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Abstract

Water absorption properties of recycled materials play an important role in pavement perfor-
mance. The performance of aggregates changes after absorbing water, then it affects highways
layers such as base, subbase, capping. This is why these materials must comply requirements of
codes and standards. With regard to the increasing trend of application of recycled aggregates in
highways layers, this issue needs more investigation. This research is only a part of our large re-
search programme on three different purposed mixes of unbound subbase mixture below: 1)
100% Recycled Concrete Aggregate (RCA); 2) 100% Lime Stone (NA); 3) 50% RCA + 50% Re-
claimed Asphalt Pavement (RAP). Water absorption for each mix has been performed in different
size fraction with pyknometer and wire basket methods. The relationship between density, grad-
ing and water absorption and its comparison for mixes would be indicating the changes in behav-
iour of aggregates and future performance of subbase. Laboratory testing showed that 100% Lime
Stone had the higher densities than other mixes and water absorption value of 100% RCA was
about 40% higher than 50% RCA + 50% RAP in 31.5 mm - 4 mm fraction.
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1. Introduction

During the last two decades, variorgsearches were carried out to investigate the possibility of using constru
tion and demlition waste. RA and RCA are subjects of debate in so far as application in road bases asd subba
es are concerned. Evaluation showed that RCA and RA from differerdesobiave differentnechaiical prope-
tiesbased on their origifil].

In a research by Park (2003), tesisre carried out for physical and compaction properties of two different
recycled aggregates obtained from a housing redevelopment site- {R&Ad aconcrete pavement rehalalit
tion project (RCA2). This research revealed that the bulk specific gravity and water absorption values were
2.53%, 2.5%6, 1.430 and 1.77% for RCAL and RCA2, respectivelyj2]. Elsewhere, physical and mechanical
tests were carried out on crushed clay brick (CB) from partition wall and RCA by Poon anq208&h The
particle sizes of the RCAwere: 40 mm, 20 mm,nit and <5 mm and the water absaoptivalues were: 3.17%,
2.17%, 2.29% and 10.3%, respectively. The aggregates size of CB wam200mm and <5mm with water
absorption results 18.4%, 19.5% and 30.9%, respectively. It was concluded that CB had thewsdgbea-
sorption value, followed by RCA and natural aggregate. The high amount of adhered mortar attached to the CB
particles led to increase in the water absorption vialue

Another researclvas carried out on the utilization of RCA in rigid pavements. A part of this study was the
construction of a Portland Cement Concrete Pavement (PCCP) section using RCA and a field studyref the pe
formance of the pavement. Based on the results of the tests it was concluded that use of fine RCA is not practical
because of its high water absorption ralie Investigations were carried oah 11 RA samples obtained from 10
demolition sites and a recycling plant. The study revealed that in most samples, the water absorptiomof 10
aggregates was higher than 20 mm aggregates. It was inferred that smalleggrzgates had more cement
mortar which absorbed more water than larger size aggregates. In addition a correlation was found ¢e exist b
tween patrticle density, porosity and water absorgtion

Existing regulated tests to determine the density and water absorption were developed for natural aggregates,
however, and several problems arise when they are applied to recycled aggregates, especially fine gecycled a
gregdes. These difficulties mostly are because of their cohesiveness and binding propedkgueset al.
(2013) described the main problems encountered with these tests and proposed a new method to measure the
density and water absorption of fine recycled aggregates that removes them. They used sodium hegsmetapho
phate solutions in the water absorption tesimprove its efficiency, minimizing cohesion between particles and
helping to release entrained &i.

The main theme of this research is to compare the vadtgorption properties of different recycled aggregates
and their mixes according to BS EN 1682000 [7].

2. Materials

The research concentrated on investigatimg suitability of three kinds of aggregates which all are Typa-1 u
bound mixture for subbas@ (Figures 1(a)-(c)):

1) 100% Recycled Concrete Aggregate (RCA) which is indicated with the notafion T

2) 100% Lime stone as the natural aggregate (NA) which is indicated with the not&ion T

3) 50% Recycled Concrete Aggregate (RCA»6% Reclaimed Asphalt Pavement (RAP) ethis indicated
with the notation 13.

(@) (b) (c)
Figure 1. (a): A sample of T1; (b): A sample of T2; (c): A sample of F3.
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The grading curves of thre@bove aggregates, the upper and the lower range of Type 1 unbound mixtures
given according to MCHW SerieB00 are illustated inFigure 2.

For all three kinds of aggregates; the mixture designation is B/@ggregate sizes aeepressed as d/D or
lower limiting sieve size/upper limiting sieve sizéhe Maximum fines content iBFy and Oversize iOC;s
which meet the requirements of MCHW Series 800 requireni€n{s].

