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Abstract

The stability of highway subgrade in permafrost areas has always been a hot topic of theoretical
and practical research. In this paper, the catastrophe progression method is proposed to evaluate
the subgrade stability of the G213 National Highway in Qilian, Qinghai Province. Based on 39 sets
of geotechnical test data, starting from 7 bottom control indexes such as cohesion, internal friction
angle, compressibility, natural density, void ratio, water content, and permeability coefficient, we
comprehensively consider the impact of each control index on the geotechnical properties of geo-
technical engineering. The results show that the catastrophe progression method can represent
the engineering property level. The mechanical properties, physical properties, and permeability
coefficient of soil mass are sensitive to different grades of engineering properties of soil mass. The
mechanical properties and physical properties of soil have a great influence on its engineering
property grade, while the permeability coefficient has little influence.
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1. 51§

RE X — ek s BARREAE OCRAR, S VKA S URRIIX . s AR as R S AP AR [
R, VR NRE R FREEMBELR L] [2]. BT 2HEELEAERZANE, PR RER
B, EAIEEZ NG EIREURAE, R L TR BURAE S 5 I HEAT VRO . FE AP 2 R 2 S50 1 XA
- B2 23 A B BUAEN T RE RPE A SRR L AR PEAT I T URAE[3] [4] [5] 1N =435 W K M S [614E 73 Ak
P BV X 2 U5 b 7 AR S R E CREM SR i (R A b, 6 AR (0 P B RT R B A S A S il )
JEFBATHIIC. A& RS [T T ki AL R s BodE AT TREH R VA, SEIR 25 AR WZ e Bk &
WA R Z2 05+ TRE M B . 27K SR S5 [8] 45 &5 T i Bk BtV 2 2 R R L IX (1 15 MBSy X, £
OB 2 SRR XS T 70 DI IREAT 7SN, BT 1A X AR BRI o0 e TR M
RIBEAT 7 VP o TSR] AN W i 5k - TR 5 25 1 AR5 A 0 793 KPR 3R (R = AR 8 PR AT B SRR 2 2% AF)
R, R TG AL T A B AR VR L TR PPN R VR 45 L

ARSI NTEAL R HE NS [FIE G213 AR IE B TR B % A HEAT VR I 7T . L2 60 EARP T 4R, LA
R. Thom H TAE AT, BB TR T OHERCONRAS IR (M I N R AR — U2 A . R UR
G RBOIIT TN B, B MRENERIE . A R ER SR BRI S R G R BN RASR I > X, T
SE RGNS o XHRI REAT AN, BT 2RI BV E 9, AR)E BEEMIER 2 T R
PN TRAR AT IZ R 0, BRI S ROV LU R A B AR AR . RRRXAEIE I H A2 TR —A
JeHE R G ATRE LA R ARG R B EGRE VR R ECAHA[10] [11]. RIS MR SR AR AT,
PL TN BARTL AN T IR R AR

AR JZ IR I3 W R B DO 2 A R AR AT N OB R 7y, (BB 1 5 PP Fa AR AR
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Bk, EVES e EL S, MRS — BB AN Tk B B, T 9k 2 HEf, SO KRS PE A S B,
PRSI, & Jd T AESUs ClUS 7 ARBF IR AI[12] [13].

2. RRBEHIHNZENERFIE
2.1. Vi iEIRN T ER WL

JEJZ e bR A R BUE 6 L R N BEAS T FeAn A b, R x T b b, AR
NG ARAELO, 1) 18] i TG B AN T LU BEEE « RIS 48R /Nt R GeAE FH IR BE e R JIC R Fa 0 73 4 IE IRl 48 AR (5
PRl R HRET) 5 S R AR (PR bRk NEEEF) o 1B R BFEFR ) To 2 AL FETT 73 50042 DL PR A 5E [ 14] [15].

Xi, — Xi — Xin (1)

Xinax ~ Xmin

Xi”: Xinax ~ Xi (2)
Xmax — Xinin

A X VP FEFRIIEE | ADNWILEME: X X! AN IR R A PR FEFR bR HEAAE, AR SRR FEAE s X ~

Xin JIVEAT FE R (1) B KA A5 /IME

22, I—RAEIREZHHES

BB TAL R R EON | (X), WHAS R T— R S35 £/(x), 4 £/(x)=0, HAEHHI
T G X f (X) BT RS, 364 £7(x)=0, HITTAREI SRR, BESE £/(X) =0 A
F7(x) =0, HIATEEIS BT, &b AR A B . RGa RS, B R
F) 4377 75 B I 5 0 2 52 R 1 T — s 4 38

2.3. REFHHHE

BB E SRRV S BECR, R A A B EH AR RE I AT CENIAEE, 15K
Pyt fabs 20 ENEE, Ee R, UE BRI R BIATAHEEA, BT
HORAAE, R AE AN, 4% CORFHUNT BIRRAERUE; % RGEIE A RIS Z A AR A
Al CAAH B AN R LT, G AR, 4% CCPIME” ARE, e EIRETHEAS BIVEN X R RAS L
[16].

