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Abstract

The philosophy of the new Italian tunneling method (NITM) is to keep under control the extrusion
of tunnel workface and keep front rock stable by pre-reinforcement of front weak rock, and finally
to achieve a full face excavation. Due to its being easy to break, the GFRP bolt has become one of
the most important methods for the pre-reinforcement of tunnel face when tunneling with NITM.
When applying GFRP, the density, length and overlap of the reinforcement constitute the parame-
ters that characterize this reinforcement technique. Based on the application of GFRP bolt in the
project of Qikeng Tunnel, Zhejiang province, this paper has obtained the relations between the
extrusion and the design parameters of GFRP bolt using finite element method (FEM); this paper
also suggests that the extrusion of tunnel face be taken as the index to judge the stability of tunnel
face and the design parameters of GFRP bolts. This paper has carried out a comparison analysis
between FEM results and site measurements, and the comparison shows that the FEM results
agree very well with the site measurements and can be practical and instructive. The authors be-
lieve that the viewpoint and method mentioned in this paper shall be a good reference for the sim-
ilar project.
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1. 518

1970 AR, BOKHFZE# Pietro Lunardi GNS7 1 4% %5 AR T 4% ) BE 1 it T3 (Analysis of Controlled
Deformation-Rock or Soil, ADECO-RS). H 2006 #4244 FIFKE LK, fE+HAFEE TAEF AR TR,
X —J5 A R BR A e KR % it 132 (New Italian Tunneling Method, NITM). 35 78522 A% 0o 2 5o Fig 8
BT S SAREAT IO, A2 S AR NI AR AR DR, AR AR TR E Y,
PRSI A AR, 1T SR 55 5 R R T 1) A W T T2 2 B H b o L r R B 4 4 3 R A A5
55 b 2 R S T R i A AT TN [ A A . — .

P HA AT AE R AT & — Fh B B AT 438 5 5 A D B B A, 1T DU S O A S 0 R, R I T
BRSO . BT R AL S Buhio By, SRARMBIREGE mE mr,  m DS A% Se 4 i
FE—BEREE 77, PTRAIEE SR TN B B ROR s Mo ELBEBS 27 48 A IO BT A PTHsR B, S 1S
Ak, TPAEHLMRZRR, U HOE A R A R B O R

B AF AT T 5 F I AT 5 %O AR TN, E AN RBIIR 2 . Lunardi #4%(2008)4iE T &K
FIHC K R S5 RHRE 1 23 R FH B £ A3 S B AT AT BB T A 2 e AR Tt m [ 22491 [1] . 2008 AEiX) %8 B 2k
0 BFR T e T SR P 35 8 T AT %o A B T I 7 S A AT TN Ak O P s T 2 ekl BT, i B
BEHAMEZ NS TR A IR Ve 525 IV~VI B SSH A [2] . BRIRAT 4ER AT 30 vl AR H e 4 Bh
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FART P S, AR S b 2 B 4 0 (AR S AT, 2015 ARV T Uk B (L R T TR 1 BRI B AT
PR AR E MG, TR A TSP A 7 BEIE AT AN E TR AERR[3], e seal 1 BEIE 4
TFFH2 . B L R 1B Ah T4 KA R ARUZ A R ICE HL S, BIE S50 V K. 2017 4, =ik
S Bk B % 3 1 R B R AR 2 (R VAT 5 KA 4D J2) I8 b D 2 7 T e A i, e
SEGE T AW . FH)E, RAACE e R B S AT 4e A 4L, XS iar 7 LR TR IO E, &
LRI 5E T R T e X R P4 3 it T [4] . 2018 AEATTT IR M R 2 1Lk 8 R ) B 338 4 A Bl A A0 K B 2L
B, X TR AR Z AT WO, SRR T ORI (175 m?) B (I ) B 1 B 3k 5]

TERTRIEREIE vt Rt T Hp, SR FF 3B £ A B AT SR AT 55 THD A0 7 25 A T J ] ) 0 B i R Q] s o
FEOUN N S50 BFFROEE R BT IR AT R K . E AT AR BA[L] [3], #AT LRSS
H PSP AR TR B VIR G . FIER BRI —FF, =4EA BRTHUE v 5t n] DL 28 S 158
RVERRIE P2 AT T8I R T Tl BUE BT 5, v LA SR AT A S S B0 3 7 T B
HAS T HIAE BLOG &R, S 5 B 1 AR T AN T A e 1 R AU DG, v LA TS 300 i SR AR 4

