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New experimental method for loess collapsibility using centrifugal model tests
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Abstract: The methods for loess collapsibility mainly include field immersion testing method and laboratory testing method. A
majority of the results of laboratory testing method differ greatly from the engineering practice. The disadvantages of field
immersion testing method are high cost and long testing period. Therefore, a different approach is required. A type of strong
collapsible loess under overburden pressure from Ili, Xinjiang is tested based on centrifugal model tests. The results of
centrifugal model tests are compared with those of field immersion tests and conventional laboratory collapsible loess tests. The
experimental study demonstrates that the Single-line and double-line methods are applicable in measuring the loess
collapsibility using centrifugal model tests. The coefficient of lateral earth pressure obtained from the centrifugal model tests is
comparable with the value measured by the conventional laboratory tests. The results obtained from the centrifugal model tests
are proposed using the correction parameter J,. The good agreement in the experimental study using centrifugal model tests
and the field immersion tests shows that the proposed method can be used as an effective method in measuring loess
collapsibility.
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Table 1 Parameters of Ili loess

eIy L TR AR 28tk i
EPHR(>0.075 mm)  #HL 0.075~0.005 mm  Fiki<0.005 mm G, wi Wp L G
0.60% 76.40% 23.00% 2.72 29.2% 19% 10.2 CL
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Table 2 Test results and calculated values of self-weight collapse
B fEF YEL Y2, N =N I B8 fF 1
WM BB A% /(ngfc“ n’f;) AR AR f: ”c;{f ORI TS,

1 1 7.4 1.24 0.0622 0.0622 1.78 17.468
2 1 8.9 1.24 0.0626 0.0626 1.78 34.936
3 1 10.4 1.22 0.0620 0.0620 1.77 52.280
4 1 10.0 1.22 0.0621 0.0621 1.77 69.624
5 1 8.7 1.22 0.0621 0.0621 1.77 86.968
6 1 9.0 1.19 0.0711 0.0711 1.75 104.127
7 1 14.2 1.21 0.0388 0.0388 1.76 121.409
8 1 8.5 1.33 0.0408 0.0408 1.84 139.434
9 1 6.7 1.34 0.0558 0.0558 1.85 157.520
10 1 7.4 1.39 0.0578 0.0578 1.88 175.915
11 1 7.3 1.40 0.0506 0.0506 1.88 194.373
12 1 7.2 1.41 0.0638 0.0638 1.89 212.892
13 1 7.2 1.41 0.0518 0.0518 1.89 231.411
14 1 7.7 1.36 0.0726 0.0726 1.86 249.621
15 1 6.7 1.40 0.0726 0.0726 1.88 268.078
16 1 7.7 1.39 0.0492 0.0492 1.88 286.474
17 1 9.5 1.36 0.059 0.0590 1.86 304.683
18 1 7.4 1.40 0.0724 0.0724 1.88 323.141
19 1 6.6 1.42 0.0701 0.0701 1.90 341.722
20 1 7.3 1.36 0.0701 0.0701 1.86 359.932
21 1 6.5 1.34 0.0660 0.0660 1.85 378.018
22 1 7.8 1.31 0.0910 0.0910 1.83 395.919
23 1 14.0 1.31 0.0870 0.0870 1.83 413.819
24 1 16.9 1.25 0.0870 0.0870 1.79 431.349
25 1 10.9 1.32 0.1090 0.1090 1.83 449312
26 1 12.6 1.31 0.1090 0.1090 1.83 467.212
27 1 11.3 1.33 0.0890 0.0890 1.84 485.237
28 1 18.3 1.18 0.1160 0.1160 1.75 502.334
29 1 15.8 1.24 0.0900 0.0900 1.78 519.801
30 1 12.8 1.37 0.0900 0.0900 1.86 538.073
> 2.1415
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Table 3 Test results of coefficient of lateral earth pressure

R [7 [k /1/kPa ) 73/kPa i 7y 2%
50 21.5 0.43
100 42 0.42
200 94 0.47
400 180 0.45
600 288 0.48
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Table 4 Initial conditions of models

HUREIR . HIRE JE R WG KR TE

BORGS - TR o e - b
/m K X %8 X E/(cm X cm X cm) 1% /(grem”)

