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[Abstract] This study develops an environmentally friendly steel slag—based solidification material using
industrial steel slag as the primary curing agent combined with a small amount of accelerator, designed for
in—situ solidification of silt to form composite foundations. Through laboratory mix design experiments,
microscopic analyses, and field load tests, the mechanical properties, deformation characteristics, and microscopic
mechanisms of the solidified steel slag—silt mixture were systematically investigated. Technical feasibility,
economic viability, and environmental sustainability were validated through engineering case studies. The results
demonstrate that with a steel slag content of 20%, accelerator dosage of 3%, and a curing period of 28 days, the
solidified silt achieves a uniaxial compressive strength of 1.8 MPa and a compression modulus of 32 MPa,
meeting requirements for subgrade construction in soft soil regions. Field tests confirmed that the composite
foundation exhibits a characteristic bearing capacity of 230 kPa, with settlement values compliant with relevant
standards.

[Key words] steel slag; sludge solidification; composite foundation; soft soil foundation; green geotechnical

engineering; solid waste resource utilization

15|18

FRIEVHEH X T2 AR AR, BT S K i FLIREL R
RIEMG. R4EMEERE s, A LR R 2 WL, AW
HEIREUEHEDE, W BRI fk e AR I B K SRR A
W%, BRI, SRR AIREE, BRI
VUMK, AbFEAR Y 5 SEER AL, UM, S TR A,

20 L OB E R AR A AU - BEREBE  CFG 4%,
e R Y TP R 1S T V2 AR AE RERE 5 BB
JRATI I, SE TR SRR T E Ak LA e

KEANWE, 2024 EHRER 1.2 20, Z ML 10 {20,
HEAFAL 7 At I TT BBV Je b T K, AN BRI Rk
AT b 8

& KA CaOy S10: S iEMER ST, KK v AR R 4h 7
Yy, HABAFE ). 3Tk, ASCHEH AN )
I EEOR R A = S K BIE, B A HhIE, Sl <Ll
PRI, BARA S B B = R IR K T
RN, RGO TR SHLE, RIERAE HE, A
T b LA LR LR 5 T RS,

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 25



Journal of Project Management

LIRS
HTEeN 4 A 1.062026 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

2 MR 5IREAR

2. 1 G R R

AR URAR Y T IR AL X A S5 B T AR B S Tl AR 7=
Bl WA 45 R TR A E, B R

(L e WCH RS AT S Qe R I, WOFERFE
2.573.5m, KIFEFRA: S7KE 86. 2%, KRB 1.58g/c’, L
Bt 2. 35, HHLBE 5. 3%, MK 68.5%, YAKE 32. 1%, s
$036. 4, NmrE/KERIPIINE, ok EEAE IR I 2

(2) A0 SEAFEAN) SN, DRI o Ja R AR <
Smm IR, XRE ASI = E ks Jy: Ca0 48.32%. Si0» 22. 15%.
Fe:0s 16.78%. Al:0: 6.85%, 7d &ML 78%. 28d 92%, /K
ATEYE RAF, AR [T

(3) Wk EWHEAKSABAEIEEWRF, K
AEATIR Ca0 & =90%, 4MJEk 80 Hs HHENEVAT, SOs
TrR=35%, 41N 100 H. ECORFUMIVERRBR N R TH 1)
TEHEALE, AR KA S, BT

(4) K: WRIGFTHACH BRK, AR FHEERRE
PRAEZER

2.2 W7 Rl

ARUGRER 7> 9 E W LRSS . ORI B R4y, B AEHE
BARTAGECEL, 3 HT A L 00 ) 2R v S RORA LR, h B it
THR BRI -

2.2. 1 R LIRS ¥

DUNWE SR (10%. 15%. 20%. 25%, DAUIRVE TR .
BORFIBE (1% 2%, 3%, 4%, LU R « FR9 8% (7d.
28d. 90d) AR I IEAZ R, REFRY (20£2°C, XY
WRAE=95%) , B4l 3 AIFAT G HCEIAME, #iOREE 5.

RGO RE LM R  E4ifiE. BYRE. &
AKEREE, M L TR 7 2rHE)Y - (GB/T 50123-2019)
PAT: CMIBRFE 8 SR © 50X 100mm iEE; R4k A %
S5, KA 1000kPa; BYUIRIRH H BT (PRBY) 5 =K
FeoE ME I 7d SRR EEH R KRN .

