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{0 - TCAT R M R A S WA S 5 (P<0.01) 5 W T O R B840 ] Aty 2 o+ SEA) B B KR . T 540 (0 - O IR L R (R =
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Effects of Moisture and Dry Density on the Swelling Characteristics of Purple Soil in the

Three Gorges Reservoir Area

BO Chunyue'?, LIU Chunhong"***, LENG Jiaxin'*, CHEN Cong'?

(1 College of Geography and Tourism Science, Chongqing Normal University, Chongqing 401331, China; 2 Chongqing Key
Laboratory of Surface Process and Ecological Restoration in the Three Gorges Reservoir Area, Chongqing 401331, China; 3
Chongqing Field Observation and Research Station of Surface Ecological Process in the Three Gorges Reservoir Area,
Chongqing 401331, China)

Abstract: In order to clarify the effects of initial soil moisture and dry density on the expansion process mechanism of purple soil,
the typical purple soil was selected in the Three Gorges Reservoir area for indoor unloaded expansion test, two-factor analysis of
variance and response surface analysis were used to investigate the unloaded expansion characteristics under different initial
moistures (5%, 10%, 15%, 20%, 25%) and dry densities (1.1, 1.3, 1.5 g/cm®). The results showed that: 1) The variation of the
unloaded expansion rate with time was obvious, which could be divided into three stages: rapid expansion, slow expansion and
stable expansion. 2) In the stages of rapid and slow expansions, the unloaded expansion rate increased logarithmically, and the
semi-logarithmic function was used to fit the expansion time course, and the fitting effect was better (R*>>0.65). The unloaded
swelling rate decreased with the increase of initial moisture, when the dry density was increased, the unloaded swelling rate
increased. The analysis of variance showed that the initial moisture, dry density and their interaction had significant effects on the
unloaded swelling rate (P<0.01). The response surface relationship model could better reflect the relationship between the initial
moisture, dry density and the unloaded expansion rate (R*=0.92). 3) The expansion process was consistent with the water
absorption process, and most of them expanded greatly in the initial stage of water absorption. The time reaching to the stable

state required was shorter for the moisture than that for soil expansion rate. The results can provide scientific basis for sustainable
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development of agriculture and protection of purple soil resources in the Three Gorges Reservoir area.

Key words: Three Gorges Reservoir area; Purple soil; Unloaded expansion rate; Initial moisture content; Dry density
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HE—25 5 T AR H 1 19 28 4 M FURAE ) = i i R
PERS R, RAWESE AR AL, T LA
T M AE AN R HETE R, SRR AT RS R R

T E A R A SRS R Al
gy FURLALR, . FKE . WS RNE MR, At
B AR R G B e MR
HRSEIA S AR A A R, SR i
SRR A R A B X A S R
PEBRL AR #£<0.02 mm - 3ERURL A B 5 PR BOK 2
(P<0.01), TXEHEPUT . BRERES A P06 + 3 Ak 1Y
YERDY, - Megihr o mtim, Ik bmag , i angh
Xt - Ak A R R i s T B X AT R KR
BT B A BE N 2 T, BERTLG S KR AIE N,
T4 B G A SR K 1 14 52 ) S T R IR S KR 1 52
i 705 e S A 1 R 5 A B I Bl R o
KAR(P<0.01), peh, HARRZIK 7 SR
RPN R AT A IR Y HOM R 2 R, iR
[ A iy P ST (R R S I LEg /37N
FARPIEBLE R, (- R R, BE TR ER U 1
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R T RO AKE AR LR, IR
- BB s AR AT AR A i PR AR | I 4R
IKER T X S KT R L], DU =
e J22 X f1 4 FH A 15 R A HE 235 4 A 4 IR A Al

