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Abstract: The occurrence of road accidents due to a pavement surface with inadequate roughness is an alarming issue. This problem
involves not only the design, construction and maintenance of road pavements, but also the properties of the materials used in the asphalt
mixes, traffic volume and vehicle speed, as well as tire characteristics, human factors, environmental conditions and many other contributing
elements. As a result, there is a growing awareness of these problems and adequate measures have to be taken by road administrations in
order to improve traffic safety. For the design, construction and maintenance of a modern road network, along with strength and
sustainability, skid resistance has become an integral part of a safe and efficient road system. With the increase in traffic speed and volume,
the road pavements built today must have initial and continuous qualities of high skid resistance. It is a well-known fact that the pavements
skid resistance is reduced primarily by mechanical wear and polishing due to traffic action; however, to what extent the friction
characteristics are diminished and the other causes and effects of this reduction are problems that road engineers have to face. Although the
automotive and tire industries have contributed greatly to the research and development of skid-resistant road pavements, it is quite obvious
that most of the improvements will go to pavements. In the following, the paper will focus on establishing the roughness criteria that can be
applied from the early stages of the construction of a road infrastructure, by selecting those materials and techniques that lead to a high
level of roughness and thus traffic safety. Also, the paper presents the results of recent experimental studies undertaken to determine the road
roughness, using the microtexture as well as macrotexture criteria, conducted in Romania on the national roads DN 2 km 212 + 000 and DN
15 km 290 + 870.
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Macrotexture is the large-scale roughness that exists on the road
surface due to the arrangement of the aggregates and controls the

Globally, interest in improving road safety has long since  drainage capacity of the pavement [2].
begun. In 1969, the Highway Research Center published a study The combination of microtexture and macrotexture, together
regarding skid resistance of road pavements conducted in four  with the way these textures change due to traffic and climatic
states. The Office of Public Roads, along with state highways in  factors, form the general drag resistance of a particular road.
Colorado, Wyoming, Utah, and New Mexico, also performed Damage to the road surface (smoothing or sanding), together with
specific tests to determine the importance of surface characteristics ~ the accumulation of surface water in the form of rain, snow or ice,
in increasing the road safety. All these tests have been performed can lead to inadequate skid resistance. Inadequate skid resistance
with a special trailer belonging to the Public Roads Office, can lead to a higher incidence of road accidents. There is currently
following ASTM criteria and procedures. 979 tests have been no agreement on the standards that can be used to optimize skid
conducted on a variety of pavement types and highway systems.  resistance, despite a significant amount of research.
Due to its open-textured surface, seals using a bituminous mixture
made in the bituminous plant mix offered the highest coefficients of
skid resistance; followed by chip seals, asphalt concrete and cement
concrete. In the case of chip seals, as in all other areas, the annual
average daily traffic and the age of the road pavement have proven
to be the most influential factors [1].

1. Introduction

Skid resistance represent the opposing force which is developed
in the tire-road contact area [2]. This resistance, also called skid
friction, is a significant component of traffic safety, as it is essential
in maintaining the control of the vehicle and decreasing stopping
distances in urgent braking situations.

Skid resistance has two major elements: adhesion and the so-
called hysteresis phenomenon [3]. Adhesion is the result of the
shearing of the molecular bonds formed when the rubber tire is
pressed in close contact with road pavement aggregates. Hysteresis
results from the dissipation of energy when the tire rubber is
deformed when passing over the asperities of a rough pavement [2].

A large difference in skid resistance between inner and outer
lanes on four-lane roads has been frequently observed in the four
states. The study concluded that the use of bituminous plant mix
seals is the best way available to ensure a high quality, non-skid
surface, not only as a strategy to improve existing surfaces, but also
in the construction of new roads [1]. Based on these results,
adequate roughness measures need to be analyzed and implemented These two components of skid resistance are linked,
from the design phase of road pavements. respectively, to the two key properties of asphalt road surfaces,

The relationship between accidents frequency and pavement namely microtexture and macrotexture.

texture of a road surface is often overlooked, but this is an Previous studies agree that both the microtexture and the
important factor in road safety. Road pavement with high skid macrotexture of a pavement have an important influence on the
resistance properties can be a significant factor in reducing the pavement skid resistance.

likelihood of an accident. Skid resistance is related to both the
properties of the vehicle tire and the road surface and can be
affected by the volume and composition of traffic, the depth and
pattern of the tire tread, the temperature of the pavement, the
presence of water (rain) and other driving conditions [2].

