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Strength Characteristics and Mechanism of Red Mud-Fly Ash Stabilized
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Abstract: Using red mud, fly ash, desulfurized gypsum and an alkaline solid waste admixture as cementitious
materials and coal gangue as aggregate, an environmentally friendly all industrial solid waste pavement base mixture
(RFDC) was prepared. The development laws of unconfined compressive strength(f;s) and splitting tensile strength
(fars) of RFDC with different fly ash contents at 4 ages (7, 28, 56 and 90 d) were studied. Then the failure modes
of the compressive and splitting tensile specimens were analyzed. The correlation between the molar ratio of three
different oxides in solid waste cementitious materials and 7 d fi,.s of the REDC was discussed. The formation
mechanism of REDC strength was revealed. The results show that when the content of fly ash is 15%, the mechanical
properties of the REDC are the best. The compressive specimen presents a typical central compressive failure, and
the split tensile specimen is damaged by coarse aggregate of coal gangue. The n(CaO) /[ 7(SiO,) +n(ALO,) ] value
of the solid waste cementitious material has the closest correlation with the 7 d /s of the RFDC. Ettringite( AFt),
aluminum-modified calcium silicate hydrate (C-(A)-S-H) gel and zeolite-like substances are the main hydration
products that provide strength to the REDC.
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Table 1 Chemical compositions of raw materials

w/ %

Materials  ALO, SiO, CaO Fe,O, NaO SO, TiO,

RM 22.20 22.11 21.62 12.91 11.39 0.79 5.42

FA 21.64 48.11 2.66 4.43 O 0.65 1.66
DG 0.62 1.62 39.02 0.44 O 53.95 0
CG 21.64 48.11 9.62 7.15 O 8.27 1.31

1—Katoite 2—Hematite 3—Cancrinite 4—Calcite
S5—Larnite 6—Mullite 7—Quartz 8—Gypsum
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Fig.1 XRD patterns of cementitious materials
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Table 2 Physical indexes of coal gangue

w/ %
Index Result
Needle-like particle content 17.2
Dust content 0.4
Crush value 26.5
Disintegration resistance index 95.8
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Table 3 Design of coal gangue aggregate grading

Passing ratio(by mass)/ %

Grading specification

1.18mm 0.6mm 0.3mm 0.15mm 0.075 mm

4

ul ul

3
40

31 22 15 10 7 5
22 13 8 5 3 2
27 18 12 7 5 3

19mm 16mm 13.2mm 9.5mm 4.75mm 2.36 mm
Upper limit of grading 86 79 72 62
Lower limit of grading 82 73 65 53
Design grading 84 76 68 58
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Table 4 Mix proportions of RFDC

w/ %
Specimen RM FA DG Admixture CG
RFDC-1 37 0 20 3 40
RFDC-2 37 4 16 3 40
RFDC-3 37 8 12 3 40
RFDC-4 37 12 8 3 40
RFDC-5 37 15 5 3 40
RFDC-6 37 18 2 3 40
RFDC-7 37 20 0 3 40
1.2.2 B
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Table 5 Results of compaction test

Optimun moisture Maximum dry

Speci R

pecimen content(by mass)/ % density/(g-cm )
REFDC-1 24.75 1.528
RFDC-2 23.92 1. 501
RFDC-3 23.58 1.491
RFDC-4 23.44 1.480
RFDC-5 23.32 1.478
RFDC-6 23.11 1.461
RFDC-7 22.46 1.454
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Fig. 3 Effects of fly ash content and curing age on mechanical properties of REDC
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(2) REDC-1 (b) REDC-2

(e) RFDC-5

(f) REDC-6

(¢) REDC-3 (d) RFDC-4

(g) RFDC-7
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Fig.4 Unconfined compressive failure modes of REDC specimens
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Fig. 6 Splitting tensile failure modes of REDC specimens
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Table 6 Pearson correlation coefficients of different molar ratios of oxides in cementitious materials and 7 d f;,.s of RFDC

Index n(Ca0)/n(Si0,)  [n(Na,0)+n(CaO))/[(SiO,)+n(ALOY]  n(Ca0)/[n(Si0)+n(ALOY]  7d fies
n(Ca0)/n(Si0,) 1
[2(Na,0)+ n(Ca0)]/[n(Si0,)+n(A1,0,)] 0. 991%* 1
n(Ca0)/[n(Si0,)+n(AL0,)] 0. 456 0. 566% 1
7d fics —0.193 —0.263 —0.610%* 1

Note:* and ** indicate significant correlation at p<<0.05 level and extremely significant correlation at p<<0.01 level, respectively.
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Fig.7 XRDpatternsof RFDC-1, REDC-5and REDC-7 after
hydration for 7.d, and their comparisons with XRD
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Fig.8 FTIR spectra of REDC-1, RFDC-5 and
RFDC-7 after hydration for 7 d
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Fig.9 SEM images of RFDC-1, RFDC-5 and RFDC-7 after hydration for 7 d and EDS spectrum of C-(A)-S-H gel
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