WL G25 K ()R mrid i 22 & B B 2 B AR M AT Db o ik IV R, SR =k
JEFRREAT AW T2, o 7 TR A R 0000 R FH 35 3 41 4 S AT

B0 BB AT AL BT AE AT DUBEE BT ROE I AR SE R, A SR SR = 45 B o R S £ 4 5 AT 140 m [
RORBAT V8T, 53] TR S EONE T AT OC R, [R5 28 SR 7 2 I 45 SR ik
177 ST
2. TIEHLR

ZRGkE I A TR B AR VA ME Sy ZK54 + 235~ZK54 + 255, [ 18 5% FH X B 6] = 23, Hdb ki oy =
O, BEIEE R 5 m, 5 1475 m, BIRFFZHAA 1545 Tk, Zh BB ERTAEE N: B LN A
EREK S, JEEL 6 my SRR EIKE, JEEZ) 2 K hRIEEK S . BTAT L, WEEEE,
FRNERBUK, AR, ez, BT IV &—V FEE . R R BRE T O G it .

T IR B UG T, 5 R 7 AT T, RS R ki . AR T R LK,
Xof TR AT A% O 5 R FH B S AT S B AT AT I B, SR G 4% AW 42, sl 1 fos . B AR GFRP
d S VESRANAT, AME 22 mm, K 15m, R 7m M 8m WK, WE 2 Fras. #iAFEEE N 4mx 4m,
HFF B RN 6 mo VMBI RAKEIK, FH5F0m. iR E RN ER, ERE4ME 32 mm,
ERKE 200 mm. P14 R 200 mm EWEREEE L + RGUEFT + BHELE + HRTEW.

Bl M EE )15 280035 1 Fos . WG SCP MR 28003 2 BivR . SR ET 4ER AT R F 1)
YB3 SR 3 R
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Figure 1. Sketch for NITM
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GFRP%44F
Figure 2. GFRP bolt and its links
B 2. IWIBAYEBHTAINERIERE L

Table 1. Properties of surrounding rocks
1. EEMEHFESH

BBl 4 ¥ (KN/m°) WA E (GPa) EN VN M % 71(kPa) P EEE A (°)
v 215 3.00 0.32 22 27
Vv 19.0 1.00 0.40 17 22

Table 2. Properties of the materials of primary lining

® 2. AP RIE N F 2%

TR o (KN/m®) FPEfE E (GPa) MEr/N= P K 58 (MPa) Puhi 5 & (MPa)
R E+ C20 22 21.00 0.2 10 11
RGN B e 78.5 210 / 300 300

Table 3. Properties of GFRP bolt
3. WIBAUEEAT NF T

HMEIEEIR  WREE METEAR AR WBRGLhisesE MM BfEE EMEE DR WRM
(mm/mm) (mm) (mm?) BiHi 71(KN) (MPa) (N*m) (g/m) (GPa) (MPa) KK (%)

22/8 10 280 17 >600 80 590 40 >400 25

3. IR LT S BT E FUn B E 534
3.1. REETERR #AT N E A IE

% Horn [6]7F Janssen (1961)f GBS, FRIEIT12)5, BARFRREIE ¥ PR E, SOEE T
FAER—RMES p, W 3 fos. X TIREEES, EARAR S R sREE W] DURHEIXANE T, AEX TR GS
WA, AR I NI FE AR FEAS 2 LSRR U8 IR R Jpo WERAS RO B 16, 3 R R AEARRHT
B, BRASERE. TRIEH TR FHAT RS R, @RS R s RS, 5 7 TR0
T3 HVER S5 0 A3 LTI, AN 45542 58 PR 0 3 F IR AL 2 88 1 R 7 p, il 4 FoR.

