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Shear strength behavior of mechanically-biologically treated waste in triaxial tests

ZHANG Zhen-ying, GUO Wen-qiang, ZHANG Yu-xiang, WU Da-zhi, XU Hui, LIU Kai-fu, CHEN Ping
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To study the shear behavior of mechanically biologically treated (MBT) waste systematically, the samples from
Tianziling landfill (Hangzhou, China) are collected, and several tests are carried out in an environmental and geotechnical
laboratory, such as composition analysis, sample preparation, triaxial unconsolidated-undrained (UU), consolidated-undrained
(CU), and consolidated-drained (CD) tests. These tests reveal that the main components of the MBT waste include plastics,
textiles, glass, fines, and unidentified materials. The deviatoric stress gradually increases with the increasing axial strain, and no
peak value is attained even when the axial strain exceeds 30%, indicating a strain hardening behavior. The UU, CU, and CD
tests reveal the ranges of the shear strength parameters (cohesion force and internal friction angle). The relationship between
shear strength parameters and axial strain is linear, and the fitting equations are obtained. The stress-strain relationship of the
MBT waste conforms to that of the Duncan—Chang model, and the ranges of the model parameters (a and b) are obtained.
Further, a power function relationship is established between the model parameters and the confining pressure. These results
can provide a theoretical basis for the stability analyses of MBT waste landfills.

Key words: MBT waste; triaxial test; strain hardening; shear strength parameter; Duncan—Chang model; model parameter

it

0 35l
bEE T E SRS R R, T KT A

i, ORI Z N UM T, EH ™ AR R ARV IR
SRR BERY, o T AR T B A
KHE 5 GDP K R ALK — 2, 28T &
s 0 R0 T 33 LSk 1y R 58040 Ay 7 (3 T A 95 3
P AR B R PR BE ek, A 2R Se 51 1 B A St i)
T AR B AL B R —— L bk AR A Ak B R
(mechanical-biological treatment, MBT), Jf45& H
B H EQETE R T EMBT AA#EHER, Bz AR
(ROARFR, I T A3 B S AR P A3 B K R 0L,

BRI T ARG B AR 3 1 kR, H eI e A PR )
AT ——MBT WA T B A, T
WL A TT e MBT b3 B9 95 2R AH ST
WEAH MBT BIRIEEYG Bt G AbRE, fEhiIR
SR AN W IS LN, MBT b 3R 76 7] R
KA KA B IR AN 5 i) R
N T % MBT BIRIEERG ot @ik KE Rt S
PRSP SR SE S P BR 5 R S

HEeWH: EXEARSEGHHE (51478436, 51678532)

Wks HEA: 2018 - 07 - 02



1346 H O+ T OB % M

2019 4F

Az, X MBT 338 B 58 B2 R PE B L B O B 2

Kolsch! 1% ki 421 B 0~20 mm (¥ MBT 173
BT T KA EBTREG, #3 B35 R0 P BE R A S 4y
59 55~67 kPa 131.8° ~36.1° , I\ JNME KA
PR TR IR 58 B AR M AR I - PR SR B R, P BY o
J BT b A BE R AN b (s 4K . Powrie
IR 258 B9 0~20 mm [ MBT 323347 Tk
REBHRL, RE R ITNEZAM N R T N EE
TGN 45.8° ~47° .Lamare 2" Fucale 25!
KA BE BN MBT 8700347 7 B BRES, 0#0T 7 4F
YERTRLXS FLoR LR AR, ARSI A LR
S, AU THIN N EEE S . Calle! M T AR 4EIR
() B o0 7 3 5 Mk BRI, B6AIE T 4R 4R RIS B
AR N BEVE A K/ . (HELIA B R 04518 . Motta™®)
KA B BTG, A T AR g2 oL [ R B )
I EENE, BT AR R AER, LA IR
FII TR B4, Stela S UVE ARAG B 50 L T K21
Leichtweiss B 72k A 300 mm>X 300 mm X
150 mm FIBIUI4E, XF48E MBT 3% 347 7 H B
56, I BB AN BR8] A L EE R 5] /e,
T AR KFRE 13 i LT T R A 4 25 o A 3 i 41
YERNFORIIA RS RS, SRR SN 16 kPa, W
PN 40.1° . Baba 252005 EIEEBE % /K Mavallipura
RIRIEIE A MBT $u3 EHURE, IR BB OCR1 =i
PCGHAT A FHEK S HE R R N BTD)REE, DL 20%)3 48
I 1R SE AR P BT S, 19 380 F BT I 1 PN B A
40° , [ESEAHK LRI N BEB f o 55° [T Z5HEK
BB AN 33° , B TMBUETEE N 0~10
kPa, FLHiBY R E 5l e N AR ¢, FRBEE il ) N AR (1)
BTN PSR SR VIR A >, B
FE PTG % FE I 6 K6 K . Pimolthai 5%} 28
[ 7 [ S R B2 [ ) MBT 1 33k 47 7 ELETREG,
BE T HERE SIS R . AR R EE
IS A R 5 1ERN JJA O H B A 1E R 77 34 inmg
BS54 . Kuehle-Weidemeier 25225} 45 [ MBT 7
B VISR P R BEAT TR, 5 T AR A 10~
62 kPa Ju [l P9 A2 1 4518

gr bnrhn, EAERE K ZRHEBA, X MBT
B3R BT OISR B HEAT THEAL, (HE B — LB
B, IR SBEREE RS BYDIEE AR P (ER
PIAN BT 22 18] (0T 1D % T _E A8 S 3 A A )
5], TG RARN RIS R0 A R A

