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Abstract

To systematically review the research status and development trends in the field of particle frag-
mentation in large-sized subgrade backfill materials, this paper conducted a bibliometric and visual
analysis of relevant literature based on the Web of Science Core Collection and the CNKI database
using CiteSpace. The analysis focused on annual publication trends, core authors, distribution of
countries and institutions, keyword co-occurrence, and clustering. The results show that research
in this field has undergone three stages: initial, slow growth, and rapid growth. Ma Wei is the most
prolific author in English literature, while Yao Junkai is the most representative author in Chinese
literature. China, the United States, Australia, and Japan are the four countries with the most re-
search outputs, and the School of Civil Engineering at Central South University is the institution with
the highest number of publications. The study also reveals that domestic research focuses on sub-
grade diseases, construction techniques, and the recycling of construction waste, whereas interna-
tional research emphasizes mechanical behavior, numerical simulation, and engineering modeling.
By reviewing high-impact literature, this paper further summarizes research progress on particle
fragmentation mechanisms, experimental methods, and engineering control measures, providing a
reference for future studies in this field.
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Figure 1. Annual publication statistics on particle breakage of coarse-grained backfill materials in subgrade
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Figure 2. Co-authorship network map of literature on particle crushing of large-size backfill materials for roadbeds
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Table 2. Top 10 authors by publication output on particle crushing of large-size backfill materials for roadbeds
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Figure 3. Publication output by institution for Chinese sample literature
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Figure 4. Institutional collaboration network map of English sample literature
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Figure 5. Country collaboration network map of English sample literature
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Table 3. Top 9 countries by publication output on particle crushing of large-size backfill materials for roadbeds

3. BRERIE EIERH BRI A LAk A SCERT 9 RIEIR

Fs R b Fr I X
1 160 1.06 2007 PEOPLES R CHINA
2 8 0.33 2007 USA
3 6 0.00 2008 JAPAN
4 6 0.00 2014 SOUTH KOREA
5 4 0.00 2014 RUSSIA
6 3 0.00 2017 AUSTRALIA
7 2 0.00 2020 ENGLAND
8 2 0.00 2018 FRANCE
9 1 0.00 2013 CANADA
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Figure 6. Keyword co-occurrence map of Chinese research on particle crushing of large-size backfill materials for roadbeds
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Table 4. High-frequency terms in Chinese research clusters on particle crushing of large-size backfill materials for roadbeds

3 4. EARREXKE EER AR R R LS IR

F5 A 1] BIR H &
1 SRR 38 0.40
2 it THEA 25 0.19
3 AR 24 0.19
4 [Epg 23 0.27
5 R 14 0.02
6 R A B 12 0.08
7 AL 11 0.08
8 JESERE 11 0.10

DOI: 10.12677/ag.2026.162018

183

HOERBFE AT


https://doi.org/10.12677/ag.2026.162018

Cl!eSpace v. 6.4.R2 (64-bit) Beslc
aaaaa y 28, 2026, 9:23:29 AM
CNKI E: \cltespace\ﬂ&%\CNKl\data
Timespan: 2006-2023 (Slice Length=1)
Selecllon Crl(ena g mdex (k—20) LRF-ZS L/N=10, LBY=5, e=1.0
70 (Density: 05)
Largest 1 CCs 215 (71 %)
Nodes Labeled: 1.0%
Prumng None
Modul Q=0.714

Welgh Mean Silhouette $=0.9127
Mean(Q, S)=0.8012

Excluded

w3 Fmmm . ¢
RN CoR

@ )
@ @) @ °

! T e s womEmE .,
#S*H*f[j: by .. o@ 4 ® o @

/ @) 0D
o e B Save @ . °
f #1 %ﬁ*imb‘éf- ngg
- s m%ﬁm
9 ﬁ?ﬂ%ﬁ .

2 (=) @ -, -0~
Sk TR
R % ©

)
o@sD a o [#10 iI*&m‘
® X - Y Ny
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Figure 8. Cluster timeline map of Chinese research on particle crushing of large-size backfill materials for roadbeds

[ 8. EMEREARITR BIER BRI AR A 53 SR At B £k B

CiteSpace, v. 6.4.R2 (64-bit) Basic
January 26, 2026, 11:47:00 All CST
Wos: Exle Ihigace\iﬁ§

\d
Timespan: Sllce =1)
g (k—25) LRF=Z5 LIN=10, LBY=5, e=1.0
N=300, E-BB1 (Densky-o.m 17)
;152 (60%) @ @

Pruning: None
Excluded: @ ®

o © .

e
-ﬁ O
plateau O
o ° ®o
e ® o ® S ® »
e O

e ©®
shear strength
© ®

mechanical property] @

o @
. Oclay ®

high speed railway]

s
o
= ® ® @
- .
CiteSpace

- ) o €
_—

Figure 9. Keyword co-occurrence map of international research on particle crushing of large-size backfill materials for roadbeds
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Table 5. High-frequency keywords in research clusters on particle crushing of large-size backfill materials for roadbeds
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2 11 0.17 2009 dynamic response
3 10 0.06 2018 behavior
4 10 0.27 2008 embankment
5 9 0.08 2020 subgrade
6 8 0.09 2019 performance
7 7 0.03 2008 numerical analysis
8 7 0.14 2016 soil
9 6 0.07 2019 model
10 6 0.05 2019 deformation
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Figure 10. Keyword clustering map of international research on particle crushing of large-size backfill materials for roadbeds
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