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ABSTRACT

Expansive soil is one of the most serious problems that face engineers during the execution of
any infrastructure projects. Soil stabilization using chemical admixture is one of the most
traditional and widespread methods of soil improvement. Nevertheless, soil improvement on site
is one of the most economical solutions for many engineering applications. Using construction and
demolishing waste in soil stabilization is still under research., The aim of this study is to identify
the effect of using concrete demolishing waste (CDW) in soil stabilization. Serious tests were
conducted to investigate the changes in the geotechnical properties of the natural soil stabilized
with CDW. From the results, it is concluded that the swelling potential of the expansive soil
reduced and dramatic increases in unconfined compressive strength (UCS) value up to 3 times of
its original value was reported. The results indicate that CDW is an economical solution to be used
in soil stabilization whereas it is a sustainable idea to recycle constructional wastes and solve the
continued need for the more landfilling area.

Keywords Expansive soils, Soil stabilization, Concrete Demolishing waste, and Geotechnical
properties.
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1. INTRODUCTION.

Nowadays buildings and infrastructures are constructed widely everywhere due to the continuous
needs and population growth, sometimes it is hard to place infrastructures on suitable land due to
the distribution of problematic soils, those with high plasticity and low strength which results in
cracking and damaging the infrastructures. Expansive soils are those which have the ability to
expand and swell as they get wet. This type of soil’s clay minerals have the ability to absorb an
excessive amount of water molecules and expand, in the opposite, they start to shrink as they dry,
leaving an excessive amount of voids in the soil (Cokca, 2001; Al-Rawas et al., 2005; Dang et
al., 2016). Expansive soils cover a wide surface area in many countries al around the world
Sabatan, 2005; Huang and wu, 2007; Ahmed and Hamza, 2015). Expansive soil’s Clay
particles have a large specific area, the swelling occurs due to the poor bonding between the sheets
that are forming the mineral particles (Nalbantoglu and Gucbilmez, 2001; Fityus and Buzzi,
2009). The estimated annual loss of structural damages due to the effect of expansive soils is about
10" billions of dollars all around the world (Dang et al., 2016).

As a result, many different methods have been investigated including soil replacement, soil
reinforcing, and soil stabilization. Soil stabilization is one of the most effective methods to solve
the soil’s problems (Ali et al., 1992; Bell, 1996; Al-Rawas et al., 2005; Chen and Wang, 2006;
Abdulrasool, 2015; Ahmed and Adkel, 2017). Soil improvement is the process of improving the
quality of in-situ soil and makes it more functional as an engineering material. According to
literature many traditional stabilizers such as Cement, lime and fly ash have been used by many
researchers al around the word (Ali et al., 1992; Bell, 1996; Al-Rawas et al., 2005; Chen and
Wang, 2006). The stabilization agents create bonds between clay particles, reduce the excessive
voids in the soil and reduces swelling potential. In past decades cement and lime have been used
effectively to stabilize expansive soils all around the world. The result of these studies showed that
the addition of cement and lime which was varied between 1 to 20 % has improved expansive soils
and reduced the swelling potential effectively (Bell, 1996; Al-Rawas et al., 2005; Chen and
Wang, 2006). Improving the in-situ weak soil with suitable waste material could be an economical
and effective method (Hasan et al., 2016; Paul and Cyrus 2016; Ravikanth et al., 2017). Many
researchers studied the effect of construction and demolishing (C&D) waste in pavements, but
utilizing C&D wast for soil improvement is still under research. Every year around 1,183 million
tones of C&D waste are generated worldwide (Kerni et al., 2015). Recycling C&D waste material
will diminish the excessive production of pollutant gases and CO2 emission that has a direct effect
on the global warming issue. Also, it will reduce the continuos need for extracting raw materials
or transporting the materials long distances. Whereas it will cut the need for new landfills. The use
of concrete demolishing waste (CDW) in geotechnical applications is a sustainable option to
minimize C&D waste. Nevertheless, it will enhance the geotechnical characteristics of the soil.
(Agrela et al., 2012; Ransinchung et al., 2012; Sharma and Hymavathi 2016; Hidalgo et al.,
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2019) reported that on using CDW the plasticity index will reduce, whereas the unconfined
compressive strength (UCS) and Californian bearing ratio (CBR) values are improved. This study
focused on studying the efficacy of using Concrete Demolishing Waste (CDW) for stabilizing
expansive soil.

