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Analysis of soaking deformation characteristics of large-thickness discontinuous collapsible loess

Abstract: [Objective] The unique stratigraphic structure of the widely distributed discontinuous loess stratum in the
Guanzhong Plain area of China results in significant differences between the indoor calculated values and field-measured
values of the self-weight wetting amount for evaluating the foundation’s wetting property. [Methods] Indoor wetting tests
and large-scale test pit immersion tests were carried out on-site to compare the factors influencing the difference between
on-site and indoor wetting amounts, with the loess stratum on the north bank of the Weihe River as the research object.
[Results] The following results were obtained from the study: (1) The ratio of self-weight wet depressions between field
and indoor test was less than 0.1. This discrepancy was due to the discontinuity and inhomogeneity of loess layers,
sampling disturbances in indoor tests, and differing immersion conditions in field test. (2) The “layer bow effect” caused by
the discontinuity of loess was the main reason for the difference between the indoor and field tests. This effect weakened
upward-transmitted deformation, hindered downward-transmitted gravity stress, and caused discontinuity in the percolation
process. (3) Stratification calculations for the four test sites showed that most of the gravitational self-wetting in the field
tests occurred in the Qp’ soil layer, while the Qp® loess layer showed large difference between the field-measured and
indoor test values. Thus, the Qp* loess layer has little to no wetting effect. [Conclusion] The shape of the saturated zone
range obtained through numerical simulation was consistent with the field test results, and the numerical simulation method
was more advantageous for observing the experimental results. When calculating wet subsidence by self-weight, a
stratification method based on the strata age can be used. For the Qp’ stratum, the correction coefficient method specified in
the guidelines was chosen, while the Qp® loess stratum was determined by an on-site pit immersion test. [Significance] The
research methodology used in this study provides theoretical guidance for future engineering constructions on the
Guanzhong Plain.

Keywords: collapsible loess; in-situ soaking test; characteristics of collapse deformation; loess-paleosol

W OE: FAESE/ANEIHEETERY RN 204, HTHEEANBESN, ZF NN EE
fHEHEEEBENEATTESAGENEARANER, Ak, XEUXFEHBTLE T LM
EAGRMEZ, FRTEABRMERBMAGABRANZARE, XU TAFZEEANEBREZR NP W
Hx. AMAZ e B ETENEd L, 2WTAFGRAKXBNWSRFMLE. HARERET: FHAFT KR
FMENRRNEEZERELENTOL, FEARZRNRERNGEZLHMENFESEH LB TE, EHK
BHBRHERGIEZURATRBWNRERFELZR; ELNFESUDRNESRBREZERENRE 5 A

EeWB: PEMLEEERESHH (2021M691186)

This research is financially supported by the China Postdoctoral Science Foundation Project (Grant No. 2021M691186).

E—EH.: XE&E (1984—) , B, SLETEW, REMNFE - TRMFAHCH RS T/, Email: liujl@yrec.cn
BWAEE: TEE (1997—) , B, #it, FEAFE L TKFEFR T/, Email: 1138018902@qq.com

Wk HEA: 2023-10-25; fEEIEHR: 2024-04-25; RABHR: 2024-04-25; WELR A 2024-05-17; [ERKE: =5


https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
mailto:liujl@yrec.cn
mailto:1138018902@qq.com

922 ¥R 55 54 https://journal.geomech.ac.cn 2024

SRR ERNEERR, HAHTHorm b EN TN, WETHTEENEENL Y, AHERSRT

20y 4
ARBREELE S

HEHREEBER, TXARELERNK S ENITET &,

A R N

XEIE: BHEEL; AFRARXE; BB EPVHME; HL-F L%

FE S HS: TU444; P642.13+1
DOI: 10.12090/j.issn.1006-6616.2023174

0 3%

B SRR DU DIk AE KN B AR M B AR T OB
B HE B, TR R D T 240 7 4R (B2
S, 20145 W HAEK, 2018) o 2 DURLIA I 5 W VR 40 W 1)
o, B 2 LR KR R 55 RE4h Y ) PR
fiE CHP A= 82 45, 20065 P I 55, 20165 5% 75 55, 2017;
M55, 2022) o HATIXMUARRAE Ry 8 o fEK L JIME
FHR % A2 98 B (I 15 ORI AH L, 19865 14 40 3 4%
W1, 2009; 5 C 4, 20225 MRS R4, 2024) .

