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ABSTRACT 
Controlled low-strength material (CLSM) also known by names such as flowable fill or controlled density fill is self-
compacted in nature and used in civil engineering works such as backfills, void fills, conduit bedding and many more. 
These materials have strength lesser than 8.3 MPa. Generally it consists of Portland cement, fine aggregate, fly ash 
and water but several other materials such as foundry dust, quarry dust can also be used. In this study the different 
engineering properties of CLSM with different mix proportion was evaluated. Mix proportion mainly consists of red 
mud having 70%, 60% and 50% by weight of total composition along with fly ash of 20%, 30% and 40% respectively 
and phosphogypsum of 10% was studied. Portland cement was used as the binder material in all the composition in 
the proportion of 10% and 7% of the above composition. For different mix proportions considering flow value as an 
important parameter firstly percentage of water required for desired flow value (0.15-0.3m) was evaluated by trial 
method and then then at those water content along with above mixture other important engineering properties of 
CLSM such as compressive strength, bleeding and durability was evaluated. Except the property of reexcavatibility 
(strength lesser than 2.1 MPa) for some composition all the other properties of all the composition were within the 
permissible limit. In overall it can be stated that Red mud can be effectively used as one of the material in CLSM.  
 
 
 
1 INTRODUCTION 
 
Controlled low-strength material (CLSM) also known by  
various different names like self-compacting, self-
levelling, flowable fill, controlled density fill, soil cement 
slurrey, unshrinkable fill, and many more. The strength 
criteria for these materials defined as per American 
Concrete Institute (ACI) is minimum of 0.3 MPa and 
maximum of 8.3 MPabut considering re-excavation in 
future it is limited to 2.1 MPa or less (ACI 229R-99). 
These materials are different from the low-strength 
concrete but the basic principle behind these material is 
similar to that of self-compacting concrete. Therefore 
these materials are also called as grout material. These 
are the self-compacted cementitious material.These 
materials find their applications in various civil 
engineering works such as backfill, filling voids where 
compaction cannot be done such as under existing 
buildings and roads, filling abandoned structures 
beneath the ground and many more. These materials 
are advantageous than other materials in terms of 
labour and equipment requirement because of its flow 
characteristics.  

Soil, fly ash, water and cement are the traditional 
materials of CLSM (ACI 229R-99) but now for 
enhancing the properties of these mixtures admixtures 
are added. Several studies are going on finding the 
potential use of industrial by-products as the constitute 
material.Cement less CLSM, use of quarry dust as a 
replacement of fine aggregate, green CLSM, use of 
recycled aggregate are the recent development. These 
studies forms the scope to explore the use of many 
other materials in combination with other as a constitute 
material of CLSM. There are several other industrial by-
products which are having some pozzolanic property 
and can be used as a replacement of cement and fine 

aggregate in the production of CLSM. Fly ash a well-
known pozzolanic waste material is used in various type 
of binding amaterial production. Due to the presence of 
pozzolanic material in the red mud and phosphogypsum 
these materials are also now used in brick production 
and other construction material. 
In the recent study done by Liu and Poon (2016) Red 
Mud was used as a replacement for natural sand in 
self-compacting concrete and Tan Manh Do and 

Young‑sang Kim ( 2016) used red mud as the 

replacement of cement in the production of CLSM.Aloa 
M. Rashad (2017) used phosphogypsum as a 
replacement of natural sand in the production of 
concrete and found it as a suitable construction 
material.  
The present study deals with the use of red mud, fly ash 
and phosphogypsum in different combination as 
constitute material in the production of CLSM by 
checking the basic engineering properties of CLSM.  
 
 
2 MATERIALS AND METHODOLOGY 
 
There are set of key property of the CLSM for which 
different experiments are there by the help of these 
experiments scope of the material being as a CLSM 
material is evaluated. For this purpose first the 
geotechnical characterization of the material was done 
and then the characterization of different mix proportion 
as a CLSM material was experimented.  
 