2. MATERIAL AND METHODOLOGY

2.1 Soil.

The soil used in this study was obtained from a site (Qrga) near Sulaymaniyah city in Kurdistan-
Iraq (see Fig. 1). The soil sample was collected carefully and representative soil samples were
collected. Then the soil was oven-dried, cooled and pulverized to be used in the laboratory tests to
investigate its geotechnical properties and study the effect of CDW. The soil is classified as a CH
soil (clay with high plasticity) according to the unified soil classification system (USCS) and its
geotechnical properties are given in Table 1.

2.2 Concrete Demolishing waste.

In general C&D waste come from dismantling of old building and infrastructures. This waste is
increasing day by day. Recycling and reusing C&D waste is a sustainable solution to reduce
landfill and this material is free of cost since it has to be disposed to the landfill area. The C&D
waste used in this study is consists of crushed concrete obtained from the slab of a dismantled
building (Residential house) in Sulaymaniyah city (see Fig. 2). The concrete demolishing waste
obtained then crushed to powder (see Fig. 3) and sieved through sieve No. 40. Generally, it has a
fine and white texture as shown in Fig. 4. It should be note that the additive has been crushed and
turned in to fine particle in order to obtain relatively homogenous specimen and avoid segregation
on mixing the admixture with the expansive soil since other researchers reported that the courser
particle and the irregular shape of C&D waste may form small waterways within the specimen
(Hasan et al., 2016).

2.3 Sample preparation.

Different percentages of the obtained concrete demolishing waste (CDW) were mixed with the
expansive soil, the prepared specimens were curried for 1, 7 and 28 days the optimum moisture
content (OMC) and maximum dry density (MDD) were used for all specimens to deduce
comparative data.

2.4 Laboratory Tests.
A series of laboratory tests were conducted for the natural and soil-admixture combination; the
tests were conducted according to the ASTM standards. The tests consisted of:

1. Atterberg limits (ASTM D4318 — 14).

2. Linear shrinkage (ASTM C 356 — 10).

3. Swelling tests (one dimensional swell tests according to ASTM D4546 — 14).
3. Compaction test (ASTM D1557 — 12).

4. Unconfined Compressive strength test (ASTM D2166/D2166M16).

5. Californian bearing ratio test (ASTM D1883-16).
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3. RESULTS AND DISCUSSION.

The hydrometer test was performed to determine the particle size distribution for the natural soil,
the test was conducted according to ASTM D422 -2007 and the grain size distribution of the soil
illustrated in Fig. 5. From the test result, it can be seen that the clay and silt fractions of the natural
soil are 54 % and 45 %, respectively. Therefore, and according to a unified soil classification
system the soil is classified as expansive (CH) soil. (Sharma and Hymavathi, 2016) reported that
crushed concrete is a pozzolanic material that reduces the plasticity index whereas it improves
UCS and soaked CBR values.

3.1 Atterberg Limits.

The liquid limit (LL) and plastic limit (PL) of the natural soil were 60% and 28.5%, respectively.
A significant reduction in liquid limit observed on adding CDW to the soil and the results are
presented in Fig. 6. From this figure, it can be observed that the liquid limit sharply dropped to
only 50%. in contrast the plastic limit of the soil slightly increased by adding CDW, (see Fig. 6).
Hence the plasticity index of the soil improved too and the results are presented in Fig. 6. Linear
shrinkage test was conducted for the natural soil and the result was 15.9%. Also, the Linear
shrinkage test was performed for the soil-stabilizer mix as it can be seen in Fig. 7. From the results,
it is obvious that the Linear shrinkage limit of the soil reduced to 10.3% on adding 18% of CDW
as the results are presented in Fig. 6. The test results confirming that the Atterberg limits and
linear shrinkage limit are significantly improved on adding CDW and the reason behind this
improvement is the presence of sand particles in CDW which has less specific surface area
compared to the clay particles from the natural soil and CDW also contains cement particles which
reduce adsorbed double layer surrounding clay particle as stated by (Varaprasad et al., 2019).

