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Chapter

Applications of Cement in
Pavement Engineering

Sarella Chakvavarthi, Galipelli Raj Kumar
and Sabavath Shankar

Abstract

Recycled materials primarily Reclaimed Asphalt Pavement (RAP), and Recycled
Concrete Aggregate (RCA) are produced from pavement rehabilitation and con-
struction-demolition activities. Generally, these materials are utilized for landfills,
parking lots, shoulders, and other places that are not environmentally friendly. The
top layers of the pavement and concrete structures are constructed using superior
qualities of aggregates that satisfy the specification. During their service life, the
aggregates present in these structures undergo deterioration due to environmental
and traffic factors. After reaching the end of their service life, the deteriorated
structures are dismantled and considered as waste. Nevertheless, these recycled
materials will have some retain value which can be used in different layers of the
pavements in different percentages. The reuse of these materials in place of conven-
tional aggregates preserves the environment and become a sustainable construction
practice. Further, the direct utilization of these materials in the pavements may not
satisfy the mechanical characteristics. To fulfill these gaps, cement stabilization
of recycled materials is the best option. With this background, the proposed book
chapter will highlight the usage of cement in pavement application, and a few types
of research works carried in cement treated pavement layers will be discussed in a
detailed and scientific manner.

Keywords: cement concrete pavement, granular layers, cement treated bases and
performance of pavements

1. Introduction

Recycled materials primarily Reclaimed Asphalt Pavement (RAP), and Recycled
Concrete Aggregate (RCA) are produced from pavement rehabilitation and con-
struction-demolition activities. Generally, these materials are utilized for landfills,
parking lots, shoulders, and other places that are not environmentally friendly. The
top layers of the pavement and concrete structures are constructed using superior
qualities of aggregates that satisfy the specification. During their service life, the
aggregates present in these structures undergo deterioration due to environmental
and traffic factors. After reaching the end of their service life, the deteriorated
structures are dismantled and considered as waste. However, these recycled materi-
als have some retain value which can be used in different layers of the pavements in
different percentages. The reuse of these materials in place of conventional aggre-
gates preserves the environment and become a sustainable construction practice.
However, the direct utilization of these materials in the pavements may not achieve

1 IntechOpen



Cement Industry - Optimization, Characterization and Sustainable Application

acceptable mechanical characteristics. To fulfill these mechanical properties with
recycled materials, stabilization is the best option left to the engineers.

Several stabilization techniques are involved around the world to provide
adequate strength to the weak bases or soil materials. The stabilizers include lime,
asphalt emulsion, fly ash, and cement are widely used to improve the mechanical
properties of recycled materials as a base or subbase courses in pavements. Cement
stabilization is advantageous because of rapid gain in strength and its easy availabil-
ity in the market. To understand the mechanical properties of the recycled materials
with cement stabilization, a laboratory study is carried using RAP and RCA in
different proportions with Natural Aggregates (NA). The compaction characteris-
tics, Unconfined Compressive Strength (UCS), Indirect Tensile Strength (ITS), and
Modulus of Elasticity (E) tests were conducted to assess the performance.

Apart from the recycled aggregates, several hazardous and industrial wastes
from the production plants like Electrolyte Manganese Residue (EMR), Red mud,
slag, and glass can be efficiently stabilized using cement and can be used in the
pavements as a base. Zang et al. (2019) proved that the stabilization of the EMR and
Red mud in the road bases achieved adequate strength and make it environmentally
friendly [1]. The replacement of conventional aggregates with 50% steel slag stabi-
lized with 4% cement content achieved maximum strength and stiffness along with
other economic benefits [2]. At the same time, the use of cement treated recycled
glass up to 30% along with the other recycled materials achieved required strength
properties [3]. Besides, it is estimated from the study that 26-32% of cost savings
with the cement stabilization of the recycled aggregates [4].

The usage of cement in pavement construction is considerable. There are several
applications in the construction field that includes bridges, tunnels, safety barri-
ers, pavements, and sound barriers. The benefits of cement-treated bases include
high bearing capacity and increased stiffness, and lower deformation under loads.
The following are the potential advantages of cement in various construction fields
which are listed below.