Microtexture deals with irregularities on the aggregates surfaces
that affect adhesion. The size of the microtexture depends on the
initial roughness on the surface of the aggregate and the ability of
the aggregate to retain this roughness against the polishing action of
the traffic [4]. Consequently, microtexture is an aggregate-related

The pavement surface must ensure an adequate level of friction property that can be controlled by selecting aggregates with
at the tire-road interface for the safe operation of vehicles in normal desirable polish strength characteristics. The evaluation of the
weather conditions. The texture of the road surface is defined by  aggregates regarding their polishing behavior can be performed
two parameters: microtexture and macrotexture. using laboratory testing procedures developed for this purpose.

Microtexture is fine-grained granulation (< 1 mm deep) on the Microtexture and adhesion contribute to skid resistance at all speeds
surfaces of coarse aggregates. The microtexture is responsible for and is the predominant influence on skid resistance at speeds below
the direct contact between the tire and the road, thus providing 30 mph [5].

resistance to skidding. . . .
g Macrotexture deals with the larger irregularities on the road

pavement that affect the hysteresis. These are associated with voids
between the constituent aggregates in the wearing course. The size
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of this component will depend on some factors, including the size,
shape and particle size of aggregates used in road construction, the
specific construction techniques used in laying the wearing course
[6]. Macrotexture is also significant in providing drainage channels
during the tire-surface interaction, thus reducing hydroplaning. This
phenomenon is the loss of tire traction caused by a film of water
separating the tire from the pavement surface [2].

The main purpose of determining skid resistance is for quality
control during construction and for subsequent road management.
Road friction values are used in road network studies, evaluation of
intervention strategies, criteria for new construction, accident
investigations and winter road maintenance, among other purposes.
Skid resistance values are also taken when potential road safety
problems are observed and when the road surface has recently been
repaired to correct friction problems [2].

Historically, macrotexture measurement has been obtained by a
volumetric technique [7]. This basic method consists of spreading a
known volume of material (sand, glass beads or grease) on the road
and measuring the covered area. Dividing the volume by area
provides the depth of macrotexture (average texture depth, MTD).

The current ASTM standard [7] for macrotexture measurement
requires the use of glass beads instead of sand. The material has
been changed for two reasons: glass beads spread more evenly than
irregularly shaped sand, and very low yields are usually obtained
when sandbags are screened.

Good skid resistance on flexible pavement surfaces could be
achieved by controlling both microtexture and macrotexture. In the
case of microtexture, it largely depends on the composition of the
aggregates. Good skid resistance must be achieved by selecting
quality, sand-resistant aggregates. An ideal aggregate for the asphalt
mixture should be composed of hard, coarse, angular minerals, well
glued in a softer matrix, so that a gradual differential wear occurs

[2].

The macrotexture will depend on the specific type of mixture,
the particle size of the aggregate (dense or porous mixture) and the
stability of the mixture. There are two types of road pavements that
can be used to achieve a high level of macrotexture in new roads:
open graded asphalt concrete - for flexible pavements and textured
surface for rigid pavements (PCC). However, the reshaping of the
existing pavement can be achieved by overlapping open graded
asphalt concrete, grooving, cold milling and seal layers [6].

2. Elements the affect the skid resistance

Skid resistance is generally considered a problem when the road
is wet, as it is known that dry road pavements provide sufficient
skid resistance to stop vehicles. Thus, previous test procedures and
safety studies related to skidding have focused on wet road
conditions. Vehicles traveling at low speeds on wet roads develop
full hysteretic frictional force on the surface. At low speeds, surface
water is squeezed from under the vehicle's tire, keeping it in full
contact with the surface. However, the skid resistance properties
deteriorate as the vehicle speed increases.

As mentioned above, maintaining good skid resistance is very
important in wet conditions for traffic safety. Research efforts have
been made to identify improved methods of draining rainwater from
the surface of multi-lane roads and to develop guidelines for their
implementation. Drainage plays an important role in mitigating
hydroplaning and splashing and spraying, as these two issues tend
to depend on the thickness of the water film on the road.