3. WX K RERBHIR A

G213 [HiEAE A E AL, R —&EE, Z2dngd. il FilE. WL =8 5 M,
HhHEEAERKE N 333.4 A B ATEUX RIN T 75948 6 76 5 el B 6 M Eof Lk B 6 N
B, HAIEEOAARE R M RIRE KNIgE, T HEIREILE. SSAREHAR S . ik 5076
m, KL 2356 m, AHXE 20T 2700 m, “FE4¥Hk 4000 m BL L.

BURE RUGEVE G213 [ 0] i ik - A (M) FEEURE , BB RO LIS 1, B IR BERTEURE 5 bk 4 &
+ TAEREIE) (GB50021-2001), SitbrifEiZ iR -+ T8 7ikniE) (GB/T50123-2019). HRHESLH %L
PEE RATHF R 39 A FdE, BT HEIREROR, ORI AT 20 AR (W N 1),

3.1. THAEIRRIERE

R SR AL A (PP EEROT SFE AR IR 70 g, AR SORE S I i TRt BURFAE PP O AR R 0 =
NRREENEFEAR . L BER A LB E TR . RN E AR Y BRI W
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FEES o MEA R E, s LRIBME R R EEE: BE p . LBt e. SKFEw; BERHK, . 47
RABREOEIIENAR RER, R TR AN E] 2 Fros.

Table 1. Summary of geotechnical test data and results
F 1 T TRHIGRIRSERCR

w p € Es c 4 Kao .
T SE %
% glem?® MPa kPa cm/s
1 23.9 1.54 1.172 2.44 7.40 23.6 1.16 x 10°* it
2 9.9 1.38 1.15 6.94 24.3 27.6 512x107* b5 g
3 23.3 1.28 1.62 1.70 20.6 27.0 2.26x107° A+
4 21.2 1.49 1.196 2.36 17.6 25.1 436 %10 g
5 21.8 1.51 1.186 3.58 15.6 26.2 6.99x 1074 RRE
6 11.3 1.44 1.071 35 4.6 31.2 6.47 x 1074 ¥b
7 9.2 1.39 1.105 3.03 11.7 31.4 1.16 x 1072 Wi
8 11.3 1.31 1.294 2.70 25.2 25.9 456 x 107 b5 g
9 15.4 1.44 1.148 2.28 9.5 30.9 9.90x 107 iR
10 17.0 1.37 1.306 6.55 4.2 29.2 756 x 107 g
11 16.4 1.35 1.319 3.92 18.4 31.3 1.12x10°° Kb
12 18.4 1.18 1.709 2.00 6.6 28.3 8.30 x 107* ot
13 12.8 1.78 0.705 5.75 10 32.1 3.50 x 10" R
14 30.8 1.66 1.12 2.29 43 30.4 2.28x107* kb
15 16.4 1.39 1.244 5.00 4.9 32.9 8.86 x 107* kb
16 13.8 1.26 1.421 2.12 22.9 28.5 1.32x107° iR
17 9.4 1.23 1.393 3.86 7.0 28.7 7.01x 107 s
18 19.4 1.28 1.509 1.83 5.2 29.8 212x 107 AL
19 18.2 1.27 1513 1.71 11.8 28.9 6.51x 107 ¥b
20 17.0 151 1.084 3.36 17.1 27.0 1.68 x 107 ¥b
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Figure 1. Distribution of sampling points
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Figure 2. Index system of frozen soil geological evaluation model

B 2. FHE TRt BT MREUEIRE R

HSE TR SRR AR BN AL B, DA 4R B A R VAR KT o ARIE P HE AR T Bk
MIE I SC R N IE R bR 5 AR AR, DA I ) FE A K D oS 6 A v P o kB, S TR Fi A U AR 2 o
T EREREKEW (CL). fLERLLe (CMBIERIK,, (CT7), FRFRHANS B HAG E VLRI AR,
MR Q) T EAALHE; HE p (C2). B4 RHE, (C4). FETic (CHMNEL S ¢ (CE)IEIRE
RO R AE Tk iR, R () A, S5 R % 2.

