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Experimental study on shear strength parameters of fresh municipal solid waste

ZHANG Zhen-ying, YAN Li-jun, WU Da-zhi, ZHANG Ling-feng , FU Jun, HU Yuan-jie
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To investigate the laws of the shear strength parameters of fresh municipal solid waste (MSW), the
compression-direct shear combined tests are carried out by using large-scale combined test apparatus of compression and direct
shear. Two hundred and eighty-eight fresh MSW testing samples are prepared in geo-environmental laboratory. The
components of fresh MSW are divided into three parts, and three mixture proportions are given to simulate the three stages of
urban economic development, which are underdeveloped, developing and developed. The initial void ratios of the samples are
selected as 2.1, 2.5 and 2.9. Four different vertical pressures, 25, 50, 100 and 200 kPa, are chosen, and the compression time for
every vertical load is 0, 0.25, 0.5, 1, 2, 6, 12 and 24 hours, respectively. The shear strength parameters for ten different shear
strain limit values, which are 2%, 4%, 6%, 8%, 10%, 12%, 14%, 16%, 18% and 20%, are studied. The test results show that the
relationship between the shear strength and the vertical load applied on the test samples is in conformity with the Coulomb’s
law. Besides, the cohesion force and the internal friction angle of the fresh MSW increase with the increase of the shear strain
limit value, and a logarithmic model can be used to describe the relationship. Furthermore, the shear strength parameters of the
fresh MSW under various conditions are obtained. It is found that the cohesion force varies from 6.14 to 34.17 kPa, and that the
internal friction angle varies from 4.1 to 30.6 degrees.

Key words: fresh municipal solid waste; large-scale compression-direct shear combined test; shear strain limit value;

logarithmic model; shear strength parameter
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THENRL, 1SEIFE N 6.5~143 kPa. N EEHEA
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Fig. 1 Combined test apparatus of compression and direct shear
for MSW
&1 et MSW BIELtE
Table 1 Mixture proportions of fresh MSW

GV TR AT o

MeLE 1 50 15 35 2'1’2 3'5’ 60 2.10
MeLE 2 65 10 25 2'1’2 3'5’ 134 2.05
MeLE 3 80 5 15 2'1’2;'5’ 207 2.00
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0 b AR R AT e 4 S B I A
Bro REBCLS (ROPTEEL AR S, BINIRES AN,
RIM PRI SER 718, BRIy A A 2 HAl s
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Fig. 2 Composition of fresh MSW
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Table 2 Percentage composition of fresh MSW (wet weight)
I EIRREH % AR RL % ANAT 4 1A T AR EH %
R % . X w B : "
u gk RE R R M gigls WE R e 73 = I (N SN SO (7 R &
[[HEA 20  36.0 9.0 3.0 4.5 4.5 3.0 3.0 1.75 29.75 1.75 1.75
it b2 26 468 117 3.9 3.0 3.0 2.0 2.0 1.25 21.25 1.25 1.25
it Lk3 32 576 144 4.8 1.5 1.5 1.0 1.0 0.75 12.75 0.75 0.75
R IMSW RIBIEE S (e=2.1)
Table 3 Shear strength parameters of MSW (e;=2.1)
F 45 18] /h 0 0.25 0.5 1 2 6 12 24
c/kPa 11.81 9.49 16.31 22.96 17.54 14.08 22.94 22.44
o) 25.9 24.8 26.5 25.9 30.1 28.1 24.5 30.6
R 0.999 0.993 0.992 0.962 0.972 0.991 0.947 0.972

BEAH A ARRE, N eTak 25 kPa, &4 0.25 h, RS
BEATBIUNASS, BRI 1l CBR BY N AR i
20%) o BYINJE, AZRIFEI IR 2 5l AR R
REE, ek 25 kPa, 4RI KR4 514 0.5, 1,
2, 6, 12, 24 h, RJGHKIRIFMATEI DAL, HE
RAEREIR A 1 (ZERBY VAR 20%) o SR )5 15
L BEAH [ (1 s AT, 43 it i far 2% 50, 100, 200 kPa,
JE4EHE 43508 0, 025, 0.5, 1, 2, 6, 12, 24h,

FFAREREES EIRAED R, il i il
¥ (K 3) o PRSP RS % SCHR[19].

3 REERES

SIS SR 3RS [F AN 4 FLBR L (eg=2.1, 2.5,
2.9), 4Z% K (25, 50, 100, 200 kPa), HEZ%
FE IR B 4 N 18] 4350 0, 0.25, 0.5, 1, 2, 6,
12, 24 h, AT T 288AMIAFE I R 41 5 B B 64 05 ik
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5o BUAYBYRY ) 5 B AR O AR L3, M R BBy o
JiE 5 R IR 55 R LKA CHURCER T, HIRAFLEREE
2.1, )& J7°4200 kPa, BY AR A20% ] (1B N J) 24
PUBISRIE ). 4TI CUE H, AN FR4E (] () 408Y 5%
FE 5B m Ry UG — 4 HE, O EAEH.
P RfE ZHEAI A REBNK3 . R A6
119.49~22.96 kPa2 [i], N FEHE ST @ {H TG I {E24.5° ~
30.6° ZIH), A RERAE0.947~0.9992 [H].
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Fig. 3 Curves of 7 - y for different compression time
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Fig. 4 Shear strength envelop curves of MSW for different
compression time
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#)o B 5~7 LU, AFEBNARRAE MSW 1t
BYORAE 5 B T RO R WG A HELIE A, 76
e A PUB B S S G REULEK 4~6.4 4~
6 HILLFE Y, X TAHREIRRIAE LR L, B 8 AR 1)
B, e, o {EI IR, BRI E AaE HAR
Z%o 2 4 AIANL, PIGRFLEREL A 2.1 MSW 1) ¢ {Hu [ {E
7.64~22.44 kPa 2 [i]. o {HJGHITE 14.6° ~30.6° Z
). A REE 0.972~0.999 2 [a), % 5 w5, WA
FLBRLE A 2.5MSW 1) ¢ {Eyu e 12.65~28.19 kPa 2
). @ EJEHALE 109° ~262° 2. & RZEAE
0.991~0.999 Z 1], £ 6 v %, HILHFLERLL R 2.9 MSW
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Fig. 5 Shear strength envelop curves of MSW for different shear

