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Abstract

In order to solve the problem of land occupation and special engineering reinforcement, the study
of rock and soil grouting materials has become particularly important, which can provide ideas
and inspiration for subsequent scholars in order to explore its evolution. Based on CiteSpace lite-
rature analysis software, 208 samples of CNKI from 2001 to 2022 were visualized and analyzed
with the theme of “rock and soil grouting”. The results showed that the number of published lite-
rature increased year by year and the trend did not decrease. There are few author groups in this
field, and most scholars have published few papers and lack horizontal communication, but the li-
terature quality is getting higher and higher. The number of research institutions is small and

» o« T

there is less academic collaboration between them; “Grouting”, “reinforcement”, “grouting tech-
nology” and “micro fracture” are the current research hotspots, and also the most important
problems to be solved. Finally, on the basis of literature reading and analysis, future research in
the field of rock and soil grouting is predicted and some suggestions are put forward for the ref-
erence of subsequent scholars.
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A SCCHRBAE RV TIE RS IERET KRR 2T 6 o B AR AT 2% HRUEL 22 (CNKDD, - R
RKIEXN “TI= FEEMELAND (SU= £ ORSU= AT ORSU= &f)" , SCEAALER NI, R
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Figure 1. Statistical chart of the number of publications on “geotechnical grouting” in China
from 2001 to 2022

& 1. 2001~2022 &9 [FE “FLFR” HELXXHESITE

ML AT, PN AR i AR TN 2001~2022 AESCHREUE KRR R R RE S, H
H 2020 FR L ERLZIAF 19 B WEF TR G B 5 BRI R I LU N = AN B
2001~2006 K AT, BBt N BRSO AR BE R D, PR SCENERE 3 i, Ui
FE LB B P9 AN SCHIE T 1) 22 35 30 R T A S AL TP I B, LR R P R R AL T2 0 R 1)
W 2RI, SRR BRI R ARV K B L SRR MR, B LUK A B FE AN A0 . 2007~2014 4F
PRI, AR R R E G K, WP 3 R KR 10 R, H A EEE Y 2008 K AR
JIKHLRE, TEHRE I1F F R 8 B3 Y S 22 BR T R P 249 e, L m] REXT R AL 1 2 PRI AR, ok
bR 9 R AR IR, I 2 T AR IS AT BT 7T . 2015~2022 AE NFRESE K, B
KICEN 15 Fafi A, TESLIAIR B A ARG G e, K i v i) EE O i A% B T R X8, (H 7 g X gt ) 2%
PE%S, B RRIE A B T B S LR TR ERACEE, DRz BT ) R R A R . AR
BEiass, A JE st AU T I 2 o 2 Rac b 3 n BT 9T 2 0 SR E K BUR, R SCERR .
3.2. XHkMEE S

RICHE T FIH CiteSpace FAFXT 208 FitE A SCHRIEAT Lt 700, AHOCZEE I R b KR SCkE W
% LR, S80S EE CNKI AT R RS HER AL 399 N, Ho A CEE 3 M3 E
PLERIA 6 NS 1EF B 1.5%, KESHEE KRMRFARIMEMIE 4 RULT, Hok#: 1 RGeS
R SR 94.49%.
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Table 1. Statistical table of the number of articles published by the authors
1 EEEANHESZITER

St RS () TEEHES () Lk 2ttt
3mALLE 6 1.5% 1.5%
2 5 16 4.01% 5.51%
15 349 94.49% 100%

Table 2. Statistical ranking of articles published by authors of “geotechnical grouting” in China from 2001 to 2022
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Figure 2. Map of authors’ publications on “geotechnical grouting” in China from 2001 to 2022
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CRURER YT DARIAR S BARA L BRI . XSRS EF AL R R TRZ RO, RiE B
PEE TR A X MR SGEIE 2 AR CIES, X BN MEE RS HRCEEN
R CA by IBATT DS H I 2 E A AR SCREE D, MR RTE SRR, R8I R, HE
Z )% FONEOS A U B A 7 2 38 i FE I P o 4 20 ¢ m DAR DL S AR 1 2 b
H AR NEER D, R KR B DAZEAR A 223 A% 0 3 DU — R kA oe 7= B 31 2020 4, HRR
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Figure 3. Atlas of China’s geotechnical grouting issuing agencies from 2001 to 2022
[# 3. 2001~2022 FHhEE TIF R A CHIEE
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Table 3. Ranking of China’s geotechnical grouting publications from 2001 to 2022
= 3.2001~2022 P EE LI R A CHGHER

lhiac BRIk BHIHLIY

1 4 INAR K2R L 5 454 TR 50

2 2 B b KRR A L ) R LR 5K s =
3 2 R LK 2

4 2 S B A A BR A )