2.1 Materials used 
 
2.1.1    Fly ash 
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The fly ash used in the present study was Class F fly 
ash and was collected from NALCO. The fly ash was 
oven dried and then the basic geotechnical property 
was determined. Basic properties of fly ash are 
discussed in Table 1. From the grain size analysis the 
fly ash was found to contain 22% sand sized particle 
and 72% silt size particle. The X-ray Diffractometer 
Analysis (XRD) of it is shown in Figure 1. 
Micromorphology study was done by scanning electron 
microscope (SEM) and from the image of SEM it can be 
concluded that most of the particle are circular in shape 
as shown in Figure 2. 

 
 

Table 1. Basic properties of fly ash 
 

Fly ash properties Value 

Specific Gravity 2.24 

Maximum dry density, kN/m3 13.5 

Optimum moisture content, % 24.7 

 
 

 
Figure 1. XRD analysis of fly ash 
 
 

 
Figure 2. SEM image of fly ash 
 
 
2.1.2    Red mud 
 
The red mud used in this study was collected from 
HINDALCO, Muri, Jharkhand, India.The red mud was 
oven dried and then the basic geotechnical property 
was determined. Basic properties of red mud are 
discussed in Table 2. From the grain size analysis the 
red mud was found to contain 17% sand sized particle 

51% silt size particle and 32% clay size particle. 
Micromorphology study was done by scanning electron 
microscope (SEM) and from the image of SEM it can be 
concluded that most of the particle are flaky in shape as 
shown in Figure 3. 
 
 
Table 2. Basic properties of red mud 
 

Red mud properties Value 

Specific Gravity 3.27 

Liquid limit, % 39.89 

Plastic limit, % 36.08 

Plasticity index 3.81 

Maximum dry density, kN/m3 15.2 

Optimum moisture content, % 31.5 

 
 

 
Figure 3. SEM image of fly ash 

 
 

2.2 Experimental methodology 
 
The present study consists of various experiments for 
the characterization of different mixtures as a CLSM. In 
this study red mud was used in three proportions 70%, 
60% and 50%, flay ash was used in 20%, 30% and 
40% while phosphogypsum of 10% in all the mixes. 
Cement was used two proportion 7% and 10% of the 
mix consisting red mud, fly ash and phosphogypsum. 
While different water content of mix containing red mud, 
fly ash, phosphogypsum and cement was used 
considering flow as an important parameter. Water 
content which was able to produce a flow value in 
between 0.15 to 0.3 m was used and a mixture was 
obtained and all the basic properties of CLSM were 
determined. Each mixture is identified by the following 
notation as explained in Table 3. 
 
 
Table 3. Nomenclature of mixes 
 

Red 
mud (%) 

Fly ash 
(%) 

Phosphogypsum 
(%) 

Cement 
(%)1 

Water 
(%)2 

Nomenclature 

70 20 10  10         45 Mix-1 

70 20 10  10         50     Mix-2 

60 30 10  10         50 Mix-3 

60 30 10  10         55 Mix-4 

50 40 10  10         55 Mix-5 
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70 20 10  7           45 Mix-6 

70 20 10  7           50 Mix-7 

60 30 10  7           50 Mix-8 

60 30 10  7           50 Mix-9 

50 40 10  7           50 Mix-10 

1cement content % is of mixture containing red mud, fly 
ash and phosphogypsum 
2water content % is of mixture containing red mud, fly 
ash, phosphogysum and cement 
 
 
The prepared mixture was then characterized by flow 
value, bleeding, fresh density, unconfined compressive 
strength (UCS), and durability as a CLSM material. 
 
2.2.1 Determination of flow consistency 
 
Flow consistency is an important parameter of 
CLSM.Flow consistency is the measure of the spread of 
the CLSM material. It is determined as per ASTM 
D6103-04Standard Test Method for Flow Consistency 
of Controlled Low Strength Material (CLSM). In this 
cylindrical mould of length 0.150 m and diameter .075 
m was taken. Steps followed in this test are listed 
below. 

 Cylindrical mould was placed over non 
pervious fibre plate free from any vibration. 

 CLSM mixture was poured into the cylindrical 
mould and was slightly over filled. 

 Surface was strike with straight edge. 

 Within 5 seconds cylinder was moved in 
vertical direction up to minimum of 0.15 m 
height. 

