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Prediction and distribution law of the collapsibility coefficient
of loess in a geological longitudinal section of highway
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Abstract: By thoroughly analyzing existing data from collapsible loess experiments, a predictive
model for the collapsibility coefficient based on the Kriging interpolation method was established.

Using the Daqing Highway section of the G244 line (from K1+ 640 to K10+ 640) as a case
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study, the collapsibility coefficient of loess was predicted through interpolation, utilizing a limit-
ed amount of measured data of the collapsibility coefficient, and then, a contour map was drawn
along the longitudinal section. The predicted values of the collapsibility coefficient were compared
with the measured values, and the two-dimensional spatial distribution pattern of the collapsibili-
ty coefficient was analyzed. The results demonstrate the following: (1) The interpolation method
for the collapsibility coefficient of loess based on the Kriging method is feasible, producing rea-
sonable interpolation results that meet the engineering requirements of the accuracy and practical
application of loess collapsibility. (2) By utilizing the contour map of the collapsibility coefficient
of loess and the “0.015” judgment method, the critical depth of loess collapsibility was deter-
mined. The variation in the critical depth of loess collapsibility is relatively gradual compared to
changes in the surface slope, with the depth of collapsibility in valley areas (3—8 m) notably less
than that in the mountainous region (15—25 m). (3) Moving downward {rom the surface, the
collapsibility coefficient of loess initially increases with the increase in the depth, then decreases
until it falls below 0.015, indicating the disappearance of collapsibility. (4) At the same sampling
depth, the moisture content in river valleys exceeds that in the loess hilly region. Under low self-
weight pressure, the collapsibility coefficient in river valleys is greater than that in the loess hilly
region. However, as self-weight stress gradually increases, the collapsibility coefficient in the
loess hilly region surpasses that in river valleys.

Keywords: collapsibility coefficient of loess; Kriging method; semivariogram model; distribution
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Table 1 Collapsibility coefficient after transformation
=1 12 =] =) 121 =)
/m /m /m /m /m /m
1.5 0.022 2.0 0.023 2.0 0.026 1.0 0.020 1.0 0.024 1.0 0.021
3.0 0.026 4.0 0.030 4.0 0.034 2.0 0.023 2.0 0.028 2.0 0.024
4.5 0.032 6.0 0.037 6.0 0.043 3.0 0.026 3.0 0.033 3.0 0.027
6.0 0.037 8.0 0.042 8.0 0.050 4.0 0.029 4.0 0.038 4.0 0.030
7.5 0.041 10.0 0.044 10.0 0.052 5.0 0.033 5.0 0.044 5.0 0.034
9.0 0.044 12.0 0.041 12.0 0.048 6.0 0.036 6.0 0.049 6.0 0.037
10.5 0.043 14.0 0.035 14.0 0.040 7.0 0.039 7.0 0.054 7.0 0.040
12.0 0.041 16.0 0.027 16.0 0.031 8.0 0.042 8.0 0.057 8.0 0.043
13.5 0.036 18.0 0.021 18.0 0.023 9.0 0.043 9.0 0.059 9.0 0.044
15.0 0.031 20.0 0.017 20.0 0.018 10.0 0.043 10.0 0.059 10.0 0.044
16.5 0.026 22.0 0.015 22.0 0.015 11.5 0.041 11.0 0.058 11.0 0.043
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19.5 0.018 26.0 0.014 26.0 0.014 14.5 0.032 13.0 0.051 13.0 0.038
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22.5 0.015 30.0 0.013 17.5 0.022 15.0 0.040 15.0 0.031
24.0 0.014 32.0 0.013 19.0 0.019 16.0 0.035 16.0 0.027
25.5 0.014 34.0 0.013 20.5 0.016 17.0 0.030 17.0 0.024
27.0 0.013 36.0 0.013
28.5 0.013 38.0 0.013
30.0 0.013 40.0 0.013
31.5 0.013
33.0 0.013
y 7(ZI*ZJ'>2 (3) iﬁ:qj:fo j‘jﬁ%éﬁﬂ'l ﬁ%%ﬁﬁ(ixtt%)ﬂo +C'1 i‘j
ij 2

Ry, FEFEZ N EAR R B9 R R
WHE ; Z; SRy j sS4 0 5 001 B 2R B0 s .

