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Utilizing industrial solid waste as a cementitious material for the production of foamed lightweight soil demonstrates significant 
potential applications in the field of road engineering. In this paper, red mud based foamed lightweight soil was developed. 
And the crack resistance of red mud based foamed lightweight soil was evaluated. The findings indicate that the optimum 
composition for the red mud based cementitious material comprises 60 wt% red mud, 40 wt% slag, and 6 wt% NaOH. The 
compressive strength could reach 6.02 MPa and the initial setting time was 104 min at 28 d of curing. A composite foaming 
agent was formulated by selecting a combination of compound alkylamidopropyl betaine and xanthan gum. With a foam agent 
addition of 5 wt%, the compressive strength of red mud based foamed lightweight soil reached 1.05 MPa at 28 d of curing, the 
fluidity reached 212 mm. Fiber can effectively inhibit the cracking of red mud based foamed lightweight soil, and 1.5 wt% glass 
fiber was determined to be the optimal dosage. The results can provide a certain basis for the application of red mud based 
foamed lightweight soil. 
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Introduction

The transportation industry of China has entered a 
period of rapid development, with highway mileage 
showing a steady growth trend. While the road facilities 
improve, the frequency of subgrade defects is also 
increasing. Traditional subgrade fillings are uneven and 
the degree of compaction is insufficient, which leads 
to subgrade settlement and cross-section instability 
deformation. The uneven settlement of the new and 
old subgrade joints in the subgrade widening area, the 
bridgehead bumping in the transition section of the rigid 
and flexible, and other problems have occurred.

Currently, there are numerous methods available for 
addressing subgrade defects [1, 2]. Foamed lightweight 
subgrade boasts advantages such as low weight, 
exceptional strength, excellent fluidity, heightened 
construction efficiency, and the ability to adjust both 
density and strength [3-5]. Therefore, foamed lightweight 
subgrade is considered an effective method to solve 
subgrade diseases. The foamed lightweight subgrade 
is a gas-solid porous lightweight material created by 
incorporating foam into a slurry composed of cement, 
admixture, additives, aggregate, and water. The mixture 
is then blended, poured, and subjected to the curing 

process. Hence, foamed lightweight soil can efficiently 
alleviate the additional stress on the subgrade, providing a 
lasting solution to the issue of uneven settlement. Foamed 
lightweight soil has found extensive applications in the 
transportation sector, effectively addressing subgrade 
issues and prolonging the service life of highways [6-
8]. The cementitious material of traditional foamed 
lightweight subgrade is Portland cement. Nevertheless, 
the raw materials utilized in cement production are non-
renewable, and the manufacturing process results in 
substantial energy consumption and significant carbon 
emissions, posing challenges to sustainable development 
[9]. In recent years, scholars have conducted extensive 
research on the use of solid waste to prepare cementitious 
materials to prepare foam lightweight roadbed [10-16].

At present, alkali-activated solid waste based 
cementitious materials have been widely used in the 
production of foamed lightweight soil. Matalkah et al. 
[17] found that as the curing temperature increased from 
40 °C to 60 °C, the compressive strength of kaolin based 
foamed lightweight soil increased by 50%. Zhang et al. 
[18] used 30 wt% slag instead of Class F fly ash to 
prepare geopolymer foamed lightweight soil. The 28-
day compressive strength of specimens can be adjusted 
within 3~48 MPa by changing the foam content. Yang 
et al. [19] prepared bentonite based foamed lightweight 
soil. The results show that bentonite reduces strength 
shrinkage during curing. Yan et al. [20] mixed gangue 
powder and foam and prepare gangue based foamed 
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lightweight soil. Liu et al. [21] prepared metakaolin 
based foamed lightweight soil. The results show that the 
foamed light soil has the highest adsorption efficiency 
of Pb, Cd and Ni when pH=7.

Red mud (RM) is a solid waste generated by the 
aluminum industry, with an annual discharge of 
approximately 150 million tons in China. The current 
disposal method primarily involves stockpiling, leading 
to extensive land occupation, air, soil, and groundwater 
pollution [22]. Currently, the utilization rate of RM is still 
low. RM is an alkaline silicate material with potential 
hydration activity, and silicon-aluminum oxides exist 
in various forms such as sodalite, calcite, quartz, etc. 
Hence, numerous scholars have explored the feasibility 
of producing cementitious materials from RM. Nevin 
Koshy et al. [23] used RM, coal gangue and fly ash as raw 
materials to prepare composite geopolymer cementitious 
materials. Gao et al. [24] prepared a new geopolymer 
grouting material using RM, ground granulated blast 
furnace slag and calcium bentonite. The results indicate 
that the inclusion of calcium bentonite decreases the 
sample porosity while enhancing compressive strength 
and erosion resistance.

