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The Effect of Using Basic Oxygen Slag in Aggregate on the
Engineering Properties of Porous Asphalt Mixtures

Ahmet SertacKarakas

Istanbul University, Construction and Maintenance Department,
E-mail:skarakas@istanbul.edu.tr, https://orcid.org/00000208402878

1. Introduction

In recent years, the increasing population and the increase in the need for
building stock caused the spread of urbanization to large areas.
Industrialization, commercial and tourism activities affect people's thave
transportation conditions. Therefore, parallel with the populatedactionn,
there is a great increase in the rates of transportation by land, air, and sea.
Most of the freight and passenger transportation in our country is provided by
highways. The increase in city populations increases velieffic and
creates the need for road routes and capacity that help to provide connections
between cities within the scope of increasing needs. In addition, depending
on the processing of raw materials and the production of building materials, a
serious mcrease in the rate of waste materials is observed and causes
environmental pollution. To ensure sustainability, it is important to evaluate
the waste materials that occur and cause environmental disasters. It is
essential for roads to show the expectedopmance throughout their service
life, to increase their strength, and to extend their service life in order to
reduce maintenance and repair costs. In this respect, additive materials such
as polymers and fibers have been used in recent years to evéheat
materials as recycling and the effect of the use of additivesoamh
performance. As traces of global climate changes, effects such as heavy
rainfall and drought are observed in some regions. Excessive rainfall causes
flood disasters with infrastrire problems such as drainage in some regions.
The roads have hydrophobic properties that do not penetrate the water, but
the effects of water are removed from the road with art structures such as
good drainage, canals, and, culverts. Porous asphalts ehavgh one
dimensional coarse aggregate and bitumen ratio, and due to-#%¥#0oid
ratio, they are especially suitable for open car parks, pedestrian pavements,
walking paths, etc. areas are also preferred. Due to its cavity structure, it can
act as god water drainage and water resources can be evaluated. In addition,
porous asphalt has high stability, and high slip resistance, and absorbs traffic
noise due to its high coarse aggregate ratio. Oxygen furnace slag waste is
generated during the productiohraw steel. Since basic oxygen furnace slag

17
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(BOF) and Electric arc furnace slag (EAF) do not cause environmental
pollution as raw material waste and it is difficult to maintain the waste stock,
such waste materials should be evaluated in terms of salsiy.
Construction materials should be evaluated in terms of sustainability, and raw
material and construction material wastes related to production should not
cause pollution to the environment. The slag is obtained during the main
production stage irthe steelmaking procedure, during the production of
processed iron in the mine (oxygen furnace) of iron ores. 300 kg of BOF slag
is achieved during the production of 1 ton of cast steel, and 130 kg of BOF
slag is acquired during the production of 1 ton avfide steel. BOF
slleftoverover from production in many countries is used as aggregate in road
pavement. The physical properties of BOF slag produced by the Hot Mix
Asphalt production procedure are high durability, good peel strength, and
excellent sheastrength. The physical properties of BOF slags used in the
Hot Mix Asphalt production procedure are high durability, good peel
strength, and excellent slip resistance. On the other hand, natural aggregates
have higher sound absorption due to their poraugtsire. Porous asphalt

not only drains water but also reduces traffic noise on the road surface.
Additives such as polymers and fibers are used to show the expected
performance of the road under the effect of repeated loads, to increase its
resistance ajnst low and highiemperature deterioration and fatigue, to
prevent rutting, and to improve its properties against moisture sensitivity.
Additives such as polymers and fibers are used to show the expected
performance of the road under the effect of regedbads, to increase its
resistance against low and hitdmperature deterioration and fatigue, to
prevent rutting, and to improve its properties against moisture sensitivity. In
recent years, Styrene Butadiene Styrene (SBS) polymers have been widely
used as additives to improve the performance properties of roads. SBS
polymer added to the HMA mixture increases the rigidity of the HMA
mixture against environmental factors such as traffic and climate and
provides significant contributions to the strengthflexible road pavements

in terms of its positive effect on service life.