* Airports for parking aprons, taxiway and runway take-off
* Parking areas for heavy vehicles

* Heavy-duty industrial floors

* Usage of cement and concrete in bridge decks

* Subgrade soil stabilization with cement

* Soil stabilization with lime and cement

* Recycling of pavement with treated and bases and subbases
* Construction of dry lean cement concrete layer

* Debonding layer over stabilized cemented bases

* Construction of concrete pavement

* Construction of interlocking bloc pavement s

* Cell filled pavements.
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With this background, the application of the cement in the field of pavement
engineering as a base and sub-base layer is presented. This includes evaluation in
terms of mechanical properties at various cement stabilization levels and finally
compared with the available specifications.

2. Literature review

The potential use of recycled aggregates in pavement bases is investigated around
the world. Their utilization in the pavement is limited due to inferior physical and
mechanical properties. Reclaimed asphalt pavement (RAP) materials used in the
pavements has concerns with the reduction in the strength, more significant per-
manent deformation, poor distribution of stresses, and durability issues and recom-
mended for stabilization [5, 6]. Besides, the use of recycled concrete aggregates
(RCA) above the water table is recommended [7] due to the concerns of groundwater
contamination and durability issues [8, 9]. Studies suggested that the properties of
the recycled materials can be enhanced with the addition of additives or blending
with superior quality materials [10]. The stiffness of the base increases with the
cement stabilization, which reduces the deflections and increases the pavement life
at higher traffic loads and serves better than NA bases [8, 9]. With this background,
there is a stressing need for chemical stabilization of recycled materials to improve
their mechanical properties. Some of the previous studies were presented in Table 1,
which shows the benefits of the cement stabilization on various recycling materials.

Author, year Conclusions

Arulrajah et al. 2020 [11] Stabilization of construction and demolition wastes containing a little
amount of polyethylene terephthalate with 3% cement satisfied the
requirements of pavement base and subbases.

Kasu et al. 2020 [4] Cement content in the mix has a significant influence on the mechanical and
durability properties compared with recycled aggregate contents.

Arshad, 2020 [12] Addition of cement content in the range of 1.5-4.5% improved the
mechanical properties and reduced the strains in the recycled aggregate
blends

Yan et al. 2020 [13] The addition of recycled aggregate content from the construction and

demolition waste into the stabilized bases improves the mechanical and
durability properties. However, the residual strength is maximum at 30% of
the recycled aggregate content in the mix.

Chakravarthi et al. 2019 [14] Concluded that cement stabilization of the RCA is more pronounced than
RAP and improvement in the mechanical properties is observed.

Faysal et al. 2016 [15] Strength and stiffness characteristics are significantly improved with cement
content.

LaHucik et al. 2016 [16] Cement stabilization on a small scale for the bases with recycled materials

like RAP and Quarry by-products is feasible for no freeze zones.

Behiry, 2013 [17] Revealed that the performance of cement treated recycled materials depends
on cement content, curing time and dry density.

Xuan etal. 2012 [18] Stated that an increase in the cement content and decreasing the masonry
content improves the strength and modulus of the bases.

Taha et al. 2002 [19] Replacement of cement stabilization of RAP-virgin aggregate mixes in place
of conventional bases considered a viable alternative.

Table 1.
Previous studies on cement stabilization of vecycled bases.
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3. Objectives and methodology of the study

The current study aims at laboratory evaluation of the cement stabilized bases
consists of recycled materials like RAP and RCA as a partial and full replacement
with natural Aggregates (VA) with the following goals.

* To determine the influence of the cement content and recycled aggregates
content on the stabilized base mixes in terms of various mechanical properties.

* To optimize the cement content, recycled aggregates, and VA combination for
road bases based according to the standard specifications.

* Stiffness characterization of the given recycled aggregates and VA combina-
tions at different stabilization levels.

