a5 HHE 2 W = + 71 & Vol.45 No.2
2024 £ 2 H Rock and Soil Mechanics Feb. 2024

DOI: 10.16285/j.rsm.2023.0268

H

&EHH%IJH R

lﬂﬂr&% 1’2’37 EP JI)I(I, )ii"} ) /&}‘\‘t’_‘z ]T‘Zj:‘ {}is, -75"} LED)LI

(1. VRS FARSASESERE, TLI% BE 210098; 2. dbmisdifi ks HARBM TS, Jba 100091;
3. PR TURAERIARAR, R e 250014)

-t L 38

W OB EWRRE TR LR S RS, B EAM R E . AR R . RBEALFI MgO AT
3 AR —MEB R B 7. BT S MgO B8 am TR T, BRALIA] H BF5T MgO [ 4510 AT 5 IR 526
TR EKE we TMRPUERRE qu. MR Eso, 450 RO TS KA YRS A B ER T FLE B AL AL . 25 TR
MgO [E 4k -BgAL B A B AN & AR, INE RO ams T 26 LA RBTRENES, B H 2% AR FREHE; A
[l ams TF, B 4 h S AREEYEIREL o FRAK 57%0L L, TARTTIEME R 2 T AR an f1 T HIE-RIE T qu39TE H A
4 h WS, ik 1.4 MPa, LUBALATIREIRFF T 220%~350%; BBk [ S xS HAKRG Eso 352 am 52K,
2 am B 9%, BRAL 4 h ARFERT Eso BETRTE 500%/E47; MgO [E4b-BRACIE R R /KL =M. BRALE= AW AE RTUR B, TERK
RAR B RERIIES, s LBk AR FLER, 358 7 ROk M AR E R, RS % st SR K = MAhX +
S JE R4 A PRI U 0 I 33 3 IR [ Ak A Ak 2 S PR PR AR A T R %

KB O RFE LA AR IRk MOWES TS AL

FESHES: TU452 SCERFRIRAG: A XEHT: 1000—7598 (2024) 02—364—11

Solidification and carbonization experimental study on magnesium oxide
in shield waste soil and its carbonization mechanism
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Abstract: The waste soil generated during shield tunnel construction poses a challenge in terms of stacking, transportation, and
treatment. One promising approach is the use of magnesium oxide (MgO) for the solidification treatment of waste soil, as it is
abundant in raw materials, has low production energy consumption, and is eco-friendly. The limit moisture content w, unconfined
compressive strength gu and modulus of elasticity Eso of MgO solidified and carbonized mucky waste soil were studied by changing
the MgO content am, curing age 7, and carbonization time H. The solidification and carbonization mechanism of MgO-treated mucky
waste soil was discussed in combination with the microstructure and the change rule of mineral composition. The results demonstrate
that MgO solidification and carbonization have a significant reinforcing effect on the soil. The reinforcement effect initially increases
and then stabilizes with increasing am and T, while it shows an initial increase followed by a decrease with H. Carbonization for 4
hours reduces the soil plasticity index (/p) by more than 57% under different am and T conditions, leading to a significant reduction in
soil plasticity. The gu of solidified and carbonized soils reaches a peak value at H of 4 hours, with values up to 1.4 MPa, which is
220%—-350% higher than the strength before carbonization. The effect of solidification and carbonization reaction on the increase in
Eso of the soil mass is greatly influenced by am. When am exceeds 9%, the Eso increase of the sample carbonized for 4 hours exceeds
500%. During the process of MgO solidification and carbonization, hydration products and carbonization products are continuously

generated and developed. They form a network and flower-like microstructure, filling the pores between soil particles, enhancing
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cementation between soil particles, and densifying the soil structure. The research provides insights into the efficient and eco-friendly

treatment and reuse of mucky waste soil produced by earth pressure shield in the Yangtze River Delta.

Keywords: waste soil treatment; active magnesium oxide; accelerated carbonization; microstructure; mineral composition;

carbonation mechanism
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Fig.1 Grading curve of muddy waste soil



366

Inl>
H_

Vaj % 2024 4

1 1 1 1 1 1 1 1 1 1 1 J
5 10 15 20 25 30 35 40 45 50 55 60 65
20/(°)

B2 #WEREFE LT YR ARk

Fig.2 Mineral composition of muddy waste soil

PRI F = B I T MgO FE N L),
PR R B, AR R . 8T X OIS
AI0ER RN MgO EE R SR IE L,
Hr MO & &1L 8744%, IL NPIBEIRE (ignition
loss). ARHE (RELEAMBEI G MENE T7E) (YB/T
4019—2006) B3, JE I FrEE R HHAEI E MgO 3%
YAE AN 75 s, BT EIEHEELEE. RREH K Co,
A, HTEERE, AR SIS 99.5%.

1 MgO EENERSEE

Table1 Contents of main chemical components of MgO

5%y MgO SiO, IL CaO ALOs Fe,05
EE % 87.44 492 432 218 0.67 0.47

22 RREEEHHE

22 1 & VRSO O T p AL e B
B 3 S AHIF AT [ B A TR 2 B AR ] e s [,
HEThA S SRR 28 3 358 2 AL
TRAGHE NN AE 140 mm. 155 260 mm [P HLILESHE: .
AGIE NG 3 24, BEAE 5 MARE, [F
B A Z LS R UEREN AR R CO, AR R & AH
6], bk = d e SR A i A R
i, NEHERBEATEE. SN 99.5%1 5
aiiAs COy, WAL J7ad it 1 e i A0 Ay 3 il
URZARFFTEVEE K 7T, PTBEE K 1B 0~0.5 MPa,
YEEADTROEEN SRS BN N TETX
IR I T4 SR 1230, AR SRS ik i ) ¥ N
0.2 MPa. I #8753 € i A I 18] f5 22 b AT 4300
I, R AL 8] 52 B M 2 S 1 .

HATRALIRIG S, BRALIRFE 2 HR TE O BR 0 o
FERRE 25 7 ik & FRE S, A— 2K R
NBRACRE, #7805 28R B SCHIFERIE, FTFn
RS, fEmib s [N MR RS AR
W J, AT HHES IR R Y I S SRS M

A, R s R v N B BRI 7T, TR AR T
i} s _EBCE BRI TR], I AR AL s T ah s ARk SE
JJa s D E R AR Y EEE T A

JE )13
R 17 g

112 @

A
#AA
TALHE |
ZILE

e

= 1
TR HEA A

() FEE B

(b) SEME

B3 BRI R EETE R E
Fig.3 Model drawing and physical drawing of self-made

carbonization curing device
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