Ways to reduce the thickness of the water film is important for
the safety of drivers, avoiding dangerous situations. Some of the
techniques developed to reduce the water film are: alteration of road
geometry; installation of drainage accessories, use of permeable or
open graded asphalt mixtures, Portland Cement Concrete grooves
and improving the surface texture by selecting and designing the
bituminous mixture.
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Other means of reducing the flow of surface water on the road
are porous asphalt concrete pavements. These surfaces also provide
a means of draining water under the tire, thus reducing the potential
for hydroplaning.

“Asphalt surfaces with internal drainage” is another technique
to reduce the water film on road surfaces, by using asphalt mixtures
with discontinuous particle size distribution. This internally drained
road pavement has the potential to minimize the water film and
hydroplaning and can reduce the thickness of the water film by
allowing internal drainage, which effectively reduces the amount of
water to be drained on road surfaces. Most research reports
highlight the internal drainage aspects of porous asphalt mixtures.
However, the improved surface texture it provides may be of equal
or greater importance than the internal drainage it provides [2].

Porous mixtures have been widely used in Europe. These
mixtures are usually placed with binders that are modified with
fibers or polymers. These mixtures contain about 20% air voids,
which is significantly higher than the mixtures used in the U.S.
Road surfaces with porous mixtures also offer high values of skid
resistance and help to remove water from the road surface.

The effectiveness of porous mixtures can be improved if
drainage systems are installed inside pavement layers. Continuous
material drainage systems that can be placed either transversely or
longitudinally with the direction of flow [8].

Although porous asphalt mixtures are generally accepted as
useful in reducing hydroplaning, their performance has been
unsatisfactory in many states, as several states have completely
eliminated their use. Instead, they are widely used on motorways in
Europe, especially in France and the Netherlands [9].

Another method for water film control is to maximize the
texture of the surface. The reduction in the water film is directly
proportional to the increase in macrotexture. Because porous
asphalt surfaces are usually made of relatively coarse aggregates
with a grain size curve with a minimum amount of sand-sized
material, they generally produce high levels of macrotexture. The
macrotexture, in other asphalt surfaces, is also controlled by the
granulometric curve of the aggregate.

3. Laboratory testing. The asphalt mix design

Various experiments have been carried out which included
different components of the asphalt mixture, such as the types of
binders and aggregates, with different particle sizes, the percentage
of air void and the binder content and the measurement effect of
these variables on the macrotexture.

Variations in microtexture and macrotexture were studied by
manipulating the selected variables in the design of the asphalt
mixture. Asphalt mixes are designed to meet specific volumetric
and stability requirements by manipulating a number of variables.
The controlled variables that could affect microtexture and
macrotexture were the following:

* The maximum nominal size of the unit;

* Type of aggregates;

* Percentage of air voids volume;

* The type of granulometric curve of the aggregates.

As previously reported, previous research has indicated that
macrotexture is affected by the maximum nominal aggregate size,
which is defined as the smallest sieve through which 100% of the
aggregate sample will pass.

The types of aggregates used in this study were limestone
(sedimentary rock) and gravel. These types were selected because
they are commonly used and are both abundant in Wisconsin. The
percentage of air voids in an asphalt mixture can significantly affect
the performance of asphalt pavement. Voids in asphalt mixtures (at
optimum binder content) can be reduced from about eight percent at
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the beginning of a road's life to about three percent after a
significant traffic load. The voids used in this study were between
four and eight percent for hot mix asphalt mixtures, and for porous
asphalt mixtures, the voids were between 15 and 20%.

A significant aspect in the roughness of a road pavement during
the service period is the polishing of the aggregates. The related
issue to consider is the gradual (microscopic) wear of homogeneous
aggregates to determine the relevant physical properties of these
minerals in the wear process. Wear is measured as a weight loss of
the material.

The importance of the types of aggregates used in the mixtures
of rough asphalt concrete also derives from the degree of wear.
Microscopic study of worn surfaces revealed two phenomena:
scratches and disintegration. Fast-wearing minerals tend to show
both types of damage, while slow-wearing minerals do not show
scratches, only a small amount of disintegration. Rapid wear occurs
when the abrasive was harder than the mineral. Wear is proportional
to the load and inversely proportional to the hardness. Slow wear of
minerals less hard than abrasive was independent of load.
Disaggregation is related to energy concepts, while scratching was
related to hardness. However, the hardness of the aggregates proved
to be the most important parameter in the rapid wear of
homogeneous minerals.