1 MRS

1.1 HAREER

W 5% DX A7 F 8 B it b Al XK S B 1 A bR R
(29°45'35"N ~29°45'50"N, 106°22'15"E ~ 106°22'30"E),
A AR < LKA BRI k2 6], SFH414R 241 m, J8
AT ZE AR S X, AF33 18.7 'C, 7. 8 A
iR KK L, AEHFEKE N 1163 mm, ZETTE
5—9 H. XEINEE T RTUNRY RAZNEHAHA T
Y, FESSMAA . i AR
kb, 13 pH Bt AR IX NS
RAEWA SR, 2158, K%,
1.2 TEHEARE

2023 4 2 A, AR 2 A RDRAEEI, 4%
M“S” JERELHE, ORI HIRHEL) Ske, 1
SHRGTE BT, BlkRAade . MRS, JHE
TR AT TR 1), TERE ALY [E I FH 2R
JIRAERZ IR 00 5 e

1 LELERBUMER

Table 1 Basic physiochemical properties of tested purple soil

ZH 1
pH 7.41+0.13
B AR B KR (%) 12.22 +1.53
K H (g/em’) 1.35+0.08
EEILBRE (%) 31.99 +2.22
A IR (%) 24.67 +3.68
R (%) 21.61+2.05
IR (%) 51.51+£2.72
R 20 (%) R (<0.002 mm) 6.72 £2.20
BYKL (0.002 ~ 0.05 mm) 36.85 +4.99
fibki (>0.05 ~ 2 mm) 56.43 £ 8.62

1.3 KEHE

HRAIE 5260 4 X HH [B) [ 2% 7k %6 | 825 Y S B
0L, B MR KRR E N 5%, 10%. 15%.
20%. 25% 5 AR, HIETEERITN 11, 1.3 f
1.5 glem® 3 RIS, AAbBEIESE 3k, it 454
TRRE o URE T K 2 R0 i i 1% B BT 9 3o i )
ST AR(D). @A

m,
”“:am&+1

x0.01(w; —w) (1)
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K mpbjy?ﬁu#ﬁfﬁﬂﬂFiﬁ(g); Vie SRS T 2R
JIER(cm®); p RIS BETT T2 (g/em’) 5 wo KT
T EAKE(%),

FREGE 2 mm G 9 RCT H AR b,
% A T A0 4 5 K R T K k2 ST 7 R o
IFRETIA ST, FOREER R ST RS B4 i 24 he
BB PTG & K0 B AEE IR GB/T 50123—2019
(TR rdbrifE ) PR, HIfEERR 61 mm. &
20 mm [IRTIERE, FHESGERK A2 AR ]
e BRI S BETT AR, 53R
14 TEEKRE

Te i B RIS AR FEMIBR 2, ATt n 178 1oy 28
AR 10 2 ik 184 15 00 06 700 B3 A R O 45
MR ARZ A (TKA-PZY-1) 207 50 2904
LT H BV B E, Sl TFhRE” %
BTG R ) K B TR ALK, K AR R AGE
R, IR K T 5 X RE 5 mm, 30K T AR ]
v o SR S 2 I 3R 1) S 5l B R AR MBI BR A 1 1K )2
b, SREERHKIA 8 h, HIY4iFEAEIE <0.01 mm i

Igfe J2E X 25 62, - g I A4 1 ) 32 g 1383
CIEZJIRFN
1.5 HIEABSSIT 9

WRIGEAEI ST . 2 Hr K H Excel 2013 Fil SPSS

25.00 X EHE AT XU 2R 25 BB R 3y 255007, JF
K JH LSD #:#1 Duncan’s #5360 vk 3547 2 8 AL i ]
Origin 2021 pro X ¥l #A T2 EIHIME, JEXT 584+ T
Ff MM R A T I R AU 5 20T R Design Expert 8
AT e 7 T SRR ARHT

HRESH

2.1 ZEETEARTRAFE

TG i 12 A 256 2 W 11 2 0 9 = e BR A% AR 1 1
Ak, SEPRIEAK LA Y. SRR R K R A
THET, EELNIMEEKENT 0.55% ~ 8.28%
(B 1), WEhtass. B SRR, 6t
Tk e BN . KRR E RS, ®Iin &K%
5%. 10%. 15%. 20%. 25% M@ +7E 3 AR
T8 AT T2 JE far B IR IR R 5.84%
531%. 4.47%. 2.54%. 1.14%., TIET2AEEHOK,
2o+ AR, THER 11,13, 1.5 glem’
BF, 2860+ TR IE I 535h 0.55% ~ 2.68% .
0.78% ~ 6.40% . 2.08% ~ 8.28%.

