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TARREE X IRPIRIAE . DATRE R TERFE, 4
R BRAR A PR BE 2 IR B AR e, DU
He 3K L KRB iR IR B2 .

1 MR5EE

JRIX o ST X AR R, MR 13.66 km?,
JE R T R R, AR 17 C, R
KE 28474 mm, FELEHE 68 H, HEFERK
B 71%LL L, BRREZRAEAILIMARN, 7 4
2| 8 H RN 2 BN AT UK B, 2411 24 h
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RAMBIRECN 1.15. NRPWREH LI, 7
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Table 1 Soil physical properties in the dump
B5% EE Pk Mg S5HURIN 0~60 cm -2 33 P R AR AL TG
B KEm gEREcm REElem  BEES/m A% HRil% Fikil% TIEKE IR R/(g em)
GF1 321  9.85#348a  29.00 1.25 70.24~76.58 10.25~16.54  8.78~14.63 4.14~6.36 1.30~1.41
GFII 354  2.86#0.84c 3067 1.74 70.39~78.62 12.05~17.64  6.72~13.53 4.29~7.16 1.22~1.45
GFIIl 298  5774276b 2867 153 69.58~74.35 1358~16.13  10.31~14.85 4.89~7.42 1.26~1.43

I R R B E R ZE . ARVNS T RERORAN R AR M ZE R B (P<0.05),

FERRI R AREE BA B 1A 39 T, %3 T o
TR AREEELT I FEEREE 10 cm &b, %IE
0~10. 10~20. 20~30. 30~40. 40~50. 50~60 cm -1
JRIRIERE 53 RS L IRAE AL, DA SE S B o

(R D) MAFELERARME . HHPRAR

H.HLBE4E i R0 e, RISR 0 v AR 075 25 43 3l
W 5E 435 B BARESAE, T3EFHFLAA A 100 7. 5. 3.
2. 1. 0.5, 0.25 mm C-F-§fiy%) F1 5. 3. 2. 1, 0.5,
0.25 mm GREIFE), R & FF TR & WA T & A
BEITESE, 155025 mm ARERE (R M.
105



FEBLHEZK 23] http://www.ggpsxb.com

S B AR SRR R 2 (PAD) BT A3 4% (D) 181,
SP-#4) 2 T 4% (MWD POV T LA P44 BL4% (GWD) B,
BT E A
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K. MR EAR<d RIFIRE (9)s Mo R4
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Fi gk B RARR B T 0% (%) x; AR L% A Z 4k
PS5k CmmDs W, Ay 338 AN AR 2% 1] 5 4 1) i
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2 BZRE D

21 HIEARKE

35 A SR AR IR B A R Ay, H o AR
SR I FLBR S A I WL S5 R A A
TR, VPO IR 0 ER AR,
X2 WTEn, B TARZRLES0.25 mm KT Rk E
B, FEEPDE 23.02%~42.70%, -4 34.64%;
XFF>0.25 mm KT LS AE, SASREEH TR A
Be¥%), GFIIZLZE(H 0~10 cm 2B, GFIIH
411 30~40 cm L2 E AR AFRE£>0.25 mm KT
A RES FRFAEAE, GF I 244% 0~10. 10~20.
20~30. 30~40. 40~50. 50~60 cm +£>0.25 mm
AR ICN 30.47%. 39.11%. 37.22%. 35.14%.
33.91%. 31.33%, GF I 4%/ N 30.36%- 34.76%-
34.29%. 36.75%. 32.71%. 38.24%, GFIIIZL4%M K
N 42.7%.41.66%.35.12%.23.02%.32.71%.33.95%:;
3 N bARZLE Y 17]>0.25 mm KT LB RAA T B3 2
5 (P>0.05), GFI. GFII. GFIII%4% 0~60 cm +
J7>0.25 mm R H R AR EAK XA 34.53%.34.52% .
34.86% . i IR A 1S R IR R B R AR B T BB
WFEIK . ARTAE R B R A KRR PR AR, AR
4%>0.25 mm sKFRPEF SR & B BAR T AT R B R Ak
2, LEEPRE 16.9%~29.52%, N 25.15%, X
& B 3K R AR [ K R th 3R A2 30 S5 7K 431
SR ECORAR RN A R AR, AR G AR iR .
RIFEZ4%>0.25 mm 7K Fa vk B AR5 A R AEAS A,
GF I #4%% 0~10. 10~20. 20~30. 30~40. 40~50. 50~60
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cm +J2>0.25 mm JKERPEFIRAEMK N 22.20%.
24.96%. 26.70%. 27.84%. 25.60%. 24.26%, GFII
FEER RN 23.66%-+26.22% - 26.62%- 28.24% - 26.00%-
28.68%, GFIIIZ44£1K XN 26.80%- 29.52% 25.30%-
16.90%. 23.00%- 20.18%; 3 > T4k Z44% 2 [7]>0.25 mm
KEMHIRATLTEZEZR (P>0.05), HEZEH/N
T>0.25 mm X L%k E, GF1 . GFII. GFIIIZ
%% 0~60 cm +/2>0.25 mm sKFatk I REER IR N
25.26%. 26.57%. 23.62%.
2.2 TIEFIRIREMIRRIRE

