, s ARG, &
4042 m, BARALELGT 54 IVIICA 1, W5k 440 m, —fETE 2000 m A Ay . FEIE IR B B R R =
BRPGTE N KGERT (T + 2L) M2, AMEFEEBIEW, ). ZEA(1). ARERE. JBE. |
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3.2. XIPMAOWITE

AP RGP R SR HU S BTN R AR R R AR S S B EAE TR AN L AN
HEIE AT DL ELE B SRS, ina@Q)FR.
P= Pl(”ﬁﬁf) + Pz(’EW?E) + PS(%H) + P4(71u§) > F)min (1)

4. BT HIRBBIRERNBE P RERIT

60 AT, BRI AT ZE4E AT Hd% ﬁ%%ﬁ?ﬁﬂﬁ%@ﬂ@%,%ﬁ%ﬁiﬁiﬁﬁﬂ%
FESE YIRS, BAEBY DIRA AT 30A H Bpe il T 2E[10]. Ak, i AR A (18T 1)
BRARATERLEZN, BT PrsiRE N R .

4.1, BBIPGHRITHTER

411 BRERH#EOBRERZRA P
Wit e FR I B U) e R AE BT VI X BT (A DTBY . BV BRI BTIE T MR SIS, X wiRe =
PAECTEST, MR R R AN R, BYUITE AR AR BRI AL (B B R IX) T A BB A I
NIRRT AT — 5 ) 72 S BRI A DS RIS, st b (K et 5 EEAMIK T 15 MPa,
BT BR N 20 MPa, AR#EHLZE5H), @BCKH] C25. C30 RAkt, HBihuRfE R s a5 B )
L REFE M E AR AE AT R R [11] . P S HA PR AR R INR 1. 8 2 fms

Table 1. System resulting data of standard experiment

* 1 BRYENFEH

FEp 71 i v \Y;
HJE y (kN/m°) 23~25 (ML 24) 20~23 (MK 22) 17~20 (¢ 19)
A E (GPa) 6~20 (5t 15) 1.3~6 (B 5) 1~2 (L 2)
HER /N 0.25~0.3 (i 0.25) 0.3~0.35 (Ht 0.3) 0.35~0.45 (X 0.35)
WIEEHES ¢ () 39° 27° 20°
$5% 71 ¢ (MPa) 1 MPa 0.5 MPa 0.1 MPa
Y o () 25.5° 31.5° 35°
BN ) XI5 58 B2 b (m) 7.16m 6.76 m 6.50 m
S 10 6 4

Table 2. System resulting data of standard experiment
2. BEDRRLTIEITEH

.. % ST VR gk - o 2 2
PR
Cc25 C30
PLEY 3 7/MPa 1.80 2.10
WEEEESR puf° 50.6 50.8
W BT VDA ol 19.7 19.6
o= E — 2 (2)
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Table 3. Radial support resistance provided by concrete spraying layer P/

3. BRERENERSIFRA R

I B YR AN[F) S il B R L S BT B (Um?)
5L AL n Y% \Y
C25 149.21 x d, 157.95 x d 164.40 x d,
C30 174.93 x d, 185.17 x d 192.74 x d,

4.1.2. FHERBEEF S P,
P’= 2'-:5Tt
bsine,
H ARl Q345, Fo oA H AR R IHI T AR, B0 mP; o AN iU BT 58 B A 392~496 MPa,
HY 7, = 440 MPa = 44,000 t/m?; a NN BT F, o = 45°. RIRIEEA N 7.93 m, BIETIZEE 5<B<10
m, —REE YT TR EANPAL[12]. AFSESE A PR AFRRS H AR, (HREAR NS
P, W% 4 FioR.