KT B 00 FE MR P B AT R = N+
TR 56 A1 B 3 K A 3R K 563X 2 Fh 7 3 (Sloan and
Kleeman, 1995; Krabbenhoft et al., 2005; %% P& [H 4%,
2018) o HH T W0 & Z [E] 56 4% 8 19 A ) 5 B0 56 25
BAFAE 22 5, (MG T B 4 X R0 ) AR 4l
+ TR BT A X AERE T — A BB IE R AL B, X —
HEiEF T REN TRERIFGE TN EE
(2/NIS 45, 20115 £/NZE4E, 20125 FR 42 4%, 2016;
GB 50025-2018, 2018; % P4 A %, 2023; 5K K Mk 5%,
2023) . SR T — 20 B RERR 43 A0 (9 B+ 2 45
F, T PO & b SR 48 (QpY) rh Y B - —ly 1 )R
LSS A3 AT I, BRI Y 8 O AR B AR R
AR R, 22K (1993) 1 K 7 Qp” ki
Sy A B R R b AT T, R A ER G A
1 B S 5 % T E S R 22 B iR, (e A
0.1, BfiJi, —ue2g it ke BT A ¥ 22 0 A 1 85 1
J2 1 % N A5 R I 3 1R KR A R AT R 2%
S, H BTGB KRR KA DR
M= W 5 15 iz o B R B M (Azs>70
mm) {9 25 5 CA 35, 2008; BB A= R 45, 20155 i#X 4 W
45,2020) . M TIZEE 4 L )E b E] g AR A M
5509 HIEHZ, FR B ERBOF M ke &k
PR TRECPR I EER . X T, — S T
7R 25 e 0 R A A AR Y ) B AR L iR
B PR R KM RN B BORE AR R M A R (E A
45, 2013; 257 | M E K, 2017) o JE A AR 5E (2018)

MHAFRIRRS: A

WEHRS: 1006-6616(2024) 06-0921-12

WA B iR O A AN I S A R R R R
JZ B R R A A AR R R 4 R 2
S B EE R . R 4 (2015) 25 EI RS M 4k
L1 Ivg D E/ S S AN g o 2 N a1 T
AR R B BT o3 A AR L, 3k A ) A B
2, I A B T RO A R e 0 B 0 A
N T S RO Y F K, R LT ik T AR T AR TR S B
TS AR R

Wit A B 9] 7 S A S R BRI TR A S Y
ST, P A A K AR A I e K R i A K 2R
TR TR R MR BE o 7R O v I X A8
JK A 7K TR e S T sl A b B B R 9 B R X — R
TREY A b TR R PR SC RS IR L B b
DX I I ) R B ST R KR | & R AU
B BE TS, XF e T B9 5 5 A R B B 22 57 19 5 R
W, 204 T B RS 1 8 TR AL, LAY 5C
HF D DR R 1 TR AR A IR R

1 AR IR

1.1 A &4

T2 50 7 b 457 T B VY 45 8 B T B AR AL IR I
B 30T 7 1 - 20, TR 300 B R, BOIR 34 Ok A L, b T R R
2502.5m, KN B OUE TR LA, 5
4 J2 R L I 50 m, R A A T TR 2 B b R — 2%
B b (& 1) o

Gy 188+ 2 R g8 KR (Qp*) # + )2,
J& 6~8m, 2 IELL /A JE 2 2~3 m Tl 0% T
LA o 8 ge KU (Qp) ¥t o, B EE R T 20
m, TEB B RGN e 2 27 19, 20 245
LI 20 MR KA G o 40 mo

15 3 1 B3 FF42 2 TR BE S 26 m I ERTE, B4
PRI TE I BEWT IR B Aok N T ZI B T 9 4% 4 F, IF
Ji& = P A A B A A AR, L B M A 3 IR
Lk, RS2SR E 1.

HR 4l B 2 e 00 159 21 B S e R AR 456


https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174
https://doi.org/10.12090/j.issn.1006-6616.2023174

