Hans Journal of Civil Engineering /K T#&, 2025, 14(8), 2127-2134 Hans X
Published Online August 2025 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2025.148230

ETFLAC3IDRBXEEI A #H R BUEE o4

FIaiE
FEALIKFIR UK SRR 2 5 TRE A BE, THRE M

ks HiA: 202547 H26H; A HEM: 20254F8H16H; KA H: 202548 H28H

H E

NI AKE BB 5 KRBIRREVE B S BRI AEFRERHER, REETZE50K, XA
FLAC3DE . =4 R, BHSWMEET1Im. 1.5m. 2m. 2.5 mUMAERERETFEIE, 97
BEME. XHFEMNIRBERDAARFE. SRRE: EERFHRER, #HHYi%(6.1 mm-6.83
mm)AK-FFEWH(6.14 mm—6.94 mm)BEF I, EHWHLARVHE: KIFEHN I (ETFRIER .
L) EEWM KR, 1.5 mdtREFHETH RN miEK1.245, 2 mitEE1.5 m¥K2.44%, 2.5 mAfHi2 m
BA3.44%, T1.5 mBE RS R AAEXNEUDN: 1~2 mib R ES S KRER R, RElBEF, 2.5
miBHEXEEY REMNE. SEREREESSIFZ o, EWMESEERERLS mREF&5H
MR, BEREFEREER, XMW TXHFWAISM, TARDITERESS.

K27

FLAC3D, RFFF#E, 7EFHHER, HEANM

FLAC3D-Based Numerical Simulation
Analysis of Tunnel Excavation
Advance Rates

Xuhui Li

College of Geosciences and Engineering, North China University of Water Resources and Electric Power,
Zhengzhou Henan

Received: Jul. 26, 2025; accepted: Aug. 16, 2025; published: Aug. 28, 2025

Abstract

To determine the reasonable excavation cycle advance rate for the shallow-buried Grade V
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surrounding rock section of a water diversion tunnel in a pumped-storage power station and ensure
construction safety and efficiency, a 3D numerical model was established using FLAC3D. The model
simulated the excavation process of the full-face method with four cycle advance rates (1 m, 1.5 m,
2 m, 2.5 m), and the characteristics of surrounding rock displacement, support structure internal
force, and plastic zone distribution were analyzed. The results indicate that: with the increase of
cycle advance rate, the vault settlement (6.1 mm to 6.83 mm) and horizontal clearance convergence
(6.14 mm to 6.94 mm) increased slightly, but all remained within the allowable limits; the internal
force of the support structure (axial stress of bolts, bending moment) increased significantly—com-
pared to the 1 m advance rate, the axial stress of bolts at 1.5 m increased by 1.2 times; at 2 m, it was
2.4 times higher than that at 1.5 m; and at 2.5 m, it was 3.4 times higher than that at 2 m. However, the
internal force of the support structure at 1.5 m advance rate was relatively small. For advance rates
of 1~2 m, the plastic zone of the surrounding rock did not form a continuous ring, exhibiting good
stability; at 2.5 m, the plastic zone expanded slightly but remained controllable. Comprehensively
analyzing the surrounding rock stability and support force, the 1.5 m cycle advance rate of the full-
face method is the most economical and reasonable choice. It not only meets the requirements of
excavation stability but also optimizes the distribution of support internal force, providing a refer-
ence for similar projects.
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Figure 1. Engineering longitudinal section diagram
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Figure 2. Full-face excavation method model diagram
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Table 1. Model material parameters
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Table 2. Numerical simulation condition
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Figure 3. Vertical displacement field contour map of surrounding rock
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Figure 4. Horizontal displacement field contour map of surrounding rock
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Figure 5. Internal force variation contour map of supporting structure
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Figure 6. Plastic zone distribution contour map of surrounding rock
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