The required materials such as conventional aggregate, RAP, RCA, and ordi-
nary Portland cement of 53 grade are collected locally. Aggregate gradations for
the test mixtures were determined and compared with the requirements follow-
ing the Ministry of Road Transport and Highways (MoRTH, 2013) specifications,
Government of India (Gol) [20]. Initially, bitumen was extracted from the collected
RAP material, followed by physical tests like Sieve analysis, impact test, Flakiness,
and Elongation index were performed on RAP and RCA according to the standards as
shown in Figure 1. From the physical properties, the flakiness and elongation index
for RAP is higher than the specification limits, and the water absorption of the RCA
is more than 2%. The flakiness and elongation index of RAP aggregates is due to the
formation of fracture surfaces during its service life. The crushing process and the
water absorption of the RCA are more compared with the VA because of the presence
of cement mortar around its surface. Although the recycled materials did not satisfy
the required specifications, they are used in the study. This is the main motivation of
the study to improve their mechanical properties through the process of stabilization.
After physical characterization, the materials are blended in the ratio of RAP/RCA and
conventional aggregate content (0/100, 25/75, 50/50, 75/25) as shown in Figure 2 with
an increment of cement from 0%, 2%, 4%, 6%. The next step involves the determina-
tion of compaction characteristics of the mixes such as Optimum moisture content

B Combined flakiness and
elongation index

~
=
>
3

m Abrasion Value (%)

| Ageregate Impact Value
o)

mWater absorption (%)

6662
0¢

= Bitumen Content (%%)

VA RAP RCA MoRTH
Specifications

Type of Aggregates

Figure 1.
Physical properties of aggregates.
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Figure 2.
(a) Gradation curve for RAP blends; (b) gradation curve for RCA blends.

(OMC) and maximum dry density (MDD) using the Modified Proctor Test. The
obtained OMC values from the modified Proctor test are used in the preparation of
the samples for further tests and cured for 7 days as suggested by the researchers. The
strength parameters like UCS, ITS, and stiffness parameters like Modulus of elasticity
and Resilient Modulus were evaluated for the specimens prepared at OMC.

4. Compaction characteristics

Modified Proctor’s test was performed according to the Indian Standards (IS
2720-part 8-1985) on all the mixes proportions of RAP and RCA with VA. The test
is repeated three times to check the repeatability and accuracy. Modified Proctor
compaction is achieved using a hammer of weight 4.5 kg falling from a height of
457 mm in the mold of dimensions 102 mm in diameter and 127 mm in height. All
particle sizes greater than 19 mm were replaced with the same amount of particles
less than 19 mm from the mix as a mold correction.

The obtained OMC and MDD results for different blending mixes are shown
in Tables 2 and 3. It is revealed that the required amount of OMC is reduced with
the increase in the percentage of RAP due to the low moisture absorption capacity
of bitumen coated RAP. While the MDD is low at 100% RAP and increases with
VA content due to the low specific gravity of the RAP aggregates which agrees with
the previous research study [21] and MDD increases with the cement content. The
addition of the cement to the mix improves the compaction capacity due to good
aggregate packing. In the case of RCA blends, there is no proper trend observed
with the addition of RCA due to the indifferences in mortar on the surface of RCA.
The same is verified by conducting a water absorption test on two samples of the

% of 100% RAP 75% RAP 50% RAP 25% RAP
cement OMC MDD OMC MDD OMC MDD oMC MDD

%) (glc) (%) (gle) (%) (glc) (%) (gleo)
0 7.06 1.93 744 2.03 761 213 716 220
2 713 2.08 752 2.08 772 214 738 222
4 724 211 764 2.10 789 215 767 222
6 745 221 788 211 795 216 8.09 223

Table 2.

Optimum moisture content and maximum dry density results for RAP blends.
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% of 100% RCA 75% RCA 50% RCA 25%RCA
cement OMC MDD oMC MDD OoMC MDD OMC MDD

(%) (g/ce) (%) (g/cc) (%) (glce) (%) (glce)
0 97 214 92 213 123 2.02 944 213
2 8.2 21 10.2 1.98 793 216 10.06 22
4 11 2.06 92 2.01 9.28 217 944 222
6 95 2.09 115 197 10.92 22 1035 225

Table 3.