P L L L
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Figure 3. Sketch of the forces on the free body of the front rock
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Figure 4. Sketch of the pre-consolidation of front core

rock by bolts
E 4. EFEEIAROEFETERTMERER

ST BT X S T EEAT R AN [ AL T BRI AR T 1 -

1) BN SRE R RORE A, A ) AR BB, AR E T I TR R 0,
K5 R

2) LR, LR B L E AR, S R RS, HGR T R Ak RE, 1R
T IS WRIICMNEEf @ o BCARIERN N o, I0E 58 AT G T A I HUBY 55 2

R 2425 :
R =c+o, tang (1)
3) AT I R AR AR TR £ DU ) B T X 37 TR 7 AN 20 AR A, AR BE e 2
TR FLHTTT B AT AT B RIS 5 1 R IR SR AR DA D, S T REE R
SEMERI 22 .
FL b, i B A G EARE B R ATS FEAT AR  n  TE A A AT AR A R
il 5 fim .
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Figure 5. Mechanism of rock bolts in front core-rock of a tunnel vs. that of soil-nails of a slope
5. EFHEBIARUEAETERTNEES K 5T mEM R B R EE

3.2. RAFIBAHERITHITEINEMK R

PESXS S5 N E R 84T, R EEREA R E BT I m H 1, b ETmmsh A, £% L,
UL A 1RSI EER . (ER XS T B IE THZ I A I B AT, e 38 B 2 (8 1 5 et T sk, A
R 5 ST A2 1 A FEAIANME o AL SEROAN A B AT, BRI PT DU BIRE STl i H i, (HAEZNEHIER
w, AGWER, SEURSHRIUN B MR, TBIE L 4E AT IR0 B XL RS .

IR YI[7], BIRAAET R BALUNR R 1) JUBTAHURREAS, 5 THZRR. 2) k4
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Bt B, O ASR BURERE ) ([ RN E AT A A . 3) MR, HER, BIELYE
BT L 9 5 AT IE BB AT 0 1.5~2 % T E A R O R Mo RS AN BT B4 AT ) 1/4~1/5.

4. RIBALEHITTME AR TITE SR

S R AT O B AR BN B AR T L BT AT 5 0 FRMACSIOR AN B T RSO T A
TR E BT R bR . FEBLTFIT B 0 B AT AERAT R AT N B A S S HOR L AR . IR
TSR WS TR PR KL,

VPRI FURY], WA RS HCS T IS AR VIS B REA I TR 0, R =4
A IR TTEHAERAUT %, X% 00T BEIEAE T2 A S B B 32 1 AR P AT TH S0 M, T DA B T
HAGETSOL T, BT SEHME T RASIE A EIRR, Hah R AT A€ Bt S B s .

4.1, ZHFRTHERE

YA BRICEUE AT I 32 H AR AT B BT R AT IR B, RIS T x0T g
TEAR AN RATRISC A N J3 o0 Ao BEXP AT H B9800, =48 BROTTHEER AR Z-Soil Bt
TR, AR SUR - FEARRAL, THRESEUNE 1 FoRs RGUEFERERTHIAT . AR R St R 1
WIERA WSS AT SN 3 2 FroR . BOsLT YA R AT B0, #R4ERy, THESH80n3 3 pik.

BER = PEACHE Y (ORI v ) 23R Ty -

T=C+o-tang 2
X, 7 ——E BB (KPa): o o —— &K R Ty (kPa) N BEEEM(7); o ——IEN Jj(KPa).
BR - PEACASZY () e Al I eR R
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Figure 6. Model for 3D-FEM calculation
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THSE U T AR T T RS A TR B 5 0 T 5 £ 20 B AT o ] AR 30 T4 e T o [
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4.2. BIBEFERE M N A ERATHIIRE

S8R LT U2 AEAT IR T A B AR AR R MR I 50k o XA EAE 73 A B I8 2 1 i ReE P 2 4 A
ORGSR ASH T AN, RAMBGE I E T IS E %2 R M F RYTmiaT s Z 24 ¢ M o, AWHEIT
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Figure 7. Cloud of Axial displacement of the tunnel, unit: m
E7. RERYH L4 HFENHRTHEE, B4 m
THERAS B[R] S5 AN A 7] 22 4 22 550N of B2 1) 5 T B KB AR T, e 4.
Table 4. Safety factors vs. maximum extrusion of tunnel face
* 4 BTEREMRESRBMNN N EATTHER
AR 1.60 1.50 1.40 1.30 1.20 1.10
B AL TE (mm) 62.71 51.18 43.12 37.66 25.45 18.33
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M 4 WTLLER], T HRRRG AT S 24 2B KMIG R, 5224 REUS O, H
EHNFSZHATRAARL, FEHENE PR E SRR, SRIUT (BRLE TR ARME)
(GB50330-2013)F1 (ki F%iE it 075 ) (TB 10003-2016), jiti T 31 /a] % & Fl 45 A2 52 M 224> 280 1.30.
L PTHLYERAT TN E )5, AFEE IS 24 R0 1.30 I, RPN 7 5 K A O 37.66 mm.

