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Mechanism of Eliminating Collapsibility of Loess by Dynamic Compaction

JIN Tong-zhou, NI Wan-kui*, MU Yan-shi, MA Hai-han, WANG Hai-man, RONG Yu
(School of Geology Engineering and Geomatics, Chang’an University, Xi’an 710054, China)

[ Abstract] Dynamic compaction is one of the effective methods to eliminate collapsibility of loess foundation. In order to study the
mechanism of eliminating loess collapsibility by dynamic compaction, particle size test, collapsibility test, scanning electron microscope
test and soil-water characteristic curve (SWCC) test were conducted on undistributed loess and compacted loess in Tongchuan City.
The above experimental data was used for analyzing the effect of dynamic compaction on the particle size distribution, microstructural
and unsaturated characteristic of loess, as well as the relation between these factors and collapsibility. It is shown that the clay content
of the loess in Tongchuan area increases significantly under dynamic compaction. It is found that when the clay content is greater than
36.2% , the loess is no longer collapsible. It is observed that dynamic compaction leads to the formation of small and micro pores from
collapsed macropores and mesopores. As a consequence, the density of particles increases and the collapsibility decreases. The slope
of the SWCC curve desaturation section of compacted loess is greater than that for undistributed loess. This is because clay particles
formed under dynamic compaction act as cementation materials, which is considered to increase the strength of cementation on the one
hand, and to be filled in the pores on the other hand, increasing the density of loess. Finally, the results show that the SWCC curve
fitting parameter a is related to the proportion of micro-pore area and the collapsibility coefficient. The collapsibility of loess can be
judged indirectly from the characteristics of the SWCC curve.

[ Keywords] loess collapsibility; dynamic compaction; particle size distribution; microstructure ; soil-water characteristic curve
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Table 1 Physical property parameters of soil samples

e akta TP i R R
(grem™?)
3 m KR 18.2 1.29 1.066  28.3 17.1
3 m P 16.1 1.77 0.581 28.4  17.4
6 m KR 19.3 1.41 0.869  28.7 17.3
6 m 75 18.7 1.62 0.649  28.5 17.2

1.2 E&EMEiRE

FI AL 1 1296 I 4k 5 75 1) 2 4 3R 19 s 4
RECFRFE R W3 EE | [F]— R JPIR A 1 3 4
1)t )2 AR B 2 A4S B8 TR S — 2, 43 0l it n
25 kPaJfJy, FUURE G A 73 3%, (R4 2k IX
[ R Tl FE iR, — MR AE RARIB BT i 50,
100,150,200 300 .400,500,600.,700,800.1 600,
3 200 kPaffiF 4 IFIC R 45 Pfig 8 T Y TR, 55—
IRFETE R K AR FIR S T #2 [FRE B S0 G A TN er . 24
h WIEAE /N 0. 001 mm A i 96 1 Fa e b
e IC SR BRI 11530 1R e 4 R A 200 kPa
IR A
1.3 PFAFBEIRE

B3 m KIR 3 m Fots .6 m KIRFAI 6 m FF.0 8
b a7 E g iEREE Y A 10 mm x 10 mm x 10 mm K/NAY
SEOTR TERS 10 mm Ab R —1EZPR 5 KT, KT
(R IRRE I Z209R B I, s S i I 28 O A 3 T s
o SEMLUA b AP TR A B R RO 4 B N AT
WA IR AU HE I 2 000 A5 A AL
A4 HLBE (scanning electron microscope, SEM) [&]
BTG ALBRAFAE

FIH PCAS KA1, %} SEM EI&#EAT A fk Ak
B4 Hr A BRI HFL B A HES AR FUE S HFIE
1.4 -7KEHIE f ik a8

B3 m KR 3 m A58 .6 m RIAF 6 m 75005
+ &4l % 20 A E AR 61.8 mm 5 20 mm (3] +
FE, IR FH A ik I e 3 + JE R ), R 5 8 4K
e B, Zad 10 d KPR PR AR
DISRAR I TR T

AU XL 8 No. 203 JE fE IR 4R, %
R R

5.296 4 — 0.071w,

lg¥ = (1
g 2.678 4 - 0.0150, )

(L) W v ORIEFW T, kPa; o, N IE 48
KA, %

H AT, Gardner #7I1 Van-Genuchten ( V-G ) 4§
B 7E 7K B 1F flt £ ( soil-water characteristic
curve) IUILG H 3 £ | 2R AR FLRIA T BE 48 vy, A
SCHUR A V-G BRI S E A T

V-G BERIRIA ANy

o, =0+ "0 (2)

" [+ (e
X (2) 0, 16 LREREKE, % 5 0, T FAR
K % 5 0, NERARNRTEKE % 5 a.nm ¥
ARG ZE, WESE o 7T DAz kS
EH"™, n 5 mWXERA

ML . www. stae. com. cn



R T NI N N -

4726 Science Technology and Engineering 2025,25(11)
Y vy SRR BRI B AR 51 R

n C, MRRE C, ,ZRME?2 s, 1ERFIEN

0, WA 0h T, BRI RE C, W, BEIR AR B 1 A5
b1 () SCEAVERIRDE B0 LR C, i >

’ Gp, ez 1 ~3, U] LA BRI LR A R R B TG

K@) H:p, WTEE ,o/cm’; G, HELE ; p, HIKH
%ﬂ‘g,g/cmn

2 REERSH

2.1 EFHEELEREMEEHNEEXR

FIH Bettersize 2000 JOGHK B 73 A1 A5 21 ¥ +
URL IR RLAR 3 A1 It 2%, 2% B8 L iR R AR 9 E 40 A1 it
LATRAR YN ZAR M & 1 s,

A v [ PR ZE 300 53 S a8 R 20 B R A2 3 L

12+
—=— RHR3m
1ok —o— 753 m

f=2) o

For R E S ¥ %
-~

IS

R P B il X SR b o) rhox i
BEATER R A3 bR vETTH0, 3 m K AR 8 + IR fE R R 2,
6 mKIRTE HIRFAPETAE,3 .6 m 70 0 R L
8, <0.015, 8 T+ T Fa e, 4 418 - XFEAE 200
kPa FJ) NI FE R ECWNER 2 R,

gt gy i i ke BRI
B R B8N, #EST R A 4 L Q SIBRE RS
B ZR A TFES =-0.00370Q +0.147 6 H)

12

1 1 1 1

0.01 0.1 1 IIO l(I)O 1 OIOO
¥if2D/pum
(a)3 m FRIAR L 43 A th 2%

INFRKI R Z LR E %

L L L

ANFRRAR 2 LR R E 4 EU %

1 OIOO 1 (1)0 10 1 0.1
Fif%/um
(c)3 mik kAR g e R 22

B ARG RIRM

0.01 0.1 1 10 100 1 000
42 D/um
(b)6 m#§ AR LR T 43 A i 2k

1004 —A— FAR6 m
—v— 256 m

1 1 1
1 000 100 10 1 0.1
it/ um

(d)6 m#E FALAR L R AR 2

75 i RS G £k

Fig. 1 Particle size curves of undisturbed and compacted loess with different depths
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Table 2 Proportion of particle size and collapsibility coefficient of samples
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6 m KK 24.3 71.0 4.7 93.47 5.05 0.057
6 m 7Fith 37.6 62.4 0 39.06 2.02 0.011
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Fig. 7 Binarization images of samples
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Fig. 10 Comparison of distribution curves of particle size and SWCC fitting curve
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