Optimum moisture content and maximum dry density results for RCA blends.

same gradation with the difference in the mortar presence. This variation of mortar
percentage in the sample causes significant variations in the OMC and MDD at high
percentages of RCA in the mix (100%RCA and 75% RCA). The MDD values of RAP
and RCA blends ranges between 1.93 and 2.25 g/cc.

5. Unconfined compressive strength test (UCS) and elastic modulus

The Unconfined Compressive Strength (UCS) is used to determine the bonding
strength or cohesion of a stabilized material. The samples are prepared at cor-
responding OMC according to ASTM D 1632. The dimensions of the cylindrical
mold are of size 101.6 mm diameter, and 200 mm height is chosen. The samples
are compacted and cured in closed plastic bags to prevent the escape of moisture.
They tested at the end of the 7 days curing period. The UCS is calculated from the
maximum load at the failure divided by the cross-sectional area of each specimen
gives the compressive strength (Figure 3).

There is a surge in the UCS with cement content, as observed in Figure 4. Besides,
the rate of increase in strength declines with the addition of recycled aggregates
content. Higher RAP content slows down the rate of strength gain in the mixtures.
For example, the mixes with increased recycled aggregates content have low strength
at given cement content. The increase in asphalt coated surface area requires more
amount of the stabilizing agent to form bonds with the other aggregates. Besides, the
RCA stabilized bases do not show any particular trend with RCA content.

Figure 3.
Sample testing of UCS.
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Figure 4.
Unconfined compressive strengths of RAP - VA and RCA - VA blends of varying cement percentages.

Further, 50% of RCA shows higher strength irrespective of the cement con-
tent; this is due to the better interlocking of RCA with the NA, which increases
the strength. At 6% cement content, all the mixes exhibit higher strengths. The
obtained results are compared with the low volume road standards for cement-
treated bases, as shown in Table 4.

From the observations, the majority of the blends at 4% cement satisfied
the specifications as a subbase layer for low volume roads. However, RAP/RCA
blends with 25% RAP and 6% cement content have UCS of 3.4 MPa/3.19 MPa and
50% RCA with 6% cement with UCS of 3.37 MPa satisfied the Ministry of Rural
Development (MoRD) specification, i.e., 2.76 MPa and can be used as a base layer
for low volume roads and as a subbase layer for high volume roads. To extend their
utilization as a base layer in the high-volume roads requires an increase in stabiliza-
tion levels and curing period.

Further, RCA blends show more strength compared with RAP blends. For
instance, at constant cement content, 100% RCA mix show almost double
strength compared with 100% RAP mix. The reason behind this phenomenon is
due to the existence of a strong bond between RCA, VA, and cement. Besides, the
mortar which is coated with the RCA aggregates contributes to the development
of strength. The RCA blends without stabilization exhibited retained strength at
7 days of curing. This clearly explains the self-cementing property of the RCA in
agreement with the previous studies where the mortar present in the RCA helps
in bonding [23].

Besides, the untreated RAP mixes are weak and collapsed while removing from
the split mold, which represents the weak bonding between the aggregates. The
strength development in the blends depends on the blended aggregate proportions,
stabilization level, and the residual cement present in the existing RCA. However,

UCS (MPa)

Low volume road (traffic <2 msa) [22] High volume road (traffic >2 msa) [20]

Sub-base Base Sub-base Base

1.70 2.76 1.5-3.0 4.5-7.0
Table 4.

UCS as per Indian specifications.
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Figure 5.
Modulus of elasticity of RAP VA and RCAVA mixes at 7 days curing period.