The predominant variable in tire-road surface friction under wet
road conditions is the texture of the road surface itself. Skid
resistance depends on a surface that ensures the penetration of the
water film and drainage channels. One of the factors that can
change these characteristics is the smoothing and rounding of the
aggregates in the asphalt mixture exposed by the abrasives found on
the road. This process is caused by the removal of particles or wear
on a microscopic scale and is commonly referred to as sanding. The
amount of wear over a period of time can have a direct effect on the
skid resistance of road pavement. The cause for concern here is the
gradual (microscopic) wear of the homogeneous aggregates
contained in the bituminous mixture.

4. Asphalt mixtures in Romania

Asphalt pavement mixtures are construction materials made
from mixes obtained on a dosage judiciously determined basis, from
natural or artificial aggregates and filler, agglomerated with
bitumen through an appropriate technology. They have multiple
usage, being mainly used for construction of flexible road
pavements and base layers. The most used asphalt mixes aggregates
are: stone of all kinds, natural and crushed sands, ballast and
crushed ballast and gravel, artificial aggregates such as sorted blast
furnace slag, granulite, crushed pile slag, etc. Under certain
conditions it can be used quarry waste, industrial by-products, etc.
The choice of natural aggregates must be made with discernment,
knowing that under certain conditions a wide range of local
materials processed and treated can be used, which leads to asphalt
mixes with satisfactory technical characteristics, which are cost
efficient.

The conditions that natural aggregates must meet in order to be
used in road pavements are well defined and refer to the size and
shape of the aggregate, the nature of the road support, granularity,
etc. They must be particularly clean, have good adhesion to the
bitumen used, have adequate mechanical strength and be resistant to
wear. The most frequently used filler with the best results is
obtained by grinding limestone. The bitumen used in road
pavements has a decisive importance in their behavior, its type
being chosen depending on the asphalt mix we want to prepare,
more precisely the physical-mechanical characteristics considered
for the mixture. One can use pure bitumen, modified bitumen,
additive bitumen, bitumen derivatives (bituminous emulsion, cut
bitumen). Regarding the consistency of the bitumen used, it varies
in a wide range depending on the type of asphalt mix. If the bitumen
currently used is type D 80/120, there is a general tendency to use
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harder bitumen (D 50/80), which gives asphalt mixes a higher
stability in conditions of heavy traffic and high temperatures.

Natural aggregates used in asphalt mixes must have a number of
characteristics, in particular the following: to be clean; to show as
little wear as possible under the traffic; to be homogeneous in terms
of mineralogical composition; to come from rocks of a basic or
neutral nature, which allow a good adhesiveness to be achieved,; if,
however, acid rock aggregates are used, it is absolutely necessary
either to add surfactants to the bitumen or to treat the aggregates
with these substances or with lime; to have high compressive
strength, so they don’t shatter under traffic and weather effect; the
shape of the aggregates should be polyhedral.

To increase the compactness, filler is added, which reduces the
volume of voids in the mix, but increases the specific surface area
of the natural aggregate. The filler increases the plasticity of the
bitumen and favors the adhesion to the natural aggregate. At the
same time, it increases the internal friction of the bitumen and the
cohesion and thereby improves the behavior of the asphalt mix.
Bitumen mixed with filler hardly changes its chemical composition.
The filler prevents the bitumen from aging by acting so that the
bitumen retains its binder properties for a long time. The dosage
judiciously dosed in relation to the other components increases the
compactness and the specific surface of the natural aggregate, thus
ensuring, together with the bitumen, the mechanical resistance and
the stability at high temperatures of the asphalt mixes. However, the
excess filler is harmful, as the mechanical strength and stability at
high temperatures decrease, and lumps form in the asphalt mix,
reducing its workability. Overdose bituminous coating has surface
irregularities and is less resistant to water. In order to obtain a
maximum resistance of the asphalt mix, it is necessary that all the
natural aggregate be covered with a bituminous film as thin as
possible. The higher the thickness of the bitumen film, the lower the
resistance to shear and plastic deformation. Obtaining such a fine
bitumen film is only possible by filerization. Laboratory studies
performed on asphalt concretes, following the relationships filler-
volume of voids, filler-cohesion of the asphalt mix and the
resistance to plastic deformations under the action of the track
simulator led to the following conclusions:

« the ratio between bitumen and filler is an important factor in
terms of stability. The filler modifies the properties of the binder,
leading to a better viscosity. This fact justifies the theory that the
filler acts not only on reducing the volume of voids, but with the
help of its very fine particles, it modifies the properties of the
bitumen.