TE n AN B 00 A5, BE BN 0 A T
RMITEE T Z AFBEW SR T ZE 5B MG,
38 2 SR AT P I  Z E) A 2 T 22 AR S, AT LA E
Cn,2) A S5EEE A T 28088 . % 3 22 504l
el H,../H, 74, 35t B S A n - F 3y 2 U &
SEYIRE R e Ja N AR TE LA LR A S pR R
KAIR H .../ H, -3 07 22 FF ¥R 2 22 6] 1
KFR, HPC.2) MHEWMEMS P B N
B 22 500 e e S0 A5, H L oA T B R I R 1Y
ey H, eI B KD,

W R B 2 AR S pR BB R AT« BK T pR BB Y 5 %k
PRV BORE Y e 30 o BRI 2 M bR RO R AR /L
fRFR = (D) PR .

co Tty x > ¢,

y(x) =

y(x) =c, Jrcl(l—ei%) 4
Y(x) =co+ci (1 —e{é)

v(x)=cy,+c, (ij

Ca

B MEHe, WAEZEE R ;o AR SN M
HHE .

SIBUIE ST =P R DIERTA S €8s el IR UR e
PE RTS8 45 R R R 248 S R Rloae e, B B
SOV ST R 2 SSErr 5 0 A2 8 R 44t
T AL BN i B L SSErr 8K, R B R BT
AL o FHIKCIRASE Y g BB AL | ey 307455 28 R 2 P A
R G359 TSR B R B AN R O S PR OH L 3
SR T B R ) SR DL BROIR AR TR i BSOS AR sy i A 7Y
MBI, AN [F] Y R BB B AR S L0 KT S
Mk E 3 s,

VU o 452 15 1 B DL UL 5 PR 80 S A DG M 3R Bt 3
2 A,
1.4.2 IEAEZR
TERAT I A A0 K 1Y 228 S pR AR R 2 )5, 43 9]
THEAR B AT 5 REAS S5 8] A 78 S pR BU(E DL SR AR
FUZIR] B 28 S R B o T AR S 4 R
B (2) i nf SRAS AL R B A, DL R Ris B H R AL
o R AT 3 (D T A5 2046 B A5 0 1 FE R 2L

W v L4 7 B AL S U B IE X

A=L"'+M 5

XA LM FEEX N



1273

55 46 % 55 6 ) I 5 s 5 < 2 % b S5 A ) T 0 A R RRTTIN B A3 A R AR B 5
85r , s 85r e s
sob = EEUPITE . sob = AT E .
750 =--=- WA 7.5F == WALk
7.0t 70t e
6.5F ™ .- - 6.5F - ’-'
) 6.01 e = 6.0F ,-'
= 30 m. . S ssp . .
X 50r .7 X 50F Lo
= 45t .z = 45t -
@ 40 I & 40f Rl
?ﬁ 35} e 3.5t e
L 30t i o 30t _n
T 25t . . T25F 0T -
20p .- 20p°° "
1.5y 1.5F
1.0 1.0}
051 0.5F
0O 05 10 15 20 25 30 35 40 45 OO 05 10 1.5 20 25 30 35 40 45
P /K Wk
(a) BR IM” G (b) 45 42§I+” Gl
851 - o 85r N
goF = AR . goF = Az .
7.5F === AL 7.5F =--=-1 A £k
7.0} _ 70f P
6.5t .- 6.5t . Lot
~ 60 - ~ 60 o
é 55¢F ,u.‘/ [ ?2 55k l'-/‘ [
X 50} Lo X 50t .-
~ 3.5¢f R4 s 351 .
= 30t " o 3.0f R
T 25 s u T o5h e .
20p-- 20p.-7*
1.5F 1.5F
1.0F 1.0F
0.5F 05F
O0 05 10 15 20 25 30 35 40 45 00 05 10 15 20 25 30 35 40 45
RS BB /K
(c) nulDr’r“”'J (d) £ T’M‘l”ﬂ!
B3 FEFIBBEAMELER
Fig.3 Fitting results of semivariogram model
x2 RARMMUESRHRE
Table 2 Expression of optimal fitting function of the model
i) MG R RE R AHRVER B R®
X ]'3
SRR . 0000111+oooo161><(2><6986 2><69.863), 0<<2<C69.86 0812 8
0.000 141-0.000 161, x>>69.86
TR () =—0.000 4240.001 05X (1—e ~585107 ) 0.780 1
RER = 7(2)=0.000 188-0.000 519X (1—e 757 ) 0.929 5
LR LA ¥(2)=10.000 169+0.000 007 26X ( ) 0.800 7
54.51
A= 2, Ay op]! AR S . XRE T LA S0 R o {835 P A
(701 70 Vi 1] 2R S R BSOS B o i 1) A DG A8 B o LABA E B fF 2
Yo Va2 Yo 1 5 PR BRI
L= 1 PEAG AR Y 5B A 4R AR A P iR 22 ME V07
Yo Yur Y 1 1% 25 RMSE Frififb3 ) iR 22 NRMSE Fi1-F- 3
1 1 1 1 0] PR 2 ASE ., R A XG5 (6) ~ (D P,
M=[y(x,x) 7(x,,x) y(x, o) 1]° DL DU R A i 22 M/ P 2 bR v R 22 07 iR
143 38 SUURTIE AR O 2 A5 5 R K 7 2% BB IE . D 0 A 5 R RO T 0 o