 Immediately largest measuring diameter was 
taken in two perpendicular direction. 

The materials having diameter between 0.15-0.30 m 
were acceptable and then with that mix further 
characterization was done. The fabricated mould used 
for the measurement of flow consistency is shown in 
Figure 4. 
 
 

 
Figure 4.Cylindricalmould for flow consistency 
measurement. 
 
 
2.2.2 Density  
 
Density plays an important role for replacing or filling 
any structure or voids. Hence it is required to know the 
density of the material while placing as well as the 
density of material after hardening.Fresh density of 

CLSM is measured as per ASTM D6023-16Standard 
Test Method for Density (Unit Weight), Yield, Cement 
Content, and Air Content (Gravimetric) of Controlled 
Low-Strength Material (CLSM). It is the measure of 
amount of sample in unit volume. It is very important 
parameter in various applications. For measuring 
density a measuring cylinder of 0.001 m3 was taken. 
The prepared sample was filled in that cylinder within 
5minutes of obtaining the CLSM mix and the volume 
and weight of sample filled in the measuring cylinder 
was noted. The density for the freshly prepared is given 
by the ratio of weight of the sample to the volume of the 
sample. Hardened density is measured by the sample 
prepared for UCS by taking ratio of the weight to 
volume. 
 
2.2.3 Bleeding 
 
It is the amount of water segregated water after certain 
duration.As we know segregation in the concrete leads 
to the lesser strength of the concrete which is due to the 
separation of the water from the mix this process of 
coming out of water from the mix is referred as 
bleeding. Since water content in the CLSM is high there 
is possibility of bleeding so it should be taken proper 
care.  It is measured as per ASTM C940-10a standard 
test method for expansion and bleeding of freshly mixed 
grouts for preplaced-aggregate concrete in the 
laboratory according to which it is the volume of water 
segregated after 3 hours to the initial volume taken. For 
measuring this 0.001 m3 measuring cylinder was taken 
and filled up to volume of 0.8 to 0.9 m3 then covered 
with plate so that moisture is not lost and kept it for 
three hours after that amount of water segregated was 
collected.  
 
2.2.4 Unconfined compressive strength (UCS) 
 
It is an important parameter for evaluating a material as 
a CLSM material. For the measurement of UCS mould 
of dimension 0.07m height and diameter 0.03m was 
made by using mould of PVC pipe which was as per 
ASTM D4832-16 Standard Test Method for Preparation 
and Testing of Controlled Low Strength Material 
(CLSM) Test Cylinders. Figure 5 shows the UCS mould 
used in this study. After preparing the sample it was 
kept for 7 days and 28 days curing and then it was 
tested under compression testing machine. Early 
strength in CLSM is not important because of its highly 
flowable in nature it require time to set so that the 
sample can be extracted properly from the moulds.  For 
CLSM material 28 days strength is most significant. By 
seeing the failed sample it can be concluded that there 
was brittle failure in this type of material. Figure 6 
shows the failed sample.  
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Figure 5.UCS mould       Figure 6. Failed UCS sample 
 
 
2.2.5 California bearing ratio (CBR) 
 
It is an important parameter for the road construction. 
So for evaluating the CLSM material as a fill material in 
embankments CBR is done. It is done as per IS: 2720 
(Part-16)-1979. Since it is flowable fill there was no 
need for compaction. For preventing water to escape 
out the CBR mould was pasted to the base plate.The 
pasted CBR mould is shown in Figure 7.  

 
 

 
Figure 7. Pasted CBR mould 
 
 
2.2.6 Slake durability test 
 
Slake durability test is done for testing the durability of 
the sample against weathering action of water. It is 

done as per ASTM D4644-16 Standard Test Method for 
Slake Durability of Shales and Other Similar Weak 
Rocks. For this test samples was put into the drums of 
slake durability and it was rotated in the water at the 
speed of 20 rpm for 10 minutes. Then the sample after 
slaking was collected and kept for oven drying. This 
procedure was repeated for two cycles and finally the 
weight retained percentage was calculated. 

