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The application of carbide slag-coal gangue powder stabilized soil in the
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Abstract: A mixture of carbide slag (CS) and coal gangue powder (CG) was utilized as the stabilizer for the roadbed
soil of the soaked subgrade of the Mingdong Expressway in order to increase the water stability and bearing capacity
of the subgrade. The dosages of stabilizer were 5%, 10% and 15%, and the quantity ratios of CS and CG were
0: 100, 30 : 70, 50 50, 70 ¢+ 30 and 100 ¢ 0. Tests of unconfined compressive strength (UCS), dry-wet cycles.,
water immersion, pH value detection, X-ray diffraction (XRD) . scanning electron microscope (SEM) and mercury

intrusion porosimetry (MIP) were conducted to evaluate the mechanical properties, water stability and microscopic
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characteristics of the CS-CG stabilized soil. The results show that the UCS value of CS-CG-10%-(70 : 30) stabilized
soil was 5. 87 MPa after curing for 28 days, and the UCS was decreased to 4. 77 MPa after 6 dry-wet cycles. It was
evident that the bearing capacity and water stability were good. With increasing CS percentage, the UCS of the
stabilized soil after 30 days’ immersion increased. The UCS of CS-CG-10%-(100 : 0) and CS-CG-10%-(70 * 30)
stabilized soil were 6. 29 and 5. 74 MPa respectively. The pH value increased with an increase of CS-CG dosage and
CS proportion, but decreased slightly as the dry-wet cycles increased. The pH value of CS-CG-10%-(70 : 30)
stabilized soil was 9. 71. After adding CS-CG, a large number of hydration products such as C-CA)-S-H gel, Ca
(OH), crystal and ettringite were produced in the stabilized soil, which improved the pore structure and increased
the UCS. With more dry-wet cycles, the hydration products increased, which was benefit for the properties of the
stabilized soil, but the pore diameter also increased. It can be seen that CS-CG stabilized soil has good bearing capacity and
water stability. Considering the effects on the environment, the pH value of stabilized soil should not be too high, so it is
recommended that the best dosage of CS-CG stabilizer is 10% , and the best ratio of CS-CG is 70 : 30.
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L1 R B2 /mm Rt E ) Y
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I B - R L AR A D e R B B 5 99.71
aeb 28 P ) HE e A 3 g 2 PR R AR B R 1 e K 2 90.20
RN 2.018 g/om’ B A KRR 8,500, I R 4R K ! .81
(California bearing ratio, CBR) 5 i 5. 6%, #tE & K 0.5 60. 64
51.5 MPa, Wi B K 29. 4%, S BR A 16. 2% , it sk JORE 43 47 ik 020 95,28
0.075 16.70
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IR H] CS 2k [ ) 7g 48 42 BT T F ok
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A Y R AR I AR I T gl 325
H (45 pm) A3 2 o K AE 900 CF
B A3 BT A B, CS M CG B
K1 Es.
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WA IEAT X P45t (Xoray fluorescence, Fig. 1 Samples of CSand CG

XRE) I E CS il CG B4k 27 1 4y . 45 51

mk 2 Fras. W 2 AL CS FEAEM I A CaO, b 1 92. 2426, CG FEEALE M N SiO, il AL O, 4

Fe Ak 48. 33 % Fi1 48. 95%
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Table 2 Chemical constituents of CS and CG %
HE S0, ALO, Ca0 Fe,0, TiO, K,0O MgO SO, Na,O znO P,0. ¢ i
CS 3. 64 2.04 92.24 0.62 0. 10 0. 04 0.15 1. 04 0.02 — 0.02 0.05 0.05
CG 48. 33 48. 95 0.21 0.66 1.26 0.15 0.14 0. 04 0.06 0.01 0.12 0.01 0.07

3) MRl

FEEE CS I CG &AL B T6 1 , Bt o 5 + B9 A8 e BOR SR BRI A 7 NaOH 5 Na, SiO, IRE&%
WO R E IR & . T NaOH b JURL & 44 7= | 1 R E AR G4k T4 R 53R Al Na, SiOo, 2 H 6

AR = A REEER A THRAFA .,
4) 7K
I FH /K B B e T T O K

1.2 FEEbigit

J BT B E CS-CG e + 1 =0tk Fokfae tE . i e CS-CG fad H iR b, 83T 15 Fhfc i .
Hi,CS-CG oM 58 5%.10%.15%,CS 5 CG B H 4 5125 0+ 100,30 ¢ 70,50 : 50,70 : 30,
100 = 0, MEF 4 B FE T 95 . a1 CS-CG B 10% B 0 ¢ 100 B9k F 4 5 A CS-CG-10%-
(0 : 100) , HiAYLH LA . B & ) NaOH il Na, SiO, #JF e 12 1R A5 gk i, o NaOH

Wy 8 mol/ L. W AR5 CS-CG BRI LN 0.5,
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Fig. 3 UCS changes of CS-CG stabilized soil at 28 d under dry-wet cycles
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B AEAT XL X 28 d IR HIK IR B R 4 YRR L AT T TR IR . S5 RV KRB RN AU K
FaE £ R IEAT TG RT3 6. 13 MPa, THRAEI 6 WS #E 4 3. 18 MPa, 5 B 2 A &, 7] WL CS-CG
BEN 102600 15 Y i fa e HoK R e L Tk R AV iaE .
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ZiA UL R AT, CS-CG B M m e e PR e b &, CS  He s Foe oK Bue Rk g S ORIE
CS-CG g £KBEM.CS-CC BEM K TET 5%.CS H KT 50% . #i#E CS-CG B8R 10% BN
70 ¢+ 30,