SR FH A8 S0 UE A A 6 4 A R o o L A U IR 2

o BRFEA H —

AN s DRI R R R R A A

AL R SR A B R SRR T RS A T

DIZ(S) —Z(S)]

ME == (6)

n



1274 oo

T &/ o 4k

2024 4

DZSH) —ZSH]
RMSE = | (7)

n

RMSE
NRME_ZQ%Mw—Zwmn ®

9

A Z(S) HEEBE B A BZNE; Z(S) A

AR SR 5 Z (S N4 ) 13 B 28 2 92
(9 55 KAE 5 Z (S i) o 28 5 9 3 B 28 00552 0 1 )
fe/ME sn IR 0 AREARTRHEZE
TEBRIRATE R A% RO Y | o 307 5 0 R 2 P A8
o3t R R R A R 22 L A5 R AN 3 Al .
MR 3 2% TR 25 15 b AT A5 < BRTAT PR KRS 4
S0 PR KRS TR M 2 A o RO R (1 24 05 MR R 22 R 6
YR 2 A X 5 T e S8 R A 2R DU 3 B A Y
LG ROR S B AORU im 7 ok JORE Y G 7 B A v R

£3I BEMEERRZEER(X107?)
Table 3 Error index of each model ( X107*)

pim TR ¥ iR P A6 14 05 AR YA U 15 2
ME RMSE %25 NRMSE ASE
BRAR AT A 2.10 1.06 35.60 1.72
ik e % 3.00 1.57 52.40 1.92
i A A 0.72 0.30 11.25 1.57
LR PR 4.00 1.88 62.80 1.75

26 5307 MR 2 22 (H /), O HL L3 O AR 15 2 AR X
T At R BSOS AL T SR . BRI, o 4R R T PR R
T Ay o PR 2 A8 S5 bR SR
e Ao AR S ek AR AL
¥(2) =0.000 188 + 0,000 519 X (1 — ¢ Tuia )
(10)
1.5 WNERHIEEE
R B A 21 75 S5 R HORSE 8) HE A 18 8 2 5010 4 1
THE, IR L5 5 4 0 3 4 3 2R B80S A A
FLSRE . F T e T R L AR SC LA D5 L 1 154
FOIR B 2 B, OF G 1005 B I 2 5 v Y OE
BARGE A TR 4, P RIGE F AL RS 5%
DUAEL Y HE A
Z(Xy)
Z(X)

W @5 B FLIE 22 A0 0 B 2R 50000 475 1 250 His
S B AT B 25 SR A 4 B OR . KR 4
SRR R BE LA EAE 859 ~115% Z ], 15 22
FERIAE 152 DL 805 K5 BE 29 85 %0, AU L iy A
S 54BN B R 70 Y0, W2 A3 A SR A G SR A B R
22 B2 5 AR B9 8 R AR AT ik iR
ZEAE 15 W ZE A S AR iR 25 15 % LA R it
B 2R 5O (B 1T 55 RS BB o Fh O w0 B O 9k B
T B 2R B0 A EL A — 2 3 M R M

SRIG 4 338 iF MATLAB 215 3 #Uf &
BOEFE A ARA (D, 15 20 5 2 8] bR — 2 25 1Y
MR FA RBCEE L K 5 R,

F=

X100 % an

x4 OSHABHRHMEEERMUEE
Table 4 Estimated value and fitting degree of collapsibility

coefficient of No. 1 borehole

@5 i LI S EHIRERITAE] MEEF

WHE/m AHE RBL R /%
L5 0.033 0.031 0 94
3 0.029 0.030 5 105
4.5 0.028 0.031 5 113
6 0.037 0.035 0 95
7.5 0.045 0.040 0 89
9 0.041 0.040 5 99
10.5 0.05 0.045 0 90
12 0.044 0.047 0 107
13.5 0.037 0.040 0 108
15 0.03 0.034 0 113
16.5 0.028 0.030 0 107
18 0.023 0.025 0 109
19.5 0.02 0.021 5 108
21 0.018 0.020 0 111
22.5 0.017 0.019 0 112
24 0.014 0.013 0 93
25.5 0.013 0.011 0 85
27 0.009 0.008 0 89
28.5 0.006 5 0.007 0 108
30 0.007 0.006 5 93
31.5 0.008 0.005 7 71
33 0.005 6 0.005 0 89
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