In this study, using the literature, the performance of BOF slag as a
mixture and sound absorption data according to the mixing ratio of BOF slag
were evaluated. this study aimed imvestigate the effects of different
proportions of BOF slag mixtures and SBS polymer additives on porous
asphalt.

2. Literature Study

According to the data released by the World Steel Association (World
crude steel production in 2021 reached 1 billiod 98illion tons with an
increase of 3.7% (70 million tons). The production of the European Union

18
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reached 152.5 million tons with an increase of 15.4%. The world's largest
steel producer China's crude steel production decreased by 3% from 1 billion
65 million tons to 1 billion 33 million tons. Among the top 10 producers, the
highest production growth was observed in the USA (18.3%), India (17.8%),
and Japan (14.9%). With a steel production of 40.4 million tons in Turkey in
2021, it has ranked first in Euro&RL 1). According to the World Steel
Association (Worldsteel, 2014) regarding the-prgducts of the steel
industry; It is stated that some of the steel slags (BOF and EAO slags) can be
recovered and used in the furnace or sinter, and approximately 5686 of
recovered slag is used primarily on roads in construction applications (URL
2). It is important to use our natural resources efficiently by using industrial
wastes (secondary aggregates) in construction works such as road
construction that require msige amounts of building materials. If the
industrial byproducts that can be used in road construction are listed;
steelwork slags, fly ash, construction and demolition wastes, demolished
concrete road pavements, dismantled asphalt road pavements, téizérfer
factory wastes are the leading ones (URL 2).

American Federal Highway Administration (FHWA,2012) Positive
properties of hot mix asphalt with steelwork slag aggregate; it is noted as
good friction and scraping resistance, high stability, and rutisistance.

There is no volume change problem in the use of steelwork slags in asphalt
superstructures and railway ballast, where they show a superior slip
resistance feature. The American National Slag Association (NSA, 1992)
used 35% of the steelworktag as road foundation, 16% as filler, 13% as
asphalt aggregate, and 3% as railway ballast in the USA (URL 2). According
to the data of the European Slag Association (2012), Steel slag; While it is
used as aggregate in road construction with a rate of 43%;used for
metallurgical purposes at a rate of 11%, and in hydraulic structures, fertilizer
production, and cement production at lower rates (URL 2). ASTM D2940:
Standard Specification for Progressive Aggregate Material for Foundations
and Sukfoundat ons on Highways or Ai-¥5portso
Standard Specification for Steel Slag Aggregates for Bituminous Paving
Mi x es 0, provided that i thasen@RLt25 Itis he | i m
used as road construction aggregate as a product confptonTS EN 13242
standard in Turkey (URL 2). Zhang and Kevern (2021) carried out a study on
the design, construction,n and maintenance applications of porous asphalt
pavements (PAPs) specific to cold regions. It used case studies of PAPs to
address the a&#gn, construction, and maintenance concerns of PAPs in cold
regions. Considering the case studies to address the design, implementation,
and maintenance concerns of PAPs, they have shown success in using PAPs
in cold regions (Zhang & Kevern; 2021). Wangat (2021) discussed the
adhesive and cohesive degradation mechanisms of the PA mixture under
different temperature and humidity damage. The results show that the

