
1. Introduction

Asphalt and concrete pavements are commonly used in

road and highway construction with their high strength

material properties. However, in places where high strength

is not necessary, such as roads for light vehicles, walking

paths, parking lots and the roads to cultural assets,

soil-cement pavement may be used. Soil-cement pavement

is a mixture of soil, cement, and water, and its primary

advantages are economy and environment (Kim et al., 2002;

PCA, 1978). Because a pavement of soil-cement is not

very attractive, artificial pigment is often added to make it

appear more natural (Ju et al., 2003). Red mud is an

industrial by-product material formed during production of

alumina when the bauxite ore is subjected to caustic

leaching. About 100,000 tons of red mud are produced per

year from an aluminium factory in South Korea and its

disposal is a major problem for this industry (Jeong, 2004;

Kim, 2003). Therefore soil-cement pavement mixed with

recycled red mud could be a beneficial use of this waste

material. In this study, the unconfined compressive strength

of soil-cement with red mud was investigated with the

various ratios of red mud, cement, fly ash, and the ratio of

soil replaced with sand.

2. Materials

2.1 Soil

Two samples of weathered granite residual soils gathered

from Andong-si, Kyungsangbuk-do, S. Korea were used to

develop specimens of soil-cement with red mud. The

results of sieve analysis tests on samples are shown in Fig.

1. Scanning electron microscope(SEM) photographs of the
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soils are shown Fig. 2 and 3.

The classification properties of the two soils are shown

in Table 1. According to the unified soil classification

system, both soils are classified as SM, and two soils are

quite similar index and compaction properties.

2.2 Red mud

In this study, samples of red mud were gathered from

the factory in S. Korea and the type of red mud used is

locally known as SP(scarlet powder). The red mud is shown

in Fig. 4 (a) and SEM photograph of red mud is shown in

Fig. 4 (b). The chemical composition and physical properties

of red mud are shown in Table 2.

3. Laboratory test procedures

3.1 Mixture condition

In this study, various percentages of red mud and the

replacement ratio of sands, fly ash, and cement content

were used to make soil-cement mixtures with red mud.

Compressive strength tests were performed on specimens

having 7, 14 and 28 days curing time, respectively. Table 3

shows the mixture conditions for laboratory tests with

different cement and red mud ratios. The objective was to

see the effect on strength of cement and red mud content.

The mixture conditions for soil replacement with sands and

cement replacement with fly ash are shown in Tables 4 and 5.
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Fig. 1. Particle size distribution curve of soils

Fig. 2. SEM photograph of Soil 1 (×100) Fig. 3. SEM photograph of Soil 2 (×100)

Table 1. Properties of soils

Soil USCS Specific
gravity

LL
(%)

PI
(%)

#200 Passing
(%) Cu Cc

γdmax

(t/m3)
OMC
(%)

1 SM 2.54 20.5 2.1 3.5 7.9 1.2 1.972 9.5

2 SM 2.65 21.0 5.4 1.3 6.1 1.2 1.880 12.0
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(a) Red mud (b) SEM photograph of red mud (×20,000)

Fig. 4. Red mud and SEM photograph of red mud

Table 2. Chemical composition and physical properties of red mud

Type of red mud
(a) Chemical composition

(%)

Fe2O3 Al2O3 SiO2 TiO2 CaO Na2O Other

SP(Scarlet Powder) 40 45～ 15 20～ 5 7～ 6 8～ 7 10～ 4 7～ 3 23～

Type of red mud
(b) Physical properties

Water content
(%)

pH Average particle size

SP(Scarlet Powder) 10 15～ 12 6 10～ ㎛

Table 3. Mixture conditions for laboratory tests with cement and red mud ratio

Case
Ratio
(%) Weight of Soil

(g)
W/C Cement/Soil Cement/Red mud

A1 191 10 10 3,105

A2 127 15 10 2,970

A3 96 20 10 2,700

A4 191 10 15 3,105

A5 127 15 15 2,970

A6 96 20 15 2,700

A7 191 10 20 3,105

A8 127 15 20 2,970

A9 96 20 20 2,700

Table 4. Mixture conditions for soil replacement with sands

Case
Ratio
(%) Soil : Sand

Weight of Soil
(g)

W/C Cement/Soil Cement/Red mud

B1 191 10 10 2 : 1 2,070

B2 191 10 10 1 : 1 1,553

B3 127 15 10 2 : 1 1,980

B4 127 15 10 1 : 1 1,485

B5 96 20 10 2 : 1 1,800

B6 96 20 10 1 : 1 1,350



40 >> Unconfined Compressive Strength of Soil-Cement Pavement with Recycled Red Mud

This part of the investigation was made in order to

investigate the effect of soil replacement with sands and

for cement replacement with fly ash on long term strength.