4.3. SEITMERIR SRELEHTHIB R R

THEAT B TC LT AE R AT N [ A SR 2T 4B AT N [ i = 00 T RSB . 14 8 v B DUAEOL T 21
B AU RETE e P A O e A TP iT AFE HH R SR B AT N I, 567 [ AR L e 2T 4R ST
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Figure 8. Extrusion Curves of tunnel workface for different cases
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Figure 9. Settlement of ground surface for different cases
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Figure 10. Settlement of tunnel crown for different cases
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Figure 11. Extrusion Curves of tunnel workface for different distri-
bution ratio of GFRP bolts
11, FEFBAEFHTEE TEFRNFTETR Mm%
M 11 ATRAE Y, BOSLT4ERAT B, S5 Bt AN . AT DN 5 B AR R A R
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45 B KESETEHFHERNXR
BTG B2 ok R B BEE L 07 THZROE T2 O 1 o KR BE LIRS AT AT SR B, /D B T 22 S T
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B ST s R RR R B 12 AR ER, 555 2T 7 A #h 4.
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Figure 12. Extrusion Curves of tunnel workface vs. GFRP bolts’
length
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RSB R SEFF K B RE

HITJE G2 AR AT 45 K B 6 UM O b — DR IAT B BB AT S 2R R K BT e i I RCR, T
DL 2 2T AR TEAR R I ER o & 18 AN FFEEA T, B 1 (85 AR T 70 A1 22

/(m)
T

an

B K 4

ST I B A

i L R R e e
TR A /(mm)

Figure 13. Extrusion Curves of tunnel workface vs. GFRP bolts’

overlapping length
B 13. IWBAEBTAEEEKETEFEMFHER 2 Hihk
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5. HIASCMABRTIHEX LS4
ARG PEE 21T A5 A% O AR B T AT 3EAT TUIN [ ) AT S W T 42, InE S 8n &l 1 pr
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FHERENE =
‘L ~— T T { T
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Figure 14. Layout of monitoring points for extrusionmeasurement
14, EFEFETRENSHEE

5.1. EFEHIHERATEEMSTMELB S
Bl S NS 25 IS AT, 2000 (0SSl S5 A WA FROC TR R U0 5 P

Table 5. Comparison of extrusion of workface between FEM calculation and measurement (mm)
5. EFEFETHITEERMSTNERE (mm)

WA SA SB sC S1 S2
T EAE (mm) 17.3 17.5 17.3 16.6 18.1
SR (mm) 15.7 17.8 17.0 15.1 17.9

45 RY], TR THRAEIE R SLIME, B KA AT RO, SRS R . W 4 ]
CLAE Y, THSAE A SEINE AR A A I 2 LA — 2
5.2. EFEAAZDESHFHERNTEEMSSMEL S S

BO B HTRT 5 % O a RIS AT, fERSIE R B T IR R AR I L AR DN REE T2
B BOR R BRI S AR T, SEES RANA BRITTH S5 R Wk 6 s

Table 6. Comparison ofextrusion of front rock between FEM calculation and measurement (mm)
@ 6. ETHBATE A H TR T EEFSNE(Mm)

D0 53 B T T P ()

0 4 6 8 10
TEAE 17.5 5.6 1.8 05 0
SEIME 17.8 6.3 25 0 0
6 R, TLWTHEARIC S STIE, 5 T 1T 2 R A% H A8 T Bl PR 25 3 T 3 K sk /s o ad sk
PR RS AT AE R AT R AT A AR RO, $0E] T AR AR AR, LB AR i . R
+ARTHE
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