®)

Table 4. Partial design parameters of H-shaped steel arch and radial support resistance P,
= 4 H ARSRAOB ISR R R EIFR AP,

% SURSE AL Fs (cm?) T EZ 35 M. 1V %A IV~-VI [
HW100 x 100 x 6 x 8 21.9 — 40.31 41.96
HW125 x 125 x 6.5 x 9 30.31 — 55.79 58.07
HW150 x 150 x 7 x 10 40.14 — 73.88 76.90

4.13. HEEANEENEREHER P,
IR 245 T3 T A BSBRIE VISP, — B kgAY, R am ALK Y8 N E R3] [14] [15].
1) #iFFKE L

L>L +L,+L, 6)
B+Htan(45°—¢j
B R 0

K@, Lo AR, BUL =01 m; L ARFFA AR Lo NEEFFEEECRE, B L;=05m;: B
NBEEEEE, BUB=7.93m; H ABGERE, BH=793m; o NESEANEEM, fNEESKAS, &
T A o M FUZE 1 iR,

2) HEFFEETE 77 Q

Q=KL,ety (8)
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Table 5. Parameters and calculation results related to bolt design
5. WRITHEX S HMITEER

A 5 4
HFF AL S H " " v
Bl R0 RN 1.0 1.1 1.2
B AT S EETHE L () 1.37 2.07 2.98
B FFAMEE KR Ly (m) 0.1 0.1 0.1
B A R FE Ly (m) 0.77 1.47 2.38
AR T K Lg (m) 0.5 0.5 0.5
HEAFIRTEE e A0 t (m) 1.15 (BX 1.0) 1.0 (81 0.8) 0.92 (H2 0.8)
B 71 Q (Ym?) 37.19 44.42 57.87
B E AT d (mm) 11.63 (HX 16) 12.27 (¥ 20) 14.51 (X 22)
K (m) x 1R 2x14 3x16 3x18
2% (HR/m?) 0.9 1.3 2
, S
R=— (10)
P, = Pg,)(cosw—cos&0 (11)
CoOsa

Hob, S ONEFFRIR S, TR EAR R AT SR . Ha(10). (L0)F5 H KPR A P ) B AT 7K
H ) P EHEE R0 6 iR

Table 6. Anchor bar is commonly used in different grades of surrounding rock

#* 6. TRIFREETERETNGR

AN TR S 2 B AT B 5 32 7

i 24
m \Y, \Y
H#iFF E A2 (mm) 016 920 022
HIFFRIAK 7T S (tUm?) 7.64 11.93 14.44
SRS Py (Um?) 7.64 18.59 22.56
kTS Ps(Um?) 2.22 8.55 15.36
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4.1.4. BIRKSRRNZIFRAP,

_r,5'cosy —o,S'siny
- b/2
KA, S ATIVREREARKIL: 10y o0 2 AT IR T BT DI AR BT A2 T A IR f o AN[R] 585
ARG HOBRHEE A B B SXP5077 Py Wk 7 fios.

P, (12)

Table 7. The supporting resistance of surrounding rock itself when different strength concrete and different types of H-shaped
steel arch frame are P,
7. TEPRERELMAERS H AR EE B S P,

I G VRt H T4t am ANEZERE A B & B3P Pi 7T Py (t/mz)
BEEH BIRA N1 () v v
HW100 x 100 x 6 x 8 2.34 +523.84 x d, 13.80 +435.71 x ds 4.73 + 146.27 x d
C25 HW125 x 125 x 6.5 x 9 2.34 +523.84 x d 18.07 + 435.71 x d 6.17 + 146.27 x d
HW150 x 150 x 7 x 10 2.34 +523.84 x dg 23.06 +435.71 x d, 7.84 +146.27 x d
HW100 x 100 x 6 x 8 2.34 +614.15 x d 13.80 + 510.81 x dg 4.73 +171.48 x d
C30 HW125 x 125 x 6.5 x 9 2.34 +614.15 x d 18.07 +510.81 x dg 6.17 +171.48 x d
HW150 x 150 x 7 x 10 2.34 +614.15 x d 23.06 +510.81 x d, 7.84 +171.48 x d

WIS T AR TG B A KT 5 om I, R ZREELOREAF S, JEAE . H AR S | HiFF 2L 5 an
% 8 .

