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For resources to be used efficiently, the structures built on the earth must be long-lasting.
The longevity of the roads built with a length of millions of kilometers per year is
determined by the nature of the filling material, traffic, equivalent axle load, climatic
effects, material fatigue, and layer thicknesses used. The fact that filling material
complies with the standards and is easily available will ensure that the road construction
works are both economical and long-lasting. Many building rubbles are formed from the
buildings that have completed their lives in the urban transformation process. Storage
and disposal of this building's rubble are very difficult. To eliminate these difficulties, the
usage areas of the rubble should be increased. In this study, some mechanical
experiments were carried out on the building rubble obtained from the Black Sea region,
and these were interpreted. Grain density, freeze-thaw tests, Micro-Deval, and
Determination of Fragmentation Resistance, tests were carried out according to TSE and
ASTM standards of aggregates obtained from building rubble. The results obtained from
the experiments were compared with the technical specifications of the General
Directorate of Highways. It has been revealed that the analyzed aggregate can be used
as road fill in highways.
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1. Introduction

Today, one of the most studied subjects on the
environment is the consumption of natural raw
materials and the reduction of the amount of waste
material. Replacing areas where natural raw
materials are used, using waste products and
recycled products will solve this problem [1-4].

Aggregate is among the most consumed and
needed raw materials in the rapidly developing
world [4]. Many countries use recycled and
reclaimed aggregates to reduce the intake of
aggregates from natural environments and to
protect natural resources [2,6-8].

In addition to the consumption of natural raw
materials, one of the most studied subjects today is
the reduction of the amount of waste material.
Many studies have been carried out to dispose of
the wastes resulting from urban transformation and
to expand the usage areas [9-11].

Building debris, which has completed its life or
formed as a result of natural disasters, is the most
ideal place for the production of recycled
aggregates. Recycled aggregate is used in many
sectors to eliminate the pollution caused by building
rubble and to protect natural aggregate resources. In
addition, many studies are carried out to expand the
usage area of recycled aggregates [12-15].
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The development of countries is increasing in
parallel with the quality of highways. The
robustness and durability of roads are very
important both economically and in terms of safety.
Road construction works on highways consist of the
following  stages;  Driving  slope  piles,
Infrastructure, and structures such as Culverts,
bridges, Viaduct, Akaduct, Sub-base, Bituminous
bases, Wear, and Making road accessories such as
lane lines, and guardrails. Of these stages, one of
the most important parameters affecting the power
and duration of use of the road is the sub-base layer.
[16-18].

The lower foundation from the

upper
construction stages; is a layer that is laid on the
leveling surface and is generally constructed of
material with a certain granulometry (sand, gravel,
stone chips). The task of this layer is in some cases,
besides helping the foundation layer above it, it acts
as a buffer zone against the effect of water and frost.
The bituminous base layer is the part that consists
of thinner material (natural sand, natural gravel)
between the Sub-base layer and the abrasion layer.
The foundation layer consists of a compacted
stabilizer. The material brought by trucks, mixed
with water at a certain rate, is laid with a paver,
crushed with a roller, and compressed, and a tight
layer is obtained. The last layer, the Abrasion layer;
is the part built on the foundation layer and directly
contacted by the traffic. In Turkey, the flooring is
usually made of asphalt. Its main task is to create a
smooth rolling surface. This layer is built into
several layers. Before the final coating is made, a
layer called Binder Layer is made with coarser
material and less asphalt. Thinner aggregate and
more asphalt mixture material also called the wear
layer, is laid on this layer. The mechanical
properties of the aggregate used in all stages of the
superstructure construction are one of the most
important factors that will determine the durability
and quality of the highway. [18,16,19,20]

The materials used in each layer of the
pavement have some characteristics that are
specified in the standards. Mostly, these standard
properties cover many characteristic features of the
material (gradation, grain structure, strength, frost

resistance, etc.). These standards sought for
materials become more stringent as you go up in the
pavement layers and higher quality is desired.
Because the upper layers are directly exposed to the
loads coming from the traffic, they must be of
quality and strength to meet these loads [16-20].
The material properties to be used for the sub-base
structure of the roads built in Turkey are specified
in the specification created by the General
Directorate of Highways (Table 1).

This study aims to solve the problems
encountered by reducing aggregate production and
reducing the environmental effects of construction
waste. To achieve this aim, some mechanical
experiments were carried out on the construction
rubble demolished for urban transformation from 5
different points in Turkey/Trabzon. The results
obtained were compared with the standards in the
literature, and the usability of the recycled
aggregates (GKA) obtained from the construction
rubble obtained from this region as road
infrastructure filling was examined according to the
standards.

