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Study on the Mechanical and Durability Properties of Coal Gangue Roadbed Mixtures
Stabilised with Industrial Solid Waste

CHEN Jie
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Abstract; To enhance the resource utilisation of industrial solid waste, this study employs fly ash (FA), calcium carbide slag
(CS) and slag powder to synergistically stabilise coal gangue for producing subgrade mixtures. Twelve coal gangue subgrade
mixture designs were formulated by setting total FA and CS content at 10% . 15% . 20% , with mass ratios of 0.5, 1.0, 1.5,
2.0 between FA and CS, and a 5% slag powder content. Optimal mix designs were selected from the three dosage ranges based
on 7 — day unconfined compressive strength, flexural strength, and compressive rebound modulus test results. Further
investigations examined the influence of dosage on freeze —thaw resistance, water stability, and dry shrinkage deformation.
Results indicate: 7—day unconfined compressive strength, flexural strength, and compressive rebound modulus initially increase
then decrease with rising FA and CS content, peaking at 15% content and a mass ratio of 1. 5; compressive strength gradually
declines with increasing freeze—thaw cycles, while compressive strength initially increases then decreases with wet—dry cycles.
The optimal proportions for FA, CS, slag powder, and coal gangue in the industrial solid waste—stabilised coal gangue subgrade
mixture were determined to be 9% ., 6% . 5% . 80%, respectively. These findings provide theoretical support for the large-
scale utilisation of industrial solid waste in subgrade engineering.
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Fig. 1 Coal gangue aggregate gradation curve
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Table 1 Main chemical components of industrial solid waste materials

/%
2 4y Si0, Ca0 AL 0, Fe, 0, MgO
FA 63.7 2.5 24.3 5.8 1.2
CS 3.9 78.5 2.4 1.3 0.8
RET ) 36.7 33.6 16.7 1.5 7.6
*2 BREFABEARIER
Table 2 Technical indicators of recycled coal gangue / %
WK = JERRE BPROROE Belkdt A i gk
4.2 18.6 9.5 8.1 15.7

1.2 XA

Hil e 12 AARNFEL A L A AT A B R TR AR,
3, FEETHERIBEN 5%, F+C Fm FA F1 CS )
Baiis M, BR8N 10%, 15% ., 20%; F/C
FORFA 5 CSHREZ I, 2908 0.5, 1.0, 1.5,
2.0, iRt 8 A 50 56 3R AT A A 1R Y IR A Ak
F iR A KA

#3 BEARERAREL

Table 3 Coal gangue subgrade mixture ratio

K4 F/C (F+C) /% J4T6/% 0K/ %
1 0.5 10 85 5
2 1.0 10 85 5
3 1.5 10 85 5
4 2.0 10 85 5
5 0.5 15 80 5
6 1.0 15 80 5
7 1.5 15 80 5
8 2.0 15 80 5
9 0.5 20 75 5
10 1.0 20 75 5
11 1.5 20 75 5
12 2.0 20 75 5
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Fig.2 7-day unconfined compressive strength of coal gangue mixture
2.2 THRE

& 3 A%, F+C R 10% 4
1.0, 1.5, 2.06f, #AFAIREG
0.88, 1.06, 0.89, 0.72 MPa; F+C N 15% 51T,
F/C /0.5, 1.0, 1.5, 2.0 i}, MAFAIRS NS
PIsR 34 0.92, 1.17, 1.41, 1.25 MPa; F+C
H20% 1R, F/C 0.5, 1.0, 1.5, 2.0 B, #
AR AR B SRR B 4 5o 0.98, 1.24 1.31,
0.95 MPa, HULFIUL, “R[E F+C BB, AR
GRS R R e KRN F+C B
10%0F, F/C 2 1.0 BF 2 $iom B i K, Mgl
15% . 20%M}, F/C J9 1.5 WA RREE Rk, Y oME
N 15% , 20%H0, 2% 50 i {4 04 25 R B 3 s
BN 10%IR0F, 25 LT, FA FlCS KB R
FIFERE A TR AR A R K, 3O TR B
RIS T TC 75 A S 45 8T A B Rk, S EUE Pk
BEREAR; F+C R 20%BF, F/C } 0.5, 1.0 BFAYESHr
WEEYETBE RN 15% 0 Y E/C RS, BE
R 5% B RO, X R, E MR ER

AETF, F/C R 0.5,
G A 5 43501 A

FEAEHE A T4 A A TR AR S b
AT EEH FA A LB, ETA%WLmﬁ CS MELLFE
YRR FA RIEYE, I TCIE S 5K 40 s AR ik Ak
Eele . UL, Tk E R e A AR A R F+C i
HEBE RN 15%, “HEILN1.5,

200 e 10%
——15%
—a-20%

0.5 A

0.5 1.0 1.5 2.0
F/C

B3 FFERABMTHRE

Fig.3 Flexural tensile strength of coal gangue mixture

—_
[

ISR A /MPa
S

2.3 HAEDEIEF

& 4 5, F+C N 10% ., 15% . 20%0}, HE6TF

AR AR BT SR BE F/C O3 N S S RS e
INEABG F+C o 10%EF, F/C SR 1.0 BHLE [ i
K, M 13.8 GPa, it h 2.0 B/t Al
PBEARF TR oy 1.0 BilF, F+C H 15% ., 20%
BF, FBidt LR 1.5 BP0 A & 5 K, 4 il
18.3, 17.1 GPa; Mgkt R 2. 0 B, FiHk M5
W, B R 20% i 14 BRI B K, P s ] g
wANTRR Y 0.5 MYl fF, XUl FA Bat b iR
e B 2 W 2 R KA R R, 3R CS F i B
fifi FA MELLS 5 KRA0 O, 5 BORT P fle 45 46 e 50 o ik
N, R A URL 2 R) Y 3 TR MR BRI
Rl KRR, F/C 0.5, 1.0,
A 20% 01 BB s ] B i 3 TR R 15% 0
fF; SRR ME 1.5 8, B8N 20% R4t
JE [F] S £ 3 0 AR TR O 15% 1y, BiE
R 15% AT R ] SRR i e K, XU F+C o
20% WA E MF BB Tl L, BEN FA B 5 H Al FA
BRAK, FEIRSENTEKEE M, £ 5Kk
NI FA 785 B3 K e di, 25| e 25 4 7= A i 4
48, FHBUEFMBI R, &L, F+C BRRE
AT AR AR, HF2h CS H iy A E L ES R
PEEACRE A AR BORE, JE R o B A K Al A R
PFAKACRESR RS BEIE ; 1K FA B0, ZHFA



4 Bk AN TR AR E BT A SR SR 5 S T ATERERT ST 147

TkZ 5K, HIRFEAE A2 B 55 AT AR &
BHEZREE A B, HOH ) FA B9 R A B
T 1.5,

20 - —a—10%
——15%

YU [Pl /G Pa

0.5 1.0 1.5 2.0
F/C

B4 BEARSHNIEDRES

Fig. 4 Compressive resilience modulus of coal gangue mixture
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Fig. 5 The impact of frost resistance on coal gangue mixture
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Fig. 6 Water stability of coal gangue mixture
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Fig.7 Dry shrinkage strain curve of coal gangue mixture
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