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Abstract

In view of the arid desert area of southern Xinjiang asphalt pavement arching and swelling disease
problem, this study takes G301z Aksu to Kashgar highway as the research object, adopts on-site inves-
tigation, drilling core sampling, full-section excavation and temperature monitoring methods, com-
bined with indoor tests to systematically analyze the characteristics of the disease and the causes of
the disease. The results indicate that: arching/swelling primarily occurs in arid semi-desert areas fea-
turing extreme temperature differentials and severe salinization, exhibiting marked seasonality with
peak incidence during summer. The disorder manifests as transverse or Z-shaped upheavals within
the cement-stabilized gravel base course, while subbase and subgrade structures remain relatively in-

tact. Core samples from affected areas show significantly reduced strength, excessive SO}~ content,

and a vertical concentration gradient of soluble salts: subgrade > lower base > upper base. The arch-
ing/swelling pathology results from the synergistic effects of “thermal expansion” induced by temper-
ature differentials and “salt expansion” caused by sulfate erosion.
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Figure 1. Spatial distribution of groundwater quality types in Southern Xinjiang
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Table 1. Arch expansion quantity statistics along the Aksu-Kashgar section of the G3012 Expressway
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Figure 2. Upheaving distress along the Aksu-Kashi section of the G3012 Expressway
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Figure 3. Core drilling results from the G3012 Aksu-Kashgar Expressway
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Figure 4. Trenching investigation results along the Aksu-Kashgar section of the G3012 Expressway
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Table 2. Anion test results of samples from different pavement layers
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Liide) BEHUAK AL (7K P BRLES (m) = CI™ (%) SO; (%) COy (%)  HCO; (%)
5 LE-1= 0.047 0.246 0.033 0.016
2 E-15 0.055 0.255 0.03 0.01
K1082+130 0 B+ 0.043 0.896 0.04 0.007
0 E-= 0.058 0.79 0.02 0.009
0 EERZ 0.061 0.395 0.01 0.012
5 E- = 0.018 0.117 0.034 0.005
0 B+ 0.003 0.603 0.04 0.008
K1076+860 0 TR 0.018 0.489 0.042 0.004
0 EEZ 0.006 0.375 0.035 0.008
5 E- = 0.04 0.133 0.028 0.008

DOI: 10.12677/0jtt.2025.145067 675 SEE N


https://doi.org/10.12677/ojtt.2025.145067

TR

Table 3. Cation test results of samples from different pavement layers
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iR B LK AL P 7T 2 5 (m) J=IIA Ca¥ (%) K*' (%) Mg* (%) Na' (%) HETIKE%)
5 TEZ 0.0781  0.0084  0.0036 0.008 0.4401
2 TEZ 0.0511  0.0128  0.0029 0.02 0.4368
K1082+130 0 M3+ 02103 0.0066  0.0058 0.0002 1.2089
0 NEE 0.0967  0.012  0.0006 0.0296 1.0159
0 32 0.121  0.0048  0.0004 0.0135 0.6177
5 NHEE 0.0747  0.0155  0.0003 0.0379 0.3024
0 BE+ 0.243  0.0255  0.0004 0.0746 0.9975
K1076+860 0 THEZ 0.1843  0.0041  0.0019 0.0108 0.7541
0 ERE 0.096  0.0177  0.0006 0.0521 0.5904
5 TR 0.0998  0.0136  0.0004 0.0406 0.3634
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Table 4. Anion content analysis of undisturbed soil samples
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VA (m) Cl (%) SO (%) HCOs (%) c(Cr)/e(s0) s
0 0.285 0.279 0.016 2.76 AEhF
0.05 0.349 0.27 0.02 35 AhF
0.25 0.357 0.377 0.018 3.28 S st
0.5 0.166 0.462 0.015 0.97 AR TR #6535
1 0.14 0.815 0.019 0.46 AR R #6535
Table 5. Cation content analysis of undisturbed soil samples
F 5. MELHASFRNER
BRI (m) Ca® (%) K* (%) Mg (%) Na* (%)
0 0.06 0.022 0.006 0.142
0.05 0.058 0.007 0.004 0.087
0.25 0.074 0.006 0.019 0.127
0.5 0.043 0.002 0.017 0.046
1 0.22 0.007 0.003 0.083
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Table 6. Unconfined compressive strength of base course core samples by road section