Table 1. Physical properties of the road subbase material
[19]

Experiment name Specification  Test Standard
limits

Weather resistance <20 TS EN 1367-2

(Freeze-Thaw

Test), %

Fragmentation <35 TS EN 1097-2

resistance (Los

Angeles

Experiment), %

Water absorption, <3 TS EN 1097-6

%

Determination of <14 TS EN 1097-9

resistance to wear
(Micro-Deval
Test), %

2. Methodology

In this study, construction debris taken from certain
regions of Trabzon, located in the north of Turkey,
which is in the process of urban transformation, was
used. The study started in 2015 and continued until
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2020. The process was prolonged because the areas were taken from 5 different points of the province.
where the study was carried out were not The samples were taken from unreinforced raw
demolished simultaneously. concrete, placed in sacks, and brought to the

For the samples taken to represent the rubble laboratory by vehicles (Fig. 1).
characterization in the region, construction wastes

Rubble collection points ¥ Comelgi
Erdogdu

¥ Pelti

& Tabaknane

L LT ST

Fig. 1. Location map where the building rubble was taken and pictures showing the location
(a. Gadlayan, b. Comlekgi, c. Erdogdu, d. Pelitli, e. Tabakhane )
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2.1. Determination of particle density and
water absorption rate of recycled
aggregates

Specific gravity value is frequently used in road

construction. For the aggregates obtained from the

building rubble, the specific gravity and water
absorption rates of the materials were determined
by using the wire basket method according to TS

EN 1097-6 [21].

For aggregates between 31.5 mm and 63 mm,
the wire basket method is used. The aggregate
sample is placed in the wire basket and the wire
basket is immersed in the tank containing water at
(22 £ 3)°C so that the water level is at least 50 mm
above the top of the basket.

Immediately after immersion, the basket is
removed from the test sample section by lifting the
basket approximately 25 mm above the bottom of
the tank and dropping it from this height 25 times
once per second. The basket and aggregate are kept
completely immersed in water at (22 + 3)°C for (24
+ 0.5) hours. The basket and the test sample portion
are shaken and weighed in water at (22 + 3)°C. The
basket and aggregate are removed from the water
and left for a few minutes for the water to evaporate.
The aggregate is carefully emptied from the basket
onto one of the dry cloths. The empty basket is
submerged again, shaken 25 times, and weighed in
the water. The surface of the aggregate grains is
carefully dried and when the cloth is no longer able
to absorb moisture, the grains are transferred onto a
second dry, soft absorbent cloth. Aggregate grains
are spread on this second cloth with a thickness of
no more than one aggregate grain and exposed to
the atmosphere, protected from direct sunlight or
any heat source until all visible water films are
removed. However, in this case, the aggregate

[ |

particles still have a damp appearance. Aggregate
particles are weighed. The aggregate grains are
transferred to a tray and dried in an oven at (110 +
5)°C to constant mass and weighed. After the
weighing process is completed, it is calculated with
the relation specified in the standards.

2.2. Freeze-thaw test
A freeze-thaw experiment was conducted to see
how the road fill is affected by climate change. This
test provides information on the behavior of the
aggregate when subjected to successive freezing
and thawing effects. The freeze-thaw test is applied
to aggregates with grain sizes between 4 mm and 63
mm. Aggregate amounts specified in TS EN 1367-
2 standards were used in this experiment [22].
Samples of +8-16 mm size taken from the study
area were subjected to 10 freeze-thaw cycles. Here,
cooling underwater to -17.5 °C and then dissolving
in a water bath at about 20 °C was carried out.
After the freeze-thaw cycles were completed,
the aggregates were passed through an 8 mm sieve
and the % mass loss was calculated.

2.3. Determination of resistance to wear
(Micro-Deval) test

To measure the resistance of the aggregates to
abrasion, the micro-deval test was performed on the
samples taken from the study area. The experiment
was carried out in the laboratory according to the
ASTM, (D 6928) standard [23]. A total of 1500 g
samples were prepared, including +4.75 mm, 750 g
between —6.3 mm, and 750 g between 6.3 mm, — 9.5
mm. These samples were dried in an oven before
the experiment, and the moisture was removed from
1500 g of sample, 5000 g of 1 cm diameter steel
ball, and 2 liters of water were put into the drum and
the experiment was carried out (Fig. 2).

