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Abstract

To effectively prevent the frequent occurrence of arching expansion distress in asphalt pavements
with cement-stabilized gravel base courses in the arid desert regions of Northwest China, this study
systematically analyzes the causes of the distress and thoroughly discusses the limitations of exist-
ing prevention measures. Based on this, an optimized design of base course materials and construc-
tion control methods is proposed, and their effectiveness is validated through laboratory tests and
engineering applications. The analysis reveals that arching expansion is primarily caused by the
combined effects of extreme temperature stress and sulfate salt crystallization expansion, particu-
larly in arid saline soil areas where high temperatures and salt chemical reactions lead to material
expansion and strength reduction. Existing passive prevention measures, such as installing expan-
sion joints, fail to address the root cause, while active prevention measures lack systematic optimi-
zation. This study proposes four active prevention strategies: (1) Raw material control: Strictly limit
the sulfate content in aggregates and mixing water, and preferentially select aggregates with low
expansion coefficients and multiple fractured surfaces; (2) Low cement dosage design: Use large-
sized gravel and vibratory compaction techniques to reduce cement content by approximately 0.3%,
while reserving appropriate voids to inhibit expansion; (3) Installation of salt-resistant isolation lay-
ers: Effectively block the migration paths of salts; (4) Anti-segregation construction control: Prefer
construction in summer and autumn, and optimize aggregate gradation, mixing processes, transpor-
tation, paving, and compaction procedures. Engineering practice has demonstrated that these
measures significantly enhance the anti-arching expansion performance of base course materials,
providing important technical support for the durability design of pavements in arid saline soil areas.
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Figure 1. Salt expansion
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Table 1. Grading of oversized water-stabilized gravel

= 1 BARNRKRIRARE

LR ~F (mm) 53 375 19 9.5 4.75 2.36 0.6 0.075
WA (%) 100 63 48 30 22 15 6 3
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(3) HAY 5k
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71 6 kN, IRBNHIZE 30 Hz, IRBNIT[A] 2 min. 2 He SE D% il 7 br e 35 280 o S50 1) 98% LA .
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Table 2. Effect of salt content on the coefficient of expansion
2. SEHENTHKAKNI

R FE I 2 %(x1078/°C)

(%)
1 4 7 14 28 60 90
0 17.81 10.76 1162 11.96 12.00 12.02 12.04
0.2 18.44 11.00 12.01 12.48 12.66 12.69 12.75
0.4 19.65 11.73 12.69 1350 13.66 14.25 1433
0.8 2161 14.14 15.21 15.82 16.26 16.49 16.64
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Table 3. Comparison of mechanical properties of different compaction methods
# 3. TRIEXARAZEMREXTEE

B R A5 MR A (MPa) o )
Ei=pan BRI WRS PIE bHEE 25
1 2 3 4 5 6 S

7 KHUE VVTM 8.82 8.41 8.53 8.91 8.56 8.79 8.67 0.197 2.27
I il ERES 6.21 6.03 5.93 5.82 6.25 6.39 6.11 0.215 5.23
7 Fkxz VVIM 0.912 0.869 0.861 0.831 0.884 0.897 0.876 0.029 3.27
I GillERES 0.712 0.662 0.732 0.625 0.669 0.643 0.691 0.037 9.52

F DA H IR EEXS T /K YA e A o S M N A WS OR, o SR 50 e R A R o i B 485 7 H T HE 51,
FLEFRBEAK 3%~5%, % 50T f.
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RERHH T —E 2 R RN AR, £ € LA DRSS K . AR X = b2 i gy
FOSRAL B IZAK 2R Bt AT 04, Wk 4 Pl

Table 4. Effect of gradation on the coefficient of expansion
= 4. RECXT T B AK R ARSI

TREE 2Rk R 5 (x10°8/°C)

Vet
1 4 7 14 28 60 90
GM 19.65 11.73 12.69 13.50 13.66 14.25 14.33
XM 22.48 13.85 15.59 17.25 17.11 17.71 17.97
GK 12.76 10.00 10.97 11.30 11.35 11.52 11.73
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IR0 R s GK e B T PR B, i AR T S R BE K, FEIR BRI L T, B R 1
TR BRI RS, T AR B AR AR T o P LG TIE B TR AR P 3 90 B £ FLIBEE 8 AT AR 53 LK
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T, BHBEHT A G g SR R R PR . iR A RRRR T, RO v B ok 42 2 — Uk M A 0
HHEAT RSP, Al JE A HE T HLEL 8~10 t (UXUNES FERENLES R P, 2 f5 ) 12 t LA ERIRBNE S, ik
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Figure 2. Basic separation
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Table 5. SCSG-50 gradation range
%% 5. SCSG-50 KL

i DA R i FL/mm e fR) 5T T 43 2%

KA
53 375 19 9.5 4.75 2.36 0.6 0.075
e bR 100 75 64 45 36 25 11 5
SCSG-50
N 100 67 57 35 28 18 7 2

1] 4.75 mm I A 28%3F) 36% (6], VREEHAERETE B S0 I BESE, HRBUR GORME R
R EEE .
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PR, DA A AR RL A AN A
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Figure 3. The material transport vehicle is loading the goods
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I/ N R T AR LB 2 R N RO R B, DL 45708 . b R A AR S T
Vs LA TR BT RIS, R = 2R SR A AT s, A R IR SR R T R
SR ERPE SIS

Figure 4. The material carrier pours the material into the paver

4. ERE E AL

Figure 5. Aggregating hopper of the paver
5. PESHALER R
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Figure 6. Paver

6. AL

Figure 7. The baffle of the paver
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Figure 8. Coarse aggregate segregation
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Figure 9. Rubber-tired roller
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Figure 10. Double-steel-wheel roller
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Figure 11. Combined rolling
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Figure 12. On-site sampling diagram
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Table 6. Screening results of samples with anti-segregation measures

% 6. REUnBITERAERFIER

i I BA R G L/mm R R 5 2%

53 375 19 9.5 475
A1 100 69 67 47 31
Az 100 73 63 42 33
Az 100 67 59 39 34
A4 100 76 66 46 32
As 100 74 61 39 33

¥ 100 71.8 63.2 42.6 32.6

Cul% 0 6.1 48 9.2 9.9
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Table 7. Screening results of samples without anti-segregation measures
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it DA R i FL/mm 5T T 0 3%

RAL

53 375 19 9.5 475
A1 100 62 70 49 29
Az 100 75 62 43 27
As 100 68 55 40 34
As 100 76 66 44 35
As 100 81 59 40 36
¥IH 100 72.4 62.4 43.2 32.2
Cil% 0 10.3 9.4 8.6 12.3
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