6. BEBRERTHETMRITESRE

BB R R R AR 5 6 00 PR 470 1 558 5 (M Pa)
K1062+175 6.7
K1062+176 2.8
K1069+063 3.9
&
K1076+900 5.7
G301 BT E 75 2 K1076+900 7.7
At R L K1082+287 7.9
K1062+185 11.5
K1069+073 13.6
o
K1076+910 12.9
K1082+297 14.3

4. BRTETHLRKIR E 574

ity EIRAE WA IR ORI SR BREIE A, RS ST DU 7 o AR A O B
Hi IR AN “ERAKR T FEEIME A SR .

4.1. RimBESHH “FHREK”

BRI H AR THRIAECE 5 S BN, BEFmIRA R, RAPRRMNIEET . BT K
R AR S TIREBUREAM B, BERN S 5 KRR, SBUKREZEREEMK. KA gE. X
TR LR TR A R R B E T, R 22 7= A (i B N 72 S B IR 0 B B 1 5 A

IR KRS SR B R ERIR 8], M FE AR I o] 7K A ik S Ak = A PRI B I g T 4% (1) IEAT 15

oc=E-a-AT (1)
X, o NIEERII(MPa);

E J9/KFEEE E T A B (MPa);

AT HNEZE(C);

a A7KFRIEE IR FE R 2 22(10°9°C).

)R A, MR ZE . MORMR R R B IR R85 KRR L 2 i BE R BB . A T LKA
BT RS s AT, 8 % IR IR T KRR E B S E MR R GBI B 1 S A, o

DOI: 10.12677/0jtt.2025.145067 677 AR


https://doi.org/10.12677/ojtt.2025.145067

S

M}

Par
&

JEfE E =1500 MPa. REFK RZEa =10°C, Hidust/Z o, =0.6 MPa, JFET-HRTERS B 454 N
FRS I PR IR 22 (AT, =35°C), ARHRIRFE R ST 20 sROD)EAT A, SR MEIR B A A 1 R 8
JIMTi% 0.53 MPa, O EHOHIRIR IR, WERMAIESE T “PK” & SR 2 500 B )1
Do ERAR KR O 5 1) R XA B R R 22 3, LB R KR R AR Bk, P e
KARLT), RE&FEKSESEREER. Mk NEn . Hl Sk e R X6 T 255X, B
TR T R S (P R

4.2. IRSYIREE R AK

BT IE R R R R E SR AL, JCLABREN(NaSO4) N E o BB BN 7K eI R HR A i A5 R
B3, HBOAPLE ATy 3 2K (1) BEARRARZAK: JE/KE NasSOs Fe At NaySO4- 10H0 (E5AiH), [ AH
ARIAKZ) 314%; (2) HhKALE, Jo/K#h NaySO4 WKV e/ A8 5 1 SRR (3) #hahfhfk:
TR AT R AR KPP AR B R I [9]-[11]e 31X =FPHLHIUE T NaySOs YHRAR b i F2 7= A=
RISy, TP EORIOR o MR AL . IR 4 R e LI, B S o/ s M fLIRIaA S, @ik
FEAEKER, SURMEZIKIIR.

4.3. S FR MK

R AR G | R R R AR 2 AK Ve KA = 0 5 T R R AR A OB AR S S A A
TRV Ak 7 S Ut/

R AR B8 T 5 /K Ve A AR P (UK AL R R 5 ) e 2 A B — RS BLAT (AFY), B FEINRQ2)FTs. ik
EWARERAL, 46 KBRS TEEMAEREEE K, BERE SESHEEMERIITH. ZKEA
FLEEAR, SRR AE KA, TERERARE RS BRI, SEUEMIA 12]. &
IR E P S, (s A S SIA S . 75 20°C~40°C X [i], 55 A BOd = bR BT &
MR, SEETE IR 40°C~50°C [13]-[15]. Fd 98 5 2= 58 2 Tl 5 i T ik 50°C L b, RESELAT K
ISR AE SR, IR ZE K .