 
2.2.7 Alternate wetting drying test 
 
There are so many places which are subjected to 
alternate wetting and drying so there is always need to 
test the sample for alternate wetting and drying. Due to 
alternate wetting and drying there is change in the 
volume due to which there is reduction in the strength of 
the sample.  It is done as per ASTM D559/D559M-15 
Standard Test Methods for Wetting and Drying 
Compacted Soil-Cement Mixtures. 

 
 

3 RESULTS AND DISCUSSIONS 
 
3.1 Flow consistency 
 
Flow consistency was determined for all the Mix 
proportions and the flow value in between 0.15-0.3 m 
were excepted and rest of the CLSM characterization 
was done. Table 4 shows the variation of flow value of 
the different mix proportions. From the results it can be 
concluded that with the increase in water content flow is 
increasing for the same composition while for the 
different composition the fly ash content is affecting the 
flow value as more the fly ash more the surface area 
more the water requirement for better flow consistency. 
Figure 8 and 9 shows the variation of flow value at 10% 
cement content and 7% cement content respectively. 

 
 

Table-4.  Flow consistency of different mix 
 

Sl. No. Flow Value (*10 -3m) 

Mix-1 166.5 

Mix-2 255 

Mix-3 213.8 

Mix-4 299.7 

Mix-5 246.7 

Mix-6 168.3 

Mix-7 256.5 

Mix-8 215.3 

Mix-9 301.7 

Mix-10 247.5 
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Figure 8. Flow value at 10% cement content 
 
 

 
Figure 9. Flow value at 7% cement content 
 
 
3.2 Density 
 
Fresh density and hardened density at different ages 
was determined. Fresh density and hardened density of 
the sample at different ages is given in Table 5.  From 
the results it can be concluded that with the increase in 
water content for the same mix proportion the density is 
decreasing and for different mix proportions the one 
which contain higher red mud content gives higher 
density value. Figure 10 and 11 shows the variation of 
fresh density at 10% cement content and 7% cement 
content respectively. 
 
 
Table 5. Densities at different ages 
 

Sl. No. Fresh 
density 
(kN/m3) 

Hardened 
density 7 days 
(kN/m3) 

Hardened 
density 28 days 
(kN/m3) 

Mix-1 18.9 18.7 18.2 

Mix-2 18.7 18.3 17.8 

Mix-3 18.5 17.9 17.7 

Mix-4 18.2 17.5 17.1 

Mix-5 17.8 17.5 17.5 

Mix-6 18.1 18 17.6 

Mix-7 17.9 17.7 17.2 

Mix-8 16.5 16.4 16.1 

Mix-9 15.7 15.3 14.8 

Mix-10 15.4 15.2 14.6 

 

 
Figure 10.Flow value at 10% cement content 
 
 

 
Figure 11.Flow value at 7% cement content 
 
 
3.3 Bleeding 
 
Table 6 shows the bleeding percentage after 3 hours. 
From the results obtained it can be concluded that for 
none of the sample it is exceeding the allowable limit 
which is 5%. From the result it can also be concluded 
that with increase in water content bleeding increases 
and it can also be seen that mix having higher RM 
shows low bleeding because of its plasticity nature. 
 
 
Table 6. Bleeding% 
 

Sl. No. Bleeding% 

Mix-1 0 

Mix-2 0 

Mix-3 0.05 

Mix-4 0.34 

Mix-5 0.31 

Mix-6 0 

Mix-7 0.1 

Mix-8 0.15 

Mix-9 0.99 

Mix-10 0.44 
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3.4 UCS  
 
Compression test was done at the age of 7 and 28 
days. Table 7 represents the strength of the sample at 
different ages. Figure 12, 13, 14 and 15 is the stress 
strain curve of the UCS sample at 10% and 7% of 
cement content respectively at different ages. As form 
the results we can see all the compressive strength are 
below 8.3MPa which is required for CLSM. From the 
results it can also be concluded that for the mix 
proportion there is decrease in the strength value with 
the increase in water content and it can also be 
conclude that for different composition at the same 
water content the compressive strength of that mix 
containing red mud in more amount is greater than that 
with the lower red mud content. These results also 
shows that strength also decreases with the decrement 
of cement content. 
 
