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Fig. 1 Layout plan of sludge pit in the landfill site
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Figi2 Design profile of section A-A of the landfill after expansion
N eI w2
SR A LA st i
CEL R ~RTGEI — RO
S [ —
Hh

3 B-BEEALY & RIEEAIR T HIEE
Fig. 3 Design profile of section B-B of the landfill after expansion
SURHEAR R, JRA B AL B S V5 Je fE 40028 d BRI I G, 755 3136 3 P8 hn S 4L,
MRAYEE 2, &3 MR 1, RAIBERECHUET i B HI A U0 %01 H Bt S8k e, Bkt
Ol (). R RIK 4, R 3L 4, FEALE 5 IR R B S EUE R 1R AR EOK



%2 PURSEAE TS IRYUAE TG BRI R 1 A RS E IR 641
T=otang+c (M x1 BEMRMENFESY

b o NP SRIE, kPa; o HIEN J1, kPa;
c HEE 1, kPa; o NINFEHS .

2 HEFBRmEREE ST SIEN

2.1 B TOREZMH

MR TG R R DA S - TR R
LI ) (CIT 176-2012) 3 (R R 5, I 3 M A 1 31
(R T o BT I 5 BE LA T 3 Rl 454

D IE¥ 18 &, Wiy TRE AS1T
JG, GH RS A RS AR O
P R R B AR, QIR Y 5 1
I 7B WK A7 b T 155 KA

2)ARIEH i A T o 8 8 5 B TR 25 5 | il
RSN T S ATE o

HIRERBHAKMT ., EWEHALNTT
1 1R

SiAAR TR, AT H BB H 3 FhXE
A5 AL 48 T R E L D i 1B UK A
b MR R B WOK AL AR, AR YR
K, HE R I 3BT v R PR A B b o Y
1o 18 W W K ASE 7 42 ) A AR R BE 10,5 4% < [
W, ARPEAR TR CRAPUR BT
(GB 50011-2010)"", i 3E 31 37 () B 5% 13 Bl 21 %
R 7R, TS MR N EE A R 0:1g(g M E )
P ), PR 5 R H E i e
22 HERBEIMBREM S

1 2 Rl 3 AT UA Y, by SR 3 — 1)
IRAF b7 S ME AR A AE VRSB T, T 7 S AR 1Y
SR B B 1) 25 2 o A A 7 L R P
U N PS T A 1222 o O 3 B X7 | S A 9 =
HE AR 0 3 1 AT AR E MR R A B o AR
B2 MBI EFERLHITRE S5, R H Geo-
Slope {4 4T T #A A A3 o A
AR I Zhim A s K Dyfg, i g
fiff P 2 2o AR 55 e 2 Bl AL T T S T 4 R In) A
K JH FE /R -J%E £ (Mohr-Coulomb) 5 & filf 3K 1
Wi, o bk T I R A Y A Bk
(Morgenstern-Price) 15 HE 1K 31 3¢ 19§ e % 4> &
B b, FEAEFR 3R T AT K
NP RE LR, SRLES,

3

Table 1 Values of physical and mechanical parameters of
various materials
BBy S
T2 JEEE/m  ZE/(KN-m)
BB J1/kPa A/

BRI 25 10 29 13
RZ B AR 5~8 12 16 25
OISR EEN 5~8 13 5 30
wEREMER 57 14 23 20
WZREMER 35 13 21 18
EiREa e NS 3~7 14 23 20
HE)RE 0.3 20 20 10
)R 0.6 1 0 12
Fra s \— 20 200 50
el = 6~14 16 25 18

TE: B IR0 N BRI AR B R A B 25 A HR K AR A

*2 EREME TR S

Table 2 Ingredients for in-situ curing of sludge

T Eipilln T/ (kg m™)
1 7K 90~135
2 K 60~90
3 IR 45~65
4 UNIZRIAZS 80~120
5 TRIRES 24~36

T DISTRRE 2y i 55 p sl

*3 WAERFRENEFRSHELFEH
Table 3 Required and real values of target parameters of
treated sludge

HH EAKE%  pH VisysR A /kPa  HEEARER J1/kPa
BARME <60 5~10 =60 =90
SCPRE 42~58  7.8~9.5  60.64~72.37 95~116

T4 MEBEEERIESIHTELSR

Table 4 Verification and calculation results of shear strength

5iRZE RN 1 /kPa PLBY5RJE /kPa
JRZETE e 122 67.40
WEREL TS e 122 60.64

AT o 3 5 T R B U
0. A B PR 50— 2R 0,
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Table 5 Calculation results of safety factor for landfill slope
stability under various conditions
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Table 6 /Minimum safety factor for anti-seepage and stability
of landfill slope
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Table 7 Evaluation results of landfill slope stability
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Fig. 4 Structural design of seepage control system
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Analysis of the stabilization and settlement of vertical expansion project for
municipal solid waste landfill with sludge pit