1 12513 RIRE/KFEAERY 22X 15X26 7.27 1.40 2.72

2 15.5~16 AN Y 20X 13.5X27.5 8.24 1.42 2.72

RIS EAKI A 9. 2012 4F 11 H~12 AR
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HEUREIGIEIR KRR, it 18 AN H o B AR K o5
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Fig. 1 Model box for centrifuge tests
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Fig. 2 Displacement marks of sample
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Table 5 Values of moisture and density of soils after tests
s AR BtEE FhEE SKEE LR TEHE WEE AKE LR YRR
/em /g /g /g fem® Ng-em?®)  /(grem™) 1% 1%
JEAR-1 1 111.18 83.51 27.67 60 1.39 1.85 33.13 0.95 94.81
JFR-2 6 111.48 83.89 27.59 60 1.40 1.86 32.89 0.94 94.99
JFAR-2! 6 111.71 83.21 28.5 60 1.39 1.86 34.25 0.95 97.29
JFR-3 13 118.66 91.51 27.15 60 1.53 1.98 29.67 0.78 103.50
JFAR-3 13 112.55 84.95 27.6 60 1.42 1.88 32.49 0.91 96.32
JFR-4 20.5 125.54 99.62 25.92 60 1.66 2.09 26.02 0.63 111.53
JFAR-4 20.5 118.50 91.65 26.85 60 1.53 1.98 29.30 0.77 102.56
JEARF2ME 1.47 1.93 31.11 0.85 100.14
& 6 MR E LA AFMBEN E5R
Table 6 Values of saturation of soils after tests
s BRER WL FLE SKE LRME TH WEE EKE LRk, YRR
Blem  EE/g /g /g B/em®  Ngrem®)  /A(grem) /% 1%

JAR-1 1 11525  88.50 26.75 60 1.48 1.92 30.23 0.84 97.83
JR-1 1 116.34  88.99 27.35 60 1.48 1.94 30.73 0.83 100.69
JAR-2 10.9 121.51 91.31 30.20 60 1.52 2.03 33.07 0.78 114.80
JAR-2! 10.9 121.52  93.18 28.34 60 1.55 2.03 30.41 0.75 110.63
R AR-3 20.5 122.45  96.20 26.25 60 1.60 2.04 27.29 0.69 107.13
JR-4 23.5 12490  98.01 26.89 60 1.63 2.08 27.44 0.66 112.82
“FIME 1.54 2.01 29.86 0.76 107.32

B3 RARDKRIER
Fig. 3 Model for natural moisture content
SRR 12 HERL ARG A, RO A T,
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TENEFE 100g T VTR A2 K 4, B BT~
N E RN FUR E S ERE 0 R BRI 27.5 m R
BRI A 2, L, IS HEY LR
R B AR B B K

(3) B L[ A R M B OB AR R I (0 S 1

RARE KRR R LR 26 m IR
M RATE T IR IR R AT AR, fEET 3 (a) T B



33

TSN, . BT 8 Lo 6 1 58 3 P IR T 7 VA T AT 395

FH) 26 m WA R4 EEH 0397 m, fEE 3 (b)
A LLEE 26 m MR K AN AR A2 58 I M T IEAR T
92311 m, HEFERFEEN1.914m.
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KRB 4R & 0.397 m, HHERE
BN 1.953 mo  H G ] LRV RS AR S 5 AN [,
o T ARAPL ] — A 1 B - b 5 AT AP BRI (VR FE AR
TEAR, RZELE 2%, ] DR B R 10 1 B 202
R AR T B OB A e

4 IKIREETBIEIBFIRE

Fig. 4 Saturation model for water film transfer

& 5 {aMmERIhERE S RUTMT R
Fig. 5 Relationship between total settlement and foundation
thickness
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(1) RIRE /KGRI R 7 HF i

FAR G K EARERI LI 6 1 ML IdE:, s
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M E A B2 W 6. A AR g fE b K
FE IS BTN L B A RO 5, i B I R
I GRS LR RS, MK EHEARE, $UE
FFE

(2) MR R I 4 R

AR LI 6 LR 1R ES, 'S 700N
9, M10, 11, *12, *15, "14 X RIIRIK A 23, 20,
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7. A9, 10, 11, *15 fLIRESHINE L BT &
IR, (HE SR A R 90g 2 5, TEAR AR E
(PR A A e A% SRR I (AR KM B B A1 o