6 M XV, . KSR b 22 W K T B 1 = K AR AR AE AT 923
108°20'E 108°25'E 108°30'E 108°35'E R /m
N W G303t or
. w$E (S| z Qp'#i t-
=3 [ 8 N
g S * «ﬂ&{ﬁ < 6.5 Qpiily +4
A (]2 730 P
VA
I AR %\gﬁi [ =%t Qi+
i} [V ]# 35 sl -
z @o i |z 142 F Qi
= G30 K iRghL Qpiii &
3 % i T 172 1 -
I} Qpily -4
B 202 F i
I 0 5 km itk Qi t:
L ' Quiiti +4
108°20'E 108°25'E 108°30'E 108°35'E 250°¢
M1 REHHLE RARAE Qp it — At Qp it — D+
Fig. 1 Location and topography of the test site NS N
£ POSTAPILY B2 Kbt R E E
=1 RIS T E SR Fig.2 Soil profile of the test site
Table 1 Loess physical index of the test site
JE RN H)Z A KIRE S/ . EERTINEN & RN )2 A KIRE . BN
" K R/% 1 . " e % (% g ! "
¥ /m g FIKRI% @+ om?) fLBR —— /m i BIK % @ - om) fLBR e
1 Qp'E t 18.7 1.49 1.167 0.003 14 Qp’ili L% 8.9 1.44 1.049 0.051
2 Qp'E L 17.9 1.64 0.948 0.003 15 Qp# I 17.1 1.75 0.820 0.016
3 Q'+ 162 1.43 1.202 0.009 16 Qpit 19.7 1.76 0.850 0.020
4 Qp'#+ 15.0 1.39 1.250 0.018 17 Q' 1 12.0 1.42 1.137 0.051
5 Qp’#+ 10.9 1.41 1.131 0.041 18 Qpifr -4 11.9 1.41 1.151 0.097
6 Qp'#i + 113 1.40 1.154 0.057 19 Qi L4 11.9 1.44 1.114 0.105
7 Qp’r 3% 143 1.51 1.059 0.033 20 Qp’ili L% 113 1.44 1.095 0.081
3 QpE L 10.1 1.52 0.963 0.017 21 Qp# I 11.6 1.54 0.964 0.041
9 Qp'i+ 11.0 1.42 1.118 0.040 22 Qpit 20.6 1.68 0.945 0.023
10 QpE t 12.1 1.46 1.081 0.024 23 Q' 1 233 1.68 0.989 0.021
11 Qp*#+ 15.0 1.68 0.855 0.011 24 Qpifr -4 19.7 1.86 0.750 0.006
12 Qp'i+ 14.9 1.70 0.838 0.018 25 Qpifr 4 183 1.79 0.798 0.010
13 Qp’ry 13 122 1.50 1.027 0.040 26 Qp’ily T4 19.1 1.84 0.761 0.008

M E T LB A RERKE, HPhBIERK
Bo THHL 0.9, 15 2% 5 #b 7 1% F & 710.1 mm, H
R KR M 8 23 m(GB 50025—2018, 2018) .
U B R A, R T A EIR K, 3
TRIEEY NIV % (R ) .
1.2 RAnigit

MR = R 25 3, R iR a2 T
BRYR S 23 m, Sy T (50 N 1AL 4 5840 7 A H
A e AU QAN B A NS T 3 R W W)
B, BHAE N 30m, W 0.5 m(& 3) . F/KREAE
S B B s ey 2, S T B kR el 5
TESUR A 3 — 2 8 N 10 em 1935 K BV Bk A7, Rz
K 1~3 cem. FERE R, IR AR BTN K 1 TR
J¥ 7E 30~40 cm.,

F IR Gy N A 1 2 )R XS K 12
75 R AT BRI, O T M R AR A L R
R R AR B, e T K AR 39 KAEK Z )5 7R
SUNAT B 28 D TEK AL, FLAE 127 mm, £L N JHED R 11
WSS, BKALI BARAL B AR UL 4.
13 MERMNEEHE

B A PR L 2 R TR UL B S, P
P s B8 T R 0L 00 5 6 e e T 37 s R 4 9 I D0
R, TR it B9 DA UL 3K g A A A ] % B 4 =
B 3 B UL B o TROBR ARUTE 3 4% HL O 120084 W ik
(A, B, CHh) 1A, 45 4% Rl b BRAH 22 09 3 50 40 45
A BE 12 AW i, KT NI R TR D 2.3 m, 5T
SMIN TR B O 2.0 mo [T A Bl AL B Bl BE T 4
14 m, 18 m Ab 73 SANSE— S Ao VA i SR i3 TR



924 R H 5 https://journal.geomech.ac.cn 2024

f516] 130°

(a) JRpHE (b) 25
B3 kR AkiREe2EHE
Fig. 3 Panoramic view of test pit immersion test

(a) Part view image; (b) Full view image

Al4,
& il
o L3 B RRARED
@% [ @ Al EbRM LG
> d Sl4 KBS
Al2) 5-20 JKAMHRIR/m
All] o zkl IBURE I FL
ERVIN Alo 25.0 R /m
0 5 10 m » o zk4 Bkl
T — A9}
A8 ® T
A7)
A6
T4 A5 Kl 8J5-8
"< . = k9 2520
Z 0 K3®\_ SIl-4
k12 k14 A3 zk8\3-20[d
TAEHS (GI) 12
° kis A aal KNG 7R\ za
S A T T D\ \ o0 730 9
J1 N 5.0
Mo zk14) zk18) zk19¢ | k3R zkdy zke) zk10)
H4 W®H3 ®H2 HHI gL BL2  BL3
L
JH 2 B 7K Wi 3 R ) Al F L
© THEE (GI2)
B7
B8
B9
B10
B11
Cl2 BI12
C13
Cl4

M4 ZAKXRFEAEHA

Fig. 4 Arrangement diagram of immersion test
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(a) Test points in test pit; (b) Test points at 3 m outside the test pit
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