2

WMEEKRE — — 5% - - - 10% 15% —-—20% —-— 25%
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| (&) | ®) | ©
s+ 8 8_’_'___“_ - o — —_.—T — —._
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Fig.1 Curve of unloaded expansion rate with time

B ] 338 T, 5 €6 - TG B ik R 5 S T T
Jo X RTHE , e Ja AR AR (A 1),
St T I AR AT o s R | 9208 I Ak R I R
FE 3 BB TP KT BE(0 ~ 10 min), 2865+ 70
TERERKHE R 0 ~ 0.536 7 mm/min, TCHFIEMKHRA T
0.50% ~ 7.68%, MR, Jomhghk o b Skt
) 78.47% ~ 89.90%; o, FHEEH 1.1 glem’ Bf, %
TR A A R E il R, A 89.90%
SRR B (10 ~ 75 min), 4560+ ToAr R AK o i

FILTHT—FBe, MG 0 ~ 0.023 3 mm/min, EfK
%u T 0.05~027 mm, iKY 4.45% ~ 38.42%,
ATRER B E - EK IR AE BN AR, 157E2%
rx%k, SPEIEIK I B L, 1B B TE T i AK
%Eﬁﬂgﬁkﬁ SERFEIETE 71.58% ~ 91.33%., TMifE
FERRAE B B, 580 b T far R 0 A A o R AR X i
A B R s RS, B2 K 4 0 ~ 0.003 3 mm/min,

Z W B2 0+ K B AN AE 0.003 3 ~ 0.01 mm {1 [
INAR Bl S 2 280 1 B IR AY 0.21% ~ 6.38%,
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K B AR E B B 1 BIFERTE 6 ~ 7 he
22 MIREKE, TEEMNLBLILHHEKEY

A

TEARIA T2 BE A5 T, 5260 1 O A R K 2 Bl o) 4
KRBT (R 2). THEN 1.1 glem® B,
ST TR I MK R BB, 006 5K i 5% 1
TN 25%, LMEKRE 2.68% FFZE 0.55%; 4+
WREH 1.3 glem’ B, B TMIEKEEERTT
RN 1.1 g/em’ BIIEIKE, v F 0.78% ~ 6.4%; T
WREN 1.5 glem’ (R AR, kR
T 2.08% ~ 8.28%, AH[FTHEET, IR E/KFMN
5% ~ 15% M50 ICfrE iR MR, R 9.92% ~
34.69%; UWIUAEKRLE 15% ~ 25% FoAi}, 240
T AR IR, T 69.10% ~ 89.34%. TEAH
FIRIR KR, R THERK, HimE
R, BHHEEH 1.1 gem® A% 1.5 g/em?,
Tt K2R R mT i 2.68% T+ 8.28%(1d 2).

M5 2253 BT MR 2), WA EKZE . THEK
W4 38 HAE FH 340 5% €8 4 JC o7 B2 ik 56 52 il A i %
(P<0.01). XFH FAR AT, AHXE 3800 46 & 7K F2 R0 9
B AR, 14T % B2 1 i e R ik 2 5E
Wil SR A (RIS, AR TR 46 15 7K AN ) % S b B ] 2

