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Abstract

New Italian Tunneling Method (NITM) can achieve full-face excavation when tunneling through
weak rocks. To study the key technology of NITM, a research project is performed in Zhejiang
Province, selecting a portion of 20 m from a tunnel as test for the application of NITM. The test
shows that the core technology of NITM is the solidation technology of tunnel front rock, as well as
the monitoring and control of extrusion of the workface. The test study also shows that fiber glass
bolt can improve the stiffness and strength of the front rock. During the research, a new method of
extrusion measurement of tunnel front—a method based on magnetic induction technology has
been introduced and succeeded. It is believed that the test result shall be a good reference to sim-
ilar projects.
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Figure 1. Longitudinal profile of geology at the experimental section
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Figure 2. Bench excavation by NATM
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Figure 3. Full face excavation by NITM and core-face stabilization using fiber-glass bolts
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Figure 4. Three-dimensional Stresses of the point at the front of a tunnel
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Figure 5. Sliding mechanism of front rock
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Figure 6. Bench excavation and side adit excavation—to leave the rock behind workface
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Figure 7. Core-face protection by means of fiber-glass bolts
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Figure 8. Bolt of glass fiber reinforced polymer (GFRP) and its steel connector
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Figure 9. Photos on bolt installation, grouting and rock removal
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Figure 10. P-S test curves of two bolts on site
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Figure 11. Layout of extrusion monitoring points at workface of tunnel (unit: cm)
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Table 2. Extrusions of the monitoring points at workface of tunnel (unit: mm)
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Figure 12. Extrusion displacement of workface (unit: mm)
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Figure 13. Scheme of monitoring technology of extrusion front rock of tunnel
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Figure 14. Layout of extrusion monitoring points in front rock of tunnel
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Table 3. Extrusions of the monitoring points in front rock (unit: mm)
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55 I 2 3 (m) 4 6 8 10 12 15

SA 15.7 47 2 0 0 0 0

L SB 17.8 6.3 2.5 0 0 0 0
sC 17.0 4.0 1.5 0 0 0 0
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Figure 15. Extrusion displacements of in front rock of the tunnel (unit: mm)

15. BEFEEBAIE HHTH TR

M3 FIE 15 FTUAAE Y, B3 R Rk B E T 6 KAEMFHE LT Smm, %8
KAk BT AT, BHITTZRMEARLE 6 KA 8 KZ(E. MEHEA DA M, H7imst h ARG
PRI AR, RS RIS AR (G S s e PR . o] DL ISR 2T AR A0 [ R E WL R, %71
FERSE A2 2 o

5. ZHEBRTHED
5.1. Z4FRTITEER

A TARAIG BAE M € B AT A S . IR EAWIE A IS0k, dd =48 A IR cBuE T
RSP, BTV TR AT A Z-Soil #i A .

Z-Soil B i R HE T2~ B (Swiss Federal Institute of Technology in Lausanne)F A& [ H =4t % +
TREARICHM, " LR ME Rt S AUE A 1% B TR, RYUF2. - - S EER. HRK
AR EE TS — 5%, fERETE TAR SR 2R .

16 A=A MR ICTH R . 15 [ 5 AR R BE R — FE O (M-ORE Y, B 4R 4L AR H
AT RO . BETE A SO s AR IR, SR SRR O . TN TR R I R . A
Bt B B B A AT 05 S 8003 4 Fos . tHE TR IR R 1222808 5 s .

55
5!
525

8!
¢ }‘\ N
o

i

(a) A PR TTHE AR (b) ML

Figure 16. 3D-FEM Model
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Table 4. Properties of GFRP bolt
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Table 5. Properties of material for 3D-FEM analysis
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Figure 17. The extrusion cloud of front rock of the tunnel (unit: mm)

B 17. EFTABIAFFHEEZEERA: mm)

52.2. BRTITEERMENERILE

E B FIHGE AT A AR E AT, =48 PR G A 25 RS &5 T L A an P 18 e A A m]
DAE R, THESh FR S gt FAR (R — B, AR bR . USRI BN 2 S R
BHEM . MK E M TS HR A,

DOI: 10.12677/hjce.2020.910104 1004 TARTHE


https://doi.org/10.12677/hjce.2020.910104

Whokow &5

K
,'"" 3
2= sc
2 [
=
AN B A
= A2 sa
R
Al
I
AASSN SN\ N y

\ 4m \2m\2m|2m|2m|

O #isst W ARTHELR (B mm)

Figure 18. Comparison of the extrusion of front rock by 3D-FEM and by measurement
E 18. EFHBIEFFHER T EEMSUMERLR

6. FBUESHBUER THRAIN L5347

WBGERH R ST RE IS, HEATZ0R: THZ LG, X T R G it
LAEMIWESTREE s JHZ TGRSR B AR U TR T, Wi SCi e i s a T2 A
#E, W TAPBEE R . BrseR A W EEAT BT, AR T 20, 57 T SO AT SR AT 4E R AT
EWIHITZ, T ARG AR B SRR L, WIS — B . BT R T T, R
JE T AW T2 O T AL T TEMRCR, 70 BN AT IRy iE 54 RO SR A LA AT 1 B

6.1. B ZEMIMBERRITITEESRER

i =HEA RTE L, A BIMRTE F IBEE ARG L. WA S AE R LA SCHT Y
17 AEL 19 7353 D i ik AN B2t T I i i [ A2 T 2= &

-2.510e-003

P L N B B
FEREEEEERR
g EEEREE
= o025 S
BB EEEEREE
SHE S S S S &
EOENENERENE E
EEEBEEE

licensed to TONGJI UNIVERSITY BB (License: TO1612AB)

CONTOURS OF : Displacement-Z
SF=1.400000 TIME = 28.000(day] . . 3.361e-002
OIL 1608 License: TO161248 Project: 2020-08-27-&% » D= 4 AU  $UDD. 22 %E Date: 482020 14:39

Figure 19. The cloud of axial extrusion of tunnel by NATM unit: m
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Table 6. Comparison of measurement between tunnels by NATM and by NITM
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