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Abstract

In order to analyze the development trend and current research status in the field of tunnel model
test, with the title of “tunnel model test”, a visual analysis of 2252 literature data collected by CNKI
from 2001 to 2021 was carried out by CiteSpaceV literature analysis software. The results show
that: 1) The research on tunnel water inrush has gone through three stages: Slow development
stage, high growth stage and decline stage. This research field started late, but in the past 20 years,
the research on tunnel model test in China has developed rapidly, and the research in this field is
in a stable development state. 2) He Chuan, Li Shucai, Gao Bo, Zhu Hehua and Wang Mingnian are
the core researchers in this field, and their publications are more than 25. Southwest Jiaotong
University and Tongji University are the core institutions in this field, but in terms of research in-
stitutions, there are several dominant ones. The overall number of authors published by other in-
stitutions in this field is not high. In terms of overall cooperation, almost all institutions published
independently, and there is little cooperative relationship. 3) “shield tunnel”, “similar material”,
“model test”, “immersed tube tunnel” and “tunnel engineering” are the main research hot topics in
recent years, and a series of research achievements have been made in this field by relevant scho-
lars. The research results of this paper can clearly sort out the research achievements and hot
spots of tunnel water inrush research in recent years, and trace the development and evolution
process of tunnel model test, so as to provide reference for relevant scholars to track the recent
hot spots and future development trend of this field.
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BT R ARG O T D28 BB . HAT ST AR R R, (BB XTI 20 SFAT KR FEIE R AR5 AT 7T
BRI HTIE AL, BRZERGRE B HTITER ST R TEA R O SCHk. 25T UEAI A CiteSpace
SCHRTHE AT A, DX AT A A AR X 6 AR 7T 70 W 5 0 0l 9 223 30 20 SRR BT I FCR REAT 4L
PR AT AL T, AT AR AL AR U BT TE A A R DR s #4  8E Be TN AR SR ORI FT RO 5 18], AT N I
AL R R I TSRS %

HAT, EWAREEE “BIERRIRE " SR T — R CE, kKK, XIHAE8]LL
FEXTIESBETE R T2, S5 asePr TR, R AR s AL o3 B T 1 R A b R
EEHEREE AL T T IR S Bt TR P A A AN B R N A L, R AT T T2 B LR
SO o BRI A, K SR AE O] R F 45K 0 2 5 v e R AT AN 0 ANSE A 24 i /AU K A7 3
TTRA] - B P W T o A R U ) 4 A S PR S SR IS e B, SeBl “ T 2R R IS AU fE Lk
SLhih AT, P aiie 5 AUE R OB AR AL 52 A1 aE AN &, AT BSIE 1 /K B AR UL N #0572
MO IEmATE, g 1 RS IE S5 A K AN 7 S 30 SRR K SE [10] 77 4 LAAR N T =34
H R LY R TN T S, BOHHHRIE TR R IR E 1 1/30 45 RAEA, SR T 21 Ah TO0 T AR
WA, H R ORTE RS TE AR R I S el I ) (R A N, OAREE SR BT, AT - HUR A
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FIRRAG 3T R AR IE AR S T B2 SO IR 5 S, e AU A R, SRR A TR R,
23l vt 1) P S 7 2o B — USRI RBEAT J7 [ b, R RS RUEI[11]. 8 2006 4, CiteSpace 5
NE W, KB 2 BRI AT LA 73 87 B 77 32008 R A s BEAT BT 7S 70 o S R W [12] 55 2 T
CiteSpace FFHEAT PTALAL I T, JEAGZR 317 JSCHR, X REHE AT A sl i AL S 35 AT T IE, RO
TR RE U SUAIEOA R e SRR S RAFHORT SR . FRANTK & F2[13]55 A ] CiteSpace # /¥ 4 A1 73 Hr 27 T
PRI T BERTE TR AHSC STk 1001 2%, FFXF AT RT3 A, AL R SRR IR, 38 it R A
o, 5 H AT BT 1A N TR RERT U A IR RS AR Z U TE R S5 AR JE D5 1A BT,
G L R AH RN TR MAE S 555 . AR UL, 25T CiteSpace RIHLAL 4T, X3
] 5 AR AR 0 R AT VEAH AR 2% B 0 A, SRR ARSI FE A ORI DT 1), MR R iR 2
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2.2.2. CiteSpace ¥k 547