Fig. 2. Micro-Deval wear test



Journal of Construction Engineering, Management & Innovation 212

The samples removed from the drum were
sieved through a 1.18 mm sieve and after the
material on the sieve was dried in the oven, they
were weighed, and the Micro-Deval wear value was
calculated by dividing the weight loss by the initial
weight.

2.4. Determination of fragmentation
resistance: Los Angeles experiment

To determine the abrasion resistance of the

aggregates studied, the Los Angeles fragmentation

resistance test was carried out according to TS 3694

standards [24].

Los Angeles test instrument was used in the
experiment according to TS 3694 standards. 5000
gr samples were prepared for the abrasion test. The
test sample was washed and dried in an oven at
110°C until it reached a constant weight. 11 steel
spheres, which are required according to the sample
and abrasion class, were placed in the test device
and the tool was made 500 cycles at 30-33
cycles/minute. After the required number of cycles
was completed, the sample was sieved through a
1.70 mm sieve, and the material remaining on the
sieve was washed and dried in a 110°C oven until it
reached a constant weight and weighed.

2.5. Determination of Schmidt hardness
Schmidt hammer measurements have different
standards; In this study, ASTM C805, (2004)
method was used. In this method, a single hit is
made on ten different points on the sample with a
Schmidt hammer, the average of these hits is taken,
the values 7 units below and above the average are
canceled and the average of the remaining ones are
taken as the Schmidt hardness value.

Within the scope of this study, Schmidt hammer
measurements were made on the samples brought
to the laboratory and in the field to characterize the
material of construction waste and determine the
hardness class.

3. Findings and discussion

Density, freeze-thaw, and Los Angeles experiments
were carried out by converting the concrete masses

taken from the building rubble to the aggregate size.
The results obtained are examined under the
headings below and compared with the values
specified in international standards.

3.1. Particle density and water absorption
rate

After the density and water absorption tests

performed on the aggregates recovered by the wire

basket method, it was found that the water

absorption ratio of the aggregates was 2,7% and

their average density was 1,99 g/cm3 (Fig. 3).

In the density measurements made on the
recycled aggregate, it was seen that the highest
density was in the samples taken from the
“Erdogdu” region. Similar results were found in
density tests performed on reclaimed aggregates
before this study. Poon et al. [8] found the
recovered aggregate densities to be 2,1 g/cm? in
their studies. Kiilek¢i, on the other hand, measured
the density as 1,9 g/cm? in the samples he took from
a similar region [2].

3.2. Values of Freeze-Thaw test

Construction debris taken from 5 different regions
was brought to the appropriate size and subjected to
a rotational dissolution cycle. At the end of the 10
cycles, it was understood that the mass loss was
7.74% in the aggregates taken from the
“Tabakhane” region. At the end of 15 days, the
result did not change, and the highest loss was again
in the “Tabakhane” region. The average mass loss
at the end of 15 cycles is 24,64% (Fig. 4).

Average density
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Fig. 3. Density of recycled aggregates (a-Caglayan, b-
Gomlekgi, c-Erdoddu, d- Pelitli, e-Tabakhane)
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Mass loss (%)

m Mass Lost After 10 cycles
W Mass Lost After 15 cycles

Fig. 4. Mass losses as a result of the freeze-thaw test (a-Caglayan, b-Comlekgi, c-Erdogdu, d- Pelitli, e-Tabakhane)

3.3. Determination of resistance to wear

The Micro-Deval test shows the wear resistance of
aggregates. A high micro-Deval coefficient
indicates a low wear resistance of the aggregates.
The Mikro-Deval test was applied according to TS
EN 1097-9. The average of the results obtained
from the four drums was found to be 8%. In the
KGM technical specifications, the Micro-Deval
value of the aggregate to be used as the base
material for the road is required to be <14. It has
been observed that the Micro-Deval wear values of
the recycled aggregates studied in this region
comply with the limit value of the technical
specification (Fig. 5).

3.4. Determination of fragmentation
resistance
According to KGM specifications, the Los Angeles
wear loss of the material to be used in the base layer
should be 35% maximum. For the wear layer, the
maximum loss should be 30% [20]. In the study, it
was observed that the highest fragmentation was in
Tabakhane samples, and the region most resistant
to fragmentation was Pelitli. The mean
fragmentation resistance of all regions was found to
be 37 % (Fig. 6).

3.5. Schmidt Hardness values

In this study, the Schmidt hardness test was
performed on construction wastes taken from 5
different points according to ASTM C805, (2004)
standards. The rebound numbers found were

converted to uniaxial compressive strength with the
help of the chart prepared by Deere and Miller
(1966).