Ca0-Al,0; -12H,0 +3Na,S0, +2Ca(OH), +20H,0 — 3Ca0- Al,0, - CaSO, -31H,0+6NaOH  (2)

LRI T SOT WKEERT 1000 mg/L HBMFLNEFIA KISBEIR AN, BRA S IA 40, Bt
1 E (CaSO4 H0) o FESSIIAEE T, BRI M E =W — KA 8, EBUERKIEA T EK, &
B AITR. RIEZWIEJIZZZ0[16] [17]. XRD /Wi EI A B AAE, R AEFHIRA T 20
FHR R M ATE3) (@) FR:

Ca(OH), +NaSO, — Ca®” +SO; +Na" + OH" 3)

Ca’* +S0; +2H,0 — CaSO, -2H,0 4)

4.3.1. SEM M5 53 4hr

N iE— D U P 5L 2 R KR KA =) A TS S AFAE R 5y 1 3R R AR A 5 SN A A DR =), R
JSM 7610 FPlus $4 H 8% Wi 2 Bt ik b 56 2O RE O OU I3, LI 45 S &) 5 o

] 5(a) o RLR I A SRR 2 BRANE K EEFRIRESIA 2010, BUNT RN, RHHBNE
IKVE KA =W S S AE 3 J2 25 B N AR RS AL AT s 1] 5(b) T LA B ZUR C-S-H BEE M2 AT IRES LA . BRIREN
mn RSEAE s 1 5(c) TS B ERREER ] B A B A Jo [l A2 A K B [ BRI AR KA R K Ve L . 1] 5(d) 78 1A
BT AN 52 B 2 A, HEMDN NapSOy divfd . KEE BRI B RIS T S B dh ARV &, IEsE
T KK S TRRR B R AE T 45 RV

DOI: 10.12677/0jtt.2025.145067 678 AR


https://doi.org/10.12677/ojtt.2025.145067

(e) K 8000 £ (d) K 10000 £%

Figure 5. SEM images of base core samples at arching site

5. AR E BT SEM Elfg

4.3.2. XRD RS
i F§ DS ADVANCE X 5 284 R ATHH SO HEAK AL 20 FE3E4T XRD #4H 007, 45l 6 Ars.
M &E BB IAFAE S B R E WA . RS A UL A B, YONRRIR SR ML 77, A6 H Ca(OH), fif

S, FW]PBURAK K AR I B4 2 OB A 1 AR o Xt — IR Sz XOK R it )2 kAR
2 ITRIRERAL 1R T

gr PR, $ioRSE EERRE S R NEMRG FE. WomiEzE S BR N IIER RN TR oy
YOS A B R A S KR KA D A 2 S N R AN g, R R I G55 R D) AR . B e T R I
IR T R LR M ER AL 2 AR i R, SO T A

5. &t

(1) BRI FE P RAE TR L T X, B BRIEZEKR. H /K K L3k B ik ™ 5 254y
fE. Wi EIREFNME, BFERNEAM. W FERIVKEREDIREZ#EAE Z FRER, [#
HEEEPRLE 2~5 cm, £ZE DU NN 521

(2) HEMKI T HIA T /K FRIE 2 BIRIE o 15 350 5 % BUAR LL, B Ak 3 J2 0BT 24 T 00 PR 470 1 55 i %
1 55.77%, HAERIFABOIRE; R EL S E 0.36%~1.02%, THEMTEHRIER 0.25%, 2B B TE
HEEMmEEEL > TRE > FER), Wah#hnsa T EiEgE4E.

DOI: 10.12677/0jtt.2025.145067 679 AR


https://doi.org/10.12677/ojtt.2025.145067

S

M}

&

(3) PSRRI B SRR E AR AR 5 AR U R A AE R . Wi 22 51 R B IR /)
SR SR AR KR IS, KEERTKERER, SBOLSEmES L. AR, &4
FUARMEECIIIN o B2 i R PR ] 3 P8 S R R A S AR g AR, RO T A o DR R A i

JEMEER SR R PURRIR Fh AR b4 R R AR S5 K vt vh 78 7025 R B AT BRI FEM - 2 Ja BB R i 51X
IR T HIAZ L T 17 o
60%
i
50% 49.6
40%
30%
20%
14.7
10% | 9.6
8.2 6.9 ,
4 5.
0.6 1.1
0% Io T T T T Io I\ |o T
N S o > D &
< & @g & & ol & o .
%ou 0}'\’ &
& e =
S
& W
> SF
O
%‘
Cf”b
Figure 6. XRD phase analysis of base core sample at arching site
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