3. Current Specifications

The determination of water absorption was based on the provisions outlined in the three documents: BS EN
13285:2003, MCHW Series 800 and DMRB HD 35[@4-[10]. Four types of unbound mixtures for subbase
application are definely MCHW Series 800. To determine water absorption rateERSL0976 requires that
the method selection should beslea on the particle size range as oudibelow[7]:

Particle size range Method used

31.5 mm- 63 mm Wire-basket method

4 mm- 315 mm Pyknometer method

0.063 mm - 4 mm Pyknometer method

Preparation of test portions in both wisasket and pyknometer methods included sampling and reduction
which were performed in accordance with BS EN-232nd BS EN 932, respectivelyl1] [12].

Density measurements includel):ovendry particle densitie§ q); 2) saturated and surfacky density(} sg);
3) apparent particle density,). The parameterq is the characteristic uddo calculate the volume occupied by
the aggregate, for various mixtures of RCA, NA and RAP, respectively. In addition to these solid particles, the
voids including permeable and impermeable voids (but not including the voidedreiparticles) must be o
sideredwhen calculating the masses of aggregates. Interpretatigg,i$ based on aggregates soaked in water
for 24 hours to satisfy the water absorption requirement. The weight of aggregates and water within the voids
filled during the soaking time (but not including the voids between particles) were cadttdatind the mass in
air of each mixture (} ;), pertained to the relative density of aggregates notincluding the permeable pores.

4. Method Statements

The methodstatements for wirdasket and pyknometer method are summarizeddnre 3 andFigure 4, re-
spectively:

In the wirebasket method, the prepared test portion was placed in dasiet and immersed in water for a
period of 24 hours, so all entrapped air was removed. To dry the surface of saturated aggregates, the test portion
transferred to a second dry soft absorbent cloth and was spread and turned until all visible films of water were
removed, but the aggregadéill had a damp appearance. The odey mass was achieved by placing the test
portion in an oven set at a temperature ofeCl05 eC for as long as necessary for the specimen to reach-a co
stant mass.
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Figure 2. Grading curves for the tested aggregates
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Sampling in accordance with BS EN 932-1

test portion

Preparation of

Reduction in accordance with BS EN 932-2

Finding the apparent mass in water of the basket containing the sample

of saturated aggregate (M)

|
Finding the apparent mass in water of the empty basket (M3)
I

Finding the mass of the saturated and surface dried in the air (M1)

Finding the mass of the oven-dried test portion in air (M 4)

Calculating the apparent particle density (pg )

Calculating the particle density on an oven-dried basis (0,4 )

Test procedure

Calculating the particle density on a saturated and surface-dried basis (Pggq)

Calculation and expression of results

Calculating the water absorption after immersion for 24h (WAz4)

Figure 3. The stages of wire basket method

In the pyknometer method, the prepared test portion was immersed in water pyknometer for the saaking per
od of 24 hours to remove all entrappaid According to BS EN 1098:2000 the pyknometer including aggr
gates and water must stand in the water bath and keep the test portion at a temperature af)22r{24 +
0.5) hours[7]. In this research, to get a higher accuracy, the pyknometer and the refill water was placed in a cu
ing room, which was maintained at a temperature @Z0r 24 hairs (Figure 5 and Figure 6). Achieving sa-
urated and surfaegried aggregates for particles size betweenm and 31.5mm was exactly the same ag-a
gregate partigls sizebetween 31.5mm and 63mm. In order to assesshether the surface dry state has been
achieved for agggmate particles between 0.068n and 4nm, the metal cone mould testwas applied.

5. Test Results and Discussions

According to mentioned method statements and other requirements of BS EX:200D water absorption test
carried outon three kinds of subbase mixtures. The test results for materials of different particle sizes-are su
marized inFigures 7-10.

The bar charts ifrigures 7-10 compare the densitig$a,, } i, } ss) and water absegtion rategWAy,) for 24 h
immersion periods. To calculate these densities, the density of water was obtained at the temperature recorded
when the apparent mass in water of the basket containing the sample of saturated afgspgate dete
mined.

The tests result showed that natural aggregates had the highest apparent particlejdgnstyicle density
on an overdried basiq} q), particle density on a saturated and surdied basig} ssg for particles in all rag-
es. Conversely, they halde lowest water absorption for particles in all fractions.