PR HEK AR FUBRA S AR AR IS . = Fhiali6 i
A B JRERE, AT AR P AR SR, AT LR
FLBUKIE AT, BTG SR TAER) Tt i FaRat
FURTH, MBT B3 () B V)38 B R v 5 28 40 A ),
M E MBT Bl iy 5 EAMT IR 225, Hp
[El 7 MBT 33785 B U] 56 B 5 VE AT 52 0 i Ak T2 20 B
B, A7 B0t MBT 3735 1) 89 1 9 A 1k 1 A7
TCo AR S5 I Ay 2 2 e A i B ) 5 AR ) A
KRG FURR, AN MBT 5238 (19450 #EAT
T Hr, R =RERSA, B 3 AR I HEK AT
Xt MBT 5735 8 U1 9 FERFPEREAT T EUAL R GE T 7T,
WEFES R ATy MBT B3 38 37 RS 1 70 M B0 2
WAL .

1 RIS R R &

R FRUM R IR A 5 by S AL #1371 MBT 173k,
P PR RE R 00 SRS MBT 37358 By L e T
RERE LT, WRMEILE 1 (). EidF
TR, 3% MBT B3R 940 5 ) 4. MBT
PR EENER 1.

(b)
1 FREIRIEM EZHY MBT 33K
Fig. 1 Original waste (a) and prepared waste (b)
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Table 1 Contents of various components in MBT waste (%)
k) i i Ak #i3k Wi % W BJE K+ ToiEAR A AR
25.09 5.00 10.72 6.40 4.11 3.00 14.19 2.31 16.36 12.82
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Fig. 2 Relationship between deviatoric stress and axial strain
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Fig. 3 Strength envelopes at axial strain of 5%
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Fig. 4 Strength envelopes at axial strain of 10%
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Fig. 5 Strength envelopes at axial strain of 15%
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Fig. 6 Strength envelopes at axial strain of 20%
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Fig. 7 Sample before (left) and after (right) tests
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Fig. 8 Relationship between deviatoric stress and axial strain
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Fig. 9 Strength envelopes at axial strain of 5%
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Fig. 10 Strength envelopes at axial strain of 10%
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Fig. 11 Strength envelopes at axial strain of 15%
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Fig. 12 Strength envelopes at axial strain of 20%
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Fig. 13 Relationship between deviatoric stress and axial strain
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Fig. 15 Strength envelopes at axial strain of 5%
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Fig. 17 Strength envelopes at axial strain of 15%
300
- 200
=
100
1 1 1 1 1 1 ]
0 100 200 300 400 500 600 700 800 900 1000

o/kPa

18 HHs)RIEE 20%BT ISR EE B4k

Fig. 18 Strength envelopes at axial strain of 20%
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Fig. 19 Relationship between cohesion (effective cohesion) and

axial strain
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Fig. 20 Relationship between internal friction angle (effective

internal friction angle) and axial strain
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Table 2 Shear strength parameters at different axial strains
Sl [ AR UU 48 CU k% CD ik

1% c/kPa Q/(°) ¢/kPa ¢' /kPa /) o' /") ¢' /kPa o' A°)

5 18.1 4.0 18.9 23.2 14.9 16.6 18.6 16.5

10 29.7 4.2 22.5 29.1 20.1 24.7 28.1 20.1

15 40.8 4.8 28.6 33.5 23.3 322 40.8 23.3

20 51.2 5.8 383 40.0 253 40.1 54.2 25.2




557 W] BPREE, 45 MBT B3 i) =fhit i 4k 5 1351
p=07¢+123 (CU) (5) HIERZB R KT 0.94, AR
@' =16s+89 (CU) , (6) is
@' =0.6¢+147 (CD) (7) sol
p=0.1¢+32 (UU) . (8) 25l

3.5 MBT HiRHIAHGHEE S0l

BT [ S5 AN HE K 5 [ 225 HE 7K B 50 4R .7 5 % ) ﬁl_s-

AR AR IS, DA 45 AN HE K BT R 25 S 51 %o " Lol

MBT 37 3% (AR AL AT 43T B 8 W LLE HE, il 0sf b=0.50;0

[F] % AE AN 15%0 , MBT 3573 [ 87 7 8245 56 2 7] LA

UGN R, A H - U 2R (1
&g

61—0'3=m ’ (9)

ﬁ[:l:l’ O, ?"infﬁjjj’ 033‘3}£1 3?‘3$EE[E‘&§E! a,
b AR ZH, (e =R R, X (9) W]
5%

=a+bs (10)
0, —03

¢ HeMmKRMA 21,

0,0y

0121 L 50 kpa

o 100 kPa
4 200 kPa
0.09F y 300 kPa

/%
21 ¢/(o,—0;)

- e MIXHE
Fig. 21 Relationship between &/(o, —o;) and ¢
21 A1H1, el(o, —0,) 5 e MRATMEN—%
Hk, WAEMKRE RHKT 094, BIAARL .
H1 18 21 AR EIA R BE NS H a, b FHUE,
W3 3.
R3 EBSHq, bE

Table 3 Values of model parameters a, b
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