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Abstract: There is a problem that the classification index of frost heave of cohesive soil is single and the limit is
large, which cannot reflect the uncertainty among frost heave influencing factors. Based on the advantages of extension
cloud model in uncertainty, an extension cloud comprehensive evaluation model which uses sampling depth, water content,
dry density, void ratio and super plastic water content as evaluation indexes is proposed through combining the entropy
weighting and extension cloud model. The model can deal with the discretization problem according to the randomness
of the measured data and the frost heave risk level, truly reflect the fuzziness, randomness and uncertainty relationship
between the indexes, and accurately evaluate the frost heave level of cohesive soil. The effectiveness of the model is
verified by an engineering case. The results show that the application of extension cloud comprehensive evaluation model
based on entropy method in evaluation on frost heave risk of cohesive soil is effective and feasible.
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Table 1 Frost-heave rate of test soil samples and its basic physical indexes

A BRI AKE TR LB EEEKE B —WREK K SRR K
%5 H/m wi%  pglg-em ) e w—wpl% TR, % B % S
1 3.2 28.2 1.554 0.738 1.4 212 0.18 I 0.43 1
2 3.8 342 1.48 0.831 11.4 17 5.63 1 6.12 v
3 5.8 374 1.401 0.927 15.5 16 5.77 1 5.97 I
4 7.9 524 1.108 1.438 27.5 19.3 5.98 10 6.08 v
5 9.8 31.1 1.567 0.73 12.4 11.4 5.14 1 5.51 0
6 12 33.9 1.547 0.746 14.6 12.1 4.09 I 428 I
7 3.6 232 1.593 0.707 0.5 19 0.26 I 0.3 I
8 42 24.5 1.688 0.599 1.5 17.3 1.35 11 1.59 11
9 5 277 1.59 0.704 6.1 15.4 3.74 1 5.16 1
10 6.8 34 1.533 0.761 14.4 12.6 483 1 5.73 10
1 9 31 1.536 0.757 11.2 12.9 473 1 5.92 I
12 11 26.2 1.624 0.663 8.2 10.2 1.16 1 1.87 11
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Fig. 2 Cloud drop diagram of index frost heave risk evaluation
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Table 2 Classification standard of evaluation index for frost heave grade of cohesive soil

MBS BURRREE Bk TEE FLEEE FHEA S KA

H/m wl%  pal(g-cm™?) e w — wpl%

I (AN (12,30)  (0,15)  (1.80,2.00) (0,0.80] (—2,-0.8)

1T (55 K) (8,12)  [15,25)  (1.55,1.80]  (0.80,0.95] [-0.8,3.6)
TIT (V4-HK) (3.5,8]  [25,30)  (1.40,1.55]  (0.95,1.00] [3.6,8)
IV GR%EM)  (1.8,3.5]  [30,40)  (1.25,1.40]  (1.00,1.55] 8, 15)
V (Fr)  (0,1.8]  [40,85) (0,1.25] (1.55,1.70) [15,30)
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Uy =

Ny Ny N3 Ny N5
e (21,3,001)  (10,0.667,0.01)  (5.75,0.75,0.01) (2.65,0.283,0.01)  (0.9,0.3,0.01)
¢ (7.5,2.5,0.01)  (20,1.667,0.01) (27.5,0.833,0.01) (35,1.667,0.01)  (62.5,7.5,0.01)

cs (—1.4,0.2,0.01) (1.4,0.733,0.01)

cs3 (1.9,0.033,0.01) (1.675,0.042,0.01) (1.475,0.025,0.01) (1.325,0.025,0.01) (0.625,0.192,0.01)
cs (0.4,0.133,0.01) (0.875,0.025,0.01) (0.975,0.008,0.01) (1.275,0.092,0.01) (1.625,0.025,0.01)
(5.8,0.733,0.01)
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TR RN LU, I (15)Fs:

(11.5,1.167,0.01)  (22.5,2.5,0.01)
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Table 3 Calculation results of evaluation index entropy weighting

WAERE ey SKEey THEEes fLMLbey FBEEKRKcs
Fiftie; 0.963252  0.990052  0.99814  0.988397 0.889343
ZERFHg; 0036748 0.009948  0.00186  0.011603 0.110657
Tiiw; 0.215133 0.05824  0.010891 0.067928 0.647808
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BT KAE IR R, X TP 2 28R, LR RAK Eid
S IHZIREE URRR ED) A 9% SEFR TRE R IR
KPP EARVRAR I, R PR & 7K SR AN BOR, PP
S5O0 TR M T AN 22 42 10T, AR il 45 Sty
Y T I 1), B ph g — AN RE R S, K
VRAK R B KT — IR IR, #87 BAR IR AR S5 4
ey SR PR AR R AR T, Sk R T
JZ . FUBRLE B 28 5 K R A AR L A4, A
SR AT 3h = R A PEI T AE PP FiE b R B H L,
OB T BRI R R R, R A
FRFEOOTEL K SRR [4, 6] hond BT FL T AR K 1 70 2
HIANTE, B0E T & T bn 70 Pobm vHE R BUE VI L. ATE B
LERRA, R 30 o R HARBEAT VR AR PR PR
FI8 T IR L K THE L SLBREE LK 2
B TSR R I A R M DA R 25 DR 3R 2 T R AN A R 1
KA, RIS 7 O H AR Z 18] OB 1« BEHLE A
FREEE. B R 28 2 18] AR AR ANE 72 PR AR L O 1
ANBEHUPEAE H AR 22 VR B IE A T R R Ak 1k A A=
AR R AR A B T ARDL, AT R B 5
H A 75 PR R R TEIAE P AOSEM, 45 S PR AR HY SRR
K2 ba g, m] I, AR A4 = AR B [ R K 55 4 o
A R 5 AR R PRI 6 B, PT AAT SR80 S 2 AR
DI J i - AR I A A ox S 8 A i R AR XU,
M PRAE T 22 A EA T
& 4 WNARIRT B R HEF