6 RARBIKFRE L EHTI L
Fig. 6 Variation of earth pressure from model tests for natural

moisture content

& 7 KRR ORI B IR L E T
Fig. 7 Values of coefficient of lateral earth pressure of model for

natural moisture content

(3) T LIRFEME ) R B AR

a) RIRE IR B IG 5 5 A I R 1R 06 R O s
R RIRE KRB Sy SENE L& 6,
BRI X O ) e 2 V% R R 5 B v SR — [R5
7, R T REBEIR ARG 0.42~0.51, (A
N 0.452; NIRRT I K AR 3, R 3
H I F B R 1A T AR 0.42~0.48, 1
N 0.45. HECECAT L, I AR I 70 F i e
ey 5 AR, T HAFSME LA X R
W RAE K, 26T T REAT AR, 1 2 O AL G
AR R AT B AR AR N SRR C e,
i R b by TR AR (20, AR R FIREALAE K, 2%
P, B L e ) S B AT R AR [

RT RARSKERBEMENRB LR

Table 7 Values of coefficient of model for earth pressure of natural

moisture content

HR/m & Ji/kPa B ES/kPa RS R E
55 42.9 102.6 0.42
10.5 85.7 195.9 0.43
15.5 121.4 289.2 0.42
18.5 157.1 345.2 0.46
21.5 189.3 401.2 0.47
24.5 235.7 457.2 0.51
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Table 8 Values of coefficient of lateral earth pressure of saturation model

o W B i A FLBRAKE ) B E S HUBEEES W& B &
R /m N N
/kPa /kPa /kPa /kPa /kPa A2 VAEX (4
5.6 45.8 104.5 30.2 15.6 74.3 0.44 0.210
13.6 160.9 253.8 109.3 51.6 144.5 0.63 0.357
16.0 209.0 298.5 141.8 67.2 156.7 0.70 0.429
18.4 251.9 3433 181.4 70.5 161.9 0.73 0.435

b) PR ES O AR LS (1)U & ) R B
I BRI N A S W 7, AZ IR, 7R
THEE 90g Ji& » BTG 2% R 5 R LUE B AR D H
JITAASSCR T 80g B R B AN WUMARL X6 7 (1K) b 2
FERE B R )i — [R5 8.

MF 7 FNFK 8 FH: PRI ALALS 00 e ) 2 0
BEAAR IR I OCH Bk, (HIEMZER R, 32
JER IR A2 TR 5 7K AT AL GRIG I, bl T AR AN K
FAE—EMFLE/KE IER . 3R 8 Rl A3l 71 A
B R 1 53 3 W R R R g s, TR
FLBRAKEIFINGE 8. MiHBRFLBKE Jysgm, A
R E )1 ZBUA S R SRR R E IR, Bl
B [a M JJ7E 0.210~0.435 Z 0231k, F34{E N 0.360,
AR T RAR /K AT .

MIRIEZE BF, %o LI, ME f 23
B b LR P IS A 3G K, SPIAME LN 0.45.

3.3 ETFBEOEEREANETIEEREHE ARSI

FEARSCES 1 B4R T 35 Y0 1 28 OB AR R 6 110
PR, R SE A B S bR i 7 v A o e i g R 2
B 75, 55 1 PO v 5e ARl B R S RGO
ERAEHEME, REiZR2n, ARG Y
oo AT EZIOUELE 2 MOTETTATYE, Nk, 2B
2 B DLHT B AR O BT R T = IR
5 IR /KIS RN B O ARG . BONE Y T 2R B
fe: VLB ME AR, @it (2) SehBlnR KR
RENEA L ZH) B ME, TSR 2 B O Y e SR 15
BoAE, B IHAT IR, R, AT CASGIE B
OB TS T DARSTADL S L B PR R R 12k

(1D HIIHRAKREH E B,

a) PUIZIR KRG A B e . A2 BUIZIR AR I 1
X A, PN O I B B OO AU R il 2R, L AR
T DX 7 B A KB 353.30 em, P b X8k [ & i
KAE R 352.30 cme FETHEL B, (EHIEC (2) HhiE Je
EIIR ARG B &, 2 e ik — R
W KB 7, OB R L 5E 1A
TR BRI P A A, SER IR R BN A A I

B RAE P YE o A SCHU AN IX 35k A K AR 1~ 3518
352.80 cm.

b) BRI HIRMEE: K 2 &= NIEMHERKLS
B, EiZRPIETE T2 30 m Hi [ EGEE,
HAt N 214.15 cm.

o B MEIE: B (2 IHHEAE B, N 1.647,

(2) W& E B,

a) WIHESH. He i ESHIER 2
il A S, mAHEM 10~19m it 10m &, T
T2 1394 glem’, FEWHIEEE M 175915~
341.722 kPa.

b) SR ARG IG I PR A . X T RIREK
RIERGE LT K 3 #fe, i E M EEE S 175915~
341.722 kPa, AT 1.40 glom’ %t BRI
1.883 glem®, 5453 807 2 AR AR 3 h O 07 B
N 9.53~18.52m; K 3 (a) Al LEIH(E S BIFH N A7
BES4E 30 cm 119 cm; B 3 (b) Al 24 {H
S BFH AL B HS VG BN 147.80 cm 1 47.66 cm;
TS 21% )2 IR 2N 100.14 cm.

