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Abstract: This paper focuses on floor heave disasters in traffic tunnels under complex geological
environments, investigating the current development of floor heave prevention and control
technologies from multiple dimensions: deformation mechanisms, quantitative and predictive
indicators, and disaster prevention systems. This paper established a literature database for tunnel
floor heave prevention and control research from 2015 to 2025 using Cite Space, clarifying the
main patterns and disaster characteristics of tunnel floor heave, as well as the current research
status and existing deficiencies of tunnel floor heave prevention and control research. Tunnel floor
heave occurs frequently in highway and railway tunnels, mainly induced by the coupling of high in-
situ stress, structural defects of rock mass, and hydrogeological conditions. It can be classified into
four typical failure modes: water swelling, compressive flow, flexural folding, and shear
dislocation. In current research, numerical simulation is the core calculation method, while field
monitoring and theoretical analysis are the core research methods; inverted arch treatment is the
mainstream traditional measure for floor heave prevention and control in engineering practice.
Traditional measures such as grouting and rock bolts/cables are suitable for general geological
conditions, while special structures including U-shaped yieldable steel frames and bored cast-in-
place piles can effectively address the deficiencies in floor heave prevention and control under
complex geological conditions, significantly enhancing overall governance effects. Under complex
geological conditions, existing floor heave prevention and control measures have limitations of
“passive response and delayed adjustment” and lack an intelligent prevention and control system
featuring “real-time monitoring, active protection, and self-repair”. Therefore, in-depth research
and development of an intelligent floor heave monitoring system, composed of intelligent
monitoring subsystems, intelligent rock bolts, and embedded self-repairing structures, is
necessary. Key future research priorities include standardization of tunnel construction quality,
intellectualization of floor heave prediction and monitoring systems, and innovative theoretical
research on floor heave patterns.

Keywords: tunnel engineering; floor heave deformation; floor heave prevention and control ; floor

heave prediction; intelligent monitoring

N B R BRI A R B R, R U 21 2 %
518 TS mMl I Ery 2 isty . Wik, AR

BRI T ARy G2 A 1 b R K I A sz
Yy U 1) O A DS Ge , H T  RE  Mi og
1Y EOKIREE e RS T LK R AR S 2
FHE W A M B A BE T, X 2 T S
HORRIE R K H 2 B SRR R R G B
MERE S A RRAE . FERRIE TRE D, £ R A 3 LR
[ RIS S VN 4 SN LRI 32
TV 5 A R GR35 R AR R O 4 A i

T 8 PG T AR R B TR 4 oA
SCH R K

H AT, T % 38 i 8% 10 A 57 36 2R A TR 8L
S AT IR BEHL AT Y IS SRR R TR LA R
B 355 5 T 48 e A 3 4 B 1T . R A I B
S DN 28 B A AR A L b ) K SR A
Fo RGN T BRI IR 8 kA 1 AL
il SN S T R B AE B T ) o RS EORE T
AR Hl: AT A 1L D0 L 7K A PE RN L 7R A 4R

A% P 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home



%23 5% 244

REF,F AR RAETRERAREGERATADESE REZ 3

i PR S5 4 A 1) n] RETE AR B DA K A e i
Sy B T 45 K ) BT RIS PR SR R 4R SR AR
P17 RS IA I I 2 R TR LB A B X ik
P, SRR R VR 5 K R A B BT 1 5 IR
TR I A 3 7 T SR 0 Ry B B B TR 5 B
HEB o R s TR B 1 BTN N DR E () TEZ S A
Ty N A BT I 1 I 0 A 9 1 i T R
FeGE B In TR & P R B AL T, SRR T
FRARZE AMHE SO BE DL BELK HE K 55 3 e 3R B IR
$ i L AME G2 B 6 15 9 23 3, AT e e i B %
IR S5 B ¥ 1 it A ik B B A (9 ST RCR o R T
R PR 058 5 2 PR R 5 R B B v, R SO Ml
PSP B B IR BEE A, s BB B
P TR Y 3 R R S B iR T B

B 90 2 AR T I — 4R B B G IR B
Biiia M 2 4EE R GNE S k= . AT &
Ge AR 5 R M SR PR T B 18 JRE B B iR R F
F AN, H T Cite Space Bl 2 AT ML 73 H , SR 45
TR R (BB 2 B R ) B R A Tl L, A
JE ST iR A5 TR AR R 809 E B
R RE AN AEERIT LR 50, BT N BE 1E
FesE PEAE R e SR S LS %

1 BERSTEEARBATRLSH

1.1 EiEkE

BEXTBRIE ISP A I R GEMAR R IR T 21 k2
Wlo BEEFCE T TR K b 5T A A 1Y
2R A K R, B9 R T 1 DTS 35 (R AL T s o T 5
£ 5 ARBFF T CNKI, Web of Science 0¥ /%2 ,
DRNE STER (1IE2 a1 U7 STel il 4RIk M L STE0 i
S BTIG R 2R 7 “tunnel floor heave” %5 Sk &4 1a] | A1 FH
Cite Space B AF K2R T 2015—2025 4F % 18 IS $% K
By G U A SRR, A5 3 423 F SCiEk . Ho, &
B 55 F 5 S SCIBRB /N B SCHIR , 55 A F 50 85 D) AH
KRR SCHR N 369 Fi CHEHR , v SCSCHR 186 f L 45 5C
SCHRA 1835 ) o

P 1 7R 1 SR rhy s SO ) K 3 R G IS g
FE R BN B, e AR BE SO T R, EFA
Engineering Failure Analysis, TUST 2 Tunnelling
us
CG N Computers  and

and Underground Space Technology,

Underground  Space,

Geotechnics, RMRE & Rock Mechanics and Rock
G H
Geomechanics, KSCE & KSCE Journal of Civil
Engineering, M & 1 AT DL i, & SC i 5 2 1 96 5C
WIHI o EFA (3% 43 6 5 A BF 58 A1 5 19 STk, R
[f]) \TUST (k5% 27 F SCHR) &5, & SCi 2 19 h 3¢
1) Ay AR B 3 AR (3R 35 0 SOk ) il AR
(% 3% 28 i SCHR ) S Bk T i 1 03 (e 3R 28 Ji 3¢
k)55

Engineering, International  Journal  of

20118.82 19.38

15.05 15.05

752 152 152

ST L %

0
K Xk S
@@%\@‘%ﬁ“@&x ’V%%%%%’@-%%ﬁ% ’?‘R\)
&\)\& i ) 20
N LA
(a) HFCHIT

251 23.50 24.60

3 14.75

[E ST 5 L/ %

10.38

7.65 710
6.01  6.01

’ @QlP‘ QS® @,\v& W ¥ a%\%»
(b) B3 A
Bl g R ST S0 69 S A b 3 S A
Fig.1 Typical Chinese and English journals on tunnel floor

heave research
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