SN EGR 3). MR EKE<15% B, [F—H]
B KA T3 B 52 0 1 (R T fr I ik e 2 S 18y i
(P<0.05); YHIHA S /KRN 20% IF, THEH 1.1 g/em’
2R o+ AR B T 1.3 Al 1S glem’ M55
+5 MRS K EN 25% W, W T2E K 1.5 glem®
(0 + IO AR 3 T TN L1 ANL3 gem’
45 (0, 1 (P<0.05) . TITAH ) 1% BE AN [A) 90 4 25 7K 3240
FRE], 22 MWL S KRN 5%, 10% Y48 {0+ T
3 = TR KRR 20%. 25% MYARHE(P<
0.05); ¥IIEEKER 15% HEE -+ LMK ERS
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107 T
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Fig. 2 Final expansion rates of purple soils under different initial
moistures and dry densities

x2 BREYMHMRNERAESHER

Table 2 Two-way ANOVA results with interaction effects

i I 26775 fil A B ¥y F P
THETEE 0.013 0.007 131.313 <0.01
TR KR 0.014 0.003 67.487 <0.01
5 B < - B AR S KR 0.004 0 8.932 <0.01
2= 0.002 0.000 1
B 0.1

x3 TRMMEFHTERLIITFTEKE%)

Table 3 Unloaded expansion rates of purple soils under different environmental conditions

T IR B K2R (%)

(g/em’) 5 10 15 20 25
1.1 2.68 +0.007 0 Ac 1.95 + 0.002 6 ABc 1.82 +0.002 3 ABc 1.45 +0.003 5 Bb 0.52+0.002 1 Cb
13 6.50 + 0.003 9 Ab 5.9340.001 5 Ab 4.18+0.011 7 Bb 3.10 +0.007 2 Ba 0.78 = 0.003 1 Cb
1.5 8.42 +0.007 0 Aa 8.08=0.010 5 Aa 7.45 +0.006 3 Aa 330+ 0.004 3 Ba 2.08 = 0.001 6 Ba

T R FATEAR RS TR R 2R A0 R T2 B [RIRTA6 % /K S4B R] 22 53t 835 (P<0.05) ;. [RIFIEUR /NG T B[Rl 7m AR IR ) 4R 75

IR )T 35 b B 0% 5 83 (P<0.05)..

2.3 HEBITEEKERREUS

O KRR EA BB A B BE (1),
SRR I DR R L B AL A
X I B ) AR BEAT 23 B, X 56 (8 - T A I K R R K
AL HEAT 20 BU G (R 4)o th TAERZ K e v

(49 12 i S e B B 5% € = TG for I K R I AR & kAR
BRI AR, DR ASOR 722 Ak S W Sk 7y PRk B ik B
B NZ K B B AT 405 2238 o X0 ek £50nT By
Hby S 58 € AR R K | D08 I I B B I I ] ) 7
L MAEE(R® /T 0.65 ~ 0.99, RMSE 4+F 0.000 1 ~
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MEADESE . S KRN T 55 B X =l I (X4 0 - i I A ) 5 i 1385

0.002 3), HE KB B & BRI T 22148 1
BB B o AA 4 LT B 1.1 g/em®, LHERIG

FIKEN 25% B, L0 22 R Ik B B LA K
REF(R*=0.47),

Fa4 FRTUMEEAWKESHELRNS

Table 4 Fitting of unloaded expansion rate with time at different changing stages