* the addition of asbestos fibers, as a filler, in proportion 1...
3% has a favorable effect on the cohesion of the asphalt mixture and
its good behavior under traffic.

The term “bituminous materials” generally includes all
materials consisting of aggregates coated with either bitumen or tar,
the latter term being a binder used predominantly before the
bitumen era. Bituminous materials are used almost exclusively in
road construction, although bitumen is also used successfully for
industrial applications and other forms of construction, such as
roofing elements, paints, special waterproofing coatings, etc. Today,
a wide variety of bituminous materials are used in construction,
each with its own distinctive features. The selection of appropriate
materials for each application is based on technical, economic and
environmental criteria [10].

The United Nations Statistics Division estimates that world
bitumen production in 2018 was about 119 million tons [10].
Currently, bitumen has over 250 known applications, the majority
of which are still used in road construction and civil engineering,
for roof waterproofing. It is estimated that 85% of the total bitumen
produced is used in transport infrastructure, as a binder in various
bituminous mixtures. About 10% of the bitumen is used for roofs
(eg shingles, hot-applied built roofs, cold-rolled roofs, etc.) and (c)
the remaining part (about 5% of the total) is used for a variety of
applications (coating for water pipes, bitumen paints, waterproofing
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and sealing materials, etc.); this sector is generally called other
applications  ”[11-13]. According to  Eurobitume [13],
"approximately 93% of all bitumen supplied in Europe in 2017
went to the road sector, while the remaining 7% went to industrial
and other applications". Bitumen is mainly used in bituminous
mixtures, which, according to 1SO 15642 [14], is defined as a
"homogeneous conglomeration of building materials consisting of
sized mineral aggregates, possibly additives and fillers, coated
collectively and uniformly with binder".

5. Case studies. Roughness measurement on
national roads in Romania

One of the necessary conditions for traffic safety is to ensure a
proper roughness, by achieving a good grip between the tire and the
pavement surface in order to increase its anti-skid quality. Road
roughness is characterized by the value of the SRT or MTD
indicator. The roughness of rigid road pavements can be determined
only by the MTD method, but for bituminous pavements the two
methods can be used in parallel, adopting the most unfavorable
grade.

The MTD method consists in spreading on the analyzed surface
a volume of 25 cm® of fine sand in the form of a circular spot. The
sand will fill the road pavement voids to the level of roughness.
MTD is determined by relating the volume of sand to the surface of
the stain.

SRT - Skid Resistance Test (Fig 1) allows the assessment of
road roughness by measuring the skid resistance between the
pendulum of the SRT device and the road pavement surface.

Fig. 1 SRT device - Skid Resistance Test [15]

Experimental studies on the roughness of road pavements by
determining the microtexture, as well as macrotexture have been
conducted in Romania, in order to establish the correlation between
these two characteristics which have a significant impact on the skid
resistance of road pavements. Therefore, through the Road
Laboratory belonging to the lasi Regional Directorate, tests were
carried out to establish the exact value of the skidding
characteristics. The tests are part of the admissibility conditions that
must be met when constructing / rehabilitating road pavement
sections, a lower value means that the road sector does not meet the
minimum skidding resistance.

Therefore, studies were carried out on establishing the
roughness on the national roads. As follows is presented only the
results obtained on the roads DN 2 km 212 + 000 and DN 15 km
290 + 870. The tests performed are in accordance with the
provisions of the regulations SR EN 13036-1: 2010 and PTE D-36
[16], for macrotexture, respectively SR EN 13036-4: 2012 and PTE
D-37 [17] for adhesion by the SRT pendulum method.

Macrotexture measurement

These measurements were carried out during the execution of
the pavement maintenance works, in order to establish the
fulfillment of the roughness criteria.

