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Mechanical properties and stability analysis of sludge-municipal
solid waste mixture landfill

Yu Xiaojuan
(School of Civil Engineering, Yancheng Institute of Technology, Yancheng 224051 , P. R. China)

Abstract; With the increase of sludge production of wastewater treatment plants, sludge treatment has
become one of the hot topics in environmental engineering and environmental geotechnical engineering.
Sludge-municipal solid waste (MSW) mixture landfill has been applied abroad. But the current domestic
foundational laboratory test result of MSW mixture sample is not much.there is a lack of understanding on
its mechanical properties and the appropriate proportion of mixed landfill. Hence domestic sludge-municipal
solid waste (MSW) mixture landfill engineering accidents occur frequently. Consolidation compression
experiments, three axis consolidated undrained tests and unconfined compressive strength tests are
conducted to disscuss the mechanical properties of different mixing ratio of sludge-municipal solid waste
(MSW) mixture. At the same time, ANSYS numerical simulation is operated to analyze the slope stability
of landfill with different mixing ratio of sludge-municipal solid waste (MSW) mixture. The theoretical

support on the appropriate proportion of mixed landfill and stability security of sludge-municipal solid waste
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mixture landfill is proposed.
Keywords: sludge; municipal solid waste

slope stability
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Table 1  Physical and mechanical properties of sewage sludge
BKE/ Y B/ (geem ) HHBEE/ N RRIERK TIRE % C/kPa o/ Eq—2/MPa
86.3 1.22 32.5 5.4 26.8 8. 14 8. 30 0. 405

AR AR 30 T DX T A 3 3% 1 B ORI A5
BRI R 5 KR w=149.92%,p=1. 69 g/cm’,
pa=1.13 g/em’,
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(A TR B R ) (SL237—1999) rf % 3 B8 41 K} R )
FRAE B IR ARE BB SEB T 59 70 85 18 L 542 1l
HRAFFE A RAT B 1/5~1/10, 0 5E 45 Fh A4 k)

B KR RS T 3R 3,
MR 2 AR 3 (1 BRI ] B 3% - .

£2 MSWAR(TYR)
Table2 Composition of MSW (based on dried mass)

% R/
J5f 4% 24.89
T 4% 17.76
VN 3.22
) 15.98
A 1.4

B KA 36.63
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Table 3 the initial water content of composition of MSW
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Fig.1 Compaction curve of MSW
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Table 4 Consolidation compression index of sewage sludge

Ji i 45 i

11 %/ kPa UNLEES 5
E./MPa a/MPa™!
100 0. 405 0.014 2.89
200 0.516 0.014 1.32
300 0.590 0.006 0.75

x5 FREHFEELN 0N EAHBELEREIGR

Table 5 Consolidation compression index of sludge-MSM

mixture samples 10 wt % sludge (based on wet weight)

FabE RN ]
fif # / kPa VEESES 'S
E,/MPa a/MPa !
100 0.553 0.011 1.09
200 0.590 0.014 0.51
300 0.631 0. 006 0. 25

F6 STRSMPESLILN 20%REREHEALERIER

Table 6 Consolidation compression index of sludge-MSM

mixture samples 20 wt % sludge (based on wet weight)

, i P4 78K .
1 4%/ kPa IR ] 25 % 51
E>/MPH a/MPa !

100 0. 557 0.011 0.93
200 0. 645 0.010 0.48
300 0.782 0. 008 0.18

x7 FRSHFEELD N EEHEELERIER

Table 7 Consolidation compression index of sludge-MSM

mixture samples 30 wt % sludge (based on wet weight)

‘ A 4R M )
fi #% /kPa WEESES e
E./MPa a/MPa—1
100 0. 537 0.014 1.11
200 0. 559 0.014 0.56
300 0.615 0. 009 0.28
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Table 8 Consolidation compression index of sludge-MSM

mixture samples 40 wt % sludge (based on wet weight)

— AR EHAK )
7 4% /kPa WAL EES
E./MPa a/MPa !

100 0.541 0.013 1.23
200 0.631 0. 009 0.65
300 0.711 0. 007 0.19
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Fig. 2 Relationship between consolidation
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Fig. 5 Cohesive force of sludge-MSM mixture

samples under consolidated undrained condition
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Table 10 The unconfined compressive strength

of sludge and sludge-MSM mixture samples
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Fig. 9 Calculation model of slope
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1E: A=0.006 488; B=0.019 463; C=0.032 439;
D=0.045 414; E=0.058 39; F=0.071 365;
G=0.084 341; H=0.097 316; 1=0.110 292

B 11 BEL 10%HIFERERLET
Fig. 11 Plastic strain of the equivalent destruction

of the sludge-MSM mixture sample(10% wet sludge)
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Fig. 12 The relationship betweenAS/AF,
and F,(10% wet sludge)




% 34 FOB.E . FRERTAFEIRMAG H FHRAB TR

87

iaansma

HHH

Ry

B13 EAEL 10%HARERE

Fig. 13 Deformation of the destruction of the

sludge-MSM mixture sample(10% wet sludge)

#: 4=0.006 39; B=0.019 171; C€=0.319 52;
D=0.044 732; E=0.057 513; F=0.070 293;
G=0.083 074; H=0.095 855; 1=0.108 635
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Fig. 14 Plastic strain of the equivalent
destruction (20% wet sludge)
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Fig. 15 The relationship between AS/AF,
and F,(20% wet sludge)

B 16 B&ELL 20% WK ERE
Fig. 16 Deformation of the destruction of the

sludge-MSM mixture sample (20% wet sludge)

#: DMX=3.762;SMX=.141 815;4=0.007 879;
B=0.023 636;C=0.039 393;D=0.055 15;
E=0.070 907;F=0.086 665;G=0.102 422;
H=0.118 179;1=0.133 936
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Fig. 17 Plastic strain of the equivalent destruction

of the sludge-MSM mixture (30% wet sludge )
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Fig. 19 Deformation of the destruction of the
sludge-MSM mixture sample(30% wet sludge)

H: 4=0.012 307;B=0.036 921;C=0.061 536;
D=0.086 15;E=0.110 764;F=0.135 379;
G=0.159 993;H=0.184 607;I=0.209 222

20 RELL SONWIAERERME

Fig. 20 Plastic strain of the equivalent destruction

of the mixture (50% wet sludge)
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Fig. 21 The relationship between AS/AF, and
F,(50% wet sludge)
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sludge-MSM mixture sample(50% wet sludge)
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