As a result of the measurements made, it was
understood that the samples with the highest
strength were in the “Tabakhane” region, and the
least strength was in the “Erdogdu” region (Table
2).

4. Results

In this study, building debris taken from 5 different

regions of Trabzon province was converted into

aggregate. Density, water absorption, freeze-thaw,

abrasion, and disintegration resistance tests were

carried out to examine the usability of the recovered

aggregates in road fill. The results found are

discussed in the following items.

= As aresult of the density and water absorption
experiments, the average water absorption rate
was found to be 2.7%. The acceptable rate in the
technical specifications of highways is 3%.

= Asaresult of the freeze-thaw test performed on
the samples in the study, after 15 cycles, the
maximum mass loss was in the E region with 24
to the face. The maximum acceptable rate in the
technical specification is 20%. In other sample
regions, this rate is at an acceptable level of
18%. It is suitable for usability in the road
infrastructure in case of combining the samples
or removing the E region.



Journal of Construction Engineering, Management & Innovation 214

10 1
| Average 8.74%
8
=
=S
w 0
[:H)
=l
k=
=]
<
=
=l
4 b
—~
2
0
C €
1550 . 12.00
Erdogdu
1500 10.00
1450 8.00
X
0 Average wear 5
4 1400 loss, 8,13% 600 <
S 5
z
1350 4.00
=
e}
N
2
1300 = 2.00
1250 0.00
1. Drum 2. Drum 3. Drum 4. Drum
mmmm Initial weight. g 1500 1500 1500 1500
Final weight. g 1393.01 1386.49 1352.83 1379.61
W ear loss, % 7.13 757 9.81 8.03

Fig. 5. The amount of wear of the samples taken from the region (a-Caglayan, b-Coémlekgi, c-Erdoddu, d- Pelitli, e-

Tabakhane) and Mass losses of aggregates taken from Erdogdu region compared to drums
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Fig. 6. Los Angeles wear test results (a-Cadlayan, b-Comlekgi, c-Erdoddu, d- Pelitli, e-Tabakhane) and Mass losses in the
pottery area during the experiment

Table. 2. Average Schmidt recoil numbers (a-Caglayan, b-Coémlekgi, c-Erdogdu, d- Pelitli, e-Tabakhane)

Sample location a b c d €
Average hammer rebound, R 27.3 294 26.7 28.3 314
Translated strength results, MPa 24 27 23 26 29




Journal of Construction Engineering, Management & Innovation 216

As a result of the micro-deval test, it has been
revealed that the wear values are in accordance
with the technical specifications and can be used
as road fill.

In the Highways' technical specifications, the
material to be used in the road infrastructure for
Turkey is required to show a maximum of 35%
breaking resistance. Although this value was
exceeded in the E and B regions in the study, the
average fragility was found to be 33%.

As aresult of all the studies, it has been revealed

that the building rubble formed in the Trabzon
region can be recycled and used as aggregate in the
road underfill.

Declaration of conflicting interests

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References

(1]

Aroglu E, Koyliioglu O S, Akillioglu E (1996) An
overview of the recycled aggregate production and
us policies, and an analysis for its application in
Turkey. 1. National Crushed Stone Symposium '96,
Istanbul

Kiilek¢i G (2018) Investigation of the Utilization
Areas of Construction and Demolition Wastes in
the Black Sea Region Instead of Aggregate and
Their Areas of Usage in the Mining Industry, PhD
Dissertation, Karadeniz Technical University.
Kiilek¢i G, Yilmaz AO, Cullu M (2021)
Experimental investigation of usability of
construction waste as aggregate. Journal of Mining
and Environment 12(1): 63-76.

Yildiz S, Kivrak S, Arslan G (2018) Built
environment  design-economic  sustainability
relationship in wurban renewal. Journal of
Construction  Engineering, Management &
Innovation 181): 33-42.

Tepordei VV  (1997) Natural aggregates,
Foundation of America’s future: U.S. Geological
Survey Fact Sheet FS-144-97, 4 p.

