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Abstract

To deeply reveal the specific damage patterns and spatiotemporal evolution mechanisms of rural
asphalt pavements under heavily loaded traffic in coal areas, this study is based on four typical
roads in the coal region of Shandong Province. Using multi-functional rapid pavement condition de-
tection data collected continuously from 2022 to 2024, the decay characteristics of the Pavement
Condition Index (PCI) and Rut Depth Index (RDI) were systematically analyzed. The study compre-
hensively applied Spearman’s rank correlation coefficient and spatiotemporal statistical methods
to explore the co-occurrence relationships among pavement quantitatively distresses, with a focus
on analyzing the coupling mechanism between PCI and RDI at multidimensional scales. The results
indicate that: 1) pavement performance exhibits non-uniform accelerated decay. Both the mean PCI
and RDI of coal region roads show a synchronous downward trend, but heavily loaded sections show
significant phenomena of “premium sections declining” and “secondary sections accumulating dam-
age”, indicating obvious load sensitivity in pavement deterioration. 2) The clustering pattern of
“load-dominated” distress is revealed. Rutting, cracking, and potholes are highly positively corre-
lated, forming a distress cluster driven by heavy loads; meanwhile, transverse cracks show a rela-
tively independent environment-related characteristic. 3) The “rut-dominated, structure-leading”
failure pattern is confirmed. PCI and RDI show a strong positive correlation both temporally and
spatially, and the RDI values in heavily loaded sections show a significant “negative offset” relative
to PCI values, indicating that rutting is a critical limiting factor and the leading form of pavement
deterioration. This study clarifies the intrinsic mechanism of coordinated PCI and RDI decay for coal
region roads, providing a solid theoretical basis for constructing multi-index collaborative predic-
tion models based on spatiotemporal features. It has important engineering value in guiding the
transition of rural road maintenance strategies in coal areas from “passive repair” to “active pre-
vention”, achieving precise allocation of maintenance resources.
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Table 1. PCI assessment grades and classification criteria
& 1. PCIIEEF R IR SR
TS5 e =3 el R =
PCI >90 >80, <90 >70, <80 >60, <70 <60

Table 2. RDI assessment grades and classification criteria
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P it it I % i
RDI >90 >80, <90 >70, <80 >60, <70 <60

2.3. BXRYERENA

TERMABEZE SRS, BTRERN. FNEM. AR AR 2R, Wi B2 h
DA FIREE IR . Sl A BAHLE, R A BRI 5 R RIS Z B FR A K. FEZEEA R HiK%
PR EERERRELWN, SHESE. ER. DU EE S R A mERL . RE A AR 2
P, S 11 PSRRI E B TR A AR BORSE. HmBst. BEmR4E. UG, JRIR. ZERL
GURE. Z AR BN N TR S E IR R A SRR, AR SCEE T AN R b DX ) T A A, Kt
T T S L IRV RIAR G MR HEAT T b o 8 FH AR DG ME 23 BT 7572545 Pearson AHSG R4 Kendall A5G R %L
Hl Spearman AHIE REL. B/RIBAHOC RECEAT RUFIIFHHE LR MEAR SR RE 77, (EAEIRZR MEAR SCHE: 75 vh R B
B2 Kendall AR REME N —FAESH G T, FTH I AH 77 51 2 18] R N AR . & i & Kendall
R R B R E AN PSS BT A M NFERE, e s MR sF . BT R S R 4L
AN BAR BRAR 00 0 A, A B AR st (AN AR, DR b Y 7 2 R 22 R S 2R Bk A B T ke A5 2 T 1)
FHIAE T

Spearman #H5¢ R H AR A :

o= Z?:o(Ri_ﬁ)(Si_g)
VEL(R-R) (5. -3)
o RFI S AT AN HER LT 2SS OUIINE R G R AS AN B IR G N O M AR B M
Spearman fH¢ 2% p ITHE S RTEHITE[-1, 1], 2 p > 0 BRI MR RIEAE, p < 0 B RIRH

MEFRZE MK, p=0 RFRPINMEIRE AR, Mok — Bz Q) TH AR E R 78
TRFRAL, BARFAER[ I 3 P,

M

Table 3. Correlation degree of Spearman correlation coefficient
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Table 4. Percentage of each grade of the damage condition index for Routes 1~4 from 2022 to 2024
42022 F F 2024 F L 14 BIRIRRIER S F R B0 E

%323 G PCI (%) 112(%) K (%) (%) (%) (%)
2022 90.7 72 23 5 0 0
MLk 1 2023 88.5 52 43 5 0 0
2024 86.4 35 58 7 0 0
2022 91.5 75 25 0 0 0
M2k 2 2023 87.9 45 50 5 0 0
2024 83.6 18 62 20 0 0
2022 93.3 88 10 2 0 0
PR 3 2023 92.1 82 16 2 0 0
2024 90.8 75 22 3 0 0
2022 92.6 81 19 0 0 0
Lk 4 2023 90.5 65 30 5 0 0
2024 88.2 48 47 5 0 0
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Table 5. Percentage of rutting conditions index for Routes 1~4 from 2022 to 2024
F2 5.2022 £ F 2024 FiRLk 1-4 FRKRIBRESSRFEEIE

PR G RDI (%) (%) K (%) (%) (%) 7 (%)
2022 93.6 86 14 0 0 0
P2k 1 2023 89.8 55 40 5 0 0
2024 86.5 30 60 10 0 0
2022 92.4 74 26 0 0 0
2k 2 2023 86.2 30 55 15 0 0
2024 80.5 10 50 35 5 0
2022 93.8 90 8 2 0 0
M2k 3 2023 92.0 78 20 2 0 0
2024 90.2 65 32 3 0 0
2022 91.8 70 28 2 0 0
ek 4 2023 88.5 45 50 5 0 0
2024 85.8 28 60 12 0 0
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Figure 1. Statistical chart of various types of diseases in Route 2
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Figure 2. Heat map of road surface damage types
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Figure 3. Correlation coefficient graph between PCI and RDI time series
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