2.2 pHEMRXELERESH

FAHE CS-CG Fa 52 + MMt , AR 4% JTG 3430—2020¢ 23 I + Tk g8 B0 A, R pH it 28 d
W BRI 5%.10%.15% ,CS:CG L H 4518 0 £ 100,30 : 70,50 : 50,70 : 30,100 : 0 Ay CS-CG F4
L TIRAER 0.3.6 WE M pH A, 258 i 5 frox. MK S ATLLE . & 44 pH HIHTE 8. 20~10. 80,
H pH E¥BEE CS & LA 3 i3 i ; CS-CG B it 5% B, & 344 pH EIAE 9.5 DL, 8/ CS-
CG BN 10200, Br CS (5 1R 1002680, HAH KM pH EIAE 9. 8 LN, B85 CS-CG B E A 15%
W, CS &R 100 % mkaE + pHEIAE T 10. 75, lRHBE CS L o if el 17. 77 %,

A.CSBERGHEFM pHWEERE, CS EEWM N Ca(OH), . EFKEITBHEHKE
OH™ L8 pH H LT+, AT TRIEHRIKE S, S5 it pH (Y4 B, 3 B ko B s g A W
THHE CaCOTD, A B HOR A OH AWk b I #a Faa e . Beoh. & KL U T B i OH 1
W5 Ca® Al CaCOH), 45 fy, MiFe E o B4 w1 IR B pH (E AR, % 583 pH (E X FR 5T 1 52 mi 1 3 i
BR G EFE CS-CG BN 10%.CS 5 CG WRELH A 70 ¢ 30,
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Fig. 5 pH value of CS-CG stabilized soil under dry-wet cycle at 28 d
2.3 ML x3 MMKEFE
FIFH XRD.SEM . MIP %30 56 5 3, XF # #y Table 3 Microscopic test scheme
128 d.CSH CGMABLLL N 70 + 30 H CS-CG A CSCG#BE/Y%  TIRMREH K RN IR
A4 TR CS-CG-10%-(70 = 30) 413 14 3 0 0 XRD
T FRAEIR 0.3.6 WG 1T A 1 B2 FL B 43 A 1dF 5 0 XRD.SEM. MIP
1750 M1 8 7 Ho5is B P AL B K /K R AL B AR 1 10 0.3.6 XRD,SEM, MIP
I T ENE 3 Fimnw, 15 0 XRD.,SEM, MIP

2.3.1 XRD 545 R M r

CS-CG FasE + XRD R I L5 BN 6 Fron . B 6Ca) 0] LLE 3l i 32 B 036 A 35 (Q) L T
(O A5 A1 (G) 5 KA (A) VEAMES (P ST (E) BLR C-(A)-S-H B 2+ A9 4> T8 A A3 7
OS5 Ka, =SH N EEPREAT Y, 24 CS-CG BN 5% FaE LA T — &5 kL™,
5B A BRI AL SR GBS A DL K C-S-H BEI; B 5 10008, 5 5% i XRD 25 5 A1 1L, 2B il
AT C-A-S-H BER H C-S-H BERIEM A BT, C-A-S-H B EEH Mot &l Si.Al.Ca, O H, /N
B R W R EFEE Y AL D OR R DU BUZ Y B O 15 Wi, B 10 %018 s SR ]
B C-S-H 85 C-A-S-H BERA g .

H & 6 () AT LA Y 78 TR IR 46 5 CS-CG e Lk — Kk ik, TG 3 e C-S-H # K5
BEIATAE BTN, I H Ca(OHD, 5 SiO, W0, SR~ 2 B B #E T Ca™" 5 Si' L, 58 Ca(OHD), 5
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Fig. 6 XRD results of CS-CG stabilized soil

2.3.2 SEM 50455 Ko b

CS-CG B 70 & 30 Bf . AA] CS-CG #B i F e 1 SEM IRI &5 Rl 7 fros . B 7 LA .
b CS-CG B8 3G, C-CA)-S-H #E B AS Wi B, = 550k7 A W7 4 £ 2, [R) sf L B 5 28 4 B I o35 5 CS-CG
B 5ot A Y C-(A)-S-H BRI A B A A FURE AR 85 18 AU K KA 7= ) e ol L 2 A A I B 1Y
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(a) 5% (b) 10% (c) 15%
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Fig. 7 SEM images of stabilized soil with different CS-CG dosage

CS-CG-10%-(70 = 30)FasE + FIBAGHE 0.3.6 KJa SEM FGUNE 8 fix., X E 8a) 5 8(b)nf 4,
T 100G PR 50 BT AR E K AR P A /IR HEn  {H 2448 B K FLBRIY 2 0t B P KA s, F
HE 72 WA 56 58 B B ek L X S RSO e — 2, X LR B 8(b) 5 & 8 (o) I, YR AE 3R 56 1 01 5 )5 )
O EE A A 22 5 K, THRAE 3R 6 WUF B3 e LB A 38 L Rl C-CAD-S-H 5k B A 338 n 5 B A B K 4=
LB SO 2 /NS B T AL R FLBR . FE 2 LR I h R BN TR AE IR 6 R iy R £ KT 3 Ik
AR5 E 33X T B A L K ARl X A 5 R e R R C-(A)-S H BEREH R Y SR I HACE, W ILE 7 51/ 8,
VIR BT AR BCOBORL  HAR KB CaCOHD, ESBL A7 55 HAB K AL 72 9, It R 02 R 1 C-(A)-S-H BE I S8 8N 1
— R B AR
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(a) 0K (b) 3R (e) 61K
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Fig. 8 SEM images under different dry-wet cycles
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Fig. 9 Pore distribution of MIP test under different CS-CG dosage
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