The ratios of soil replacement with sands were 50 and

100% and the ratios of cement replacement with fly ash

were 10, 20 and 30% in the laboratory test.

3.2 Specimens

The specimens were prepared and cured in the same

way soil-cement compression and flexure test specimens

are prepared in the laboratory (KS F 2329). Three specimens

were prepared and tested to get an average value for each

mixture condition, and the specimens were cured under

submerged condition with water. Diameter of samples for

the unconfined compressive strength tests was 5cm and

height of samples was 10cm. Compressive strength was

performed using an UTM according to KS F 2328.

4. Test results and discussion

4.1 Unconfined compression strength with red

mud content

Fig. 5, 6, and 7 show the relationship of unconfined

compressive strength and curing time for the specimens

having different red mud contents. It was found that the

compressive strength increased with increased curing time.

The variation of unconfined compressive strength with red

mud content is shown in Fig. 8. Note that the unconfined

compression strength slightly decreased with an increasing

content of red mud.

Fig. 8 shows the relationship of unconfined compressive

strength for the specimens having 28 days curing time and
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Fig. 5. The relationship of unconfined compressive strength with

curing time (cement 10%)
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Fig. 6. The relationship of unconfined compressive strength with

curing time (cement 15%)

Table 5. Mixture conditions for cement replacement with fly ash

Case
Ratio
(%) Weight of Soil

(g)
(Cement+Fly ash)/Soil Red mud/Cement Fly ash/Cement

C1 10 10 0 3,105

C2 10 10 10 3,105

C3 10 10 20 3,105

C4 10 10 30 3,105

C5 10 15 0 3,105

C6 10 15 10 3,105

C7 10 15 20 3,105

C8 10 15 30 3,105

C9 10 20 0 3,105

C10 10 20 10 3,105

C11 10 20 20 3,105

C12 10 20 30 3,105
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red mud content. Th slopes of compressive strength are

0.65, 2.38 and 3.16. Therefore, the decrease of compressive

strength with increasing red mud content is greater with

increasing cement content.

4.2 Unconfined compression strength with cement

content

Fig. 9, 10, and 11 show the relationship of unconfined

compressive strength and curing time with variation of red

mud content. From the results, the compressive strength

increases with increasing curing time. The trend of compressive

strength increase with increasing cement content ratios are

greater than that with red mud content ratos. Fig. 12 shows

the variation of unconfined compressive strength with cement

content for soil mixtures with red mud. As the content of

cement increases, the unconfined compressive strength

increases.

4.3 Unconfined compression strength with fly

ash content

Fig. 13, 14, and 15 show the relationship of unconfined

compressive strength and curing time with fly ash content.
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Fig. 9. The relationship of unconfined compressive strength with

curing time (red mud 10%)

0.0

5.0

10.0

15.0

20.0

0 7 14 21 28 35

Curing time (days)

U
n
c
o
n
fi
n
e
d
 c

o
m

p
re

s
s
io

n
 s

tr
e
n
g
th

(M
P
a
)

A4 (Cement 10%)

A5 (Cement 15%)

A6 (Cement 20%)

Fig. 10. The relationship of unconfined compressive strength with

curing time (red mud 15%)
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The unconfined compression strength decreased with increasing

fly ash content and the variation of compressive strength

with increasing red mud content was insignificant. Fig. 16

shows the relationship of unconfined compressive strength

and fly ash content. As the fly ash content increased, the

unconfined compressive strength decreased.

4.4 Effect of soil replacement with sand

Fig. 17, 18, and 19 show the relationship of unconfined

compressive strength and curing time when soil was replaced

with sands. The effect on compressive strength with increasing

soil replacement ratio with sands was insignificant. Fig. 20

shows the unconfined compressive strength with soil versus

replacement with sands. From the test results, these two

samples are equivalent in strength, probably because the

weathered granite residual soils (SM) have a similar particle

size as the replacement sands.

5. Conclusions

In this study, unconfined compressive strength tests for

soil-cement mixtures with red mud were performed in

order to investigate the effects of red mud content, cement

content, fly ash content, and soil replacement with sands
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Fig. 13. The relationship of unconfined compressive strength with

curing time (red mud 10%)
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on unconfined compressive strength.

From the test results, the unconfined compressive strength

increased with increasing cement content and decreasing

content of red mud and fly ash. As the content of red mud

increased, the compressive strength slightly decreased and

this tendency was more distinct with increasing cement

content. Unconfined compressive strength decreased with

increasing content of fly ash and the variation of compressive

strength with an increasing red mud content was insigni-

ficant. Therefore, fly ash does not show an effect of

increasing long term strength. Variation of compressive strength

with increasing soil replacement ratio with sands was

insignificant because both soils have similar particle sizes.
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