19



INSAC World Natural and Engineering Sciences Chapter 01

adhesive/cohesive properties of asphalt, mastic, and mortar should be
considered simultanesly when improving the durability of PA mixtures
(Wang et al.; 2021). Cai et al. (2022) performed research on the grading of
limestoneaggregatédased porous asphalt concrete under dynamic fracture
testing (DCT): Composition, disintegration, and stahilifyhe longterm
performance and stability under repeated stresses were analyzed in the study,
composition, fragmentation, and stability of porous asphalt concrete (PAC)
gradation based on limestone aggregate. Aggregate size has a critical
influence on thestability of the PAC rating. Under the DCT test applied on
porous asphalt pavements, the 4.75 mm aggregate had a critical effect on the
structural system stability, while the 2.36 mm and 9.5 mm aggregates also
played important roles in improving the stéilof the systems (Chai et al.;
2022). Kusumawardani et al. (2020) defined three shape parameters
sphericity, shape factor, and roundness to measure the shape properties of
aggregates. In the study, the effect of aggregate shape on the packaging of
porousasphalt mix (PAM) was evaluated by discrete element method (DEM)
algorithmic simulations with comparative studies of the mechanical
properties of PAM in laboratory measurements. The results indicated that the
aggregate filling structure was greatly affttby the aggregate shape
properties in terms of volumetric properties and mechanical properties
(Kusumawardani et al.; 2020). Wu et al. (2020) focused on the mechanical
performance of porous asphalt mixtures under laboratory aging and moisture
actions. Tl results depicted that aging has a positive effect on the rutting
resistance of asphalt mixtures at an early stage and further hardening will
lead to deterioration of the adhesion between bitumen and aggregates (Wu et
al.; 2020). Hu et al. (2021) perforthea DEMCFD simulation on the
clogging and deterioration of air voids in a doulalger porous asphalt
pavement under the rain. In the study, the discrete element method combined
with the computational fluid dynamics (DERIFD) model was used to
numericallyreveal the clogging development in the porous asphalt pavement
under precipitation, considering the pavement structure, and climate, air
voids of the pavement, fouling material, flow rate, mass. The results
demonstrated that fouling develops in four stagképavement under the rain:

fast clogging, slow clogging, partial recovery, and fouling stability. The
effects of climate, air spaces, mass of obstruction material,s and pavement
structure on the development of obstruction are significant (Hu et all).202
Chen et al. (2018) estimated the {r@avement noise of a porous asphalt
mixture based on the mix surface texture level and distributions. This
prediction model has been validated by a laboratory experiment showing its
effectiveness in predicting tirgead noise levels. The model is expected to
serve as an advanced tool that can be considered by practitioners in the
design of an optimized porous asphalt mix that includes evaluating the noise
produced by the asphalt pavement. The model is expecteente as an
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advanced tool that can be considered by practitioners in the design of an
optimized porous asphalt mix that includes evaluating the noise produced by
the asphalt pavement (Chen et al.; 2018). Hu et al. (2021)visgbsity
modified asphalt mixires for doubldayer porous asphalt pavement:
examined in terms of design optimization and evaluation criteria. Basic
asphalt binder (PG622) and modified asphalt with crumb rubber (CR) were
selected to prepare high viscosity asphalt binder. A methogddogroposed

to design two types of high viscosity modified porous asphalt mixtures with
target air voids of 20% and 22% (PA® and PAC16) for doublelayer
porous asphalt pavement (Hu et al.; 2021). Basic oxygen furnace (BOF) slag
was used as aggregate porous asphalt concrete to increase heavy metal
removal capacity. Road flow solution was synthesized artificially with a
copper concentration of 0.533 mg/L and a zinc concentration of 0.865 mg/L.
The results showed that BOF slag porous asphalt corfwdta better lifting
effect on copper. It provides evidence for the environmentally friendly reuse
of BOF slag as a road material and improved heavy metal removal by porous
asphalt concrete (Yang et al.; 2021). Cui et al. (2021), steel slag was used
instea of natural aggregate in thin asphalt pavement, and the precarious
properties and internal microstructure of this pavement were investigated.
The resistance of the coating containing the steel slag to hydrodynamic
damage was also evaluated and comparéd thé conventional coating. It is
pointed out that the volumetric properties of steel slag added to asphalt
pavements are less affected by hydrodynamic pressure. The results
demonstrated that steel slag has a potential filtration risk that can lead to
environmental hazards in loAgrm filtration processes (Cui et al.; 2021).
Pathak et al. (2022) evaluated the frictional properties of OGAFC mixtures
with basic oxygen furnace (BOF) and electric arc furnace (EAF) steel slag
aggregates in their research. iswdetermined that the frictional resistance of
the mixtures increased with the increase in the steel slag content. OGAFC
mixtures consisting of polished steel slag aggregates also inferred promising
results with the increase in steel slag content. Theinigs also depictured

