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Quantitative study on pore structure of saturated fine-grained soil
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Abstract: The compositions of soils are various. Particularly, the scale of the soil structure is large. Both multi-material and
multi-scale have an effect on the structural characteristics of soils. Based on the indoor experiments (MIP, SEM and X-uCT)
and numerical simulation tests (data constrained modeling, abbreviated as DCM), the multi-scale structure of multi-component
in the consolidation process of saturated fine-grained soil is studied. In addition, 3D structure of saturated fine-grained soil is
analyzed quantitatively. This study focuses on studying the changing mechanism of soil structure in the process of consolidation.
The results show that the pressure reaches 400 kPa approximately when the saturated fine-grained soil begins to creep. The
corresponding critical value of pore diameter is 0.4 pm (micrometer-pore). The pore and pore cluster quantities increase with
the increasing pressure and then decrease. Beyond this value, there is no noticeable change. However, the change rules of pore
and pore cluster are not entirely consistent. The quantities of pore and pore cluster reach the peak at pressure up to 200 kPa and
400 kPa, respectively. The methods in this study are not only applied in saturated fine-grained soil, but also contributes to
further study on the micro-macroscopic mechanics of other materials. The DCM may become a breakthrough when analyzing
the structure of other soil materials. Thus, the quantitative characterization of various soil structures may be achieved.
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Table 1 basic properties of soil
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Fig. 1 Curves of pore-size distribution
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Fig. 3 Three-dimensional distribution of soil pore

1000 [ —a—Q kPa
—e—100 kPa
—4—200 kPa
100  —v—400 kPa
i —+—800 kPa
o —«—1600 kPa
=
E 10 |
#
& (OkPa, 1)
= (100kPa, 1)
1%(200kPa, 1) =
(400kPa, 1)
0.1 . . . . ,
>400 40~400 4~40 0.4~4 0.04~0.4 <0.04
?Lﬁlilﬂ/um
(a) FLERZ M ASE
vz 0kPa
=3 100 kPa
- B3 200 kPa
B 400 kPa
3 800 kPa
= 1600 kPa

R

<0.04

20-400 440 04~4 0.04-04
FLERX 1] um
(b) FLEREEAAE S

4 FLERERASITE

Fig. 4 Curves of pore cluster



156 Hs

2019 4F

3 W

BAREH —4 (MIP). —4E (SEM) =4k
(X-puCT-DCM) A [F 73 At F- BRI AR, #RE SCEl v
gk L LRI 2 REERIE. HERZE (MIP) 1&H
TFLEARTE 0.003~400 pm FIFRFLRIRFL, 99K
FLIPII 52 AN HERF o« SEM IR i 3R THI 75 9% 4 sl
CHERRECEE D, HI SR I 52 SRR S 8K . SEM
SEA MIP,  F 5 7T DL AN K R RE s 0 52 = Stk K
/NG HEBI DL B A AR, T JE A R A E 2 R AE
AL R SRS R, —H e A LUE T E
RO AT AR S5 . R X 2
SRS /NFIRER R, SEM BEA X B4k nCT R4, 7F
XPFE S TCAR O T, 0 DS - ARTIOU 2546 A — 4
B = LRI RAE

SR 1 (a), (o). K2 (b) &4 (b) A4,
BE R 5] IR S0 H 0 BEINE) 1600 kPa, A FLBEH & 28 ak
/N, HEPUA R BE VBRI R NFLIR B R P 2,
Hi&TRoe, FLRHH i U@ A i A7 e, i
—EXFEEE 2 (a). K 4 (), FLEEREZA—ER
F LB AR R %2 . SEM 4 R R HE B S ik
FLBE R AEE, SEM —4EEE A FIIAE 4~40 pm
X 8] P O FLIRAE = 4= (AT g iEid . Ktk SEM K
BARFLBREES DCM Bl I FLIRIE B A A
FIE—EER.

4 & B

A [ 45 3ok R e g b R AR T I AR LR AR PR AE
400 kPa 47, XFRFBRFLEE N 0.4 um (FCKFL
B . REIE ARG FE 775 S A 25 R 0%, St
[ 45 I 300K, I S 7 ok

BEAE 52 R 3 In,  FLBR S FOZE @ R 1 £l s A A 4y
beRA: TR, FLBRE AR 2 FLIR S A FL AR P A A
R, [E AT ER A RIS, KILBIAR
FE S L ] 45 N (Y BB B 2 — o T AE [ 4 i A,
I AL 208 1 4 i/ N FLIBRE, B INFL B A4 2y B
BRI N FL B A R - 3] 455 250 T A5 ) 5%
HHREZ—

SE -

(1] M5, S, MOy, & mEasdisike R gE Ak
06y DX WU A B CR PRAN 0], DRE ML 22 41, 2017,
25(1): 11 - 18. (SHI You-zhi, CHAI Jian-feng, LIN Shu-zhi,
et al. Application of high vacuum densification method to
soft soil foundation treatment engineering at pingtan
compressive experimental area[J]. Journal of Engineering
Geology, 2017, 25(1): 11 - 18. (in Chinese))

(2] Bt K, B 9L, BOK, S MU IREEL FL A o A
JCLFHEMEOR ). TREHIBR, 2018, 26(2): 356 - 364.
(SHI Bin, GU Kai, WEI Guang-qing, et al. Full section
monitoring of land subsidence borehole using distributed
fiber optic sensing technologies[J]. Journal of Engineering
Geology, 2018, 26(2): 356 - 364. (in Chinese))

(3] SR, £, RSP, S5 MEE G X B R 3
AR ESLBR AL D], ARAERE AR A R2RR), 2017,
38(1): 132 - 137. (BAO Shuo-chao, WANG Qing, CHEN
Jian-ping, et al. Pore size distribution of expansive soil of the
subgrade slope in Yanbian region, Jilin province[J]. Journal
of Northeastern University (Natural Science), 2017, 38(1):
132 - 137. (in Chinese))

[4] x| %, BT, £ E. IR TTRRIE LS 45 4 s 1
KAHLE > BT (0] [ 3F R 22 22 4 (A 2R BE 22 R, 2003,
31(11): 1295 - 1298. (LIU Ying, XIAO Shu-fang, WANG
Qing. Mechanism analysis of increase of structure strength of
solidified dredger fill[J]. Journal of tongji University, 2003,
31(11): 1295 - 1298. (in Chinese))

[5] ek, ENEAE, FLARAG. 45 i R A AR i AR AR AL A7 5
[0]. &X71%, 2012, 33(11): 3213 - 3218, 3224. (YANG
Ai-wu, YAN Shu-wang, DU Dong-ju. Study of creep model
ofstructural soft dredger fill[J]. Rock and Soil Mechanics,
2012, 33(11): 3213 - 3218, 3224. (in Chinese))

[6] &= 2, XadE, R &, S A PUTHE R 25
TR ML) v e e K22 22 4Rk (B AR B2, 2017,
47(10): 28 - 35. (LI Xue, LIU Zhi-qing, SONG lJing, et al.
Micro-macro characteristics of organic matter in dredger fill
consolidation[J]. Periodical of Ocean University of China,
2017, 47(10): 28 - 35. (in Chinese))

(Bt WIEED