Table 8. Selection of concrete strength, thickness and type of H-shaped steel arch when the reserved deformation is 10 cm
8 MEBTHERN 10cm FERELTRE. EEMH RNLRESHEF

AN TR B A5 R it )5 E d (em)

Wi R H Tt - v v
ISR AT HFFR . EA(mm) x ACRE(m) x HR5
pl6 x2x14 920 x 3% 16 922 x 3% 18
HW100 x 100 x 6 x 8 3.57 7.85 11.88
C25 HW125 x 125 x 6.5 % 9 3.57 6.87 10.90
HW150 x 150 x 7 x 10 3.57 5.72 9.76
HW100 x 100 x 6 x 8 3.04 6.69 10.14
C30 HW125 x 125 x 6.5 x 9 3.04 5.86 9.30
HW150 x 150 x 7 x 10 3.04 4.88 8.32

4.2. TBM FEE#HAZ IS5
1% TBM LEEFRF A2 VIS R G et 45 B ansk 9 Fios.
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Table 9. Supporting parameters at the initial stage of TBM excavation
= 9. TBM FHZHEAZ 3PS

R
me ¥ cosmm 954 LiHAT T
sl SN : :
wE g wE mem P mem ke T e
" 5 A=W 5  #LE180° 8 20x20  HEEE90T 016 2 100 x 100 —
IV 5 AW 10 &K g8 20x20  BHHIS0C 920 8 B0X80 ¢ gsug
Vo5 RWiE 15 AW 8 20x20 180 22 3 goxgo LMY
5. (AR
5.1 BEER

% TBM BEIE tHANHEE DL SR B AT IS4, BT H IR T ABAQUS, RAHIELEA i /)5 AL,
AL Lk R ¥ TBM BEIE SCH A BR TR, X SR S5 kA7 A7 BR o0 5 90 A o B S5 BROR: 6 Ak v )
B R 350 R R PP V], P T8 1% 4.98 m, BEIE VR 100 m, B FE 3 1 i Ak ) A A 28 344 (E = 15 GPa,
u =025,y =24 kN/m?), C30 i&#kt4FHI(E = 30 GPa, x = 0.167), JE[E N 0.12 m, FEIEMEAA UL 2 fr
N, Fodr, THlH B AR R .

Figure 2. Tunnel mesh model
E 2. BREmiEiRE

KR AR E S, TN E B, . FEAVRZANE, 2. AHEAERZLAR, #RKF
2R, JRIEAZ AR, FAE . TIIRCE B T2 5 4R A SR $.50(C3D8R),  FEAMEAIILA 25,700 /N H
TG VR EAPRER SRR, BlA PRER R AR R [16]. ALRIEA FR eSS R A S R i 2
A BRIC TR, fEFH ABAQUS FEFLIER % TBM FEiE Vi &t - S A K AR 455 .

5.2. BN DA EERFEZEA R

YIGEN. 11375 TBM FRIE T2 2 BT RN 7137, BeE R B BN SRR i v 4k, BT iR & ik
WM E 45, WIiEfr @ s i%y 0. @it E A *INITIAL CONDITIONS, TYPE = STRESS. INPUT =
FILENAME.INP (7772, IR ERA TR SZbriligk . AR NS Wa s, K “AE58e
V£ KRN RN R 17]
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53. TE&RS 5
T2 RSERE, AR 5040 = BAE 3(a)~(c), BEIRKRAERIMR U 4(a)~(c) .
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Figure 3. Cloud diagram of surrounding rock stress distribution

3. BENASHEE

IIHTEE N AR, RIEEA B 2 J5 KT 7] B ) #E—-1.424e6~4.597e5 Pa 2 [A], B /)
7£-5.195e6~—4.329¢5 Pa 2 ||, Mises M /J7E 3.703e4~2.118e7 Pa . [8], rf, Mises N /75 FH g5 H(
FHEC R ZE/NT 20%, B BETHURACDHE HE B SR AR S BRI X s R FHHE B H IR g R X3, e K
I8 77 Y ILAE BE R B HE R A, K/ 2.11867 Pa.

U, Magnitude
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Figure 4. Cloud map of displacement distribution of surrounding rock
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H1 LS LA I 0 A AT R, AR BUR K IRE Y 0.27 mm, RS RSRAL; ok m g m
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P AN AN, BRI IR R R AL RS ORI L7 o ) i e L B R R e P B A8 22 5 ) LR A
SHEBTHEAR L, AT ER T ESE.
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RSNl p = P oy I o ] 1 31 T N
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