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Abstract

This article is based on the treatment of waste mud and solid waste from shield tunneling in
Hangzhou Metro. Solid waste reuse slag and fly ash are selected as solidifying agents, and quick-
lime is used as an alkaline activator to solidify the waste mud. A series of physical and mechanical
properties tests are conducted on the solidified products. The experimental results show that with
the addition of a solidifying agent, the strength of the solidified soil increases significantly; When
the amount of solidifying agent remains constant and the amount of slag is large, the unconfined
compressive strength at 28 days is higher, and the water stability coefficient is greater than 0.75.
The experimental results have verified that the solidified slurry can be used as a foundation ma-
terial for urban roads.
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1. 518

BB 2T PRE A R, H AR 22 X3 TR AE e LUK N AR I B S, g Bk g [X 35K
MABHEORIE 2%, IBBIE GHR 50T o A B PUBESTHER . TBUE S 2 A SIS DU OR
%o A ORI BRI BEHE N R, b T o A T A IR Bt R AT S [ A B M R N (AR ROZ T A
FE S T R W R T (HAESE MR o P R KB R H Q0T B 2 A BRI L R 5 e &
FAMERE . JEATE ARG, H AT @RI O AR R 1 30%~40%, AbBERAMER . A AR IR
A B IR AFAECRRE AR, PR OO (. 4 B4R AR A U I £ 7500 3, Herpih 323X 6
AR ) 350 JIME[L].  H A ARSI SR G BHEA AR AR, G MRS FLAR R S TR K R
TR o AR A R I DUIC L [2] [3] [4]-

MRIGSE[STRI BN T e 5 i 2%k e, Ferr 0.5% /K B AT 0. 1% IR BR S5 4nAJe - [k Ff T
APV R o B[O RN 4 5 Lk i Mg 0t A =, 5 e K X1 i A it T 9 S A X DL
£78 - R EE SN ARV @RI ViR TP 7 m i buy AIVEE ) oy A R STE 1ibiitve i mc g AMEE11 P R U lIB S RN A E R
SEEIUR P A DX T 30 [ R B A M T DS N JE A TR A v D T U0t R ) 28 g 2 R 200 A
FETK T I GBI E LT, MORBR U PEREMR RS, FRTERESR BRI REIL B 201 A BHE e 2
Ko FEH[TICLR LR 10 5 4G FBEIE e ST ] F AR A R, I SO L B K L, 133 R
RIKNERERL R . 22 [8D0 MR A A L 1R aite . IRk, WAL, KYE. BHRAREER
M, AR R RGBS AR AL TR, B2 N T Mg SR K [ AL AL BE9] [10] [11].

T IRV RIS PO AL BEAL BT A (LS /5 2, A SCUASE P it T R v 7 AL I B FLIE . AR ST
VRSB FURS B, WA B T30 T B e B SRR [ AL I T AR A B, i TR SRR, AL Stizka
LT3 A & AR MBI EUR AT UK T @ B, [k 17 e HETB™ A [ 22 5
JRA VAR AT e A (A TS RAR B A, B —E AR & B O TR ARNME
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2. IR FH &
2.1. BUMERIER RGBSy

W8 AT R SR G e e A T UM T Pk A R F i, R KU, WL, Z R M M BE TE LA
LB SIS, JE RSB T HI = T 208 AL TR U b A AL B D 5 58 XA
R A AR . Je R IRIE EREAR, BIEOAREZLE, RN 105°CHARN, #tT8h, 5
B PR HEBE MR TR, BT 0.25 mm i, 2l IHRVe Rk s AR, gk 1.0 5% 2
B

Table 1. Chemical composition of waste mud and binder from Hangzhou metro (%)

T 1 UMM SRR TR R FRELE T F LA 53 (%)

e W g0, AlL,O, Fe,05 P,Os Na,0 MgO
FE T~

ek ) 55.12 16.27 4.62 0.16 0.45 3.06

T BEIR 44,50 40.43 2.74 0.53 0.20 0.58

i 25.85 10.37 0.33 0.59 0.14 6.29

H2e 1A, BUOH R JE R HE SiO, + AlO3 + Fe O, & & iiA 76.41%, AR 8421 K ILK(SIO, + Al,Os
+Fe,0x) & i, W LAHEH THRHIKIESBER, it Far LB AR L k). BB R A 41N T A K
b OB REREEA A RS e U AT T, SR A A KR INEIA B 10% 0L B PH B FE| 12
DAL, A3 B35 Y8 VR S e F i A A 0K F) 885 0 T 34 0
Table 2. Main mineral composition of mud (%)

T2 OIRREET YIRS (%)

T~ 94
W

ek 14 36 9 2 4 19 11 3

JifEe eSS A AR WMRKA A BRa SR

FIH X G228 6L (XRD) T AL M & R R F Ve 3 I Wi o &, sl L 1 g 2. |k 1
A 2 w5, BN E R FRE E BT MRS SE A A%, fa. Ehia. PRa%. &
ik 19%IK S AR 11%MFRA Y, BTEEL, BARKKEKMERE. 5% H R BEK N 1
Gk, BRI, BRI . BN (GGBS) K A XRF 77 VR HoAk 2 i 43 W4 1o
2.2. EfLAHlE

P BT 3 07 B A G R PR SR 2R R S A =R o R IR . WAL AR, 1RIERER 3 AU EL
W26 3, DU BN 1.0, BREFIRIE .. LTRSS G, BKENERRRN, Hob
PEEE A, EEL VRN E S D =48 mm. H =50 mm [ RNRBLN, BEMARE N 20+2°C. RH
= 95 W EIRTEIR IR P 4G N, F257 B FH SRS HA-FE- DU L T PR T 5

