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Research on Identification of Subsurface Defects of Urban Roads and

Collapse Risk Assessment
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Abstract: Based on ground-penetrating radar (GPR) technology, this paper examined the formation
characteristics, electrical properties, and morphological variations of common subsurface defects of urban
roads. The paper summarized the radar spectrum characteristics of various subsurface defects, aiding in precise
identification and providing a basis for subsequent assessment of road collapse risks. In addition, the paper
integrated various factors, including subsurface defects, into the assessment of road collapse risk and
established a “five-level” assessment model. This led to an integrated research approach for detecting
subsurface defects and assessing collapse risks. A road project in Beijing was used as a case study, and a
trapezoidal membership function was applied to assign values to collapse-related indicators. Fuzzy calculations
were employed to determine the collapse risk levels for subsurface defects 17, 2%, 3% and 4%, classified as Level
II (low risk), Level [l (medium risk), Level [l (medium risk), and Level V (high risk), respectively. The
results indicate that low-risk defect 1* requires enhanced routine inspections; medium-risk defects 2 and 3*
necessitate regular inspections; high-risk defect 4" demands immediate grouting reinforcement or excavation
and backfilling.
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Figure 1 Working principle of GPR
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Figure 2 Radar spectra of typical subsurface defects and

revealed conditions
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Figure 3 Road collapse risk assessment indicator system
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Table 1 Risk assessment standards for road collapse
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Table 2 Interpretation of significance scale
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Table 3 Consistency ratio of judgment matrix
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M 4 AT LU Y« 75 52 e 05 B 9 26 — A
Hh i g TGS S I B I XU ) R ) e R, ] 0 B 05
R 52 Wi Y 22, DX 37K SO S AR 198 52 Wi e /0 5 T 7
S TE A B R SR AR bR b, o 2 W E
TR BLAR R g B S i AR 6F E B 5 B XU B9
SO B R, A AR O AR K B LR KR i T
DU S TR 5 D A 0 g R 5 A S T IR 2 R
JBt e 7K B S I I A5 2 A 4 B 145 R
N o PG, S ISP T S B3 6 DXL BT I 7 R
SIS T e AR A R DN R LU TS 8 f
TAEEE B X

4 A

41 TREHR

PLAG 5T B B 32 1A B O ]l A B E T
TH [ I 0, R S B GOk, A3 AT R AR R 25 2R A
B E TR 4 TR ERCRES S 17,
27 3TFN A7) R LA I R AR A B (B 5 1R 4) o [
B, FR T I B B B XU DE A AR R AR B OK B LI K
PR B AR EE e LR O AR U R 6
N8 T e bn , MoK AR 3238 I i GE B R
AT 3 0 B 2SR e T O A TR 0 R 2 b BT



% 2

W, R T M T R E AR A RO T R TR AT R

51

SRS TEMEREbR o R IHG , AR SCRF X PR 6 Ak )
2R 100 20 T 315 4 A1 52 PR A At A7 i fl Ak

2 /m
0 41 42 43 44 45 46 47 48 49 50 51 52 530

[N % /ns

5 % /ns

10

20
30

40 =
50 =
60 ———

(c)

¥E 2 /m

Ak 37

5} % /ns

5 % /ns

BS e EsE

Figure 5 Radar spectra of subsurface defects
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Table 4 Surrounding conditions and evaluation information for subsurface defects
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Figure 6 Collapse risk levels of different defects
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