540 55 1 B K w kT fE E iRk Vol.40 No.1
202042 A Journal of Disaster Prevention and Mitigation Engineering Feb. 2020

DOT:10.13409/j.cnki.jdpme.2020.01.008

BT o R YRR S 3 8K B WU AR 17 e = 3
FLE R ST

wKEMR', TWH, K&EAL, TS, ERX, EHE]

(1. 22 MAZ I K AR TR B, ol 22 7300705 2. T HF T8 5 F B G 1 AR B 5 1 )7 B4 T 7%
S H 220 7300705 3. il R R TR B, YE B CF24 3AA)

TE: ISR E ¥R & ik s34 o) T A8 47, A BF 50 R 5 AF A A & a4k B IR ik b TR 8 3L TR 45 B 0 %
RRAETERERMNEGRE T HEGRARAT TR, B A ERBEZMNE LIRS A, FAREREN:
M F XA T F A RE S A3 K, R I MR B RE 3B 8 e, Sk K B R R AR D R BT KR 09 SL IR 4F
MES AW A IR R Z A B RAAILR A KL P LA ILE KR A 5 AT R B AR R R B R
0 5 kAL SRR T oM, RIRE T EEG XA, DL SRR EEEA SRR Y0 R E KRR
Menger BB R KA FX A SR ELREMG S BRHIERTT AR, ARALINRETEEARK,REILK
PEEMARE LR AEMA R L, FFARRTAMKLE R S4B G ERBEALRE, S ZHWREE T LZEX
AAHEZEL,

KW Jers; ok E s fLBRo A S0P 4E %
FESHES: TU443  XEERIRE: A XEHS: 1672-2132(2020)01-0056-07

Analysis of Microscopic Pore Structure of “Micro-expansive” Mudstone

in High Speed Railway based on Fractal Dimension

ZHANG Tangyu's MA Lina', ZHANG Rongling'*®, WANG Qicai'?, WANG Tianshuang®,
WANG Bingzhong’
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. Road and Bridge Disaster Prevention and Control Technology National Local Joint Engineering
Laboratory, Lanzhou 730070, China;
3. Cardiff University, School of Engineering CF24 3AA,UK)

Abstract: Micro expansive mudstone affects the smooth operation of high-speed railway seriously. In
order to study the effect of compaction on the micro-pore structure of micro expansive mudstone of

high speed railway, the freeze-drying method is applied to dry the samples with different dry densities
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using the tablet machine, and then the mercury porosimeter is used to measure the pore distribution
characteristics quantitatively. The results show that with the increase of the dry density of the sample
and mercury pressure, the mercury pressure limit of the test gradually increases, and the maximum
amount of mercury decreases gradually. The pore distribution curves of different samples with differ-
ent dry density all show three obvious peaks, according to this characteristic, the pores in the sample
are classified into three types: large pore, mesopore, and small pore. The distribution of pores was an-
alyzed by the same method as that used to study the particle size distribution of soils. It is found that
the samples with different dry densities had a larger proportion of small pores; compaction has a signif-
icant effect on large pores. The Menger sponge model and thermodynamic relationship model were
used to study the fractal characteristics of the pore structure of mudstone. It was found that the higher
the dry density of mudstone, the more rough is the pore wall of mudstone and more complicated the

pore structure. The research results can provide reference for the construction of high speed railway in

the swelling mudstone area, and can be used as a reference in similar projects in this area.

Keywords: mmudstone; mercury intrusion porosimetry; pore distribution; fractal dimension
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Table 1 Basic physical and mechanical parameter of

mudstone
KRGt W/ R/ AW B TAcH g/
K%/ EO% %  Hk#/%  (mmolkg )
11.2 2.74 37.69 18.28 37.21 101.23
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Variation of pore size and mercury intake with pressure
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Table 2 Comparison of mercury pressure data for differ-

ent dry density samples
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1.6 136.06 0.152'1 6.030
1.7 171.52 0.1459 6.030
1.8 217.32 0.1356 6.030
1.9 327.26 0.111 6 6.030
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Fig.2 Characteristic curve of pore distribution
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Table 3 Pore distribution table B %
T4/ (geem ) /NFLER AL B KALKR
1.4 32 25 43
1.5 40 25 35
1.6 41 26 33
1.7 44 29 27
1.8 46 29 25
1.9 56 30 14
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Fig.3 Calculation diagram of Menger model fractal dimen-

sion coefficient (1.4 g/cm™)
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Table 4 Menger model calculation results

T/ ) IR LEESEN

(geem™) B Dy R’
14 —1.03557 2.964 43 0.974 6
1.5 —0.020 77 2.979 23 0.954 4
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1.7 —1.054 09 2.94591 0.927 2
1.8 —0.893 49 3.106 51 0.971 3
1.9 —0.783 78 3.2162 2 0.978 4
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Fig.4 Calculation diagram of the fractal dimension coeffi-

cient of the thermodynamic model (1.4 g/cm )
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Table 5 Calculation results of thermodynamic relation-
ship model
TEE/, g MK | TERE B4t X
(geem ) (BFR)D, ZHR |(geem °) (BR)D, RZER®
1.4 2.781 70 0.999 1 1.7 2.84246 0.999 6

1.5 2.82444 0.9993 1.8 2.848 00 0.999 6

1.6 2.81848 0.9994 1.9 2.89547 0.999 6
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Fig.5 Relation between fractal dimension and dry density of

sample
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