that OGAFCCRMB blends outperformed OGAFEMB blends (Pathak et

al.; 2022). Li et al. (2022), investigating the performance degradation of
asphalt mixture containing various steel slag under heavy loading, some
largesize basalt heinix asphalt mixture (BHMA) and steel slag hotx
asphalt mixture (SHMA) samples were prepared, and a heavy loading wheel
tracking test was done. Consequently, it explains the degradation mechanism
of SHMA under heavy loading: the large aggregate is cruahddforms a

new aggregate skeletal structure (Li et al.; 2022). Hu et al. (2021) evaluated
the longterm slip resistance of a multontent basic oxygen furnace (BOF)
steel slag and asphalt mixture using a circular vehicle simulator (CVS). In
particular,asphalt mix with 50% BOF steel slag content has the best long
term antislip performance (Hu et al.; 2021). Xie et al. (2017) examined
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material characterization and performance evaluation of asphalt mixture
prepared with basic oxygen furnace slag (BOFe rdirect tensile strength

test and thre@oint bending test, respectively, showed that asphalt mixtures
with BOF mud added acceptable and better moisture andelmperature
crack resistance than mixtures with limestone powder (Xie et al.; 2017).
Basic «ygen furnace slag (BOF) is widely used in road construction, but
there are characteristic deficiencies in different asphalt mixtures. The
properties of stone mastic asphalt (SMA), porous asphalt (PA), and hot mix
asphalt (HMA) containing dense grades @B as partial replacements for
natural aggregates are compared. The test results showed that BOF slag has a
lipophilic property so that it can be adsorbed by asphalt cement, thus
reducing the asphalt cost. The stability value of all asphalt mixtures sectea
with the BOF slag substitution rate (Huang; 2017). In the literature study,
porous asphalt can reduce the noise level that provides sound absorption
thanks to its porous structure. Yonar et al. (1996) investigated the use of
Steelworks Slag as aggregah HMA mixtures in their study. It has been
observed that electric arc furnaces (EAO) steelworks slag can be used as
artificial aggregate in HMA mixtures, it does not pose a danger to
environmental health, the insufficient physical properties can begbtda

the desired limits with mechanical arrangements and it contributes
economically (Yonar et al., 1996). The effect of Isdemir steelworks (BOF)
slag on the freezthaw behavior of soils was investigated by Ongu (2017).
(BOF) slag was added to the clgy@oil samples at the rates of 3%, 6%, 9%,
12%, 15%, and 20%. It made a significant contribution to the improvement
of 9of % of clay soils (Ongu, 2017). According to the results of the feasibility
study on the economic and ecological evaluation of stagkslit has been
determined that the use of steel slag as asphalt concrete aggregate in and
around Kar ad elf% moreecoropmical than the uselof crushed
stone as aggregate (URL 3).

In the literature study, porous asphalt can reduce the feist that
provides sound absorption thanks to its porous structure. With its porous
structure, it can reduce the noise level and further improve the conditions of
auditory comfort. This situation is seen in Shen (2009) literature study (Shen
et al.; 2009)

Basic Oxygen Furnace (BOF) slag and Electric Arc Furnace (EAF) Slag
are expressed as steel slags (TCUD; 2015, Uysal & Bahar 2018). BOF and
EAF are seen in Figure 1.
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Figure 1: BOF and EAF overview (Dundar; 2006)

The usage rates of steel slags in Eurapeillustrated in Figure 2 in line
with the data of the European Slag Union (Euroslag, 2014), (URL 2).