SILEIR BT R B YR, SR CiteSpace SCBRZE T IE, RHFA ARG & — Rt &2 5] UM T
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Figure 1. Quantitative analysis chart of “tunnel model test” in China, 2001~2021
[ 1. 2001~2021 fErpE “BREERIAN" K XHESTE
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ML AT, R AR ARG A RIF T AR S FE AR R R ILPGE Bk, 1 2001~2021 4,
ROCH R REER EEAS, F 2018 R SCR v mr, I K 1 AT DLE H E A DR PR TE AR Y G 1) 5L
BRECE KA 70 N =AM B, 2001~2013 48 T2 A8 G K 1, SClRECE B/, 2014~2018 )& T
HIGHT ], 7R B B T B A ARG (R ST PSRRI AT R A IR E T s AR,
PR e SURIBE N, BEIE ) R, BT DA A AR DG SR G K T 2018~2021 AR AT AR
W, TSR ECE R AR R, BRA NS, R EREE TR A O SR N FR T TR

3.2. XHMEEREDHT

SR A I A 2R R 0 AT 9 AU YD 27 3 SCRR R 3R ML AH SRR TR R, K N3 EE 2 CiteSpaceV 1]
MAS T, TE 2 kR RS, WA AR, H R AR R AR B A BT TE R BRI
o FNE 29, L5 681 4, %R 823 4N, MLEE N 0.0036. 7EFEIE AR R F, 1E
BHAEEMBRBRRE B - JJER” WK, Ho KT N R GBI R, R T 4 1
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H, AHIRHIFFE N 53 3R T KA O BRI A B 90 AH O ¥ STk, HE 44 5 AT 10 LA AZ O 25 35 (1 R SC L AE 2102
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Figure 2. Author publications of “tunnel model test” in China, 2001~2021
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Table 1. Statistics of published papers by authors of “tunnel model test” in
China, 2001~2021

%% 1.2001~2021 £ [E “BFEREIRIE” (E& &SIt

5 & 61} =4
1 58 aplll
2 42 BARA
3 31 [
4 18 LS
5 18 LT
6 18 PSS
7 18 PLCHE
8 18 T
9 17 il
10 17 X oR

CiteSpace, v. 5.8.R3 (64-bit)
April 6, 2022 9:29:21 AM CST

Wos: C:\Users|85223\data for citespace\is it SU4! it %\data
Timespan: 2001-2021 (Slice Length=1)

Selection Criteria: g-index (k=25), LRF=3.0, LIN=10, LBY=5, e=1.0
Network: N=614, E=789 (Density=0.0042)

Largest CC: 346 (56%)

Nodes Labeled: 1.0%

Pruning: Pathfinder
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Figure 3. The institution of “tunnel model test” in China, 2001~2021
[ 3.2001~2021 FH[E “BREEBEIKE" & XHEEE

Table 2. Ranking of “tunnel model test” publishing agencies in China, 2001~2021
= 2.2001~2021 P [E “RREREIALE” LICHIAGHER

5 Bk BN

1 188 PH G AC I K A0 bE 1 T2 H S st =
2 136 VG A S K2 AR TR 2 B

3 105 FGF K PSS TR R

4 84 AR E + BT TR S B S =
5 60 SN IN A

6 56 LR AR 2 AR R T RE S

7 51 R R A 5 450 TARAR FE bl

8 36 22PN AT I K 2 K TRE 2B

9 36 R B s DA T 2E A T

10 34 VUSRI T TR AR
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FHP 3 ATAL, 178 N =614, %L E =789, MZ%)E destiny =0.0042, Zi&k 2, &3 R,
EREETSl SR SieR AN 2 T W IR AR e (S S i el N S5 I A0 A e & DN S 1T - R € A ik N
SR 2 KR R BERILR, T UUE A R B A2 S Wit SE B 2 10, P oo B R A 4,
IO 7 2RI — A B AL A, B &MV Z RIE T ISR A 2 R E1E, XA it R EER
SR BRI A AR S I R

3.4. KEBBIRSHT

3.4.1. XBiAHLIMEE L

TR — e SCHR R I DGR A A B AR TE A DR, 38 DB ST 3 By AT DA s B 2 R AT P B
FITW, VLGRS 5 R R, IR AR IS R P 9 3 e, 2 A A S 7 T VR AR
fb[15]. B4, 1E CiteSpace HUR I [AIVI g N 1 a, BURME A Top N = 50 5 Hi S8 1A (1 R 9 45 B it
T Ab P v ) 28 288 PR B 8L SO 7 e 5 ARV B T, T 1 A 1 AN 4% 2 1 B € R A B R T A e 7 4
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CiteSpace, v. 5.8.R3 (64-bit)
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Eg—ind:x %: 25), LRF=3.0, L/N=10, LBY=5, e=1.0
=1578 (Density=0.0054)
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Figure 4. Keywords of “tunnel model test” in China, 2001~2021
[ 4.2001~2021 F “BREHEEIKE” KRR ER

ML 4 AR, MEERE R R A EE AT, SQBE TR SRR AR £ T AR B O B ] A P
PEEOBRIIT A, SR 1 4 RO RIERL TR, 0 “BIRIG” . “BRETE” . “JEMBRE” Nk