strain limit values with ¢;=2.1
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Fig. 6 Shear strength envelop curves of MSW for different shear

strain limit values with e=2.5

F 4 TR TIRE MSW BB 8 ESH (e=2.1)

Table 4 Shear strength parameters of MSW for different shear strain limit values (ey=2.1)

/% 2 4 6 8 12 14 16 18 20
c/kPa 7.64 10.79 11.65 12.47 14.94 17.3 19.43 22.01 22.44
/(") 14.6 19.1 22.2 24.6 27.7 28.1 28.6 28.8 30.6

R 0.999 0.996 0.993 0.993 0.988 0.985 0.980 0.974 0.972
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Table 5 Shear strength parameters of MSW for different shear strain limit values (ey=2.5)

7% 2 4 6 8 10 12 14 16 18 20
c/kPa 12.65 17.97 20.02 22.24 23.28 24.45 25.32 26.19 27.38 28.19
o/(°) 10.9 16.3 19.5 21.1 22.7 23.8 24.7 25.5 25.7 26.2

R 0.999 0.995 0.993 0.992 0.994 0.995 0.994 0.992 0.992 0.991
%6 TEIBMEREMSW HREBESH (=2.9)
Table 6 Shear strength parameters of MSW for different shear strain limit values (ey=2.9)

7% 2 4 6 8 10 12 14 16 18 20
c/kPa 11.73 13.45 14.48 15.4 16.14 17.36 18.00 18.63 20.00 22.50
o/(°) 13.0 18.6 21.7 23.5 25.1 26.1 27.1 27.5 27.3 26.9

R 0.966 0.981 0.988 0.991 0.995 0.998 0.999 0.999 0.997 0.997
) ¢ HEHAE 11.73~22.50 kPa Z[a], ofavulse K, 4, BRHSECIL. FIURFLER LG K F 4 i i) 55 18] 25
13.0° ~27.5° 2. AR 0.966~0.999 L.  HRKMSH.
[ 5~7 WA, BUMIBRALERLE (2.1, 2.5). & 38y
iK1 B J) (25 kPa) N, AN[R]BY AR AR 150 45 0 1005 o
FIPTB s fi A, SRR AT RE S i T AIAR LB EE B, 25| ORI AL
Bl R A S, AR ) s D AR 220
2153 HH B HE AR RS R K 93 o i gt 1 3-8 e A B S5}
Wl SEo BEAE IS IOHER, AR T BB AR Z W 4] of ¢
URETFTHPIRAS, BERAPRL RS 7, A B st
KHB I3 T Vot gt 1 W FEB IS 5, BB ik LT A
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Fig. 7 Shear strength envelop curves of MSW for different shear

strain limit values with ¢;=2.9
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Fig. 8 Curves of ¢ - y for first kind of mixture proportion
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Fig. 9 Curves of ¢ - y for first kind of mixture proportion
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Fig. 10 Curves of ¢ -y for second kind of mixture proportion
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Fig. 12 Curves of ¢ -y for third kind of mixture proportion
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Fig. 13 Curves of ¢ -y for third kind of mixture proportion

K14, 16 KE18RTLIE H, X THHFRECEL . AHIA
WILGFLBR LY, BT A 3 39 3% [ o {EL Bt B B A% PR AR (1) 384
I, R SR AT e R EE, RS A R Y
T, 0T G Ak U, e E R N i H
FFEOTHOBERL . O TAET-UH, 430 LA 14 3] 46
FUBR L T i SR 4 Nk 1) 4 12 hirf thk . E16HR 3R ah 5L
BREE R RAA I 250 it ihek . EI18rh 3 aaLER
LRI 4R TR 450 hirg fhk A6, 6k A AT
G, MRIEI e, HERF AN B 3o K]
14, 16 % B8 1 IR AR bR 45 A W B b b, #3315,
1719, K15, 17 B9 LA H, MRS
NHLER, BERBEIAT09, HETHN

0 2 4 6 8 10 12 14 16 18 20 22
Y /1%
B 14 MSWHBIc -y #iZk (Ectk 1D

Fig. 14 Curves of ¢ - y for first kind of mixture proportion

35r
30} o o o2
25+ . b/
n L}
< 20r o
]
S 151 "
(4
n
10+ m¢p=2.1 12h
e ¢=2512h
5t 0¢p=2.9 12h
01 10 100

¥ 1%
15 MSW B¢ - y % (ECEE D

Fig. 15 Curves of ¢ - y for first kind of mixture proportion
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Fig. 16 Curves of ¢ - y for second kind of mixture proportion
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Fig. 18 Curves of ¢ - y for third kind of mixture proportion
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