 
Table 7. UCS of the mix proportions 
 

Sl. No. UCS 7 Days (*106Pa) UCS 28 Days (*106Pa) 

Mix-1 2.71 3.14 

Mix-2 1.79 1.82 

Mix-3 2.13 2.22 

Mix-4 1.36 1.64 

Mix-5 1.26 1.42 

Mix-6 1.23 1.32 

Mix-7 1.11 1.24 

Mix-8 1.08 1.16 

Mix-9 0.97 1.05 

Mix-10 1.01 1.11 

 
 

 
Figure 12. UCS at 7 days for 10% cement content 
 

 
Figure 13. UCS at 7 days for 7% cement content 
 
 

 
Figure 14. UCS at 28 days for 10% cement content  

 
 

 
Figure 15. UCS at 28 days for 7% cement content 
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3.5 CBR 
 
Table 8 represents the value obtained after CBR test 
after 7 days of curing and then 4 days of soaking. Form 
the results it can be conclude that the CBR value for all 
the mix proportion is much more than the required value 
for the construction work. Form the experimental data it 
can be concluded that the CBR value decrease with the 
increase in water for the same mix proportion while for 
different mix proportion it can be concluded that the mix 
proportion having higher red mud content have higher 
value. 

 
 

Table 8. CBR values 
 

Sl. No. CBR% 

Mix-1 99.72 

Mix-2 93.71 

Mix-3 96.81 

Mix-4 82.22 

Mix-5 83.89 

Mix-6 94.64 

Mix-7 60.42 

Mix-8 43.84 

Mix-9 22.99 

Mix-10 11.19 

 
 
3.6 Slake durability 

 
This test was performed for all the mix proportion but 
after the first cycle except Mix-1 all were washed away. 
Table 9 shows the percentage of weight retained after 
first and second cycle. Based on results by Gamble’s 
slake durability classification we can say that these 
materials are Low durable. 
 
 
Table 9. Slake durability test result 

 

Sl. No. %Retained after first cycle  %Retained after second cycle 

Mix-1 63.2 50.65 

   

 
 

3.7 Alternate wetting and drying 
 
The UCS of the sample after 12 cycles was measured. 
Only Mix-1 and Mix can sustain for 12 cycles and rest of 
them failed. Table 10 shows the UCS value of Mix-1 
and Mix-6 after 12 alternate wetting and drying cycles 
and from the results we can say that since all the UCS 
values are greater than the minimum strength required 
to be a CLSM material it can be concluded that these 
materials are durable to wetting and drying. 
 
 
Table 10.  Alternate wetting and drying test result 
 

Sl. No. UCS (*106Pa) 

Mix-1 0.80 

Mix-6 0.58 

 
 
4 CONCLUSION 
 
Feasibility of different mix proportions one made up of 
RM, FA, PG, cement and water was investigated as a 
constitute material of CLSM in this study. Experiments 
were conducted to evaluate the important properties of 
CLSM with the above material. Based on the 
experiment conducted the following major conclusions 
were drawn.  

The mix containing more amount of fly ash requires 
more water for attaining higher flow consistency due to 
the more surface are of it than the red mud. The mix 
containing higher percentage of red mud are lesser 
susceptible to bleeding due to its plastic behavior which 
is absent in fly ash but for any of the mix proportion 
bleeding is not found to be outside the acceptable 
range. Density of the freshly prepared sample 
decreases with the decrease in red mud content as red 
mud is heavier than fly ash.  UCS of the prepared mix 
was decreased with decrease in red mud content as it 
can take more load than other materials used and it 
was also found that the UCS value for the same mix 
decreases with increase in water content due to the 
presence of highercapillary pores. However all the UCS 
of 28 days was higher than the minimum value for 
CLSM. From the strength prospective it can be 
concluded that all the material can be used as a CLSM 
material but the places where reexcavatibility is 
required some material fails. The mix with highest 
strength was found to be durable to alternate wetting 
and drying as the UCS value obtained after 12 cycles 
was more than the minimum value for CLSM.From all 
the conclusion the major conclusion which can be 
drawn is that these waste materials can be effectively 
used as the constitute material of CLSM. 
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