TR R AR SR 2 S e 1 [ SR A K i Rl
IFREE, HAUEBOR, MR E, LIRS
2@, dip 2 WA, 0~60 cm 25 GF 1 2444145
G AR IR RN 20.77%~36.17%, GFIIZ44% K
20.52%~25.00%, GFIIIZ¢4%% 26.58%~40.56%, GFIII
5505 KT GF [ 244%8A1 GF 11 344% (P<0.05) (20 cm
BRAM), ARG SHFIEAR B REE & B E o 1
B RARE M, TEREERE. Tk F
G as by, IR LA SRAK, A8 € MK A R AR AE
A FIE R TR 43 fE AN B SR R, 1 5 0 58 B
2t 20 5 2 B KA) . GRITIZS S 3% A B kA8 /K J5 A
FEERA, BAREEEERE, 5T MK
PR RBIE s Al —2, 17 GF 1 2448H GFII 4%+
RN E, 1ERKFIMRI & AR SR
i BE LZURERISE N, GF 1 24451 GFIIZ4%+
2 [ ZR R S5 M IR 2R R A ST 38 K I 0/ ¢ i s A 3
IniAstia%s, B 0~30 cm t /2 I FIER RS /A
T 30~60 cm )2, UiHRAENIE S K B 2K
TEERIR AR E N, FERKAE N2 5 B MR R
NI R AR SRR, 5 T oK i ks[RI, 44%
) H B2 3 i o R AT R fi A7, T
A SARTEIK S WA E L R I BS . sk, 1E—280n
il EARZLEE M iR Pk, ARG AR IR T KA
B, 2 AR, InRK R . GFITTZLEEN
IR NG R AR R, HadFE T DL 8
2R FARIF IR, 20~30 cm #1130~40 cm + )2 1%
RARGERITIN R N 27.96%F11 26.58%; 0~30 cm 12
A I A SR AR S M A 2 Rk N ARk s, ]
HEE B KT GF I 244480 GFIT44%, izt Z=+
B RAA+ A FasE. 1E 30 cm HEBIF, 3 MRk
T IR R RS IR R I IR L i, X nTEE
R T ERRIENEE L, B R e
PEo XT3 ANREEAF 2 TR AL SR R 5 F R
FRI 25 (P>0.05), 0~10. 10~20. 20~30. 30~40.
40~50. 50~60 cm 338 [F] 54k 45 0 A IR SR AR ICH
28.81%- 29.96%. 26.19%. 23.50%. 24.91%. 29.38%.