RAP did not have a contribution to strength development [24]. A linear relationship
is noticed between the UCS and the cement content irrespective of the type of mix.
Out of which 25% RAP-75% VA and 50% RCA - 50% VA blends show a rapid gain in
strength. This is due to the existence of the unhydrated mortar in RCA, less asphalt
coated surface area, and presence of high-quality aggregates, and better inter-
locking between the aggregates along with the stabilization.

Elastic modulus is the ratio of applied stress to corresponding strain within the
elastic limit. This property is used to characterize the materials and to analyze the
stresses and strains in different pavement layers. With the continuous application of
loads, the recoverable character of these materials will be declined, and the plastic
deformation is accumulated. This repeated application of load property is measured
using Resilient Modulus (Mg) (Figure5).

The elastic modulus of RAP/VA and RCA/VA blends at different cement con-
tents after 7 days of curing period is calculated. The elastic modulus of RCA blends
ranges from 11.95 MPa at 100% RCA with 0% cement content to 486.96 MPa at 25%
RCA at 6% cement content. In contrast, the elastic modulus of RAP blended mixes
ranges from 60.99 MPa at 100% RAP at 2% cement content to 363.78 MPa at 50%
RAP at 6% cement content.

There is a linear increase in the elastic modulus with an increase in the
cement content in each mix. However, 100% RCA and 75% RCA-25% VA at 6%
cement content there is a tremendous decrease. This is due to the overdosage of
the cement to the mix in addition to the existing residual mortar surrounding the
aggregates, which makes the material more brittle.

Blending with VA improved the modulus of all RAP mixes as the elastic modu-
lus increased with the increase in the percentage of VA in the combination. The
scenario is completely reverse in the case of RCA blends where the elastic modulus
increases with the increase in the RCA. This trend is observed up to a smaller dosage
of cement contents that is 4%. Whereas at 6% cement, the scenario is completely
different for RCA mixes, further addition of the RCA to the mix lowers the modulus
values. This clearly shows the effect of blending, in addition to the cement content,
equally impacts the overall performance of the mix.
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6. Indirect tensile strength test (ITS)

The tensile strength of the cement-treated bases is important as cement-treated
materials generally weak in tensile. The developed tensile cracks extend to the top of
the pavement layers and weaken the pavement structure makes it susceptible to mois-
ture. Generally, the tensile strain at the bottom of the bituminous layer is considered
for analysis which also represents the top of the cement-treated base. The higher the
tensile strength represents is more resistance to the tensile stresses that cause in the
base. To determine the tensile strength characteristics, the ITS test is carried out on
RAP, and RCA blends at different cement contents curing for 7 days. The samples are
compacted at the obtained OMC to reach the maximum density with dimensions of
the internal diameter of 101.60 mm and 63.5 + 2.5 mm in height and then extracted
after 24 hours followed by curing for 7 days. Then cured samples are tested for ITS
as per ASTM D6931 at a loading rate of 50.8 mm per minute, and the failure load is
noted. The Indirect Tensile Strength is determined by using the following formula:

~2000P
Dt

St ey

Here, St is the Indirect Tensile Strength in N/ mm?, D is the Diameter of the
Specimen in mm, ¢ is the thickness of the specimen in mm, and P is the Ultimate
Failure Load in kN (Figure 6).

From Figure 6, it is observed that ITS value decreases as the RAP content
increases with constant cement; this is due to weak bonding between the RAP and
conventional aggregates. 25% RAP with 6% cement shows more ITS value and 50%
RCA with 6% cement content have higher ITS in case of RCA blends. The ITS values
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Figure 6.
Indirect tensile strengths of RAP-VA and RCA-VA blends of varying cement percentages [14].

Country/code ITS (MPa)

Italy [25] 0.32-0.60 (gyratory compaction) > 0.25 (proctor compaction)

South Africa [25] >0.25 for cement 1.5-3% >0.20 for cement 3-5%
Table 5.