2.2.2 BOWAR S Bt

B LB LA, 23 AEFR Y 7d. 28d BFEEAT XRD &5 SEM
TR, XRD FHEVEHE 5° ©80° , SEM ik 20kV, Z:HTHIHH
AR O AR, HE R LR

3 ENRBLERS S

3.1 FEMBR B R 90 45 R 5 A0 i

JEAM BT R 588 S 2 VPO [ A e 25 M e IR AZ Do FR bR,
e THAMEEMRERE . REAELAME N, BRI L
N BR AT B FE R 6 &5 R

(1) NEBELI: AR 3%. J7i 28d I, NS
10%20%, #EEEM 0. 65MPa JFZ 1. 82MPa ($27+ 179.2%) ; B
il 20% /5K, 25% B 1. 95MPa (3R FF 7. 1%) .« JR[A
EBEARRG =YD, B mNE AR5 LR

Wz,

(2) WERFBRLW: W 20%. F59 28d I, A
1%~3%, TR 1. 23MPa TFZE 1. 82MPa (#1271 48. 0%) ; B HEi#
3%EIREE R, A%H A 1.68MPa CFFR 7. 7%) o @si R 7
HOKAE, o AR S s 4%

(3) FRY L WIRE M . A3 20%- A7 3%IN, F747 7d728d,
FREEM 0. 95MPa TFZ 1. 82MPa (#2FF 91.6%) ; 28d°90d JI=
2. 35MPa ($2FF 29.1%) o FRIERKC, KB A Sy, TRIERFSHR
AR (ERIE Y €7

AN R, AR R IR L . ANiE B R
20%. WORFIBE 3%, ZACHE T, [EALIYE 28d TCMIBR B o5
FERTIE 1. 8MPa L L, il e - i X e 36 e A1 o 2k A AU M B 1
A ZEK.

3.2 JRA TR T

TEHURARAC EEARFE AT 4R, 45 R on: 779 7d I
JE4iEHE 18. bMPa. [E47 28 0. 32MPa ' ; 28d I 32. OMPa.
ZH0. 18MPa'; 90d IS 41. 2MPa. R %L 0. 13MPa™' . HR
BEALIAYE O 2. 8MPa. ZR%L 1. 56MPa™' ) AHEL, 28d BifEit
TF10. 4 £, BBFAL 88. 5%, Y33 R4 T

O R R EAGS, IR PRI e AL, Bt
SEHBREERY, PURSERE IG5, FESR R I, KR N RE
ST, ERRGSEECE, RAEARIIE— Dk

3.3 By 5 KRG A AT

3.3.1 BYUISRE 4T

B EoR, F797 28d I, [ELIAJEREZR Ty 38kPa. N
BEEES 220, ARG (FHET) 8kPa. PEEEEM 6° ) 4
STt 375%. 266. 7%, HUHEZIEE S WEWR, TR
0T SO [0 (1 B ) 5 Rl

3.3.2 KEGEHIT

kR R Y, P 28d WEERAK 7d G
1. 58MPa, K& 13.2%; 90d iR KGIREE 2. 12MPa, Kk
2.9, 8%, YA A AVE<20%K B K, IERCHTIE L T K E T

3.4 OB S A

3.4.1 XRD 56 45 by

XRD R3Ok, AREALEFE AL, FZhaSs+
Yp; FP 7d WAL C-S-H BER (20=27.5° | 31.8° ) .
BELAT (20=18.0° . 24.2° ) ¥§{iFIg,; 28d W PiISIE( B2
Wk, BV (2 0=34.5° ) WefH, RWIKIRN A
gy, KA, HSET R

3. 4.2 SEM iEe 45 ot

SEM M2 BoR, KRB FARL LB F797
7d WA DR ZURER =Y, LSRN 28d AR 4544
HeE, K& C-S-HEIR. SOUAEIERNERRL, ¥R e B2
g, X RRER AR A R A

4 Bmpi 5 TREMNA

26 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Journal of Project Management

LIRS
HTEeN 4 A 1.062026 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

4.1 TR

TR S P T X 37 P % T R RS TR, St B
+IX, WREE 3.575.0m, MUK 1,271, 8m, WITFER
PRI F ) =200kPa, PR B <30mm. 3% FH A S AL 40 v
WE AR ARG, B 5. 2 J7m’, % 4. Om.

4.2 P L T4

gt THRESEbr, SRR ZHEEIAT S - e 26
MO T, M TSR R

(1) S Fae. JERReY). TIEih, &K BtisT
1B KR (2) Wl ek : b BUE MM, 2 < £50mm;
(3) BEPLELAL: WAEEE)E, MESL 0% (4 KIEH&:
el AL I, WRJE 1. 271 3g/em® s (B) Ahkmelg. bt
JHE 0.871. Om/min, $ETFWEKIEE 0.570. Tm/min; (6D K Hi:
EHGERE 1,071 2n/min, BRERREAL (D FRY: P
=28d, ZEIHEREREE . M T IR SRR L R RS
S8, REE TR .