TR WG IK R R B Bt S8 ik B Bt
(g/em’) (%) Eeyig R RMSE By R RMSE
1.1 5 5.—0.0140lg7— 0.0115 094 0.000 6 5.—0.0008lgz + 0.0197 0.84 0.000 2
10 6.=0.0123lgr— 0.0090  0.96 0.000 2 6.=0.0006lgt + 0.0156 0.65 0.000 1
15 5.=0.0072lgr — 0.0022  0.94 0.000 3 5.=0.00131gt + 0.0091 0.88 0.000 1
20 6.=0.00691gr — 0.0056  0.95 0.000 3 5.=0.0008lgz + 0.0070 0.91 0.000 1
25 6,=0.00301gt - 0.0017  0.97 0.000 1 5.=0.00021gz + 0.0042 0.47 0.000 1
13 5 5,=0.0374lgr — 0.0364  0.93 0.001 4 5.=0.0026lgz + 0.0429 0.89 0.000 6
10 6.=0.03271gr— 0.0289  0.96 0.000 9 6.=0.00221gz + 0.0417 0.91 0.000 4
15 6.=0.0214lgr— 0.0140 096 0.000 9 6.=0.00171gt + 0.0284 0.87 0.000 4
20 6.=0.01251gz — 0.0111 0.98 0.000 2 5.=0.00191gz + 0.0129 0.96 0.000 2
25 6.=0.0024lg7 — 0.0007  0.99 0.000 1 5.=0.00041gz + 0.0037 0.92 0.000 1
15 5 6.=0.05331gr— 0.0575 091 0.002 3 5.=0.0028lgz + 0.0629 0.89 0.000 5
10 6,=0.0398lg7— 0.0392 097 0.000 7 5.=0.0038lgz + 0.0476 0.92 0.000 7
15 6.=0.03331g— 0.0345 098 0.000 6 6.=0.0038lgs + 0.0402 0.89 0.000 8
20 6.=0.01411gr — 0.0168 097 0.000 4 6.=0.0030lg7 + 0.0063 0.95 0.000 3
25 5.=0.0052lgr — 0.0062  0.98 0.000 1 6.=0.00441gr 0.0232 0.98 0.000 2

E: S NTHIEIKE (%),  RTE(s).

T A AR SRS 5 6 SRR 5K
TR R EY], 43 A T bR &
IKRRRMATIG I, SRR B /KR RS0

KRR 5). R LIERIIR SRR
58O ICAIZIKARAIIC R, n] L M T 3 4a %
KR S L IO K SE AR A A

x5 THEKEREETABERAR

Table 5 Relationship fitting of uncharged expansion rate with time

1% (g/om’) e 2 o B ZALWIK B Be
1.1 J. =(—0.0005wy+0.0169)1g+(0.0005w(—0.0129) Je =(—0.00002w(+0.0010)1g¢+(—0.0008w(+0.0230)
1.3 e =(=0.0018w(+0.0483)1g£+(0.0018w—0.0450) 8 =(=0.0001w,+0.0032)1g2+(—0.0021we+0.0581)
1.5 e =(=0.0024w(+0.0657)1gt+(—0.0025w,—0.0683) 8 =(0.00004w,+0.0028)1g2+(—0.0043wy+0.0908)

T wo ARG ERA(%), ¢ RRFEl(s)o

24 WIREKER, TEEXEERMERT LR

B Bk 2= 22 i

RBFFERIG E KRN B IE R 2t 0
TR R AL, DL 3R G KRN T45 B N AR
e, AR R AR AT [ 504, d 7 e ik
REYIG KR TR Z B Z 0 AR .

5, =—18.14+19.70p, +0.55w, —0.61pyw,  (3)
o S BRI (%) ;s wo HHIIR T KA (%); py
J T (g/em’).

