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Abstract

In response to the problem that the plasticity of engineering waste soil generated by slurry shield
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tunneling cannot meet the requirements of engineering specifications, an experimental study on
the limit water content of activated magnesium oxide modified carbonized high liquid limit silt
was conducted. Analyze the change rule of liquid and plastic limit and plasticity index, and inves-
tigate the reason of plasticity change. It is found that after the high liquid limit silt is mixed with
magnesium oxide, increasing the amount of MgO or prolonging the carbonization time can make
the plastic limit of the modified-carbonated soil increase, the liquid limit and plasticity index de-
crease, and the plasticity index is as low as 7. The reason for the plasticity decreasing may be two
kinds: firstly, due to the hydration products produced after the magnesium oxide mixing with the
fine particles gelling agglomeration, so that the fine particles content decreases, and the soil
body’s ability of absorbing water is weakened, which results in the decrease of the liquid limit of
the soil; and secondly, because the magnesium oxide particles are not mixed with the liquid limit
of the soil, it is the reason for the decrease of the liquid limit. Due to the magnesium oxide par-
ticles and reaction to make the grading more reasonable, the influence of water on the soil struc-
ture is reduced, resulting in higher plastic limit. The changes in w, and w, together lead to a de-
crease in the plasticity index.
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Mg? +20H" — Mg (OH), @)

Mg?*+20H" +SiO, — MSH (3)

Mg?* +20H" + Al,0, — MAH (@)

MgO +CO, +3H,0 - MgCO, -3H,0 (5)
5Mg(OH)2+4COZ+HZO—>(Mg)5 (C03)4 (OH)2 -5H,0 (6)
5Mg(OH)2 +4CO, —)(Mg)S(C03)4 (OH)2 -4H,0 @)
Mg(OH)2+C02+3HZO—>(Mg)2 (COS)(OH)2 -3H,0 (8)

AT FE R L RS AYL R TR U8 /K JE AL B v VR RORD L, 3l 3 F PR Sk R ke, X [l 4k -
WRFE LTI . I SR TR SRR AL A £ TV /KIS MRS AR A 5 vl 284, SR TEIERR wp.
VBRI w  SBPEFEE 1, AR UL, D a3 T Rl i SO A A IR ST - i S BRAR B AR I SR I 2%

2. M 55%

2.1. e HHR

PRI FH R 3 L BB VLR A VLI VLA VLRSS, iU T U8 7K & F4) 28 Bloty o3 286 b S B 7t PR R 9
B K G AR I R 2 (0 S PR R BR 40591~ 55.1% 1 70.4%, YEPESRECN 15, S EARHER Bk
o NPRUERT FU R G PR 75 L A K, RRIR IR B0 S5 SRR o P2 39 i B AR B M 4 b L35 1.
SR LRI S RN 80.3%, WORLE RN 16.6%, MR (LM TR BARAE) [16], J& Tk b mni iR
i E(MH) (W > 50%).

Table 1. Basic properties of waste soil
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Figure 1. Particle analysis graph
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TIOR3 BTt 56 K I Mastersizer 2000 SO EEACGEHATINE » TIND & EAETRepfdr, I K EAliK I
FBERHEATHRE . MR FIRE S SN EM R S, RN S P & L F A R b Tl &
SRDRL AR A A P 1 s, MRS B BORAR dig (9.3 pm)~ FFERIAR dso (26.3 pm). FR R4S dgo (45.7
pm),

I TR 9. 10 ATRUHF A A S 250 C, N 4.91; IR R C M 1.63. I (LM TSI 4x
) [16], ZLEHARE .

C, = deo/dlo ©)

C. = (d30 )2/(d1o X deo) (10)

K, Co—— AL REG Co—— MR ALK, 1-3 RRfCES:, X C,>5, 1<C. <3, A4 & EAEL
5% R R AP, RZIWAR[L6]; dip——HRHRAZ, A7 pm; dyg——FEKAE, HFA7: um; deg——
PRERIAE, BA: pm.

WIS AT A B 4677 MgO 7= HIL T, Bl ki, SME R AR FIH X S50
HATTR. FERRI MgO T B S EE 2, HMIEMIE YB/T4019-2006 [17], i FrEEER -h ANk
2 Hyg M ACC 1H N 75 s.

Table 2. The main chemical composition content of MgO

2. MgO EEUEZRNEE

Ei% MgO S|02 IL CaOo A|203 Fe,O4

B (%) 87.43 4.92 4.32 2.18 0.67 0.47

22. WA

RIGILE T 3 AR RSS2, B a, = 3%.9%. 15%. A L5 & a, (the amount of magnesium
oxide) B MUNAMERES T LR . LRI AMEMA R L7 L, RV L
100 rot/min L NHE 5 708, MEFHEREE. il AR EAESE, ETHRPfhaREy, #
P NIEIEQ0£2)Cy BE > 90%.

FEIRFFIA RN 3 BRI RIS A B, 42 RS0 77 S 1h RI B BRALIT (] t BEATHAL . CERRALAR N 3¢
AR, PRV AAIERE, SePHE R, WoE 50 kPa JBAUE /1 IR T INE SRR, KA
ARENE BRI SRR S, STFHERREES 1 0, BRI P SRS RHHER R, KR
815 52 A 200 kPa BiAL R FTHEAT ISR AGARES . B SE R, e BRAL AR I R BR 5 K R

Table 3. Test program
F3 HMEHR

RN MgO & FRAIIICR) BERAGISS 1) (/I
FHREARER 3%. 9%. 15% 7 0. 1. 4.8

IR (TR T iAnE) 285 9.2 %%, A GYS-2 BUMBHIRER S E 1, IR kA I 22 R
MR 11 TS BERAL I,
I =w —-w (11)
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Figure 2. Carbonized reinforcement test device (unit: mm)
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PRIETEE, 4 hJF wys wo R BB T RaE . BRILAT 4 h FER S /K R (PO AR 36 BB AL S SR U EA T, 7K
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Figure 3. The change of liquid-plastic limit of magnesium oxide modified
carbonated soil with different carbonization time
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Figure 4. The plasticity index variation of magnesium oxide modified carbo-
nated soil with different carbonization time
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