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Abstract

To scientifically evaluate the technical condition of existing highway pavement in the arid desert
area of southern Xinjiang and reasonably formulate upgrade and reconstruction plans, this study
takes the G217 Tianshan Grand Canyon to Kuga highway upgrade project as the basis. Multiple
detection methods including automatic pavement distress detection, core drilling, test pit excava-
tion, Falling Weight Deflectometer (FWD), Dynamic Cone Penetrometer (DCP), and Ball-type Resil-
ient Modulus Tester were employed to conduct systematic technical condition detection and eval-
uation for the 58.54 km existing pavement from K1021 + 600 to K1080 + 146. Based on the detec-
tion results, combined with environmental characteristics such as large temperature differences
and widespread saline soil distribution in the arid region of southern Xinjiang, the types, distribu-
tion patterns and formation mechanisms of existing pavement diseases were thoroughly analyzed.
The results show that: the average PCI is 85.2 (rated “Good”); the average RQI is 93.4 (rated “Ex-
cellent”); the average RDI is 96.42 (rated “Excellent”); and the average SCI is 83.4 (rated “Good”).
The main pavement distress is transverse cracks, which mostly penetrate through the asphalt sur-
face layer and cement-stabilized gravel base layer, showing typical reflection crack characteristics
of semi-rigid base. Some sections have alligator cracking, block cracking and local depression. The
average CBR of roadbed is 75.47%, and the average resilient modulus is 268.85 MPa. Test pit de-
tection revealed weak sulfate saline soil in the roadbed fill of some local sections, and salt expan-
sion poses a potential threat to the stability of the base structure. Finite element analysis based on
ABAQUS showed that the maximum tensile stress at the bottom of cement-stabilized base under
combined drying and thermal shrinkage reached 1.10 MPa, exceeding the typical tensile strength
of the material and validating the crack mechanism from a mechanical perspective. Saline soil sec-
tions exhibited a coupling characteristic of “low resilient modulus—high crack density—low PCI,”
with salt expansion significantly affecting pavement performance through subgrade bearing ca-
pacity reduction and base layer cracking. Based on multi-index comprehensive evaluation results,
targeted technical countermeasures for pavement upgrade and reconstruction were proposed, in-
cluding crack treatment, base repair, structural reinforcement and material optimization, provid-
ing technical reference for similar highway upgrade projects in the arid desert area of southern
Xinjiang.
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Figure 1. Spatial fusion profile of multiple pavement indices along G217 route
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Figure 2. PCI distribution along G217 Route
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Table 1. Pavement technical condition detection statistics
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Figure 3. Comparison of pavement technical condition indices
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BRE BRI BE AL, AT BESEMR I 5 VR G Rk 0 sl bt 2 Sk RE AN 57 i Atk o B L IR IR 45 R R,
Wi Z B8R N 0.57~0.83 MPa, T3 0.72 MPa, 57 & B M2 BRE DI .

Table 2. Unconfined compressive strength test results of cement-stabilized base core samples
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Figure 4. Unconfined compressive strength of cement-stabilized base core samples
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3.5.2. BERRIFMERE

KH DCP & BRI CBR {8, #5504 3 K 5. 10 MAYUEIRIL CBR f&/IMEHN 63.22%,
KIEN 101.97%, ~FYEN 75.47%, B9 2 A B IR CBR > 60%) 5K o B AN A 52 18] 22 53 )
i, K1061+960 Fl K1053 +430 &b CBR B %54 63.22%F1 63.58%, UL HIE FIR, 20 i B i IR
S BRI EATAEANE

Table 3. CBR and resilient modulus test results of roadbed
% 3. BEIRINH CBR R [EEEERNLER

e it (A= CBR/% [E] 545 /M Pa
1 K1022 + 180 AT 95.17 371.92
2 K1028 + 360 TATE 76.57 284.20
3 K1033 + 830 AT 101.97 379.96
4 K1038 + 540 TATE 68.90 252.50
5 K1042 + 600 TATE 65.08 215.39
6 K1047 + 950 TATE 70.41 275.34
7 K1053 + 430 ATE 63.58 188.52
8 K1061 + 960 TATE 63.22 184.50
9 K1070 + 800 TATER 67.25 234.99
10 LIXKO + 340 ATER 82.58 301.18
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Figure 5. CBR and resilient modulus test results of roadbed
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K TR 52 6 BE [ BB B, S5 L9 3. 10 ANPRYUEKHE R 3 Y [y 184.50~379.96 MPa, -
PIME N 268.85 MPa. H¥E (A BT B THITE) (JTG D50-2017), 20/ B T-H rh IR 245 TN I 5 TWi
[F] SRR fe /IMELN 40 MPa, G465 JE139 2 R . {H K1061 +960. K1053 +430. K1042 + 600 %5 B4 5]
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Table 4. Soluble salt content detection results (partial)
4. GRS ERME %(%Bﬁ)

IREE AL R H/m MEREE/% itk
K1022 + 180 0~0.4 0.180 Je#him L
K1042 + 600 0.3~0.8 0.766 TEARER #5559 Fh 5T 1
K1061 + 960 1.0~1.5 0.843 TEARER #5559 Fhi5T 1
K1070 + 800 0~0.3 1.042 AR #h 55 #h 5T 1
K1070 + 800 0.3~0.8 0.706 AR #h 59 #h 5T 1

- -~ HhEKIEH{E Salt expansion threshold (0.136%) [4]
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Figure 6. Soluble salt content detection results of roadbed fill
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Figure 7. Multi-index correlation analysis of saline soil sections
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Figure 8. Distribution of pavement disease types
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