SEIRRM, IR R P<0.05, LA L (E
P ZB R 0 0.92, (5L 22.84>4, JEWIMAI A
BT A B PERSTRT A b S WG B KR 5 4

O KB T485 BE 22 I 5 R o a3 Il U5 AR
i 17 T (L 3), o7l T 0 B D R R e e (e -
TG Ag 8 B 23R 52 PR 2R R i) B9 A A 1 0 201 i T e
K S R F RO, LR SRR S T %
FEM A BEAEH W3, ARG SRR M TS EAE T
(458 (0 TE A R IR 2 R) 22 5 B o Y 3R IR Bk
RN 5%, THERN 1.5 glem® I, IR KN
8.28%; 24 HIEWI LR /KR Ky 25% T2 M 1.1 g/em’
i, TR RN, AN 0.52%. % il i 7
FR A SEREE S i T, PR AT A T R K
SR B Pl PN 1) T i 2 K R A8 A 1A T AR R
Xof B80T B K SR AT BT (A A R FE |, TN 45 £,
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Fig.3 Response surface analysis of unloaded expansion rate to
moisture and dry density
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YIS FR o B AL IS A R P RS ) FLER T2
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S A TC K 2 W b & KR K . 7R
3 PTE RS, AR KRS A 4 To i K R
RN FRINH 5%>10%>15%>20%>25%, T % F
FRIE], WG & 7K R 5 Tof I ik % 2 U JEOC R (P<
0.01), X 5Htg 2 ok EAMREI I ST 45 R — 20
IR RN e IR E KR AR, - S OR 2% 1HT 1Y
SEA KBRSk AR 5 /NP i e R K
Rl BARERC 5K a8, HiREAET
R RK A2 R TR R RE s BERT RIS , -4k
IKBESIURES . AT RISOK EED, B IREROR R F 3
I R AR AE Y T3 N 1.1 g/em® B,
IR AR B A 55 0 S 7E R IR AR B B 1 )5 1
R B IR 22 ARV L DY R R PR AR IR S . B e
MG — 2 R T 55 0 1 AE DR R K K 1) 2o A T A AR
— B S, PRI RRES, X
K S S R, SOE e KR SRR R
SRSk, KRR E S /MR AR e
HﬂE[M-SS]O

http://soils.issas.ac.cn



5 6 1] PRAEPIAE . KR 2 X = e A X4 8, KRR 1 5 1387
— ki —-- kR
or-
TR glom’
80
g
3 60
40
= 40p
Bk
20 TR BB
0 1 " | s 1 " 1 s 1 n 1 s s 1 " 1 s ]
60 70 8 90 100 110 460 470 480
100 —
» T 1.3 g/om’
80
S L
3 60
1
= 40
2000 e GBI B BB
0 L | L Il L | L Il L | L Il L L Il L | L Il L | L f | L Il s I
0 10 20 30 40 50 60 70 8 90 100 110 460 470 480
100 r- - —- Tr— e — = s — - — —T - po— — -
- : TS5 g/em’
80 !
g 1 |
S 60! !
u I
= 40! !
N{‘ I :
20 PRI B 2B ! FasE b B
0 L | L Il L | L L | L Il L | L Il L | L Il : | L ) | L Il s |
0 10 20 30 40 50 60 70 80 90 100 110 460 470 480
Hsf ] (min)
4 REIEEIRPRITRKESILSRITEKESEEL
Fig. 4 Changes in proportion of cumulative water absorption and expansion of purple soil during humidification
m AR IINE —— G
3.0 7r 10 -
K [ ) [©
25 6 K Ll 8k
S 20t S S
ot I foR - 6F
5y g4 LV
= 5f = &L
Y L B 5L B,
= L . = 7 2 oar
R 1of % ,L 45 I
05 - 0.=0.0291x1gw,+0.0355 1 i 0.=0.0647x1gw,+0.0937 2F 0.=0.0657xIgw,+0.1181
I R=0.96 R=0.91 R=0.72
OO - 1 L 1 " 1 " | 0 PR "SR AT INU ST S ST E—i— O PR "W TR I TN SR N (I S T—
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
KA (%) KA (%) K (%)

(A. T#HE 1.1 g/em’; B. THF 1.3 glem’; C. THE 1.5 g/em’)
B 5 EREMESTIESKETUREXR

Fig. 5 Relationship fitting of unloaded expansion rate with soil moisture

220+ IO B T R TR ) HORIRE T AR /N, SRR

5ARIER S KFT , AN T8 B 5t - oA g ik e
FIH 1.5 glem®>1.3 glem®>1.1 glem’(H 2), THE
FER 28 8, 1 R K 3 G e DR 2 i I ) G 3kt PR
NEET RGN, HIEEE LB AR, W AE s
LB MURLAEL 78, AH [R]I] A] N K 2 A B /D, ok