3. WL RS
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Figure 1. XRD of original mud in Hangzhou metro

1. Hud b gk RIGR3E XRD

Table 3. Preparation parameters of experimental raw materials

= 3. HIEENEIEESH

) Moy
RBEG 5 Fk%
Cao GGBS Fly Ash
1# 0.090 0.063 0.147 0.50
2# 0.120 0.126 0.054 0.50
3 0.120 0.090 0.090 0.50
a4 0.090 0.063 0.147 1.00
5# 0.090 0.063 0.147 2.00
6# 0.120 0.210 0.090 0.50
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FEOIE ARG B R R AR BT, R 3d. 7d. 14df128d F, S8 JTG E51-2009 (i T.FE
T AR A RIS HIFE Y [12000K 7 d /KA R E . ToM PR SR FEAE A IR AR, LA % il 5]
oA, A AR OLAC L . AR SEBR TRETS 5, DA bR G 4 R 7R K &0 R B8 J5 MU &
IRFRL) 4% Ay, KU BRI H e K LT 08 050 1,04 2.0 =FiEoL, KAk 3 /ATl b
[ B AP BB AR AR A6 1) G PR e S 3

B 4 vT%0, 1#. 44, S#RRFEFEMLAAEFRC CAR TR, KRB OR, #7497 28d f5, WKL
N 0.5, 28 d MR GRS Ny 2245 kPa, 4#FE/KEEL N 1.0, 28 d I PRLE R K 524 kPa, S#FE/K T
by 2.0, 28 d JoiMI R4 58 5 A 208 kPa, B /K LRk, ToMIPRATE SR 2Um) TR B 4. S#ilht
3d. 7 doRERAE, WAL, MBI A A IR R, AR 3 d A1 7 d TSR B R 5
1#. 2#. 3HRFE 7 d KRR RES 5 0.83. 0.82. 0.91, ¥IKT 075, LA AKBE—EN, WENE
(GGBS)HI N, /KA RHEUR 28 d TEMIBR P s B b 2 3K . i & B Z HTE Yy, WRERR . 45
FRAE(WAR 1) SRR IR AR, P2 A KA =4, AT o [ A0 b ) s B AR e e . RIS, BV ik
AT DA 78 [ Ak AR B ALRR, 8D VR 2R R B FLRREE, AT B i 1 A B SR A AR 1

Table 4. 7-day water stability coefficient and 28 day unconfined compressive strength of each group of samples

F? 4. BEARH 7 dKREBE 28 d TMPRHUERE

RIS 5 7 d/kPa 7 d JKFa/kPa KEERE 28 d/kPa
1# 1191 990 0.83 2245
2# 2194 1797 0.82 2530
3# 1351 1230 0.91 1902
4# - - - 524
S# - - - 208
6# 4500 4105 0.91 5300

2N 4. 2#. 3#. GHUFEREES HATC IR Hr Eom AR L i 2R B, BB AT, 1#0FE 3 d EMRbuE
TRIE L)y 28 d TN PR R SR 1K) 20%, 7 d #8K-F) 28 d 1] 53%, 14 d BEK 3] 78%; 2#iAkE 3 d TLMIFEHT
JEEE L) 28 d LM PR PUESRIE H) 46%, 7 d 38K 2] 28 d [ 84%, 14 d HEK 3 97%; 3#iAFE 3 d MR
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Figure 2. Curve of strength variation with age for different
mix proportions
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PUEIREEZ) N 28 d TLMIFRPUE RN 40%, 7 d HKF) 28 d 1) 71%, 14 d 3GKF) 80%; 6#iFF 3 d il
FRAUE SR 29 28 d TCMIPRPTE SR E 1K 43%, 7 d 3K 2 28 d 1] 85%, 14 d K 5 86%. iR I6 &5 F K 1.
AL R E R, A4 KB RN 0.09 this RN 0.12 FEEYT U0 0 PR 50 s 1 KA, T 2424k 4 K
LR 0.12 1, 2#. 3#. 6#TCMIBR BT T 5 LG KO B Z2 A K, K@ & &l 0.090. 0.126. 0.210 &
R, 28 d BTSN PR E 58 B A 1902 kPa. 2530 kPa. 5300 kPa iz @ik, Kl 6 FER: 3t ke
AR IR K B s AN, RN 7L 1A%, i 28 d T PRYTE SRER N T 4 3 fix.

4. #hig

N TR E S A S B HI Mk R 35 U8 28 10 B A0 AL B 5 A T8 7 18 e B b k), e T M Ak s 4
JEFRRANE N A R, AT T — RIBREH T, RO RRH, R KIENTE R, B
SATEMNEFRKEEA —EMSR, HRNFELSRWT:

1) MELFIBEALE, 28 d MIFRPUEREE, FEAE S8 3G 0, 5B E ) ke 2% b
bS5 i S 2 EE S R 2R

2) KARMETTTH, AFEHS B EERe K T EE 30%0, KidREEHE T 0.75,

3) R T, AR A 2K A A 0.090 FA 3 d 7 d TGN B 1 5 49 K R b AE A K B 0.120
1 3d 7 d TG PR 3 KR R AR L) 50%; A=A KSR 0.120 (1) 14 d TG PR 0 58 249y 28
d ¥ TC PR 7t 56 2 1Y) 85%

S E 3k
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