SBR[ F (W K /NEE  Jlid CiteSpace X OCH IR G FE 43 AT, BT DAk — 28 1 AR AN )i #2 v,
WU B R o R B OGREE, AE BT NI SE, HU TopN = 10 M%dE, 84T R]E A it
TGS 2 T & 3,

GEAF 3 AIAL CBIRLRLG T . C“REIETREY . C“EUERRLT . CTEMIBRIE” B0 BER R
AT 4 ALORERIA], BLEHTERRE A RN T, W R 4 SRR AT U 2 .
3.4.2. XBIARE LLR HESHR

JEIL CiteSpace 24T, JF3ET LLR XIS 53 (Log-Likelihood Ratio), T LARIF 7t i bk 1 155 7 4
B I R TG SRR, FINTHIE Fe S . SR CiteSpaceV I Rk 2K 7, $REUSCHR, @i MY
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Table 3. Key word centrality of “tunnel model test” in China from 2001 to 2021
= 3.2001~2021 FFrp[E “RREREIALG” KEIRFOE

75 A 1] BRI H
1 BRI 1289 0.32
2 FEIE T2 432 0.20
3 HAEAY 346 0.30
4 JE F B 245 0.35
5 Fi i 162 0.26
6 Hh 2k pg 85 0.16
7 N S 83 0.12
8 kg g 69 0.02
9 HAG 1T 62 0.09
10 pigea Rt 61 0.11

VR, FEIE 5 BRI EiRERE . B, B, EEUE(Modularity) v Q = 0.6103 > 0.3 i A R4 R
B3, FHEEE(Mean) v S = 0.7129 > 0.7, VLHHERBL R EEZR M. M, 2001~2021
FEREE AR RS U 5T, REELAE 5 8 KI8T ARG MR T UK SR 78 3 R
5E WA R A S RMIE 78 7 1), 456 T 345 40 U AT DABIF 90 22 BT I e AL R R o L SF38 S 40 ] LTS S 2
FBERRAIATE 2009 44, JRHTET 2009 42 7, 2#ARSCERE D, B BERE I8 BRI %A 5
AR T RS B, T 09 4F 2 f5 B FRE K 77 K e v o B FH s gk 2, BE 2 AR B — R YA Ch%iE
IR, ] PN 3 T e g o T A TR 6 T G T i K 9 0

TERE FLHIH(2001~2009 4F), [H PN 2=# a6 WD R GE AR A RIS 1A OSSR it 78, RISER#1. #2;
50 H H1(2009~2011 4F) 3 ZERF 7o pE AR AL IR0 B FH A 72, [ 9 2 3R T IR 2 OGB ROR S E R SR B,
AYHTBRIE (RRRAE LA S G BRI B e R, BNEESK#A. #5. #6. #7. #8: WIFTITII(2011 4E~2021 4F)FH 2
FEXT 5 TE AR R0 B AR AT 7T, EDEER#3. #9. #10. KWK, KE BT HEM B,
Tt BH PR A5 7R X0 AU 7 2 AR R AE 2009 AR S5 JLAE N, BEAG I (RIHERS, A RR A1k I B AR R,
FEOZAIB R KRR, )5 TR ARSI U A AL . B O IR SRR ) R, A
BRHA BT = CEIA A, XHRISHT B Ak /M (summary of clusters), 5 sfREICHER, RIEE K
B, 1D N, TSI E N Z . WE 4 AT, S R R = O RS, AR R
BEE, EERTBUE L, ETBEIE TR B @S A T BRI AR, BEFERN HL) 2 R AR R A T
TSR R BT B B ET I, BRI S AR e (R AE R A Rk iE
ARG P SRR B RN T 0.9, BHIRRACRA LT, FRMEA G, KR MRS RS, Bf
REEReAE H G I TS AR 2 rp B R TE AL A IR0 (1 %5 A 0 A MLBC R kv, 2 M BT B
(] & A0 (Time-line) 44 58 8 0 At RIS R 25 & B — 7, 5] — SR 70 i R F 0 W3 2 e HE AT 7E [R) — 7K1 28
e, RIS TR SR 2 TR (R B Rt P LAY I R BILAE [T o, Time-line B80T LA BT LU b 4% 30 2R 25 1) B [ 25
JE UL s bR, AT AT AT Ml J s B A AR 0 (v k. & 6 o, #1 KJE iR, M 2005 44 JF
R, #2 Yk, HIPURHAY 2004 4E; #0. #3. #4. #5. #7 WRARMIT R 0B ERK, #2. #6 B
JEAF 2019 FIG A HEL, HILATTZ AR R RIE DL R B EEE, MHO. #1. #3. #4. #5.
HT S5 ARG R B E I T IS AT R I AT 7T
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Figure 5. “Tunnel model test” cluster knowledge map in China, 2001~2021
5.2001~2021 Hh[E “BEEEEIRNL” RAIMIREE