Hydraulic Fertilizer

Fjenler}t structures 3% Other
production 3 304
5% :

= Road construction = Internal storage

= Final storage Internal use

= Cement production = Hydraulic structures
= Fertilizer = Other

Figure 2: Steel Slag (Bof and Eaf Slag) usage areas, 2012 (URL 2)

A comparison of the chemical composition of basic oxygen furnace slag
and electric e furnace slag is demonstrated in Figure 3.

Table 1: Comparison of the chemical composition of basic oxygen furnace
slag and electric arc furnace slag (Yi et al., 2012)

Oxides CaO SiQ AOs  FeOs FeO MgO MnO PGs
(%)

BOF 4560 1015 15 39 7-20 313 2-6 14

EAF 3050 1120 1018 56 822 813 510 25
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3. Objective

The study aims to take into account the environmental conditions such as
noise and rain in areas such as parking lots and pedestrian traffic where there
is no heavy vehicle traffic, anthe strength and performance characteristics
of the use of porous asphalt are discussed by making use of the literature
study. Within the scope of the study, the effects of the use of basic oxygen
furnace slag (BOF) and SBS additives at different ratélseirporous asphalt
mixture on the mixing performance and sound absorption properties were
investigated to prevent environmental pollution by evaluating the waste
building materials. Prospective estimates have been made on the properties of
porous asphaltased on the use of additives and recycling materials.

4. Scope

First of all, It was considered the physical properties of aggregates used in
porous asphalt, and its usability as road pavement was investigated. The use
of binder material properties with SBfslditive material was evaluated. The
effects of the BOF recycling material used in different ratios on the porous
asphalt performance were considered. In this direction, experiments
involving the physical properties and mechanical properties of the mixtur
are discussed. The effects of BOF recycling and SBS additives on the
usability measure, strength, drainage, and sound properties of the porous
asphalt mixture were examined.

5. Material and Method

Crushed stone aggregate was used in the porous aspsigih ceudy.
Ground river stones and processed stones were used as mineral fillers and
were obtained from local aggregate producers. All mixes have a nominal
maximum size aggregate of 19 mm. Coarse and fine aggregates are classified
as material passing thugh a 4.75 mm sieve, respectively. SBS modified
asphalt binder (styrenbutadienéstyrene) was supplied from commercial
asphalt manufacturers. BOF slag was used as a recycling additive in the
mixture. Mixtures were prepared according to the presence of $4Fin
the aggregate mixture at 0%, 25%, 50%, 75%, and 100% by volume.
PackThe packingding mixture design method (PGMDM) has been applied in
porous asphalt design. The physical properties of the bitumen used in porous
asphalt pavement were evaluated tbgewith the use of SBS additives. For
the properties of aggregates used in the mixture; BOF slag specific gravity,
flatness index, water absorption rate, and wear loss properties were compared
with crushed stone aggregate. The optimum bitumen ratio eofptitous
asphalt mixture was determined, and slip resistance, moisture sensitivity,
rutting resistance, and sound absorption were investigated for performance

24



INSAC World Natural and Engineering Sciences Chapter 01

properties. Two main issues were investigated in this study. The first issue is
the mixing perfomance considering the literature study, and the second main
issue is the sound absorption character. The sound absorption coefficients of
different BOF slag mixtures were measured to define the sound absorption
character (Shen et al.; 2009). The use of Bstdg as a mixture instead of
coarse aggregate was made to obtain the correct volumetric mixing ratio on a
volume basis. Shear resistance, moisture susceptibility, and permanent
deformation tests were used to define mix performance. Based on laboratory
ted results, static analyzes were performed to define the optimum mixing
ratio and to evaluate significant differences (Shen et al.; 2009).