E%T“%;T“%;jt o MK A R o X AT RE S P N
BEBOAR, FAE SRR, b AP AR A% AT B AR A

JEH g, DR 2B SR SR B I B S R B 5
MR TI R, LR K S LB T 580, X4
RO 177 AR, 2l SESORL AR LB, 51 L

http://soils.issas.ac.cn



1388 +

i

56 &

AR o BT, T8 BEBOCHY L 7 AR R K ) A
PR, ez, TR/ RIER, KR
AR o Bl = b A IR B H A St , sk -1k
T I 722 T T 3 85018 8 Ml i 152 1t 235 4) BB O A K A i)
A, AR R E AL PR W OR AR v
AR TH AR A U] S R IR < 52 — W IX 238
PERPERYRE I, S0 1 R e R ) ik 4 A2 I 5T
2, R T AR, WIS T EEASTR MR,
SRBER A i, 5 A K k!

ASCAURTT T IR IR 5 K AR 3 X 5 6
LRZAAPE BB, 58 WA R LR AR AL A
WInT, ARRZAK . der St RV X5 o AR E R Y
Wi i A fop it — LIS o

4 #hig

1) 588 4 I i 2 ik 25 B P [1] 4 22 fe 2 B A T
KB B . Zetg K B B . I AR 2 B B 3 B
B, Tof R Ik A0 K A A A S R B, JF e
BT HRE .

2) FEo L Ium g R AL RS ] SR E
FKFER X R(P<0.05). WIREKE., THE
AR P B 52 AT PRI 55 €0 o JIo a2 K R 52 i)
F(P<0.05), b, TR O To AT K R AL 1L
BITTRRE R . 2 T BEAR ]I, 588 L T A K R bl
Bth SRR T R M FREAR 5 2458 6 AR TR F KR
(5%). TS glem’)if, FERIZHRER, K
8.28%-

3) Lol e 5ok R EA SR 2
P, ZAEMIRI AR, 5% 01 5K Rk B
TR s NHC T R AR AR AR SR

S

[11 X, HokE, B, 5. % 8 gk r: nd i il
K SCHRETY R (3], T B AR AT K FIOK L, 2020(4):
92-96, 101.

[2] BAMWR, B, BEW, F. TRUPXAEWE L+
BRI, HEVR, 2023, 43(2): 28-36.

[3] R, HKME, SRR, % TIEEIKVEXSFER AL
FEVLRZ MR [T]. P ERAK AR, 2018(11): 42-47,
54.

[4]  aRARIR, sR3CK, B, . BTl AR X 5 H A b
AP A HEZR M W K R B 22 5 S P 2F LRI (9], p e
Al K223, 2017, 40(6): 1074-1080.

[51 GsRIAEE, T4, X4, 5. 5 4 X 1 e ik ik
B0 0], PH G R AREF B K2 = i (H AR B2 IR,
2007, 35(6): 185-189.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

McCormack D E, Wilding L P. Soil properties influencing
swelling in canfield and geeburg soils[J]. Soil Science
Society of America Journal, 1975, 39(3): 496-502.
MRHEE . TR RCE AR AR R KRR DR (D). Kt
PRER2AAR, 2019, 33(2): 87-92.

B, BROCHE, AR, AF. RS A Ak B A AN T
B R AR A A [J]. AR R IR (B AR
BFERR), 2024, 53(1): 106-113.

XA, BRikst, Sz, 45 FREEI AL 5 B e 52
FE K 2B F RIS [)]. A L R AR, 2020,
42(2): 260-268.

WEZ, B HE, B, % OIREX GMZ IEE -k
PEREFZ M BFFE[I]. A+ TR AR, 2021, 43(1): 77-84.
XAk, BIR, /MK, S TR NSRRI %
JE RIS 7224 ET). AORI4R, 2014, 45(3): 261-268.
W, BACE, EN, . RYEREXE 6K ik
P RE A 52 M SO EOUL R RE[J]. A8l ia iy TR 229, 2019,
19(1): 24-32.

TEMS, MU, TR, S A s o R R
4 R REAKAERE RS [T]. T EIVDEE, 2020, 40(1): 97-104.
Wei J, Shi B L, Li J L, et al. Shear strength of purple soil
bunds under different soil water contents and dry densities:
A case study in the Three Gorges Reservoir area, China[J].
Catena, 2018, 166: 124—133.