B S B B REE X IR PR R A SRR e

k2 LR ARKE

Table 2 Soil aggregate content

" - i SRR B AR 5%
it RRURPEfem LS >5 mm 5~3 mm 3~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm >0.25 mm
0~10 F-ii 3.53 2.57 1.35 3.85 9.44 9.73 30.47
MrAifii 1.54 2.04 0.38 2.78 8.80 6.66 22.20
10-20 T 6.05 4.36 2.53 4.96 9.93 11.28 39.11
MrAii 3.10 2.28 0.94 3.34 9.26 6.04 24.96
20~30 F-ii 6.34 4.10 2.52 4.60 9.49 10.16 37.22
MrAii 3.86 2.12 1.02 3.32 9.28 7.10 26.70
GF1 30-40 F-ii 6.53 3.83 1.87 4.52 8.91 9.47 35.14
MrAii 5.58 1.96 1.16 3.86 9.66 5.62 27.84
40~50 T 6.69 3.62 1.93 4.49 8.78 8.41 3391
MrAii 4.82 2.02 0.74 3.68 9.14 5.20 25.60
50-60 F-ii 6.62 3.52 2.07 4.38 8.65 7.95 31.33
MirAii 2.68 2.04 0.90 3.50 9.24 5.90 24.26
0~10 Tt 3.00 2.54 1.38 4.33 9.25 9.87 30.36
NN 1.46 1.64 0.80 3.14 10.62 6.00 23.66
10-20 Tt 5.64 3.74 1.94 491 9.37 9.16 34.76
NN 3.38 2.72 0.98 3.62 9.74 5.78 26.22
20~30 F-i 5.21 3.58 1.83 4,79 9.38 9.51 34.29
GEIl A 3.60 2.46 1.16 414 10.08 5.18 26.62
30-40 F- 8.25 3.81 1.83 453 9.69 8.66 36.75
TN 7.10 1.62 1.02 3.32 9.40 5.78 28.24
40~50 F-i 4.46 3.26 1.73 4.29 9.96 9.01 32.71
A 4.40 1.90 0.68 3.30 9.50 6.22 26.00
50-60 F-i 7.60 3.31 1.88 10.63 10.02 481 38.24
A 6.06 2.16 1.22 6.34 9.08 3.82 28.68
0-10 F- 9.84 6.74 3.22 6.21 9.38 7.31 42.70
A 6.32 2.18 1.12 3.38 8.30 5.50 26.80
1020 F-i 10.33 5.13 2.74 5.95 9.54 7.98 41.66
A 7.78 2.18 1.18 3.76 8.86 5.76 29.52
20-30 F-i 5.30 4.31 2.18 5.36 9.38 8.58 35.12
GHIN A 3.66 1.88 1.42 3.46 8.46 6.42 25.30
30-40 F-i 2.82 2.53 1.60 413 6.67 5.27 23.02
NN 2.08 1.52 0.92 3.24 5.70 3.44 16.90
40~50 F- 7.58 4.23 2.34 4.49 7.73 6.35 32.71
A 4.16 3.10 1.22 2.84 7.60 4.08 23.00
50-60 F-i 6.89 4.63 2.39 5.41 8.07 6.55 33.95
MrHiii 3.08 1.48 0.68 3.46 6.98 450 20.18
BT s B 2% STEUERCK 2.847~2.919, Pk 2.878, SAAKILN
Gl > 1015 20 % 0 B 40 %0 GF 1 Z444>GFIIIZL4>GF I Z44%, {H 3 NELLE ()i
c 0 KT LF R e T B2 25, R4 TE i mT
&) -
%i j::gé 51, GF 1. GFII. GFIIIZY4%% 2 1 1A 2444 5% FF {k Ik
gm_.ﬂ_@m 749.85. 2.86. 5.77 cm, HALHIAE S X+ FIRE
50 R A — 2, U PH 244 T8 B OR L 4R B i,
| TR AR R, o R R PR

B 2 3 A RARGH AR F
Fig.2 Percentage of aggregate destruction
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35 AR AR S IR TLRT IR B S 4L
TIEFRI R, TR IR R
Iy TR S e T g K R [ R A Bk R K R
PR IR R S RS M s e, R R4 R R
AR 4RGN, W EIE A RIS
Fasg Y, & 3wy, 3 LR I KT 4 F AR
IIICUERCN 2.847~2.919, AN[HZ44%E 2 1814 FTAIA
GF I 58T LR T 4%y 2.859~2.892, ~F
%1y 2.879, GFII 4% X T L A B Ak 5 T 4L 50N
2.85~2.891, ¥k 2.876, GFIIIZ 4% T+ [FE &