Table 4 Extension cloud matrix of evaluation in-

dicators
FEA EUFRREE  EKE THE FLRIL @K
I c1 ) c3 cq cs
1 0.189 0.7022 0.0688 0.0704 1
2 0.0275 0.8921 0.9337 0.3723 0.9963
3 0.9978  0.3539 0 0.3503 0.0192
4 0.017 0.4037 0.0549 0.2866 0.1354
5 0.9543 0.068 0.0908 0.0174 0.7485
6 0.0105 0.8073 0.0001 0.0322 0.028
7 0.017 0.1634 0.1097 0.0631 0.4714
8 0.1429  0.0269 0.959 0.3439 0.9904
9 0.6281 0.9708 0.0447 0.0825 09173
10 0.3619 0.8382 0.3384 0.0148 0.0465
11 0.3576  0.0572 0.098 0.0268 0.9674
12 0.333 0.3021 0.6053 0.1349 0.0198

&5 ZETHZ I FEE
Table 5 Comprehensive extension cloud evalua-

tion matrix

B BUREREE Bk THEIE JLRLE SRR

i S 2 €3 C4 €5
1 0.0407  0.0409 0.0007 0.0048  0.6478
2 0.0059  0.052 0.0102 0.0253 0.6454
3 0.2147  0.0206 0 0.0238 0.0124
4 0.0037  0.0235 0.0006 0.0195 0.0877
5 0.2053  0.004 0.001 0.0012  0.4849
6 0.0023  0.047 0 0.0022 0.0181
7 0.0037  0.0095 0.0012 0.0043 0.3053
8 0.0307  0.0016 0.0104 0.0234  0.6416
9 0.1351  0.0565 0.0005 0.0056  0.5942
10 0.0779  0.0488 0.0037 0.001 0.0301
11 0.0769  0.0033 0.0011 0.0018 0.6267
12 0.0716 0.0176 0.0066 0.0092  0.0128
5 &k

1) &%t HATARRK SRR 0 P PR bR . FHR
B K LB P 45 AT AE AN 5 1 5% ) AL, A A (22
WH = BN SS &, $2 2 T HURE IR L | &K
T FURR BRI S /KR S PN Fa b 3
FH T 20 1 (R B RS S5 20 20 K53 LA Fi A
BRIV FEEUE, JRAE LA AR T TR m K
WREER G VRN,

2) LAKAR TSR TR, R Al o
R I REPE L REAREAT T HRAIR RS S 0P, IS5
FUVE PP 45 RHEAT LURL. X T ANRAK < 39U AR AR AK
ROME L IPPA 45 R IEA — B0 X T om AR AN RS SRR K
FEL, AR S PO AE R LRGPP A5 R . e,
o B SRR R AR S R AR S G =, 1
Rz PR 45 R 51X R R ) IR IR SR A 45
RIEAAA. T, T 40 2 VAN 45 R EAT & e PRt oL,
AT SR TR A A R RS T3

3) FE TR E B 1 R0 25 R K XU PPN A 2 2
JE T IFIZERIE &K TR SLRR L LS Y 55
TR Rl = R AR E L, PR SR SOk 1%
P FEARAE S ARSI « BERLAE AN SR 73 A e DA
LB RRZ AR E TSR R, G 1 Hds )3 —1
ERE BRI NP SRR, 18 FTR (VAN T
U HSCHE BEAT IORAUE 25 FE AR B IR 5 2, AR
DI 48 R 1R T 5 Tt T A 280 G U R 24 30 )
AR PR P08 KR S S5 A R AR XS . A5 AT AR
DX - RAK RS A PP SR R A R 25
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Table 6 Evaluation results and comparison of extension cloud

FEA 1% 112k % IV V& Wi REK ZRERK

Gis ONEID  G9EIK)  GRIK  GREIK)  GRREIK)  TEEER £ £
1 0.0048 0.6486 0.0409 0.0407 0 I I I
2 0 0.0253 0.0161 0.6974 0 v 111 v
3 0 0.0238 0.2147 0.0206 0.0124 111 111 111
4 0 0 0.0037 0.0195 0.1118 v I v
5 0.0012 0.2063 0 0.4888 0 v 111 111
6 0.0022 0.0023 0 0.0652 0 v 111 111
7 0.0043 0.3161 0.0037 0 0 II 1 I
8 0.0234 0.6536 0.0307 0 0 II 11 11
9 0.0056 0.0005 0.7859 0 0 111 111 III
10 0.001 0 0.0816 0.0789 0 111 111 111
11 0.0018 0.0769 0.0011 0.63 0 v 111 111
12 0.0092 0.0782 0.0176 0.0128 0 1T 11 11
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