5 2 Hh LA K R U S PR R 2 2 B

6 2 T~ ARA 7K SCHT R BA

HIHLR B AT &, e Node (T195:8) 206 A, 5 s K/ S AR ST A i HUAA) 5 SCHICRE, 4 e B AL
PR SCERGZ o Link (2K) 0 %, Density (5% %) 0, A ARG Z 10 19 & 1R SCHIELANER, EL
PR 1AL Z 18] B4 7 O AR R ST T, 382 PR B 2 A8 O S R LAY R DM S 2 R B T A
THZIENIEMR K R WAOCHE EF INAR RS 5585 TR R h O ERE, HEBE 4
ol SCHR A s o B M K2 R ST B 22 AH AR U R SO 3D o R ST AR R AT TR
FERTFUURAT A% DAL, ST FUR R Sk E M, B H AT L R OSCR AR D, BB AL
Z R EERR, HREMIIGEARI S HERMEBEATIRAIL, B REFR. W LERETEE
H, EZHE SRR 5, HRZENGE L, BT s 2 2 e )L, k2
RIS HAETT ARSI S AR, LUK FOE A R Tt . FERRIVESEH, S HLHEIE
S22 056 [T DA 2 T ) 32 e 1 o

3.4. KBRS
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Figure 4. Co-occurrence map of “rock and soil grouting” keywords
B4 “BLiER” KEaHtIEE
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TIFEAT A0, ok T PR B T A B A A A ME— £ 32 iR U741k “Pathfinder” 5 “Purning Sliced
Network” 1EIT, [FIES EI0E Y MARLLRIBAG B0 &, 2 Ja 3RS i Rt 7 ockin i, RIFR &) 4 Hop
N (75 m) 30 362 4N, L (ELk) Bl 765 2%, Density (3 %)4 0.0117. EIHABREASLARE THHE,
A MR R paz S, U AN I S A AR T R B AR OC B i rh B M, JLIMEVE ] 0
-1, HREEELE S HARINE 4,

Table 4. Word frequency and centrality of “rock and soil grouting” keywords in China from 2001 to 2022
= 4.2001~2022 FFEA “ALFER” KEIEERGAMSOE

Frs PS ! BIK HL
1 ¥ 57 0.64
2 AR 38 0.57
3 e 35 0.37
4 E5Esy 17 0.17
5 A TR 12 0.04
6 B 10 0.08
7 BHIIY 10 0.11

L1, AT BLREAS R B 2 [ 3L R BL I ok . S5 &I X BB (L E] ) f 3k 4 AHE H
“YESRT CUERAPRL” NI X e SR RN O B . GBI SCRRB BT, B AU R,
Kbl TRERE BA HVEHRIX—J7 A RRIEAL, SRR OURy 2 7 ix 5w, MR L EHE S E S
A N S B AR TREX 5T, HIX M, Wi B Bt A T oI B A ORHIE I B AT
TR R, RATEQVEI L, FRRERNE, “BiE” 5 A2 SRk FER AT
ZH, KRR _E3C“ A AT 157 IR S A OB R SR B 2 HE 2B T B0 D EERUR