HUANG Zhiliang"", GUO Xiaojing', CAI Xiaoping', LIU Jing', PU Hefu?, CHEN Xunlong’

1. BeiJing Jingwei Environmental Technology Co. Ltd.; Beijing 100041, China; 2. School of Civil and Hydraulic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China
*Corresponding author, E-mail: gshatty2005@]163.com

Abstract The existing sludge pit in-municipal solid waste (MSW) landfill significantly increases the difficulty
of the design and construction in its post vertical expansion. In this study, a MSW landfill with sludge pit in
Liaoning Province was taken as a case, and the process of its vertical expansion project was designed, verified
and analysed. According to the engineering objectives and relevant specifications, the overall layout of the
landfill and the engineering parameters (e.g., landfill height) were reasonably determined. The in-situ
solidification technology was selected to treat the sludge, and the design values of mechanical parameters of the
treated sludge were determined. The Geo-slope software was used to establish the calculation model of landfill
slope stability, and the effects of three different conditions on the slope stability were analysed and evaluated.
The settlement of the landfill was calculated based on the Lizheng geotechnical software, and the design scheme
of the anti-seepage liner system was determined based on the settlement analysis. The results show that all the
safety factors of stability of landfill slope under three conditions met the requirements of the technical code after
sludge pit in-situ solidification. The strength and other indexes of the solidified sludge met the design
requirements. of the landfill vertical expansion. The maximum elongation of the anti-seepage liner system was
0.4%, which met the requirements of the specification. The anti-settlement reinforced layer embedded in the
anti-seepage structure could resist the uneven settlement of the garbage mount. The research results can provide
some references for the technological design of the vertical expansion project of similar domestic MSW
landfills.

Keywords municipal solid waste landfill; in-situ solidification of sludge; vertical expansion; settlement;
slope stability


http://dx.doi.org/10.3969/j.issn.1006-8554.2018.04.045
http://dx.doi.org/10.3969/j.issn.1005-8206.2015.01.021
http://dx.doi.org/10.3969/j.issn.1007-1865.2019.05.074
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1000-8942.2007.04.018
http://dx.doi.org/10.3969/j.issn.1004-552X.2015.01.011
http://dx.doi.org/10.3969/j.issn.1005-8206.2013.02.015
http://dx.doi.org/10.11918/201905067
http://dx.doi.org/10.3969/j.issn.1005-8206.2017.03.015
http://dx.doi.org/10.3321/j.issn:1000-4548.2001.01.029
http://dx.doi.org/10.3969/j.issn.1006-8554.2018.04.045
http://dx.doi.org/10.3969/j.issn.1005-8206.2015.01.021
http://dx.doi.org/10.3969/j.issn.1007-1865.2019.05.074
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1000-8942.2007.04.018
http://dx.doi.org/10.3969/j.issn.1004-552X.2015.01.011
http://dx.doi.org/10.3969/j.issn.1005-8206.2013.02.015
http://dx.doi.org/10.11918/201905067
http://dx.doi.org/10.3969/j.issn.1005-8206.2017.03.015
http://dx.doi.org/10.3321/j.issn:1000-4548.2001.01.029
http://dx.doi.org/10.3969/j.issn.1006-8554.2018.04.045
http://dx.doi.org/10.3969/j.issn.1005-8206.2015.01.021
http://dx.doi.org/10.3969/j.issn.1007-1865.2019.05.074
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1007-1865.2013.13.073
http://dx.doi.org/10.3969/j.issn.1000-8942.2007.04.018
http://dx.doi.org/10.3969/j.issn.1004-552X.2015.01.011
http://dx.doi.org/10.3969/j.issn.1005-8206.2013.02.015
http://dx.doi.org/10.11918/201905067
http://dx.doi.org/10.3969/j.issn.1005-8206.2017.03.015
http://dx.doi.org/10.3321/j.issn:1000-4548.2001.01.029

	1 工程概况与设计
	1.1 工程概况
	1.2 工程设计与参数取值

	2 堆体边坡抗滑稳定性分析与评价
	2.1 堆体边坡工况条件
	2.2 堆体边坡抗滑稳定性分析
	2.3 堆体边坡稳定性评价

	3 垃圾堆体沉降计算与防渗系统设计
	3.1 垃圾堆体沉降计算
	3.2 防渗衬垫系统设计

	4 结论