Therefore, to facilitate the application of RM based 
foamed lightweight soil (RMFLS) in the highway 

engineering, this paper conducted the following research: 
(1) Investigate the influence of various activators on the 
setting time and compressive strength of RMCM, and 
ascertain the optimal RM content. (2) Determine the 
optimal ratio for a compound alkali-resistant foam agent. 
Explore the impact of foam dosage on the compressive 
strength of RMFLS, identify the optimal foam dosage, 
and achieve the preparation of RMFLS. (3) Evaluate 
the enhancement impact of fiber on crack resistance of 
RMFLS. This study can serve as a reference for the 
engineering application of RMFLS.

Materials and Methods

Raw Materials
In this paper, RM was collected from Shandong 

Weiqiao Pioneering Group., Ltd. S95 ground granulated 
blast furnace slag (GGBFS) was purchased from 
Shandong Lubi Building Materials Group., Ltd. The 
chemical composition was determined by SRS3400 
X-ray Fluorescence analyzer from Bruker, Germany. The 
mineral composition was determined by an EMPYREAN 
type X-ray Diffraction instrument by PANalytical of the 
Netherlands, which scans over a range of 5 to 90° and at 
a scanning speed of 5°/min. The particle size distribution 

Table 1. Physical characteristics.
Density (kg/m3) Specific surface area (m2/g) Moisture content (%) Evenness

RM 1650 3.72 2.3 7.35
GGBFS 2700 1.60 0.7 0.802

Table 2. Chemical composition.

SiO2 (%) Al2O3 (%) Fe2O3 (%) CaO (%) MgO (%) SO3 (%) Na2O (%) Burn loss 
(%)

RM 13.40 21.80 40.45 4.42 0.26 0.77 11.30 7.60
GGBFS 30.80 16.10 0.26 40.10 7.95 2.50 0.25 2.04

Fig. 1. Mineral composition of RM and GGBFS.
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was determined by the Mastersizer 2000 laser particle 
size analyzer of Malvern, UK. The physical properties 
and chemical composition are shown in Table 1 and 2, 
respectively. The mineral composition and particle size 
distribution are shown in Fig. 1 and 2, respectively. Three 
activators, NaOH (NH), sodium silicate solution (NSS) 

and sodium silicate powder (NSP), were used in this 
study. All chemical reagents are of analytical grade. The 
NSS has a solid content of 34% and an initial modulus 
of 3.3 M. The NSP exists as a white powder with a 
modulus of 1.4 M.

Four foam agents, sodium alcohol ether sulphate 
(AES), sodium dodecyl sulfate (K12), sodium alpha-
olefin sulfonate (AOS) and compound alkylamidopropyl 
betaine (FM-20AB), were selected in this study. The 
properties of foams are shown in Table 3.

In this study, fiber was utilized to inhibit the 
shrinkage and cracking of RMFLS. Glass fiber (FG) 
and polypropylene fiber (PPF) are selected for research. 
The performance indexes are shown in Table 4, and the 
images are shown in Fig. 3.

Experimental program
In this study, the optimal ratio of RMCM was 

determined by studying the effects of RM content (40 
wt%~80 wt%), activator type (NH, NSS, NSP), and 
activator dosage (4 wt%~8 wt%) on the setting time 
and compressive strength of red mud based cementitious 
materials. The specimens were thoroughly mixed and 
poured into molds with dimensions of 40 mm × 40 mm 

Fig. 2. Particle size distributions of RM and GGBFS.

Table 3. Properties of foaming agent.
Colors State Purity (%)

AES White to light yellow Gelatinous 70
K12 white Powder 93
AOS Pale yellow Liquid 35

FM-20AB Colorless to light yellow Liquid 30

Fig. 3. The micrographs of fibers.

Table 4. Properties of fibers.

Variety Apparent density 
(g/cm3)

Diameter 
(μm)

Length 
(mm)

Tensile strength 
(MPa)

Elongation at break 
(%)

FG 0.88 13.4 19 386 26
PPF-9 0.91 34.6 9 469 20
PPF-12 0.90 38.4 12 550 24
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× 40 mm. After 24 hours, the specimens were demolded 
and transferred to a standard curing room. All specimens 
were cured for 28 d at a water-binder ratio (W/B) of 
0.6. The optimum ratio of RMCM, the type of activator 
and the dosage were determined comprehensively by 
compressive strength and setting time.

