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Abstract: The upheaval damage of subgrades of high-speed railways caused by muddy water on weakly expansive foundations
has become another key factor hindering the development of China's high-speed railways. It is of great significance for the
design and construction of high-speed railways to evaluate the swelling property of mudstone correctly. The equivalent
montmorillonite content, cation exchange capacity, free expansion rate and liquid limit are selected as the indexes of swelling
property of mudstone based on the Lanzhou-Urumqi High-Speed Railway. The grading standard for swelling expansion
potential of mudstone is proposed based on a large number of field measured data of mudstone borehole. The combined weights
of discriminant indexes are determined by the improved analytic hierarchy process, Gini coefficient method and relative
entropy theory. A quantitative evaluation model for the swelling property of mudstone is established based on the linear
comprehensive evaluation method. The results show that there is a certain linear relationship between the discriminative
indexes, and it has good classification characteristics as a discriminant and classification index of mudstone. The classification
standard for swelling potential of mudstone can realize the consistency of three indexes for samples of 94%. The linear
comprehensive evaluation method overcomes the shortcomings of different indexes of the same sample belonging to different
levels. It can quantify the swelling property of mudstone and obtains quantitative classification standard for swelling potential
of mudstone. The applicability and accuracy of the quantitative evaluation and grading method for swelling property of

mudstone of the Lanzhou-Urumqi High-Speed Rail way are verified by laboratory swelling force tests. The
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research results may provide a theoretical basis for  —
engineering control measures of long-term continuous arch

deformation in subgrades of high-speed railways with
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similar geological conditions.
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Fig. 1 Core-drilling sampling of subgrade
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Table 1 Core-drilling iampling data of fmfdatijn mudstone 2 5)%%%&]1% Hﬁ,l\i §5|J H:EI 1:-5 l:jH H.k&eé:};h,
+F FWH R m BEE HETRHRE R —
G5 /% K% £il% MEFE/%  /(mmol'kg) /% HE

1 1.6 23 54 299 159.6 25.6 2.1 RSB F R HEFRE B B K M o 4

2 28 56 34 398 226.6 36.5 SO AATE 2 LK ek, RERLIT I iR
3270272 3685 3067 383 M 2 M B8 UG, T 8 5 S R 43 A -
4 12 84 58 196 156.2 232

5 08 49 43 258 146.9 25.9 MR 1A, s h s n S 8N 0, M4 X
6 22 32 23 287 209.2 26.4 %ﬁ LRATIAC BT R B Il & R - PR A A R e A
7 29 32 00 375 226.9 38.9 SRR, MO e S e A,
8§ 08 21 86 234 162.3 22.8 ﬁﬁz\ﬁﬁu?ﬁﬁmp 161,

9 09 66 718 286 147.6 25.6 ,

10 19 08 06 379 186.5 38.6 M'=M+1/10+K+60 - (1
11 39 33 56 255 165.6 27.9 b MONERERASE (%)« M NERAE
12 42 82 51 436 255.6 36.8 2 (%) I NPFAEE (%) K NERAEE (%) .
13 24 59 66 227 309.6 29.6 (% 2 P S e o R A AT, A s
41 TE G109 L R, R
16 15 31 28 221 1531 239 FEE}LJE:[?@%%EE H&ri#:”ﬁ[”: *]_\‘0 *ETE%% 1 i&*&! é/—\
17 28 85 46 329 155.6 36.0 HEMGENASES BHEKE. HETFEHhE. W)
18 06 56 00 165 138.6 19.0 BR (AR 5526 R A 2~4 Fiors.

19 26 34 23 328 219.6 34.3 3

20 43 08 00 376 226.8 39.4 el .

21 35 29 68 385 2135 31.6 caol .

2 00 39 42 132 98.5 21.8 5 42 ] -

23 22 36 00 293 215.4 27.9 East

24 37 08 12 388 198.4 35.9 ﬁ”-

25 18 06 12 354 185.7 34.1 ﬁﬁ:

26 00 25 38 209 158.4 18.5 oal s

27 38 49 85 387 235.4 37.6 N , , ,
SRR R T e

30 21 12 85 326 308.9 34.6 B2 SR S B X R

Fig. 2 Relationship between equivalent montmorillonite and free
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Table 2 Classification criteria for swelling potential of mudstone expansion rate
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Fig. 4 Relationship between equivalent montmorillonite and liquid

limit
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Table 3 Recommended swelling potential scales
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Table 5 Weights of evaluation indexes
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(2) fabr CEmN T 15 E

DL 15 HYe A FEA RG], AT oI5 E
SR WK 6 Frn. XF 5 ML E AR R &
G AT AR 3 M FH e BE A AT, 25 SR W3R 7 o .