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20m 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 5. Map of time zone for hotspot research of “rock and soil grouting”
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IR R RS WA 6 Frw, B SOt A AR AR TE S R, B B B e 4R
TESRANR SRS E R A F Y HEAT AN [9], X —SCHRINI T AR T 1 et Ui v, 5 — S B BF [10] 27
HRES 1A BB BRI SRR, EUER I 1A RIS MRS S R RIS, 4 T S AN [
BRI AP . 2003 S5 iR A RO AT EAEBIRH B, 2 QR [L11DU MR R B FEJED A 2R B2
i#, ST I EEAT Bl R AL S R A BT BB E, REE AT R PRI/ NSERE . 156 7E 2006 455 ik
IV A2 [ T, 2007 SR SEAR BURRIE SR, LR JEOR A A7 /05 s £ TR, 2013 4 13
JRRFERUR & AKX (1055 Bl 1 X 1 o o 6 SRR M v, A AT DR F G A% B SRR REEAT 1K
TR, BERSRKZZAERIN B SE X0, HRZHHNMR TRSLER, AR —
SIS FTHEAT IR ER I RT DA 6 ST TR AT e IR AS e R 8T B Sk TR SR o

BEF 6 S B 1R ) S5 A SEEAT I 0 AT, 9% Burst detection, EPEEATIR AT, AT LUK RN ]
B A SRR NEE B SRR, 5 LR S U P9 5 I A R A T FE 075 R0 B A, RIS R AR SR
JEJT I . EHL 2001~2022 4F I SCHREBEAT SR ORHER AT, RN REEMRBEN 2, HHRE 1 FREXR
s A 6.

Keywords Year Strength Begin End 2001~2022

113 2001 3.59 2015 207160 o o o s s s s s s s s s s I B s s s s s s

Figure 6. Keyword saliency map
6. XBIAREEIE

U W R REHAAE 2015~2016 4EAE i, ISR AR U N D, AR D,
FLASCHR AT 3 AR SCRRE 2 A0 O b R A R SCHR, S I 2 s R A IR 2k AR AT Wk 7T, 7
HeE MU IEA R0 -

342, XKEIARA LLR BESH

BB P &S eSSk, ZARERFLE 1939 kg H, T kil
RGN SCGIRGE B RS TN AR “L” , FAEEREE, KRS TE
R A I rT AL I T B R ISR o b g b gt 4% 2 A i R T EOR(E R 142 CiteSpace KA1
KR TR TIhRE, M fEY, BT LLR (Log-Likelihood Rational) 285k A Fl, 4240 AR A0 1A,
e X SLBLRE SR A AU L E B, BRJE M 'S Won A Cluster ID, BN S 9 5HER /N E
= Ee[12].

R AT, AR LLR S8R SRR T Re 0T A A5 1) S Ba il HL B L 1 AT SRR A, PaRAS 0%
AR, BRI 7, B H Modularity Q (BEHE) = 0.6931 > 0.3, RME IR T IEMIMERIKEE R,
Mean (P35 ERE) S = 0.8931 > 0.5, REMKELRAAR G MEEE4]. BT AR, EIH) 10 K
FBLHLR Sy 2001~2022 42 L3R R AT B R AT N 28 B 07 ) o LT+ SR SEHE R T AR IR 2K
I FERMEL, R T2, MR, PUEsRE. Ha. AL TR, Bt BiE. RREFERDIE
FONHO K, BRETE LKA KRS T, AR R O IR N G O, AR
FLVGWEIRIAZ 0o ) o 7E AT 1 DA SR Wik RS O B8l L, {8 Timeline View Thag, BT PAZRAR G

RROHTIE IS 2 RS a4, 44 A — RIS IR IS J5 420 HEBUAE [F)— B 2%
AR AN GBI R S RS BRI T R T . #2 F B ANE IR B AT 70 A7 3 25 i
TR B, TM#3 AR X#2 MRt — PR IT, #1. #5 2RIt PUkiImA B 1, HEK%
RIS ATIRE e (S48 515, #4. #5. #6. #7. #8. #9 2 A 1 HAK SZR
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Figure 7. Keyword clustering map
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Figure 8. Keyword time line clustering map
8. RERiRATIE) L B JEE K
M TRIZE B (LI 8)FT LA Y, #2 e#3 BRB L H N ELE A LRGN U A, #m®. #2
SEEHE AL MR RS T LUE Y, IR 2003 SETTAG,  H A STERBORA 5 A7 OG0 B ] A dn
SCPERRL, BAIKTE, AR SR Lo A T AT B JFUA I RS SRR B RLR A S 4
SRR o B EEKYEN, (HZIRTKIRAS, — B REEAS EARETE KT 0.2 mm () FLAR BB
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T, A BB R JEE — BOWKBER B EMW G, B2 B AR R A S BN 5t HLas
SRR FE LK Y8 45 SRS AR [13] o BEILE, 450D RH %A BHIE TE N GO By SRS RLEAT AN i 5k S At
Ko AEJEA PURERRLEE A LW SR MR REIE R HICREH R MR Rl #4 S5 543 ATLLE H, itk
T VR IR U IR A ARV S T L R LOVERT AL L e BUR B E R, bR
[ ST LRI R IR AL i TR, I BE T8 TRE B s B, 5 HIER S AR A Tk & T
WEFC, DAL S 2% o S AR BURF R B 26 1 R IR LR 2L, (RIS R A B AR BEAT Jt L i J5 399 4
TR ASE N LA R Tt AR