The preparation process of RMFLS is as follows: RM, 
GGBFS, and activator were weighed, dry-mixed in the 
mixer for 30s, and then wet-mixed with water for 90s 
to prepare a slurry of RMCM for subsequent use. A 
foaming liquid was prepared using foam agent and water, 
which was then passed through a foaming machine to 
generate foam. The foam was subsequently transferred 
to a horizontal mixer and stirred with the RMCM for 
120s to obtain a homogeneous mixture. The mixture 
was poured into a 100 mm × 100 mm × 100 mm mold 
and allowed to stand for 48 hours. Subsequently, the 
specimens were demolded and transferred to a standard 
curing room for maturation to the designated age.

Analytical methods
Mechanical properties such as compressive strength 

and flexural strength were tested by WDW-300M 
universal testing machine. The test of setting time 
for RMCM was according to GB/T 1346-2011. The 
determination of foam sedimentation distance and water 
secretion volume was according to CJJ/T 177-2012. The 
rheological properties of RMCM were tested by Thermo 
Fisher's Mars 60 rheometer. The wet volume weight, 
fluidity and compressive strength of the RMFLS were 
tested according to CJJ/T 177-2012.

Results and Discussion

Composition design of RMCM
Setting time
Fig. 4 illustrates the variation in setting time of 

RMCM for varying RM content. The initial setting time 
gradually increased as the RM content increased. When 
NSS was used as the activator, the initial setting time 

increased from 2771 min to 4004 min with the rising 
RM content. This is due to the insufficient content of 
active ingredients in RM, leading to a slow hydration 
rate. The specimens activated by NH exhibited the 
shortest initial setting time. At an equivalent dosage, 
the initial setting time of RMCM activated by NH 
ranged from 109 minutes to 351 minutes, significantly 
lower than that activated by NSS and NSP. This is 
attributed to the highly alkaline of NH, which expedites 
the geopolymerization reaction, consequently markedly 
reducing the initial setting time of the specimens.

Fig. 5 illustrates the effect of activator content on the 
initial setting time of RMCM. The initial setting time 
of RMCM initially decreased and then rised with the 
increasing NH dosage, reaching the shortest setting time 
of 128 min at 6 wt% NH dosage (Fig. 5a). This is because 
the increasing NH dosage promotes the release of Ca2+ in 
GGBFS and accelerates the geopolymerization reaction. 
Nevertheless, excessive activator dosage may impede 
polycondensation and diminish the reaction rate. With 
the increase in NSS and NSP dosage, the initial setting 

Fig. 4. Effect of RM content on initial setting time. (activator-6%)

Fig. 5. Effect of activator dosage on initial setting time. (RM content-60%) 
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time gradually shortens (Fig. 5b). When the dosage of 
NSS and NSP increased from 4 wt% to 8 wt%, the 
setting time of RMCM decreased from 3866 min and 
2546 min to 2270 min and 929 min, respectively. This is 
because with the increase in the dosage of NSS and NSP, 
the concentration of [SiO4]4- rises, thereby amplifying 
the activator effect, accelerating the reaction rate, and 
consequently reducing the coagulation time.

Compressive strength
Fig. 6 illustrates the impact of RM content on the 

compressive strength of RMCM at 28 d of curing. When 
NH served as the activator, the compressive strength 
of the RMCM initially rose and then declined with 
increasing RM content. At a 50 wt% RM content, the 
maximum compressive strength reached 9.04 MPa. The 
alkalinity of RM promotes geopolymerization, leading 
to a denser micro structure. Moreover, RM possesses a 
small particle size and exhibits a micro-aggregate effect. 
Consequently, RM can fill pores, enhance the density of 
specimens, and subsequently improve the compressive 
strength. When the RM content exceeded 50 wt%, the 
predominant component of low reactivity RM led to a 
reduction in compressive strength. When NSS and NSP 
served as the activator, as the RM content increased 
from 40 wt% to 80 wt%, the compressive strength of 
specimens decreased from 20.89 MPa and 19.94 MPa 
to 5.76 MPa and 4.58 MPa, respectively. The impact of 
three activators on the compressive strength of specimens 
follows the order of NSS, NSP, and NH, from highest 
to lowest. NH is used only as an alkaline activator to 
provide an alkaline environment for geopolymerization. 
NSS and NSP contribute to an alkaline environment 
and provide Si4+ for participation in geopolymerization, 
leading to the generation of hydration products and an 
improvement in compressive strength.