Basix Oxygen Furnace Slag (BOFS) and Electric Arc Furnace Slag
(EAFS) materials are seen in the following Figure 3

(@) (b)

Figure 3: Basix Oxygen Furnace Slag (BOFS) (a) and Electric Arc Furnace
Slag (EAFS)

6. Experimental Study
6.1. Design method

Porous asphalt mixtures with different contents were prepared in 5%
increments for uncompressed asphalt mixtures. Water discharge tests were
performed on uncompressed asphalt at ¥¢5by the AASHTO T305
(Standard Method of Test for Determination of Drd@wn Characteristics in
Uncompacted Asphalt Mixtures). Porous asphalt mixtures were designed by
applying the Marshall test method to different BOF slag content (Shen et al.;
2009).

6.2. Skid resistance

Tests were conducted according to ASTM E303 (Standlesi Method
for Measuring Surface Frictional Properties Using the British Pendulum Test
(BPT)) standard procedures and skid resistance tests were performed (Shen et
al.; 2009). The experiment test set and working principle are shown in Figure
4.,
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(a) (b)
Figure 4: BPT test set (a) and BPT work principle (b), (URL 4 & URL 5)

6.3.Moisture Susceptibility

Moisture causes a loss of adhesion between the asphalt binder and the
aggregate and accelerates the tgpment of distressing events such as
potholes, cracks, and rips. Moisture sensitivity tests were conducted
according to AASHTO T283 procedures (Standard Method of Test for
Resistance of Compacted Asphalt Mixtures to Moistadkiced Damage).
Moisture suseptibility is evaluated based on a comparison of the average
indirect tensile strength (Shen et al.; 2009).

TSR = S2/S1 (Tensile Strength Ratio) Q)
S1 = Average ITS (Indirect tensile strength) control subset (kPa) 2
S2 =Average ITS (Indirect tensile strength) continued subset (kPaj3)

6.4.Permanent deformation

Permanent deformation tests are carried out with a wheel tracking device.
The potential to leave marks on the asphalt mix was evaluated. The tests were
carried out with the aid of a repetitive wheel load of 1.65 and 2.18 MPa at 60
oC. Horizontal deformations are measured at 45 and 60 minutes. Dynamic
stability is achieved by the formula given below. (Shen et al.; 2009).

DS: 15N/ (d6Q d45) 4
DS: Dynamic Stability
N: Wheel speed, 42 revolutions per minute

d45,d60: Horizontableformations occurring at 45 and 60 minutes.
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6.5.Sound absorption coefficient measurement

Sound absorption coefficient measurements of the sound produsred
carried out by ASTM E1050. (ASTM E1050= Standard Test Method for
Impedance and Absorption of Acoustical Materials Using a Tube, Two
Microphones, and a Digital Frequency Analysis System )

To calculate the sound absorption coefficient, the equipmesd maist
have

- Multi-analysis analyzer (Pulse )

- Impedance tube (with an internal volume of 10 cm diameter and
obtainable frequency range from 100 Hz to 1.6 kHz)

- Two identical microphones measuring sound source and sound pressure
with an amplifier

The ®und absorption coefficient was measured for 10cm (Shen et al,;
2009).

7. Findings
7.1. Aggregate Properties

The physical properties of BOF slag and CS crushed stone aggregate are
presented in Table 2. Aggregate properties provide specification limits.

Tablo 2: Physical properties of BOF slag and CS aggregates (Shen et

al.;2009)
Properties BOF c¢cCS (_k Standard Limr
L.A. abrasion, % 20.96 23.52 40 Max
Freeze and thaw (NaSO4 stability), 1.35 3.16 12 Min
Water absorption, % 2.2 1.3 -
Fracture surface ratio, %
One or more 100 100 90 Min
Two or more 95 92 75 Min
Roundness index 0.60 0.52