Table 4. Cluster analysis table of “tunnel model test” in China, 2001~2021
F< 4.2001~2021 R E “BFERBIRE” SMiER

) TR BEREE CPHFEMS TOP terms (FE £ <8 A])
A 58(167.59); HUMETHE(57.9); REEAI(32.1);
W35(29.51, 1.0E-4); -k (22.07, 1.0E-4)

FAIELH67.12); HoH 7 (44.04); /KK 1(39.18);
TJEPEIE (38.51, 1.0E-4); J1%4%£(27.33, 1.0E-4)

B&iE(75.77); HRah G HEERIE(70.94); B /03 (68.68);
% J2(46.2, 1.0OE—4); 34 1-f¥iE (44.33, 1.0E-4)

BUEFN(141); 55 XGH (101.83);  BEIE K 9k (69.91);
=514 (66.98, 1.0E—4); BLIHIFETL 55 (58, 1.0E-4)

JEMINEIE (168.87); /1% 4%(69.59); B 1t (64.68);
AH T 25 52 (64.68, 1.0E—4); VIF#(40.07, 1.0E—4)

HhRR%IE (121.59); hE4%(84.03); HLFK U4 (33.64);
1% 71(33.09, 1.0E-4); %1 %1% (22.24, 1.0E-4)

#6 BRI IE 51 0.874 2011  HRERPXIE(66.98); *MILEHI(40.47); BAKEIE(35.61); Wilhi)E(33.15)
#T RSB TR 48 0.785 2011 B%E TFE(171.33); 545 HAH TAEH(28.83); HEHL#5(28.83)

#0 BRLG  83 0.848 2011
#1ARLUAP R 63 0.855 2012

#2 B8 61 0.891 2012
#3 HEMA 60 0.862 2010
#4 JERIFEIE 59 0.845 2012

#5 HhgkREiE 54 0.878 2012
B

34.3. AREFMEHISHAKESH

JE 1T CiteSpace #44:#) Burst detection Iy R PAFRIN HE f5 i [i] P9 598 K B4 F 1 50 8] o 7RI AT R
TR M, ARAE A 7T 20 SEAOWF ARSI, B B A B N R 1R BN 3 4E, LA B YINER
IVERE T, ARSI 7 A, RIS GRE . HIER . SRED . RRem [T 5,
W# 5. I3 5 ATLAE HOEPRRIE, Fee b B R SR R () B A, 150 A FEAR K — B [H] P 24 i) [ P 2
B W P EE A i B S AR IR B ST 5 T, A9 AR S AT A [16]F) FH = 9 AR BURSE AL 100 A = 4k A R T 2K
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NIRRT AT BRI DR R AR AR TR L A e BRI ) AN RE AT IR AN S . SRR [L7]5E R RS T
Boltzmann 75 EE R DS 5 P 99 K i 7 Raleigh-Benard Xt . VE R AS[18]25H) FH B8 BT (1) J7 R 40L 1 B il
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Figure 6. Cluster map of time-line of tunnel model test in China from 2001~2021
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Table 5. Emergent key word of “tunnel model test” in China from 2001 to 2021
2 5.2001~2021 P [E “BRERAIALG” SRIKHEIA

JP A 1] e s HIAEA SEAEAR FReLI A
1 R 6.44 2001 2005 5 4F
2 By 6.62 2003 2008 6 4F
3 NI I 6.21 2003 2007 5 4F
4 HEHLREE 7.32 2004 2012 9 4F
5 Hh Bk TRk 6.18 2006 2010 5 4F
6 HhZs 7.73 2008 2011 44
7 kg E 7.05 2010 2013 4 4
8 DU R IE 11.25 2012 2015 44
9 i 5.15 2015 2018 44
10 ) i v 5.68 2017 2019 34
11 B PEIE 5.11 2019 2021 44

4. ZRERE

ATCHEET CNKI Hidla e, xF 2001~2021 4 BETE ALY 06 (K SCRRBEAT 1 AR S S5 K 7 b, 20l S
BRI R SR, SCIRIEE A, HUBGE TR, RORBERSE ) AT 1 HEAh iR, BATRH LI LR4git.

1) H Al A LT B IE R R FOBT T T AR T AR A RO EE R, AU AR R OSCHCE &,
FRHHRHE N AR BB T, JEHIBE T M AR M. AR e WS
WEFEN AR ST T R4S o Btz oh, AHECT B4R 4y A9 505 T 7T 09 4 LR HY B 1 KB HIRIT 1A,
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