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Abstract

In order to analyze the development trend and current research status in the field of tunnel water
inrush, 838 documents collected by CNKI China Knowledge Network from 1999 to 2021 were vi-
sually analyzed by CiteSpaceV document analysis software. The results show that: 1) The research
in the field of tunnel water inrush has gone through three stages: stagnation period, high-speed
growth period and unstable fluctuation period, which attracted scholars’ attention later, but at
present the research in this field is in a stable development state. 2) Scholars such as Zeng Yawu,
Du Xin, Lu Chunming, Lin Yushan and Xu Zhangbinghui are the core researchers in this field, and
all of them have published more than 50 articles. Engineering College of China University of Geos-
ciences (Wuhan) and China Railway Tunnel Survey and Design Institute Co., Ltd. are the core in-
stitutions in this field. However, the research institutions are more concentrated, forming a situa-
tion of two dominant ones. The authors of other institutions in the field generally have a low
number of articles. As far as the overall cooperation situation is concerned, almost all the institu-
tions publish articles independently, with few cooperative relations. 3) “Karst tunnel”, “water in-
rush and mud inrush”, “tunnel water inrush”, “advanced geological forecast” and “tunnel engi-
neering” are the main research hot words in recent years.
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Figure 1. The number of “tunnel water inrush” in China, 1999~2021
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Figure 2. Authors of “tunnel water inrush” in China, 1999~2021
B 2. spE 1999~2021 FF “BRIERK” (EEEANLE

Table 1. Statistics of published papers by authors of “tunnel water inrush” in China, 1999~2021
% 1.1999~2021 FrhE “RFERK” EE LS

F5 RV =4
1 90 R
2 68 FER
3 67 PG
4 67 TR IPIEE
5 67 X
6 67 i) &
! 66 Vil
8 63 BARA
9 53 TR PR
10 45 R
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Figure 3. The institution of “tunnel water inrush” in China, 1999~2021
[ 3. 1993~2019 F P ESETIZBWM A T EE

Table 2. Ranking of “tunnel water inrush” publishing agencies in China, 1999~2021
7% 2.1999~2021 Feh[E “RREZRK” LXHAHER

5 IR IR

1 67 5 K () TR 2B

2 46 FRk g E B A PR A

3 45 MR N

4 29 AR 2 S 850 TRER T L
5 21 e ] R 2 o o A 5 9 i

6 19 RS L THRA R A

7 14 WAL T B AR R TR

8 14 VHAE K AZ I AR 0 ¥ 2 A s =

HIF 3 TN, 90 N =308, EHL E=0, MZHE desting =0, [ 3 0013, H i [E A FRRIE R K
WEFHU B AR AN KR, o E UK 2 s AR B T A T — SR JRi T, HL R Bk R s
THBE A R R DOR A R OSCR S 55—, AT LA AN R BRI I 2 vk SRR R, [ P X B
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Figure 4. Keywords of “tunnel water inrush” in China, 1999~2021
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Table 3. Key word centrality of “tunnel water inrush” in China from 1999 to 2021
% 3.1999~2021 Feh[E “BRiEZRK” KEEAFOE

F5 A BRIR HL
1 ke 114 0.32
2 B 96 0.20
3 b 1% 89 0.30
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Figure 5. “Tunnel water inrush” cluster knowledge map in China, 1999~2021
5.1999~2021 i E|RFEZ 7K B A IR E &