7.2. Modified Binder Properties

Polymermodified asphalt binder is widely used in porous asphalt
mixtures to increase mixture durability angmoval resistance.The
properties of the SBS polymenodified asphalt binder are shown in Table 3.
It is seen that ensured the specification limits.
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Tablo 3: Polymeimmodified asphalt binder properties (Shen et al.;2009)

Properties Test Result Spesifikayon
Specific gravity (g/cm3) 1.034 T
Penetration (26, 1/10 mm) 42 35 Min
Viscosity (6C) 8753 8000 Min
Viscosity (136) 2850 3000 Max
Flashpoin®@) 297 232 Min

7.3. Mix Properties

Tightly packed aggregate gradations are designed by PGNtiakking
grading mixture design method). Aggregate mix gradation prepared at
different BOF percentages is shown in Figure 5 and the mix design result is
indicated in Table 4, respectively.

0.1 1
100 T T

90 || —o— 0% BOF
—— 25% BOF
80 —a— 50% BOF
70| —o— 75%80F

—o— 100% BOF
60 +

50 -
40 F
30+
20 +
10

2 A X l.)___\-)—-——(.
0.1 1 10
Sieve size(mm)

Passing (%)

Figure 5: Aggregate mix gradation (Shen et al.;2009)
Table 5: Mixdesign result (Shen et al.;2009)

Mix Properties BOFslag (%) Standard
0 25 50 75 100 limit
Opt. asphalt content (% 5.50 5,55 5.60 5.64 5.75 -
Stability (kN) 419 474 5.0 5.33 5.36 3.5 min
Flow (0,01 cm) 345 352 358 34.8 34.6 2040
Air void§%) 20.2 197 205 20.8 20.7 20 N
Specific gravity (kg/m3) 2065 2125 2207 2281 2348 -
VCA mi(%) 369 378 375 39.8 40.1 -
VCA mix (%) 26.7 288 304 324 35.0 -
Water outlet (%) 0.16 0.18 0.21 0.15 0.20 0.3 max

Permeability (cm / s) 0.34 0.38 0.32 0.35 0.37 0.01 min

As the BOF slag percentage increases, the wear percentage decreases.
The results show that the BOF slag forms an excellent bond with the asphalt
binder thanks to its angular shape and rough surface. BOF slag mix has
higher Marshall stability than CS mixés similar reasons. The permeability
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test was carried out by a fixed main permeability meter. The minimum
permeability coefficient value of FOcm/s generally meets the adequate
water drainage performance on the road surface. The results show that all
mixtures have good drainage with permeability.

7.4. Mix Performance

The test results of the slip resistance are shown in Figure 6. The increase
in the BOF slag mixture causes an increase in the slip resistance.
Furthermore, dry condition increase rates agadr than the wet condition

Y=ATX14B"X2""2

0200006403

0190008403 |

0.00000€+00

BOF Siag (%)

&
&
g
BPN (Dry condition)
A=-1387E+02. B=01740E+00

Figure 6: Slip resistance for Porous Asphalt mixes (Shen et al.;2009)

Regarding humidity sensitivity, indirect tensile strength (ITS) and tensile
strength ratio (TSR) calculation results are shown in Figure 7 and Figure 8,

respectively.

N.307. Y=ATX14B"X2"2 <. 2nd order (1)
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Figure 7: ITS result with different BOF slag ratios (Shen et al.;2009)
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Figure 8: TSR result with different BOF slag ratios (Shen et al.;2009)

The results showed that for all TSR mixtures, the required minimum
values of 70% were exceeded ahé mixtures had sufficient resistance to
moisture damage. In addition, the presence of BOF slag increases resistance
to stripping. Besides, SBS polymer contributed to the mixing strength.

In this study, wheeled tracking test results for all mixtures weaduated.
Test results are given below in Figure 9 and Figure 10, respectively.

With the increase of the wheel load and the BOF ratio, the rutting depth
decreased.

Figure 9: Wheel Tracking test result (wheel load 1.65 MPa); (Shen et
al.;2009)
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