The effect of activator dosage on compressive strength 
of specimens at 28 d of curing is shown in Fig. 7. 

With an increase in NH dosage from 4 wt% to 6 wt%, 
the compressive strength reached the peak value of 
6.02 MPa. However, as the NH dosage continues to 
rose to 8 wt%, the compressive strength subsequently 
decreased to 5.78 MPa. The compressive strength of 
specimens gradually increased as the NSS or NSP dosage 
increased. Furthermore, under equivalent dosages, NSS 
demonstrated a superior effect compared to NSP. As NSS 
dosage increased, the activation effect increased. This 
prompts GGBFS and RM to release more Al3+ and Si4+, 
initiating the geopolymerization reaction, and resulting in 
the formation of hydrated gel. Consequently, this process 
enhances the compressive strength of specimens.

In conclusion, when NH serves as the activator, the 
specimens exhibit the shortest initial setting time, and 
the optimal effect is attained at a 6 wt% dosage. To 

Fig. 7. Effect of activator dosage on compressive strength. (RM 
content-60%) 

Fig. 6. Effect of RM content on compressive strength. 
(activator-6%)

Fig. 8. The relationship between foaming times and pH of four 
foaming agents.
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attain substantial RM content and superior compressive 
strength, the optimal ratio is established as follows: 60 
wt% RM, 40 wt% GGBFS, and 6 wt% NH.

Foaming properties
The RMCM exhibits strong alkalinity. Therefore, the 

impact of the alkaline environment on the foam agent 
was investigated by examining the variations in the 
properties of the foam agent at different pH. NH particles 
were introduced into distilled water to create an alkaline 
solution with a pH range of 8 to 14. Subsequently, 
the foaming properties of AES, K12, AOS, and FM-
20AB were analyzed after the solution was diluted 60 
times under different pH conditions. The foaming ratio 
variations with the pH of the solution are depicted in 
Fig. 8. As the pH increased, the foaming multiples of 
the four foam agents exhibit a decreasing trend. The 
foaming capacities of all foam agents exhibited a 
decline in alkaline solutions, with K12 displaying the 
most pronounced decrease. At a pH of 14, the foaming 
multiples were as follows: FM-20AB-23, AES-19, AOS-
17, and K12-4. This phenomenon arised due to the 
alkaline solution causing a notable contraction or even 
disappearance of the oil-in-water (W/O) and water-in-
oil (O/W) microemulsion regions in the phase diagram 
of the K12 solution. Consequently, there is a decrease 
in surface activity, leading to a decline in foaming 
performance. The adaptability of the four foam agents 
to alkaline solutions followed the order of FM-20AB, 
AES, AOS, and K12, ranging from strong to weak.

Stability is typically assessed through parameters 
such as settling distance and water secretion, which 
respectively indicate the extent of defoaming and liquid 
film water loss. The relationship between settling distance 
and pH is illustrated in Fig. 9. The settlement of K12 in 
an alkaline solution is notably pronounced. With the pH 
escalating from 8 to 14, the settling distance increased 

from 87 mm to 108 mm. When the pH was below 
13, both AES and AOS exhibited slight increments in 
settling distances, reaching maximum settling distances 
of 2 mm and 8 mm, respectively. When the pH exceeded 
13, the settling distance of AES increased from 2 mm to 
12 mm, while AOS showed an increase from 8 mm to 
32 mm. Nevertheless, the settling distances of FM-20AB 
in an alkaline solution was minimal, with no discernible 
settling observed in alkaline solutions within the pH 
range of 8 to 12. A slight settling distance of 1 mm was 
noted in a highly alkaline environment with pH ranging 
from 13 to 14. It could be inferred that the foam stability 
performance of the four foam agents in alkaline solution 
follows the order of FM-20AB, AES, AOS, and K12, 
ranging from the best to the worst.

The relationship between water secretion and pH 
is depicted in Fig. 10. There is a positive correlation 
between water secretion and pH for all four foam 
agents. As the pH increased from 8 to 14, the water 
secretion of FM-20AB rose from 19 mL to 34 mL. The 
water secretion in foam primarily comprised interbubble 
water and liquid film water. Initially, free water existing 
between the bubbles is discharged, followed by the 
drainage of liquid film water through gravity and surface 
tension mechanisms. These two drainage methods work 
together to make the liquid film thin and the bubble 
burst. AOS exhibits the poorest foaming capacity and the 
highest liquid-carrying capacity, leading to more liquid 
discharge. The structure of K12 is compromised in an 
alkaline environment, making it challenging to form a 
dense creamy foam. Despite this, it retains characteristics 
of a foam agent solution close to a fluid, contributing 
to the highest water secretion. Based on the quantity of 
water secreted, the foam stability performance of the 
four foam agents in alkaline solution can be ranked as 
follows: AES, FM-20AB, AOS, and K12, from best to 
worst.