3.2 Swelling Tests.

Effect of CDW on swelling percent and swelling pressure of the selected expansive soil was
determined based on different curing periods and various addition of CDW contents. The soil—
admixtures combinations that are used in this study for conducting swell tests are soil:CDW, 98:2,
96:4, 94:6, 92:8, 90:10, 88:12, 86:14, 84:16, 82:18, 80:20 and 78:22. The samples were prepared
and wrapped with several layers of cling film and tested after a curing period of 1, 7, and 28 days.
The effect of adding CDW on swelling percent of soil is illustrated in Fig. 8. The swelling percent
of the untreated soil was 14 % which on the addition of CDW reduced drastically at 12 % of CDW
content and becomes 4.28 % after 28 days of curing. Further addition of CDW results in a slight
reduction in swelling percent. The addition of CDW to soil resulted in a decrease in soil swelling
pressure. The swelling pressure of the soil decreases with the addition of CDW content, at the
binging the samples were compacted in the oedometer ring and the constant volume method were
used to investigate the swelling pressure as shown in Fig. 9. an improvement of up to 55% in
swelling pressure was obtained on adding 12% of CDW after 28 days of curing as shown in Fig.
10. Further addition of CDW results in a slight reduction in swelling pressure. Therefore 12% of
CDW waste was selected as optimum to improve the swelling potential of the selected soil. This
is attributed to increasing in coarser particle content in soil-CDW mix resulting in a decrease in
surface activity and cement present in CDW obstructs the voids by taking water and pozzolana
reduces the interparticle attraction between clay particles as stated by (Sharma and Hymavathi,
2016; Varaprasad et al., 2019).

161



Number 7 Volume 26 July 2020 Journal of Engineering

3.3 Compaction test.

The modified proctor test was employed for investigating the Maximum Dry Density (MDD) and
Optimum Moisture Content (OMC) of soil and soil-admixture. 12% of CDW was selected as an
optimum mix based on the results from swelling percent and swelling pressure tests. the soil-CDW
combinations and their proportion for conducting the compaction tests were fixed as soil:CDW,
88:12 and the results are shown in Fig. 11. The addition of 12% CDW increased MDD from 1.8
to 1.81 gm/cm?® Also, OMC decreased from 17.5% to 16.3%. The reason for the decrease in OMC
value is the existence of fine sand in CDW which generally possess lower specific surface area
compared to clay.

3.4 Unconfined Compressive strength test.

The unconfined compressive strength (UCS) test was conducted to investigate the improvement
in compressive strength of the soil stabilized with CDW. Different soil-admixture combinations
such as: soil:CDW, 90:10, 88:12, 86:14, 84:16, 82:18, 80:20 and 78:22 were used. The samples
were prepared and wrapped with several layers of cling film and tested after a curing period of 1,
7, and 28 days (see Fig.12). The UCS for untreated soil was 302 kPa. It was observed that the
strength increases with the addition of CDW and strength increased with higher curing periods.
The UCS value for stabilized samples with CDW and cured for 7days are 591.4 kPa for 10% CDW,
775.9 kPa for 12% CDW and 950.9 kPa for 20% CDW. The results of 28-days, UCS tests are: 735
kPa for 10% CDW, 962.68 kPa for 12% CDW and 1039.7 kPa for 20% CDW, the results are
illustrated in Figs. 13, 14 and 15. This increase is due to the pozzolanic reaction between soil and
CDW. Similar behavior was reported by (Sharma and Hymavathi, 2016). From Fig. 17, it is
clear that the strength of the soil dramatically increases by adding 12% of CDW in which the UCS
value increased by 3.18 times of the original value after 28 days of curing period. The UCS value
increased gradually after adding CDW in increments of (10, 12 up to 20%) as 2.43, 3.18, 3.27,
3.34, 3.43 and 3.44 times of it is original value and after 28 days of curing period. It was noted
that continuously adding CDW up to 22% will change the soil behavior from flexible material to
brittles material. Fig. 18 shows a specimen failure mechanism. Also from Fig. 16 and 17 it is clear
that the higher percentage of CDW (22%) adverse the continuous strength gaining and this is due
to the fact that the pore spaces inside the soil are totally filed up with CDW.