ITS of different countries specifications.
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increase with the increase in the amount of cement. The RCA blends show more
strength compared with RAP blends as observed in UCS. 50% RCA blends followed
by 25% of RCA blends show higher strength compared with remaining blends.
This is due to the existence of proper interlocking between RCA and VA and the
self-cementing behavior of RCA. In contrast, the RAP blended mixes have a weak
bond compared with RCA due to the existing bitumen coating. It is observed that at
an average the ITS value is 0.2 times that of the UCS value of RAP treated bases and
0.32 times that of UCS value in case of RCA treated bases for a 7-day curing period.
The ITS value of the present study is compared with other country’s specifications.
Moreover, it is observed that the acceptable UCS is around 0.20 MPa from Table 5.
All the recycled aggregate blends achieve this value except 100% RAP at 3% cement
content. However, RCA blends achieved the required ITS at 2% cement content.

7. Resilient modulus

Resilient Modulus (Mg) is the ratio of deviator stress to the recoverable strain
under the application of repeated loading. It is one of the important stiffness
parameters and used as input in the pavement design by most of the transportation
departments. The samples were prepared according to ASTM D 1632 and ASTM D
6926 using a cylindrical metal specimen with an interval diameter of 101.60 mm
and 63.5 + 2.5 mm in height. The repeated-load indirect tension test is used to deter-
mine the resilient modulus of the mixtures according to ASTM D 4123 by applying
compressive loads with a waveform at 25°C temperature and 1 Hz for loading
frequencies (the recommended load range can be 10 to 20% of the indirect tensile
strength). The Poisson’s ratio for the calculation of resilient modulus was assumed
as 0.2. The resilient modulus is calculated using the following equation.

P(n+0.27)
AH*t

ERT = (2)

where P is the repeated load, p is the Poisson’s ratio, AH is the horizontal
deformation, and t is the thickness of the specimen.

Figure 7 shows that Mg value increases with the cement content and decreases with
the RAP content. The maximum stiffness values were observed for 25% RAP mixes
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Figure 7.

Resilient Modulus of RAP-VA and RCA-VA mix at 7 days curing period.
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and 75% RCA as well. However, there is no appropriate trend that is observed in the
RCA blends. However, there is an increase in the stiffness of the mixture independent
of the RCA content. As the test is conducted at 7 days of the curing period, more curing
periods might be required to gain sufficient stiffness for the cement-treated RAP bases.

8. Applications of the cement-treated recycled bases

The motive of the utilization of the cement-treated recycled bases is to improve
the bearing capacity of the base layer with already used aggregates which isa
conservative method. It is one of the sustainable construction practices and eco-
nomical. The selection of the optimum amount of the cement stabilizer is neces-
sary to detrimental overdosage effects like shrinkage. Besides, there is an increase
in carbon footprints with a high amount of cement content. The cement-treated
recycled bases can be served as a base and subbase layer in the low volume and
high-volume roads as well. The Full-depth reclamation, along with cement stabili-
zation, is advantageous when the pavement condition Index is low with poor hydro
planning. It will create a strong base layer that can be covered with a thin asphalt
layer. Further, the RCA can be used in the base and subbase layers, which is a locally
available source. Stabilization of RCA leads good results in decreasing the leachate
problems and to improve the mechanical properties.

9. Conclusions

After a thorough investigation of the strength and stiffness properties of the
cement-treated recycled materials, the following conclusions are drawn:

* Cement Stabilization of the recycled materials improved the strength and
stiffness of the mixes. However, the recycled material content in the mix plays
a critical role in the strength development for RAP mixes.

* Maximum strength is achieved at 50% RCA and 25%RAP blended mixes which
are measured in terms of ITS and UCS.

¢ The relation between the ITS and UCS of the cement-treated based is established.
On average, the ITS value is 0.2 times that of the UCS value for RAP treated
bases and 0.32 times that of UCS value in the case of RCA treated bases at
7 days of curing period.

* Cement stabilization of RCA blends is more effective compared with RAP
blends in terms of mechanical properties.

* Based on the experimental results, cement stabilized recycled materials
require more curing period to achieve adequate strength and stiffness. All the
stabilized bases achieved the target strength at 6% cement content for low
volume roads subbases except 100% RAP mix.

11
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