TR RGE R K 4 #E, BB E SR
71 175.915~341.722 kPa, fH%IT-2F 1.420 g/em’ %t
JSE R AT 25 5 1.896 glem®, A5 31% 4L 7Y 2 A0 A AR
IR A BN 9.47~18.39 m; HIE 3 (a) HHIZRHG
B 75 B FH N AT B RS & 27 em A120 cm; HFE 4
fih 2 4 (2L 75 20 A0 B A7 B I BB PR BN 122.80 em Al
26.66 cm; TFEARFNZZHRIAEHY 96.14 cm.

o) MY EE NI ER AR R 2 P 10~
19 m (FIE5) JEEIAIE 10 m E AL 5 S fG =
HEATSRAN, HAE N 61.99 cm.

& BAATHE: B (2), WTRBEKERER
THEAAR BN 1.615; XTHIAMBIRTEAR B, N
1.551.

ZE BRI, FH B AL I B AR IE R 2R R
130 B AT, HZE 4%UIK, UL BT IESE
B R 11 B 2R 90 5 IR KR IR SRR 1 B, 1E
FZE 2%, WLE SR KRR K B, [EAH 2
5.8%, YiHAIX PRI IEES AT T B0 AR 58
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YR ARG A b, B b R i 2548 o N ) E R
R BRI B KR 7.27%, T2 % 1.40 glem’ B
W IR AR ST 2 P88 KR 7.47%, P
W 1.394 glen’, ULHRERHT, R A% IEA R 5k
() 35 - b 35k B 7R 2 f 3 R 4 R R AT

3.4 RIEHHITIL

(D HXAEIERE B, 1 SEPr 2 — MRE LM AR
B, ESELMVOREI R BRREL. B AR
IO R o B IXAE AR, 5 B 0 T A URER A
AR, LERIKF AT H/E R R = A o i ¢
AR TR 5 5 I I R 56 0 PR 1 5 1 R AN [ g 5 Ak
(), — eSO 55 IR R 1/, IRIKE AR I
B, M AR T LR, BRXE (1 R 2
HIBEK, BB KR, g R # - H HERE N
P — A EESH, PG E B raHh X 1.50; Bl
R—Pedb— S VEHbIX B 1.20; K HbXEL 0.90; HAth
X HL 0.50; HEEAALRR TRl D, WHIZIBIER
WS, ASCRBRENZEN 1.64 NEH .

(23 TR AR T 32 BRI T AR 5K 1I1E
FASER, POAZEEE AR OB RS 2 AT,
HEH M0 ERE AR EE K, FrbAEiZy
T LA 4R . AR SCBAR DLHB X A IE R 4L B, (5 N
P, B R 2 RS O AN IS A B S B R
AGRIGAH F P RCR, @RI B IR, B
B2 AL SR A RESCRRIX — 4518 .

4 % g

(1) DX IER5 B AR, 2T 4
ST B OB RIS 0 IR R RIS BT, I
KA 5 B ORI B B, 1 Hede, HIABES:
TR A AT

(2) hEKHA XA B, OH e, ¥
AT ERED, B ZEERESEMH, AL
MR8 AR 0 AT B OB R0 7 B M8 A 1.64.

(3) B2l RT3 2 3 VR k6 e 7 o
VS A IR K T Y e K A
(IR, AR X BT Rl R SN . A
VORI AR E BT T OO, 0 R 1 B 2
I T R I 2 39 0 BRI T

(4) MR Jy REOR LRI —AN B S5, X T8
BRI, BRESERUR, R AR RS, UE
J7 B R AR . T B LB R0 W 72 )
FIAL B RIS ) 55 PRI BT, T LA 1
{1 0/ 77 28 S0 EL A A O U R (0 ¥, B

Ji 7 2 B BE LR P HO S s A G K, PR
0.45-

(5) 235 LR R B OB R 106 o, SR A £ i
T BN B, e ) AR R 1 B R M AT R,
TS B D RS R B sl , e R K
R0 RO T4l A B AR AR AT .
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