3 ARG T KA A B AR TR 4E5R 2.898~2.942,
5T LB R AR LA BT R, X R H
T B BRI K S5 o0 Al /0N B T A Bl B SR At /DN ) - 338
WOk, THEEIRARR E A TR, GF 1 248K
vk RAR T TR 4E BN 2.905~2.921, Tk 2.912,
GF 11 48 /KRt B AR TR 48400k 2.898~2.912, -1
¥ 2.907, GFIIIZ 5% K £ 1t 4] 58 4k 43 T2 4E 50k
2.907~2.942, “FIYH 2922, MAKEI N GFIIZ
4>GF | 55>GF I 344%, X5 KT 14
RN TEHERA AR, X2&HT GFIIZ4%>0.25
mm T B AR B e, 387K S T R 2 4N
ki, WK EYER. GF I 248 K Fa v I S 1k 4y
T4 H /), it B A [F) S B8 WY Bl SR AR A il 2640
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F AP R AR B A B, A RAEKERK,
X 5ZH4E T RN REY) . 5T L RBIRMAEALT,
IR A AR 3 T AE A i3, AR GBS il 2D,
GF I . GFII 24441 GFIIIZ44% T35 L 4E 503 hn &=
4397 0.023~0.053. 0.02~0.048. 0.022~0.068,
&N 0.8%~1.85%. 0.69%~1.68%. 0.75%~2.39%,
Horh GFIIZE 4% -3 0 4 B3 g i K,

1.52%, GFIIZE&INEE &/, 1N 1.08%, {Hi:
300 sy ogE
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FasE PERIFEMR /N, ZRGEIX R B IR AR e TR 2
ARG BRI R SR EE, KI5 5 E R
NFBURL o

300 [ #g%. OGFI

OGFII
295 BGFIII

E 4
N
©
o

an?
N
&

10~20 20~30 30~40 40~50 50~60
+EEEIem
(b) 7K Rt % A

0~10

B 3 ARG 4 H 4 iE
Fig.3 Fractal dimension characteristics of soil aggregates
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255 0T B R AR MWD F1 GMD )28y GFITIZE
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4%, UL GF 11 4% 13 FA BT 1t -3 s A -4
ek, TIEPUR AR EGR, X ERTHEI TR
H—8. FZ 0~10 cm L ZE T LB RAEA KT
FRAKH MWD FI GMD S80S, UiHRZ 1%
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Fig.4 Soil aggregate stability characteristics
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FR 4 33K R 1 [ 2R Ak MWD BB X6t - 338 [4] SR 4
R AT 222, AR E (MWD<0.4), N4
& (0.4<MWD<0.8), faE (0.8<MWD<1.3), #fa
E (1L3<SMWD<2.0), thfaxE (MWD=2.0). HK 4
A%, GF I 244% 0~10. 10~20. 20~30. 40~50. 50~60
cm LKV RE L T A RE KT, GFII R4
0~10. 10~20. 20~30. 40~50 cm /KAt B RAA
I F AR g /KT, GFIIIZ44% 20~30. 30~40. 40~50.
50~60 cm LIEKER AR AR AL T AT E KT, GF 1
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and aluminate cement (AC) with silica fume as a substitute. The mechanical behavior of the composite adhesives
was studied using compressive strength and impermeability tests, combined with SEM, EDS, and XRD
characterization. The micro hydration mechanism was also investigated. [Result] With the increase in silica fume
content, the impermeability of PO, SAC and AC increased gradually. Adding 6% of silica fume significantly
increased the strength of PO at the early stage. The C-S-H gel and AFt crystals cemented and interlocked with each
other to form a three-dimensional network structure, effectively reducing early deterioration of the strength of the
matrix caused by stacking of Ca(OH),. The Ca/Si of C-S-H gel decreased, and the degree of polymerization
increased, ensuring the stability of the system strength. The strength of SAC pastes measured 3 and 28 days after the
test increased first and then decreased with the increase in silica fume replacement rate. The nucleation effect and
pozzolanic effect of silica fume promoted the increase in SAC hydration products. The coarse rod like AFt crystals
played a skeleton role in hardening pastes and were covered by AH; gel, forming a stronger combination. With the
increase in the replacement rate of silica fume, the strength of AC paste measured 3 and 28 days after the test
showed a negative increase, and the strength measured 90 days after the test increased first and then decreased with
the silica fume replacement rate. The addition of 4% silica fume restricted the crystallization reaction of CAH,, and
C,AHg, and reduced the porosity significantly, which improved the strength reversion phenomenon at the later stage
of AC. [Conclusion] Adding an appropriate amount of silica fume can significantly enhance the strength of the
concrete lining and optimize its microscopic morphology, thereby improving its impermeability. Further studies
could explore the effect of varying amounts of silica fume on other types of cementing materials and in
different environmental conditions.