3.5 Californian bearing ratio test.

The California bearing ratio (CBR) test was conducted on soil and the soil-stabilizer mix (optimum
mix) as soil:CDW; 88:12 which is selected based on swelling tests results. The addition of 12%
CDW to soil increases the soaked CBR value for 7 days from 4.27% to 24.14 % as shown in Fig.
19. The increase in CBR is due to the presence of sand and cement particles in the CDW which
create bonds and mobilizes the angle of internal friction resulting in an increase in strength.

4. CONCLUSION.
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The aim of this study was to identify the effect of concrete demolishing waste (CDW) on the
geotechnical properties of the selected expansive soil and the results concluded as:

1. Liquid limit, plasticity index and linear shrinkage limit of the treated soil decreased with the
increase in CDW for all soil-admixture percentage since CDW is non-cohesive material.

2. The swelling potential (swelling percent and swelling pressure) of the stabilized soil improved,
as swelling percent decreased to one-third of its original value also the swelling pressure reduced
to half of its original value after adding 12% of CDW. Adding further CDW cased insignificant
change in the swelling potential of the soil.

3. Adding 12% of CDW cased reduction in Maximum dry density and Optimum moisture content.
The decreases are due to the presence of fine sand in CDW.

4. UCS increased with the addition of CDW, the increases in strength, is more and significant on
adding 12% of CDW cured for 28 days. It is reported that the soil behavior changes from flexible
to brittle materials on adding CDW in increment.

5. Soaked CBR value of the soil Soaked for 7 days increased up to 6 times compare to virgin soil
after adding 12% of CDW.

In conclusion, CDW is an economical and environmentally sustainable solution to improve

expansive soils, especially for low expansive soils and adverse the unacceptable geotechnical
properties of the soils.

Table 1. Geotechnical properties of expansive soils

Characteristics Specification
Specific gravity 2.74 ASTM D422-2007
Liquid limit (%) 60 ASTM D4318-14
Plastic limit (%) 28.5 ASTM D4318-14
Plasticity index (%) 315 ASTM D4318-14
Unified soil classification system CH USCS
Optimum moisture content (%) 175 ASTM D1557-12
Maximum dry density (g/cm®) 1.8 ASTM D1557-12
Unconfined compressive strength UCS (kPa) 302 ASTM D2166/D2166M-16
Free swell (%) 14 ASTM D5446-08
Soaked California bearing ratio (%) 4.27 ASTM D8883-16
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Figure 1. location where the soil sample is taken.
(https://www.google.com/maps/place/35%C2%B031'18.0%22N+45%C2%B028'26.0%22E/@35
.5426548,45.4313849,10592m/data=!3m1!1e3!4m6!3m5!1s0x4000297601803e73:0x27b4628f0

c24aec2!7e218m2!3d35.5216697!4d45.4738927)

Figure 2. Old demolished house where the CDW was taken.
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Figure 3. Mechanism of crushing the concrete Figure 4. Concrete demolishing waste (CDW).
demolishing waste (CDW).
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Figure 5. Particle size distribution for the selected expansive soil.
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Figure 6. Atterberg Limits and Linear Shrinkage limit test results.

Figure 7. Linear Shrinkage test samples.
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Figure 8. Effect of CDW on Swelling Percent of the Soil.

Figure 9. Odometer apparatuses (swelling pressure test).
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Figure 11. Compaction curves for natural soil and Soil-Stabilizer mix (12%CDW).
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Figure 12. Unconfined Compressive Strength Test.
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Figure 14. Variation of the UCS with 12% CDW, for 1, 7, 14, 21 and 28 days curing durations.

1100
—o— Untreated o

"~ —a—20% CDW-1 day Curing = o
—o—20% CDW-7 days Curing
O0—20% CDW-28 days Curing

1000
900
800

700
600
500
400

Axial Stress, (kPa)

300
200
100

00 05 10 15 20 25 30 35 40 45 50 55 60 65
Axial Strain, (%)

Figure 15. Variation of the UCS with 20% CDW, for 1, 7 and 28 days curing durations.
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Figure 16. Variation of the UCS with 22% CDW, for 1, 7 and 28 days curing durations.
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Figure 18. Specimen failure mechanism a Natural soil, b Treated soil with 12% CDW
C Treated soil with 22% of CDW.
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Figure 19. Variation of CBR value for untreated soil and stabilized soil with 12% CDW.
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