FEH, BHEE, ok, . AR R &6 R
SRR E il 1 B R (7], 8, 2024, 56(2):
425-432.

R, TERIHL, 220, % ZIREXCER O+ TRABIES
JURTRSTSBE[I]. Aol TARE2EH], 2023, 39(24): 117-126.
R, BT, ABRA. P X O L FEAE
W) B A S T ST (0] H ISR, 2012, 49(2):
212-219.

2T, FRENE, HoKAE, 45 REAKME 5T g BT A
BERAEI]. o E R A K FI K L, 2023(10): 114-120.
KR, AT, I, S5 B & K I AK AT
B LR AR O R BRI D). TR B AR, 2023,
31(1): 32-42.

Du J, Luo Y J, Zhang W H, et al. Major element
geochemistry of purple soils/rocks in the red Sichuan Basin,
China: Implications of their diagenesis and pedogenesis[J].
Environmental Earth Sciences, 2013, 69(6): 1831-1844.

P teter, BRIEHE, BUIGE, & ERVPERHEO L+
BRI e TR A W )], K R R,
2019, 17(6): 41-51.

rhie N R 3 55 R & A, 1 Tase Ty b ofe:
GB/T 50123—2019[S]. Jbxt: FE H i, 2019.
XK, Z22FF, $A%k, 45 HET MICP HiARR R k1
R Ak R R G T SR [J]. VLR BEBE R, 2022, 39(6):
150-156.

UNAR, WG, W, . RS R-0 B EL K 1
S HORERETE (], 45 £ 1%, 2023, 44(10): 2821
2832, 2842.

BN, mE, EJOFR, SF. MR IO Ak R AL SR
JEARI KK ). FREE T R4, 2023, 17(3): 817-828.

http://soils.issas.ac.cn



2 6 11 TEAPLEE . /KRN 38 o = e J3E X8 00 4 A A (X B i 1389

[26] ARIE, HRIL, XIFLL. L0 - B A0 B A28 1 ) [32] iR, kML, B, . B0 RE A TS
HXF P2 PRV RS []. K BRI ST, 2023, 30(5): [¥) S S B L+ HEK A R IR D). TR IXFSE, 2020,
61-68, 75. 37(3): 607-617.

27] R4, FEE, WF, % WHEEE R Pk El [33] R, ZEWEMS, RIBA, 5. ACH 4 365 S0 i 7 K AS R
KRG ARERED]. A T AR, 2023, 45(2): 283-291. ML), H3E, 2024, 56(1): 1-9.

[28] Dieudonne A C, Della Vecchia G, Charlier R. Water [34] SUAAMS, B4z, Brokfd, 45, 35REAK 4 00 M MKk R itk ik
retention model for compacted bentonites[J]. Canadian AR [I]. TREHBB2A4R, 2017, 25(3): 706-714.
Geotechnical Journal, 2017, 54(7): 915-925. [35] BRIEWL, A, AEIRAN 1 5405k 1 12k B T RE v 5T

[29] AW, W, INVE, % DL NIEA K R HFTERE[T]. A J157, 2019, 40(1): 1-54.

WFFE[]. K EARRA4R, 2018, 32(2): 120-127, 133. [36] ZEH, BRib, Maf, & SRR R B A8 KA B X

[30] FVLAT, XEPIAS, Biik2, 5. BEAR P AL XA 9 i 4 + A i 45 4 P R (0], £ HE 2R, 2020, 57(3):
FERR oK B as ()4 5 R R R (1], s, 2023, 600—609.

60(3): 749-761. [37) RIpHE, JER0, DB, R BLE PR A 8 A A RN A

[31]

SHME. PEAE M. dbat: Bl i, 2014: 246.

HERR R RFIE RO Z IR [T]. LSRR, 2023, 60(1): 77-88.

http://soils.issas.ac.cn



