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Abstract

In recent years, China’s expanding infrastructure development has led to increasingly extensive
tunnel construction projects, presenting significant challenges in maintaining the stability and
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safety of tunnel surrounding rock structures. This paper provides a systematic review of the re-
search advancements in three critical aspects of safety construction within tunnel engineering: risk
assessment, monitoring and early warning, and prevention and control technology. Initially, it de-
lineates the primary methodologies employed in collapse risk assessment, offering a comparative
analysis of the strengths and limitations inherent in qualitative, quantitative, and mixed-method
approaches. Subsequently, the paper explores two types of early warning techniques, namely on-
site monitoring and theoretical calculation. Lastly, it examines the technologies for preventing and
controlling tunnel collapse, including the application of intelligent support methods. Through sys-
tematic analysis of these key technological aspects, this research identifies potential future devel-
opments in the field. The research findings offer practical value for preventing and managing tunnel
collapse accidents.
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Figure 1. Tunnel collapse accidents
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Figure 2. Tunnel collapse support measures
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Figure 3. Fuzzy analytic hierarchy process
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Figure 4. Neural network flow diagram

4. FHEMERIZE

BEETHEHUKCT RIAC R, BEIE B 3507 WS TPAL 7 ik e SR EE, ZD sl et T, i Bhde
BEMSNE . REAE DT LR TR BEEOR, BERESERGHE . vy ROt 5 T8 Bl 0 05 R b AT VAl K170
VEAL 7 T (K38 A S5 B R (SRR A 5 A7 A — LR IR B[ 14], ARS8 5 D T A R 7 TAAEAN ] [ 2t it
FAFBCTREIAEE T RGP AN L — SRR, 22 M 25 (FLIRURE BN B 4 B, s Tl
B PR ANECR, RSO REAEY . BRI, AEARRIIBT T, U Al 7 22 e DRV R S sl
TR S0, ATTHE i RS TE RS Tl B v I . ASpE AN S I, SR & Skbr TARROL, AE

DOI: 10.12677/hjce.2025.144082 766 TARTH


https://doi.org/10.12677/hjce.2025.144082

X1 i

GITEREERL b, 455 BN 757k, #hEme% . S8 0. alRvPaE, BIBUESE, XTBEIE XS EAT B 4
T RURS 8 PO DA o

3. REEERSTERRIER

T P O 1 vt 5 SR R O 2 AR L TR A 1 SR DA Rt R AN AR E kA 2 )
i, PEOTERARIG . DT U RIS T 25 2 o AN A i) (0 U, X2 IR
A TRE AR AR E 1, 3 2 X it T 22 A B 1510 PRI, 7 0T P it T R AT Rk
W, MO EEATREIE ST TS . HAT, SR07 B AT N B I U S B T S PR, B
S MO0 0 38 oL ST M R BRI PR TR v L AR L N SR SRR, A I A A T R I
WP . R THE IS N DL A R Bla R Es vl R BEE sy HE, a4 Aiid
X BB B AR E PEREAT S BT AN TN, A7 5 B I 75 I ) A A AT 250

3.1. IR N T

BT R AR L€ ALK, B WER BLE 105 1 RARTRARES . R &S S b2 15 7 AR R
T MEEE 2 571 BRI 2 15 38 RS 44 7T DLALIF M PRI A5 77 (1610 eAh, TR T 23 B el AR T 40 i 22,
AR AN [F) TR PR B 2 H 5 7 T T AR R PR [ 17] KR S K PR s A I B L T RIS >R
U, A7 R FEE R T SEBURT R 7 KOs HETTIN 18] £3a 2 - Ui 6 br, AT SE 9 e
b P T A AR B T RS o

e a

................. . £y .
© pE— | ([HEAT e ZUBH e PHBRBRE |
QR VA {4 .
D opEs | [TSPRN [ RHEAHHR e 1SOmT S B S
!

2= | AR e AR e S0mTBBSETERIE ||
N 4 |
i [ wEE e EFEER ]S, i |

(a) EIRIGBEEA R AR 4 A s = B [ 23] (b) Z LECA BB AR kA R [25]

Figure 5. Application of geophysical prospecting technology in tunnel collapse prediction
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