Fig. 9. The relationship between settling distance and pH of 
four foaming agents.

Fig. 10. The relationship between water secretion and pH of 
four foam agents.
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FM-20AB demonstrated superior foaming and foam 
stabilization properties when diluted 60 times in an 
alkaline solution with a pH range of 8 to 14. It achieved 
a peak foaming ratio of 24, the minimal settling distance 
after 1 h was 1 mm, and the water secretion over 1 hour 
amounted to 35 mL. Xanthan gum (XG) was selected 
as foam stabilizing agent. The foam agent system FM-
20AB:XG (FMX) = 1:0.2 was selected to carry out 
following studies.

Influence of foam dosage on the properties of RMFLS
The correlation among fluidity, wet volume weight, 

compressive strength, and foam dosage of RMFLS 
prepared with FMX foam agent is illustrated in Fig. 
11. The fluidity exhibited a gradual decline with the 
augmentation of foam dosage. As the foam dosage 
elevated from 3 wt% to 7 wt%, the fluidity of the FMX 
specimen diminished from 227 mm to 190 mm. This 
decline could be attributed to the directional adsorption 
of surfactant molecules from the foam onto the particle 
surface, thereby enhancing adhesion with the cementing 
material. Furthermore, both wet volume weight and 
compressive strength exhibited a linear decrease with 
the escalation of foam dosage. As the foam dosage 
increased from 3 wt% to 7 wt%, the wet bulk density 

of FMX decreased from 10.4 kN/m³ to 6.2 kN/m³. 
The compressive strength of specimens at 28 d curing 
decreased from 1.65 MPa to 0.74 MPa. The strength 
of RMFLS primarily relies on the cementing material 
derived from RM. The introduction of foam introduces 
numerous macroscopic pores, leading to a relative 
increase in pore volume and a corresponding decrease 
in the solid phase volume. Consequently, this results in 
a gradual reduction in wet bulk density and compressive 
strength.

In conclusion, taking into account the lightweight and 
high-strength attributes of RMFLS, the optimal foam 
dosage is determined to be 5 wt%. The preparation 
involves mixing RMCM with foam. The optimal 
composition comprises 60 wt% RM, 40 wt% GGBFS, 
6 wt% NH, and 5 wt% of the foaming dosage FMX. The 
specimen had a fluidity of 212 mm and wet bulk weight 
of 9.1 kN/m3. The compressive strength of the specimen 
reached 0.74 MPa at 7 d of curing and increased to 1.05 
MPa at 28 d of curing.

Enhancement for crack resistance of RMFLS
The effect of fiber on the compressive strength of 

RMFLS is shown in Fig. 12. FG could significantly 
improve the compressive strength of specimens. At a 

Fig. 11. The effect of foam dosage on properties of RMFLS.

Fig. 12. The effect of fiber on compressive strength of RMFLS.
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W/B of 0.6, the compressive strength growth rate reached 
87.6% with 1.5 wt% FG dosage. Conversely, at a W/B 
of 0.55, the compressive strength initially decreased and 
then rose with the increasing dosage of PPF-9 and PPF-
12. The length of a fiber dictates its uniform dispersion 
within the grout, where evenly distributed short fibers 
work to impede crack extension and enhance strength. 
Longer fibers, however, pose a risk of clustering within 
the paste, leading to irregular dispersion and local 
stress concentration due to their globular appearance, 
ultimately diminishing the strength [25]. However, after 
the addition of FG, the strength development showed 
the opposite trend. FG has the largest length, but has the 
strongest effect on compressive strength. This may be 
due to the smaller diameter of FG, which increases its 
contact area with the slurry. This promotes an increase in 
compressive strength. With 0.6 W/B, the incorporation 
of PPF contributes to an enhancement in compressive 
strength. At a 28 d curing, adding 1.5 wt% PPF-12 
resulted in an increase of 28.2% in compressive strength 
compared to PPF-9. This improvement was attributed to 
the increasing W/B, which minimized the clustering of 
long fibers. In addition, PPF-12 has a larger diameter than 
PPF-9, so it can inhibit crack growth more effectively.