Cullu M, Kiilek¢i G (2021) The investigation of
mechanical properties of polypropylene fiber-
reinforced composites produced with the use of
alternative wastes. Journal of Polytechnic 24(3):
1171-1180. Doi: 10.2339/politeknik.777832

[7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Kiilek¢i G (2021) The effect of pozzolans and
mineral wastes on alkali-silica reaction in recycled
aggregated mortar. Periodica Polytechnica Civil
Engineering 65(3): 741-750. Doi:
10.3311/PPci.17355 (Yaym No: 7207310)

Lennon M (2005) Recycling Construction and
Demolition Wastes A Guide for Architects and
Contractors. The Institution Recycling Network
Shooshtarian S, Maqsood T, Wong PSP, Khalfan
M, Yang RJ (2019) Review of energy recovery
from construction and demolition waste in
Australia. Journal of Construction Engineering,
Management & Innovation 2( 3): 112-130.

Arslan V, Ulubeyli S (2019) Sorting at source and
reusing: The case of construction and demolition
waste in Turkey. Journal of Construction
Engineering, Management & Innovation 2( 4): 230-
236.

Polat G, Turkoglu H, Damci A. Demirli I (2019) A
comparative study on selecting urban renewal
project via different MADM methods. Journal of
Construction  Engineering,
Innovation 2 (3):131-143
Poon CS, Shui ZH, Lam L, Fok H, Kou SC (2004)

Influence of moisture states of natural and recycled

Management &

aggregates on the slump and compressive strength
of concrete, Cement and Concrete Research 34:31—
36.

Rakshvir M, Barai VS (2006) Studies on recycled
aggregates-based concrete. Waste Management &
Research 24: 225-233

Yilmaz A, Saltan M, Akilli A (2012) Usability of
limestone aggregate extracted in goller region as
highway materials. Pamukkale University Journal
of Engineering Sciences 18(3): 199-207 .
Shooshtarian S, Maqsood T, Wong PSP, Khalfan
M, Yang RJ (2020) Market development for
construction and demolition waste stream in
Australia. Journal of Construction Engineering,
Management & Innovation 3(3):220-231.

Kiilek¢i G, Yilmaz A O (2016) The Investigation
of Usage of Trabzon (Diizkdy) Region Volcanites
as Filling Material for Roads, 8.International
Aggregates Symposium, 400-405

KGM, 2013. General Directorate of Highways
Road Construction Technical Specification.
Ertaymaz U, Atasoy G (2019) Modeling highway
projects: The need for Highway Information
Modeling (HIM) guideline and information
Exchange. Journal of Construction Engineering,
Management & Innovation 2(1):10-17.


https://scholar.google.com.tr/scholar?oi=bibs&cluster=15174787150298161892&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=15174787150298161892&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=15174787150298161892&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=15174787150298161892&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=14216201806799395051&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=14216201806799395051&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=14216201806799395051&btnI=1&hl=tr

217  G. Kilekgi and A.O. Yilmaz

[19] Roads Technical Specification (Road [22] ASTM, D 6928 2010. Standart test method for
Infrastructure, Engineering Structures, Bridge resistance of coarse aggregate to degradation by
Tunnel and Superstructure works), 2000. General abrasion in the Micro-Deval Apparatus. -10, 6 s.
Directorate of Highways, Publication No:170/2. [23] TS EN 1097-2, 2020. Tests for mechanical and

[20] TS EN 1097-6, 2022. Tests for mechanical and physical properties of aggregates - Part 2: Methods

[21]

physical properties of aggregates - Part 6:
Determination of particle density and water
absorption.

TS EN 1367-2, 2010. Tests for thermal and
weathering properties of aggregates - Part 2:
Magnesium sulfate test.

[24]

for the determination of resistance to
fragmentation.

Aliyazicioglu S, Kiilek¢i G (2018) Investigation of
Usability of Limestone and Basalt Type Rocks as
Road Infrastructure Filling, Trabzon Catak Case,
Internationally participated Cappadocia

Geosciences Symposium, 207- 211.


https://scholar.google.com.tr/scholar?oi=bibs&cluster=9054132686139023777&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=9054132686139023777&btnI=1&hl=tr
https://scholar.google.com.tr/scholar?oi=bibs&cluster=9054132686139023777&btnI=1&hl=tr

	1. Introduction
	2. Methodology
	2.1. Determination of particle density and water absorption rate of recycled aggregates
	2.2. Freeze-thaw test
	2.3. Determination of resistance to wear (Micro-Deval) test
	2.4. Determination of fragmentation resistance: Los Angeles experiment
	2.5. Determination of Schmidt hardness

	3. Findings and discussion
	3.1. Particle density and water absorption rate
	3.2. Values of Freeze-Thaw test
	3.3. Determination of resistance to wear
	3.4. Determination of fragmentation resistance
	3.5. Schmidt Hardness values

	4. Results