3.4.3. X BIADHT

CiteSpace H1# WA LSI. LLR. MI =F50%, AL LLR FEA S BT 22K 0 i F 5 2R
Foptrand 5, REES T, BUEMBOR RIS ARAR RO . 25 G R T v B AT Y
ANKANRAT T B FAEE, Al U T CYERMELT “HERITZ” .

Table 5. Details of cluster analysis of “rock and soil grouting”

F#5 “BALER” BESIIER

Rke HERA SEEEA Top Term (E ZeHEH)

#0 113 0.904 2013 1%K(19.25); MEFEA K (12.53)
#1 ] 0.84 2012 VESZINE (12.6); Hi/Z(8.19)
#2 EIARL 0.967 2012 FERARHA5.7); INE R R (7.84)

#HERTE 0.716 2009 Fil%H (27.61); #i1F(13.56)
#4 TR 0.844 2012 EF T Z(10.61); 1EHRKS%1(10.61)
#5 PRI 0.946 2012 WEERR(15.1); TEHRIEK(15.1)

M LT P A SRR ATHE SR M0 S, A 2001 £ETTF 4R MO (i SC4 i - DA ]
ML KA (9109 BRI T A AL 5 Hh A FH 8 SR S A PR A A R Ik & SCPP AT ], B i Tl i K 2 [ 14141
KA R TR B BRI R 3 EON AR KUK IE R I, HKJRRD 30 AR IR R 45 50 B &L 2005
2 IRR 151 A BUAE T A T 7K e FUE S 5 KRR AN BRAR OIS 0 T e B R IR EER Tl 11 Ak 22 0 254K
RIUT W TE K FIE T 98% . (R [1610] 7 i B MM R S 5 [ 45 5 TRE L BEAT 73 Hr I3 44
T LRSI A R R TR L X AR [17]48 N I SE6iF 78t — Rl R R AR (VCH), Jf il
DB KEFR GBI ELS TR, RAE TR AT RV S 38REE: BEE BUESm IR e, 5k
LR[18] A E MM FLAC3D eIl TBL, 2 TU [ #h 15 (10 77 A A AL R T 9% 3% o ] B J52 58 o oxo FBl A
SEVES BRI BT ISERMZ RN, A LR R RE— R E AR, BRI A 1
BUAT R AR R b, BEXTAS R T AL A R RORE, B ans B [19] 06t 1 AR P K B3 - BRIR A P
A RMA R B AR P i s SR A N [20]AR 48 gtk J5 AR R 5 2R A KBS O SH-(C + F +
CaO) ¢ {4 K& Fl T Pu AL s X R A ROBRE A B . B3 2020 4 [EAR 255 A [21]81 X il K e e - & R4k
TR BRIE , PRITEE TR IR 540K SiO2 S8 RES M BLIIK - S5 R4 Ft i 5/ ek 5 AL AL L,
R T MBCEERE LRSI EE H IR R ROR G . I8 SCER AT DUR 2 i SR AU A B T
—EAEARERE, AR SIER T M RKIE T R (e A, BT LU AT AU A EL R,
BA KRR 7y S RE, B AR AR BT 72 ORALE A R S 1) 838 4 1] P 9/ 5 0 55 0 52 I 2 2 oK
KB e R [22]
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