The flexural strength of fibers in RMFLS is illustrated 
in Fig. 13. All types of fibers contributed to the 
enhancement of flexural strength in foamed lightweight 
soil. As the fiber dosage increases, the contact area with 
RMCM gradually expands, forming a three-dimensional 
network structure. When the specimen is subjected to 
a load, the fibers absorb energy, enhance deformation 
capability, and ultimately improve flexural strength [26]. 
In addition, the ascending order of flexural strength is FG, 
PPF-12, and PPF-9 from the highest to the lowest. The 
increase in PPF-9 content has a very low contribution to 
the increase in the flexural strength of the specimen. This 
is because compared to short fibers, long fibers exhibit a 
larger contact area with the cementing material, leading 
to enhanced interface adhesion and greater resistance to 
load. At a W/B of 0.55, the flexural strength of RMFLS 

added with FG exhibits a remarkable increase. At a 28 
d curing, the specimen experienced a respective increase 
of 414.3% and 374.3% in flexural strength at W/B of 
0.55 and 0.6, with a 1.5 wt% dosage of FG. Conversely, 
altering the W/B does not have a pronounced effect 
on the flexural strength of RMFLS added PPF. At a 
28 d curing and 1.5 wt% PPF-9 dosage, the flexural 
strength of the specimen increased by 145.2% and 
151.4% at W/B of 0.55 and 0.6, respectively. Upon the 
addition of PPF-12, there was an increase in flexural 
strength by 159.5% and 185.7%, respectively. The W/B 
significantly impacts the interface strength between the 
fiber and cementitious material [27]. An elevation in 
the W/B leads to an increase in free water content, and 
the surplus free water evaporates during condensation 
and solidification, creating pores within the stone body, 
consequently reducing the flexural strength [28].

Table 5 presents the crack width and cracking time on 
the surface of RMFLS after the addition of fibers. The 
W/B and curing time are set at 0.6 and 7 d, respectively. 
The control group exhibited the widest crack width at 3.2 
mm and the shortest cracking time at 37 hours. Fibers 
play a mitigating role in the cracking phenomenon 

Table 5. Fracture condition of cross section of specimen.

Name Dosage 
 (%)

Crack width 
(mm)

Cracking time 
(h)

Control group - 3.2 37

FG
0.5 1.5 190
1.0 1.1 201
1.5 0.9 227

PPF-9
0.5 2.2 126
1.0 1.9 144
1.5 1.8 153

PPF-12
0.5 2.6 50
1.0 2.3 58
1.5 2 69

Fig. 13. The effect of fiber on flexural strength of RMFLS.
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of RMFLS, with FG exhibiting the most pronounced 
optimization effect. The crack width of specimens 
with a 1.5 wt% dosage was the narrowest at 0.9 mm, 
representing a 71.9% reduction compared to the control 
group. Fibers contribute to the enhanced toughness 
of RMFLS, improving its resistance to deformation, 
reinforcing shrinkage resistance, and prolonging cracking 
time. The efficacy in mitigating cracking in RMFLS 
follows the order of FG, PPF-9, and PPF-12 from best 
to worst, with a stronger effect observed with an increase 
in fiber dosage.

Conclusion

In this paper, RMFLS was developed, and the effect 
of fiber on crack resistance improvement in the foamed 
lightweight soil was studied. The conclusions can be 
drawn:

(1) The optimal ratio was determined as 60 wt% RM, 
40 wt% GGBFS, and 6 wt% NH. At 28 d of curing, the 
compressive strength of RMCM reached 6.02 MPa and 
the initial setting time was 104 min.

(2) FM-20AB had the best performance in alkaline 
solution with pH range from 8 to 14, achieving the 
highest foaming ratio of 24 and the lowest settling 
distance of 1 mm. The composite foam agent FMX was 
composed of XG and FM-20AB. When the dosage was 
5 wt%, the mobility of foamed lightweight soil was 212 
mm. The compressive strength was 0.74 MPa at 7 d of 
curing and increased to 1.05 MPa at 28 d of curing.

(3) Fiber could effectively improve the crack 
resistance of RMFLS. FG exhibited the most pronounced 
improvement effect, and the enhancement became more 
pronounced as the dosage of fiber increased. The crack 
width of RMFLS with 1.5 wt% FG was the narrowest 
of 0.9 mm and the longest cracking time was 227 h. 
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