(2) MRHEL: AWRIEBI AL, R Al AT I
&, THEBRENEIAERL, AR i 25 42 I 7E £ 50mm LA o

(3) BHLERAL: KR EBCFE BN S AL A, TSR,
ML, #0aHLIE B W 2= < 1. 0%,

(4) [ R TR BRI N R 20%. A
B 3%) » B ORISR AAT, 8 AL
W EFHIAE 1. 271 3g/em’ o

(5) B L. EHLIB AT R R THRE (4. 0m)
B B T AR 0. 87 1. Om/ming B WTINERREG, ST
B, [RSNGB THd 4% I 0. 570. Tm/min, #fifk
P TR T I

(6) ZHt: BT RMmG, FRORETHE 2 e,
BT ESE, SHEEEEIE 1071, 2n/min, BRIRELFENS I
PRI E

(D &Y ET5ERE, NREAMIEHTIRY, 91
AT 28d, FRY WSRO RS, HORIE 10 R
R 785y HEAT o

W T RR T, s RS, IR B L B
B WERESSE, RN LR SRk,

4.3 MEAT IR 25

FEP 28d J5, ERGHIEY G 3 MRS, BT
PR G R A IR AR, IR (I b B
FARMIEY  (JGJ 79-2012) $AT.

PPEEEORE N, MR R RFIE(E 180kN Gl 2
Z150kN 23K ; 545 H KB FFAE(E 230kPa (I =200kPa
FR) , W T YOS 18, 6mm (<30mm) , 3 TRRAEH
2R,

4.4 TR 0T

AR TR, AR - Ve 52 A BB A A Lh A% 5

KV EBFEERAR, B WA T e G 5
i, BT

(1) &5 ke : NI AKIE 1/3, AT BEARAR A
25%LA F, AV AR 3.2 JmE, i KYe 1.8 Jy,
BN 280 Jiot:  (2) FRIERLEE: WanEE >
TS TE R, BARIKYE D COHER 1. 28 Jml, FF& “XUik”
HE; () #ha%E: MR IR AL E A, S R WA,
B TR R,

(2) FREERAE: AR LFEHVNM 3.2 J7E, yb 74K
EHELE 5 P T BEs, G T ANVE G T, R OK IS G
I, B4R 1.8 JmizKye, b CoHEML 1. 28 Jymi, Wb T
THFE, 58 “XUBR” s SRR B, BB
Ho

(3) FLaai: EEAMA T HTREHLIX m & K BRI
AhE AR, FETET IR R R T, R T LR A S AT
s [FIR, #Esh T TAE R SRR, {2 TH TR
ks R, B RIS 3G

5 ZFitERE

5.1 &ig

ARSI RS O B S TR T, X
[ A B e — YA e A M S 1) TR RR M 5 N AT T RS,
HH LIt

(1 B HERC 3% KA B, B 20%. F24 28d
W, ALY T PR B 3 E =1, 8MPa, [E4ili&E 32MPa, Zh
71 38kPa, WEEHEA 22° , WUKILERIRFE 13. 2%, WHEK
b DX AR B AL SR

(2) [EHE,: A BORFIER PR ER C-S-H
B ASTLAT, ST LB GOk, ke B ARG,
BERT I HPUE A

(3) WA TR AR, 1252 6 M EL it T faj e
JiE T, 7REC) 230kPa, YTFFESTEIIE, BARRRE 25%LL
by SEBL CRARIRIE” , AIATHE SRR

(4) GBI Wik 1 b B B AW 8 YR AL ST s 42
Frovatas T RIS, HE) N AR W

(5% k]

(11 AR EMEE K. £ TiRHF L8 (GB/T
50123-2019) [S]. b3k # EH% R4, 20109.

215k &, TM5, 248, 08 R E A 2 M g R
BRI B ETREH, 2022, 44 (S1) : 189-194,

(312, #&k, K E. Tl B KA 2k B AL F iy 5
xR L H 3, 2021, 42 (8) . 2201-2212.

(ATRER, R, Z#. E(40E— R IRE AN RKB
ErAmALl LI EEA, 2023, 37 (4) : 489-494.

(B1ZEFE, X%, k&, WEEARRE KT ERBFR
[J]. #4422, 2023, 44 (6) : 1678—1685.

HER

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 27



