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Expansive potential of ballastless track on high speed
railway mudstone foundation with low clay mineral content
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Abstract: In order to study the influence of different clay mineral contents in low clay mineral content mudstone foundation on
the swelling potential and swelling upper arch deformation of ballastless track subgrade of high-speed railway, supplement and
improve the existing standards for the determination and classification of ballastless expansive soil. Mudstone samples were
selected from 25 typical roadbed arch diseased sections to conduct X-ray diffraction experiments. The free expansion rate
experiment and cation exchange capacity experiment were optimized. The principal component analysis (PCA) method was
used to extract the cumulative variance interpretation amount of 90.098% for dimension reduction analysis. And combined with
the actual project to classify the interval. The results show that: PCA can exclude the influence of co-linearity between factors
on the model results. Based on statistical significance, three factors can be used to characterize the good linear relationship
between the swelling potential of expansive soil and micro-factors; by simplifying and optimizing physical indicators, the

obtained index F for expansive soil has a Person correlation with the amount of arch on the actual track increased to 0.902;
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according to the actual expansion conditions of the line and the expansion grade interval divided by F, the accuracy of the

judgment of the existing standards is significantly improved. The research results can provide reference and theoretical support

for the identification of the expansive soil and disaster prevention along the high-speed railway.
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Fig. 1 Uplift(left) and expanded mudstone in the foundation (right)
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Fig. 2 X-ray diffraction pattern of mudstone
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Table 1 Mudstone mineral composition
Hemss o Ra kG aF gdia A #iRka BRa Jrfita Aaa EBRE R ek
NY1 2.0 3.1 0 0 0 34.1 10.2 21.2 28.1 0 0 0 1.3
NY2 1.5 33 0 0.3 0 56.6 6.2 12.6 19.5 0 0 0 0
NY3 0.6 1.4 0 0 0 26.4 7.5 7.8 55.7 0 0 0 0.6
NY4 1.2 2.5 2.5 0 0 46.6 15.8 17.1 14.3 0 0 0 0
NYS5 2.8 3.7 23 0 0 36.7 12.0 18.0 23.5 0 0 0 1.0
NY6 0 4.8 0 0 0 48.3 12.7 28.7 55 0 0 0 0
NY7 0.5 2.5 0 0.3 0 359 10.2 16.9 33.7 0 0 0 0
NY8 0 3.0 2.6 0 0 32.4 26.7 13.4 21.9 0 0 0 0
NY9 2.1 3.6 2.8 0 0 343 9.4 22.5 243 1 0 0 0
NY10 1.7 2.5 0 0 3.7 28.4 13.1 25.8 24.8 0 0 0 0
NY11 1.5 3.7 0 0 0 27.6 18.4 24.7 21.8 0.6 0.7 0 1.0
NY12 1.2 2.4 0 0 0 61.2 12.3 11.9 11.0 0 0 0 0
NY13 1.9 3.0 0 0 0 473 0 9.0 38.1 0.7 0 0 0
NY14 0 2.8 0 0.3 0 532 14.2 14.7 14.8 0 0 0 0
NY15 0 53 0 0 0 553 22.3 0 17.1 0 0 0 0
NY16 1.6 33 2.2 0 0 429 15.5 23.6 9.1 0.9 0.9 0 0
NY17 1.5 39 0 0.4 4.2 473 10.2 15.5 14.9 0.6 0 1.5 0
NY18 1.6 3.7 35 0 2 30.8 14.7 34.1 8.8 0.3 0.5 0 0
NY19 0 45 1.4 0.3 0 50.0 24.0 11.2 8.1 0.5 0 0 0
NY20 2.0 3.6 0 0.3 0 50.5 7.4 20.6 14.2 0 0 0 1.4
NY21 1.4 7.6 0 0.5 0 55.8 10.4 14.0 9.0 0 0 0 1.3
NY22 1.6 3.6 2.4 0 0 54.4 7.1 18.2 12.2 0.5 0 0 0
NY23 3.7 6.5 0 0 0 50.1 133 24.4 2.0 0 0 0 0
NY24 1.1 33 0 0 0 41.4 20.7 17.7 15.8 0 0 0 0
NY25 0 8.2 0 0 2.7 49.5 7.9 16.2 14.2 0.6 0.7 0 0

B3 HRBKEXR (£) REEFIHRELEE (H)

Fig. 3 Free expansion rate experiment (left) and cation exchange

amount experiment (right)
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Table 2 Average and standard deviation calculation table

EYSEMA TR % AHEKR% BT scii/ (mol kg™)
THME 1.66 36.54 201.69
brifE2 0.95 21.29 62.45

J145 KMO 45 i1 4656 F11 Bartlett BRIE 46 360 154> 2
O — D08 F 053 5 TR A S I K L 0 ),
DAl AL 4572 5 22 [ (AR G P AN I AR D P R, fy 26 3 7T
1, Bartlett £ 4% i 2 B 4 0.000<0.01, 7 & R ; KMO
it H 0.684, FEIT 0.7, 16 FH £ 58T

%3 KMO FIBF451618
Table 3 KMO and Bartlett test

KMO BURGE DI M AL 0.684
PRI 23.869

B RO B A6 56 A 3
23 0.000




2021 4¢

TUNA, &5 e A R LY A

X ey TR AR A A L I v A S ) <113 -

4 Bt DTk A B 85% LI LR, @A R E &
A} DU o B AT SO0 R i e 5 R . AR 4 T,
B 2 B B R AR AR A9 Rt stk R E &2k 8 T

90.098%, H & WA FRAE(E AR X 5 /0N, 26 B 2= o B
PAE LI R 0 N FHACR 30, SOAS SCHE BT 2 S 4y
YE R F AT AT 256 -

x4 BMENEFE
Table 4 The explained total variance
el WIRFFAESEL TiEHe - T A
FFIE(E J5 2 BTRR /% BTk % FHIE(E 05 22 BTHRA /% BTk %
1 2.176 72.529 72.529 1.626 54.197 54.197
0.527 17.569 90.098 1.077 35.901 90.098
3 0.297 9.902 100.000
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Table 5 Component score coefficient matrix
B A
EiEtan
1 2
FHEEA M -0.368 1.151
H KR Fs 0.565 -0.091
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Sy M. F,. CEC(NH) & E5UHE mr . F,.
CEC brifEAL S 1 3 AR 1, BT 2 AR AEAR I X I e el
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Table 7 Summary of expansion levels
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Fig. 6 Summary of calculated F values
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Table 8 Test results of Non-expansive mudstone

+ N P
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2 0.19 11.5 40.49 -1.50 J T
3 0.16 12.5 42.34 -1.49 Jc T
4 0.34 14.0 49.06 -1.39 ¥ T
5 0.29 132 46.70 -1.43 & ¥
6 0.30 145 49.73 -1.39 & ¥
7 0.30 10.0 84.70 -1.28 & ¥
8 0.29 21.0 84.71 -1.13 & 7
9 0.44 18.0 83.62 -1.14 & 7
10 0.37 125 98.83 -1.16 & 7
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