M 7 7] H, Z-Score 1EFR/IMEIEF I R B R K
r=0.993 . MIAETHELSE R A, SMILENITT
TEAR A B N BMRAK RN Z-Score ¥ $MEAL
Wbk WO WZEE, PRI DR 2
Her vl me &N T LR Z-Score 1%, {HIER 6
A1 Z-Score VELFAVEEAE I T UE, ETIRA
R 73 ) SR S AN G B, HLER A 2 TR B R
REUN, KA GIRF X 4 WENIEBR R LZEEE
NIEAR, (HH S B AREN, KA RRIR G X 55
WML LA AE N IEE, HER G 2 TR B B B ROK
AIA X A EIKAE, R NMEES Z-Score 2
FHRME K (Z-Score VEMEA FE B imr ) HAR/MEIEFEE
FERCR, PRI TE R AN 738 R Bl M

(3) Vet I 355 G brite

AR (3. 2 (2) ME I e bR /MES e

FIGKIE S Z H 5 b, WK 8 Fim.



5510 FEEHE, S5 mPIERE s UK B E BT 1837

*® 6 BIRLEREERATNEREHAF

Table 6 Comprehensive results and ranking of indexes after dimensionless evaluation

_— Z-Score ¥ e ZEAei% PR AE UNEAS A
Zel  #Hy el H#F NN Hy ! Hy La Hy
1 -0.304 11 0.368 10 0.418 10 13.375 11 0.811 10
2 0.364 4 0.614 3 0.628 3 23.043 4 1.255 3
3 0.367 3 0.657 2 0.661 2 23.503 3 1.309 2
4 -0.282 10 0.310 13 0.374 12 14.318 9 0.755 11
5 -0.545 14 0.298 14 0.353 14 9.841 14 0.667 14
6 -0.057 8 0.439 9 0.483 9 17.412 8 0.961 8
7 0.281 5 0.597 4 0.608 4 21.808 5 1.209 5
8 -0.646 15 0.267 15 0.329 15 8.579 15 0.612 15
9 -0.402 12 0.337 11 0.390 11 11.897 12 0.749 12
10 -0.200 9 0.488 8 0.504 8 14.252 10 0.955 9
11 0.615 2 0.520 6 0.568 5 27.669 2 1.222 4
12 1.046 1 0.773 1 0.778 1 33.418 1 1.616 1
13 0.135 7 0.517 7 0.549 6 20.986 6 1.103 6
14 0.160 6 0.529 5 0.548 7 20.252 7 1.099 7
15 -0.543 13 0.311 12 0.370 13 9.986 13 0.693 13

W BHFERAOSE. ARBKER. R TE. WRMER/NMEST BN 0.08, 8.0, 33.6, 18.7.
R7T BMEERUFTFENERBXRE

Table 7 Correlation coefficients of dimensionless evaluation results

TTELZHR Z-Score ¥ W=k R e/ A
Z-Score ¥ 1 0.939 0.961 0.993 0.971
W ZAki2 0.939 1 0.985 0.914 0.967
R Ak 0.961 0.985 1 0.950 0.932
e/IMbiZ: 0.993 0.914 0.950 1 0.979
YI(E A 0.971 0.967 0.932 0.979 1
RS 0.966 0.951 0.957 0.959 0.962
%< 8 REBMED Z AN RinE +=9 REBKME ZE
Table 8 Classification criteria for values of Z swelling potential of Table 9 Swelling property and values of Z of mudstone
mudstone 1% 1%
FEA FEA FEA iz K
AR 5524 z ‘ z K|,.. z K|,. Z
G G G 4
g 7=45 3 3
05 33<7<45 1 134 g | 11 277 | 21 258
h 19<Z2<33 2 230 | 12 334 s | 22 3.8 c
p — 3235 | 13 209 H| 23 175 59
4 143 F| 14 199 | 24 251
£ T2 gl 15 100 ¥ | 25 13.5 59
- — — —— 5 9.8 5 0 5 )
FHAS PPN P A B TR FH Rk /ML TE 40 T s 174 w5l 127 @l 2 e x
2%, R Q) FREBRAE K EESAE, R ; 21'8 EP 7 24'3 EP ” 29' -
9 Fine MR 9 AT AR LM B B 4E A Ve A S H ) 8'6 @ | s 8'3 5| 2 38'2 =
HIRZHK I B — S, XA TR T T &1k, e . 11' . 5% " 20’ 1 q; 2 25'5 -
AR T K 2 Faba ) e i) 5] — R Rl FR A )8 T AN F) 55 ' i ' '
10 143 35| 20 288 | 30 169 59

FoL.
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Table 10 Test results
RN, HE . i N

/% /(mmol-kg ") /kPa
31 0.54 13.6 78.3 19.6 42 J& 0.00
32 0.86 14.3 89.6 214 62 J& 0.00
33 1.25 23.8 139.7 31.6 9.1 55 0.69

34 217 326 195.7 264 15.1 55 1.89
35 278 246 179.5 324 185 §§ 245
36 312 348 199.7 351 21.0 1 3.58
37 452 369 242.1 413 297 H 4.69
38 425 394 246.7 35.8 28.1 1 431
39 5.21 43.6 289.6 437 342 9 5.68
40 6.49 484 309.6 47.8 422 9 6.79
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Fig. 6 Relationship between Z and swelling force
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