As seen irFigures 7-10, for a given kind of censity(} a, }rd, } s¢1) the trend of variation of the density withpa
ticle size is consistent for all three materials type4, T-2 and F3). The presence of the cement mortar adher
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| Sampling in accordance with BS EN 932-1 |

test portion

Preparation of

| Reduction in accordance with BS EN 932-2 |

Finding the mass of pyknometer containing the sample of saturated
aggregate and water (M)

I
Finding the mass of pyknometer filled with water only (M3)

1

Finding the mass of the saturated and surface dried in the air (M1)

Finding the mass of the oven-dried test portion in air (M 4)

Test procedure

Calculating the apparent particle density (p, )

|

Calculating the particle density on an oven-dried basis (p;.4)

Calculating the particle density on a saturated and surface-dried basis (Dssa)

Calculation and expression of results

Calculating the water absorption after immersion for 24h (WAz4)

Figure 4. The stages of pyknometer method

E; ‘.. M

Figure 5. Thepyknometersqueeze bottle and plastic pot in the curing room

ing to the stone particles in the RCA creates a relatively weak, porous and crackeddattegreby resulting in
a decreased density of the RCA relative to NAisllikely that the porous layer described above, in addition to
residual unhydrated cement, lead to an increase in the water absorption rate [6f RCA

As thedensity of cement mortar (around $.0.6 Mg/n?) [14] is less than that of stone particles of about 2.60

OALibJ | DOI:10.4236/0alib.1100605 5 September 2014 | Volume 1 | e605



V. Ayanetal.

Figure 6. Keepina the temperature of test portion arater constant at 2C in
the curing room
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Figure 10. WAy, values for subbase material

Mg/n?, the smaller the particle density, the higher the cement mortar content adhering to the RCA. The reason
for the particle densities being lower in RCA as compared to NA is due to the relatively high porosity and low
density of the cement paste adheringhe RCA particlesHigh porosity betweemhe RCA particles would be
filled with void or cement insteagdlf denseportiongl].

Furthermore, particle densities of coarse aggregates are larger than those of fine aggregates, implying that a
higher amount of cement mortar is attached to the fine aggregates. This belffedits the water absorption
rate of RCA in the sense that fine aggregates of RCA have a higher water absorption rate, a pattern which is
consistent with the findings reported by Tam and Le (2007).

In the mix of RCA and RAP (B), bitumen coated patrticles in reclaimed asphalt pavements are observed
mostly in the 31.5mm - 4 mm particle size range. Thus the particles in the size rangemon 4 0.063mm are
less coated with bitumen inFand only a very small part is coatédgure 11 andFigure 12). These obsesar
tions make the water absorption value ef @bout 40% higher than3J'in 31.5mm - 4 mm, but the wadr &b-
sorption of F1 and F3 are relatively close in the fine particles.

The particles in the size range 68n- 31.5mm of T-3 are mostly crushed concrete aggregates. This is why
the water absorption and apparent particle density of coarse particle3 afeTclose to those of I Figure 13
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Figure 11. The fine particles of 33.

Figure 13. T-3 coarse after empting

shows the particles after emptying the aggregates from the basket on to deg catfrigure 14 shows them
after reaching constant mass.
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bitumen coated

Figure 14. T-3 coarse in constant mass

6. Conclusions and Recommendations

This paper presents the result of an investigation of water absorption on the rexgatéd concrete ane+

claimed asphalt pavement as aggregate in unbound subbase materials and then their cowitfansdaral
aggregate behavior. Prior to the study, the mixture and grading requirement category were first evaluated. The
following differences were found between the natural aggregate, recycled concrete aggregate and the mixture of
recycled concrete aggregate with reclaimed asphalt pavement:

In RCAG6s samples, the water absorption r aggegatef | ar ¢
inferring that larger size aggregate may have less cement mortar adhered to its surface, leading to a lower water
absorption rate as illustrated inthigure 8.1ti s i ncluded t hat adhersurfagewdle ment

lead to higher water absorption and this is mostly valid for fine particle sized materials.

The water absorption rates of recycled aggregatesafid T3) are generally higher than that of natuigd a
gregateln another research by autHar performed testen RCA such as durability and strength tests showed
that the higher water absorption can directly influence these properties. Durability tesilikdness of subbase
aggregates by use of sodium/magnessuiphate and strength tests like compaction and California Beasng R
tio (CBR) are very significant requirements in construction of basealbldase layer of highways. The presence
of RCA in T-1 ard T-3 increased the optimum moisture content and decreased the maximum dry densi#ty as ar
sult of the higher water absorption and the low particle density of the recycled concrete aggregates.eFhe cons
guent decrease in CBR valugspecially soaked CBR vads)of T-1 and T3 can be created by these factors as
well. Tendencyto higher water absorption increased the loss under cycles of immersion in saturated solutions of
sodium sulfate followed by oven dryinddoreover, it worsened resistance against intemgansive for
cederived from expansion of water on freezing.

Presence of RAP in mixes decreaseter absorption properties and makes them suitable for drainage pr
pose which is very important for unbound subbase applications.

Water absorption of RAP 8% [5]. Adding the RCA and as a following result existing the cement in the mix
T-3 increases water absorption rate by 6% in coarse patrticles and 120% in finlegalti one hand, it seems
that adding 50% RAP to RCA decreases the water absorption rate and makes it suitable for subbase applications.
But, on the other hand our further researci¢showed that this replacement decreased the strength property of
subbase such as CBR values. This is why, it is needed an optimum mix design of RAP and RCA both decrease
the water absorption and increase strength and durability.
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