TER FEHI I (2007~2009 4F), [H N %38 FHABYIE IR N eI 9 35 1) R & )5 38 DA G B e s e &5, R 26#L.
#2. #3. #4; WU II(2009~2011 ) 3 BT 7L b IE 2K RYE K FE N FT, BN EE S TR 2
ARG, FEmH KT SR RFERE, RS K RFE LA B R, B SER45,
#6. #7; WAL H1(2011 F~Z 4) 32 BLRLE N BEIE /K 9 FHHE AT TR I H AR FEAT W 7L[15] [16], BPZR2E#0,
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FEWIRFF AL, TRIRANA) 2, HARBERKE SEEEEAM, @S EEA A RE—
i, S AT )Rk e S AR, BRI 2 1 5 IR O X 3 P ()R B b i o, G2
BRIE K. BEFE AR R BT SR I R P, I BUE R, ARFRAZ IR T R AR DL
Mo HHPBRAR IR B ERL/NT 09 DAL, HREREERERT 0.9, UHRRMARL, R
TR, KRB EECRER . W CRERIE Y RE, CHRBRERIET . CBIRIERE” M “J) T a2
BB =Rk, A ORI RIS, ORI . “REIETTRE” M PR - MAKET BARANE
B o IR P (Time-line) ¥ SRS T A H) 25 6 B — 2, [R]— SRS s AR )7 2> e HEAR 2 [R]—
KPR, RIS AS () SR 28 2 1] R IRt mT LAY B ILAE B HR, - Time-line B80T LA B B A AL SR 25 1)
B ) %5 DA K [ SRR R, AT R AT BT F /s R 3 S /K Rtk . il 6 Biom, #2 S, A 2006 44
TR HBL, #5 MU R/KKkZ, IR RN 2003~2019 45 #0. #1. #3 FEAACRKIHT TN A1 5 s #4.
#5 TERAE 2019 A L, B UG R TONAE R R T LAR A G AT S B RO AN SR 2K |, Tfi#0.
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#1 5 b IE
#2 58K
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BAE A

Figure 6. Cluster map of time-line of tunnel water inrush in China from 1999~2021
5] 6. 1999~2021 4 [E|BE1E 57k B [B] £ B8 SE (513

Table 4. 1999~2021 China tunnel water inrush cluster analysis table
F= 4.1999~2021 HEFKETRK R LS HIER

BES TR BEFEE THEH TOP terms (EZ X ##17)
#0 FBETH B TR 40 0.949 2011 BRI R FR (36.57); 387K (18.92); E{E 4 #7(18.16)
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#1 N BER%IE 38 0.958 2009 NIERIE(24.4); ZKGEE(14.33); BIR4HTE(12.09)
#2 ERbRE 35 0.975 2012 HiBHEIE(41.53); FARIEE(14.74); F1EF#EH1(9.81)
#3 323 33 0.995 2008 583f(65.63); BFE TF2(58.03); Biki—mik384(57.26)
# BT 32 0.954 2009 HiR(32.98); E3%(20.14); JAKETUNI(15.43)
#5 iR 7K 31 0.955 2011 HTR7k(23.01); BFiEMET(18.12); MPLETE(11.45)
#6 1 29 0.859 2009 FIR(28.02); RIBAEIE(19.83); HBFRRE(19.08)
#7 R 1Bh%E 27 0.985 2007 RIBR%IE(78.04); BE=[RIE(73.32); =E=(8](73.32)
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i3 CiteSpace #ff (] Burst detection T mJ LA kI [A] N SR AR KB FH I SC i) . 7EREAT OCHE
RIS HTRS, ARIEAHI FE 20 AE BRI L, K SR R e N RE SR TR B 2 47, EH AR E S NER
WERTE T, AR 7 A, MR N R ML GORE . Frakm (a7 5,
WA 50 WA 5 T LA ik 7 J7 3% (bm), JRIEREE, BHOTE(dem) RS RBLRI Al i, BEIIEIR K —
ERIF 1] P9 2 i (] P 27 OB 7 o o R R BT T, 91 n 8 S B{E e M ik PRC (141 7). UDEC (41 8)
[17]. WEZE[18]553E T #4 1 Boltzmann J7VER A 48 PHUBRAL, #F50 7 FLBRRST L 70 Al B2 56 R 3 0 ikl

Table 5. Emergent key word of “tunnel water inrush” in China from 1999 to 2021
3% 5.1999~2021 FH[E “BFEZRK” RIKHEIA

Fe IR IA] TR LA iR ER2oainl
1 &7 7% (ibm) 3.97 1999 2006 8 4E
2 BBtk (dem) 3.75 1999 2005 74
3 PR FE IE 3.33 1999 2006 8 iF
4 B T 1o i 4.09 2008 2009 24E
5 PRl 3.94 2010 2011 2 4F
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Figure 7. Meshing generation of numerical model for UDEC
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Figure 8. Calculation model and slope shape for PFC
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