Table 2. Dimensionless treatment results of bottom index
F=2. KREBERLTENTLEER

ERMIL
e
Cl C2 C3 C4 C5 C6 C7
1 0.279 0.607 0.535 0.106 0.114 0.295 0.000
2 0.748 0.344 0.557 0.543 0.718 0.598 0.123
3 0.299 0.180 0.089 0.034 0.586 0.553 0.667
4 0.369 0.525 0.511 0.098 0.479 0.409 0.100
5 0.349 0.557 0.521 0.217 0.407 0.492 0.181
6 0.701 0.443 0.635 0.209 0.014 0.871 0.165
7 0.772 0.361 0.602 0.163 0.268 0.886 0.325
8 0.701 0.230 0.413 0.131 0.750 0.470 0.106
9 0.564 0.443 0.559 0.090 0.189 0.848 0.272
10 0.510 0.328 0.401 0.505 0.000 0.720 0.199
11 0.530 0.295 0.388 0.250 0.507 0.879 0.312
12 0.463 0.016 0.000 0.063 0.086 0.652 0.222
13 0.651 1.000 1.000 0.428 0.207 0.939 0.073
14 0.047 0.803 0.587 0.091 0.004 0.811 0.035
15 0.530 0.361 0.463 0.355 0.025 1.000 0.240
16 0.617 0.148 0.287 0.075 0.668 0.667 0.375
17 0.765 0.098 0.315 0.244 0.100 0.682 0.182
18 0.430 0.180 0.199 0.047 0.036 0.765 0.030
19 0.470 0.164 0.195 0.035 0.271 0.697 0.166
20 0.510 0.557 0.623 0.195 0.461 0.553 0.016
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32. REFHMITE

RHE I 2 g LR RA TR, C1. C2 5 C3 #y MR RAMIA, C4. C5 5 C6 iy fiatie R R A
B, C7#rikRA, Bl. B2 5 B3 MR R RAMM, R LZEIFridsta e RE A, UdkS 1 LR
Xz AT B .

%f Cl. C2. C3H:

X, =(0.279)"* =0528, x,, =(0.607)"° =0.846 , x, =(0.535)‘ =0.855, Ak, WAL=
AHE E ] DB AR A RAR R, L < b NS L2 HE, 53
B, =(0.528+0.846+0.855)/3=0.743 .

[FI¥E, XfC4. C5. C6H:

X., =(0.106)"* =0.325, x, =(0.114)"° =0.485, x, =(0.295)* =0.737, F4FkIE. B%SIfIppE
BAl =R, R EAN RS R SR, /35 B, =(0.325+0.485+0.737)/3=0.516

1515 AR CT MBRAT IS, KA —fL ATk B, = x,, =(0)* =0.

FBEXE BL. B2, B3 R b A RGBSR A, ST, x, =(0.743) =0.862 ,
Xg, =(0.516)"° =0.802, Xz, =(0)* =0, f&kH “ T JFM, WTRAF A=(0.862+0.802+0)/3=0555.
(i) AT DA SR S A EORE R R 8 R AR R, s L 3.

Table 3. Total catastrophe level of frozen soil engineering geological model

3. AL TN ER B REREE

ETRe] RN i RN EThe] R G5 RN
1 0.555 11 0.876 21 0.732 31 0.901
2 0.871 12 0.732 22 0.817 32 0.810
3 0.850 13 0.865 23 0.849 33 0.885
4 0.825 14 0.752 24 0.776 34 0.860
5 0.852 15 0.854 25 0.814 35 0.876
6 0.844 16 0.864 26 0.845 36 0.860
7 0.884 17 0.832 27 0.838 37 0.831
8 0.836 18 0.743 28 0.869 38 0.806
9 0.863 19 0.810 29 0.806 39 0.921
10 0.830 20 0.794 30 0.767

33. ERNM

FTSRIe A R RN, RPN 15 4URFE. BN 15 4UFE, WA o 2 4, BRED AN 3 4L, HRbA
34, AV 1AW, Hd, BEbFR st 30 4y, EAr AN 38.5%, 1EHH G213 [E T P ) ik 1
LUK A S N

RAARRR DI R, RAREN 0921, f/IMEN 0555, “FI4{E N 0.826, %7 0.05 [X [A][A]fE &
N8 A, KRR LEE TS, Bl 0.55~0.06. 0.60~0.65++--0.90~0.95. #iit WL K& 3.

o, 0.80~0.85 X [H] NN 16 1>, 0.85~0.90 = AE N 13 4>, &t 294, KWK 74.4%, 5
T TSEREE RAH— 3. AsMGIt R . BRI R A EEE A, HPIAME 408 16.5 Kpa #1283, [k
Yt A 28.02 Mpa.
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Figure 3. Interval statistics of total catastrophe series of frozen soil sampling points
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Figure 4. Relationship between catastrophe progression and control index
of frozen soil
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TREHR R, 9> T AIRE AT
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A, E AR S BB SO S A TREME FUR R, W HEE REGE BN, RAERH
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