Key words: silica fume; channel lining cementing material; mechanical property; C,AHg; microstructure analysis
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Distribution and Stability of Soil Aggregates over the Fissure

Zones in Reclaimed Coal Mining Waste Dumpsite
LI Yexin™?, LYU Gang®", WANG Daohan? WEI Zhongping®
(1. School of Architecture and Civil Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, China;

3. Liaoning Academy of Forestry Science, Shenyang 110032, China)

Abstract: [Objective] Restoring coal mining waste dumps is a way to alleviate their detrimental impact on
environment. In this paper, we present the results of an experimental study on distribution and stability of soil
aggregates in a reclaimed coal mining overburden dump. [ Method] The experiment was carried out at a reclaimed
coal mine dump site in a grassland region in northern China. We measured the development of fissures from Zone |
(GF) to Zone three (GFIII) in the fissure zone. The composition and distribution soil aggregates in these zones were
determined using dry-wet sieve method. Aggregate stability and its relationship with the fissures was analyzed.
[ Result] The content of the >0.25 mm air-dried aggregates over the fissure zones was 23.02%~42.70%, and content
of the >0.25 mm water-stable soil aggregates was 16.9%~29.52%. There was no significant difference between
air-dried aggregates and water-stable aggregates. The content of the >0.25 mm water-stable soil aggregates in the
0~60 cm soil layer in GF, GFII and GF III was 25.26%, 26.57%, 23.62%, respectively, while the percentage of
aggregate destruction in the three fissure zones was 20.77%~36.17%, 20.52%~25.00%, and 26.58%~40.56%,
respectively. The percentage of aggregate destruction in 0~10, 10~20, 20~30, 30~40, 40~50, and 50~60 cm soil
layers was 28.81%, 29.96%, 26.19%, 23.50%, 24.91%, and 29.38%, respectively. The fractal dimension of air-dried
and water-stable soil aggregates was 2.847~2.919 and 2.898~2.942, respectively. Small aggregates and fine particles
are the dominant aggregates. The mean mass diameter (MWD) and geometric mean diameter (GMD) of the air-dried
aggregates in three fissure zones were 1.11, 1.05, 1.28 mm, and 0.45, 0.44, 0.49 mm, respectively. The MWD and
GMD of water-stable soil aggregates in the three fissure zones were 0.67, 0.73, 0.72 mm, and 0.36, 0.38, 0.37 mm,
respectively. Soil in GFII had good structure and aggregate stability. Most of water-stable soil aggregates in the
fissure zones were unstable due to the formation and development of fissures. [Conclusion] The formation and
development of fissures in the reclaimed coal mining overburden dump reduced the stability of soil aggregates, thereby
resulting in aggregate segmentation. The larger and wider the fissures were, the less stable the soil aggregates were.

Key words: dump; soil aggregate; ground fissure; soil aggregate stability; fractal
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