DN 2 km 212+000 = 212+040
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Fig. 2 In-situ placement of positions under investigation

Table 1: Data and calculations regarding the determination of the depth of
the macrotexture of the pavement surface by the volumetric technique MTD -
right lane DN 2 km 212 + 000 + 212 + 040

Indicative Diameter mm Di,
test 3 mm | MTDi,

surface, ol mm olss,

- D1 | D2 | D3 | D4
B1.1 175(164|164|169|168| 1.13 1m from shoulder
B1.2 170|168 |165|160|166| 1.16 0.5m from axis
B1.3 162162161169 |164| 1.19 1m from shoulder
Bl1.4 158|155|159 (152|156 | 1.31 0.5m from axis
B1.5 25000 151(152|153|152|152| 1.38 | 1m from shoulder.
B1.6 150(158|159 (160|157 | 1.30 0.5m from axis
B1.7 179|178|169 174 (175| 1.04 | 1m from shoulder
B1.8 155|157 (158 160|158 | 1.28 0.5m from axis
B1.9 155|152|160|156 (156 | 1.31 | 1m from shoulder
B1.10 155|156 160|160 |158| 1.28 0.5m from axis

1.24

Table 2: Data and calculations regarding the determination of the depth of
the macrotexture of the pavement surface by the volumetric technique MTD -
left lane DN 2 km 212 + 000 + 212 + 040

Indicative Diameter, mm
test Di, | MTDi,

surface, v, mm’ D1|D2 (D3 | D4 |mm| mm Obs.

code / no.
B2.1 152|155)158]160|156 | 1.30 0.5m from axis
B2.2 171|167 |172(166 (169 | 1.12 1m from shoulder
B2.3 154150160157 |155| 1.32 0.5m from axis
B2.4 170(170|160|157|164| 1.18 1m from shoulder
B2.5 25000 152|160|160 (157|157 | 1.29 0.5m from axis
B2.6 153(148150|146|149| 1.43 1m from shoulder
B2.7 160162 |165(168|164 | 1.19 0.5m from axis
B2.8 160|155|160]163|160| 1.25 1m from shoulder
B2.9 144|153 |147|152|149| 1.43 0.5m from axis
B2.10 175|165|180 (170|173 | 1.07 1m from shoulder

1.26

Given that the national road DN 2, km 212 + 000 in terms of
traffic is a road of technical class Il, according to the roughness
criteria established by AND 605 [18], the pavement meets the
minimum conditions regarding MTD, the average values
established on the road being greater than 1.2. Based on this
consideration, the pavement has an appropriate roughness and the
condition of skidding resistance is met.

DN 15 km 290+850 + 290+890
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Fig. 3 In-situ placement of positions under investigation

Table 3: Data and calculations regarding the determination of the depth of
the macrotexture of the surface pavement by the volumetric technique MTD -
right lane DN 15 km 290 + 850 +~ 290 + 890

ik mm D, D, D3 D; | mm mm
B1.1 382 | 348 | 365 | 387 | 371 0.23
B1.2 25000 351 | 407 | 362 | 379 | 375 0.23
B1.3 359 | 348 | 334 | 362 | 351 0.26
B1.4 359 | 362 | 373 | 337 | 358 0.25
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BLS 328 | 302 | 334 | 318 | 321 | 031 DN 2 km 212+000 + 212-+040 right lane
BL6 321 [ 317 | 309 | 334 | 320 | 031 _ _
B17 318 [ 334 | 317 | 327 | 324 | 0.30 town I e oun e
B1.8 301 294 | 295 | 318 302 0.35 «m 212.. 000 \m 212, 010 o 212, 020 wm 212,030 «m 212,040

. 5 ]
BLY 348 [ 320 | 326 | 330 | 333 | 0.29 e
BL10 274 | 278 | 272 | 294 | 280 | 041 “z.mj L. S wib T e T e«‘mf';“

0.29

Table 4: Data and calculations regarding the determination of the depth of
the macrotexture of the surface pavement by the volumetric technique MTD -
left lane DN 15 km 290 + 850 ~ 290 + 890

Fig. 5 In-situ placement of positions under investigation

Table 6: SRT values determined on site DN 2 km 212+000 ~ 212+040 right
lane

Py ) - SRT roughness | SRT
i, | v | oemeernm [ 2 TNI Tom | | sutwe | chaed P avsge 212, | ST
— mm D, D, D, Ds ldent(;fu/:atlon, units VIS'II'L{(/E' on, PTV PTV’ Obs.
B2.1 332 | 349 | 347 | 342 | 343 | 0.27 coderno. 14 12 13 |4 |5 units | Units | units
B2.2 253 | 238 | 255 | 245 | 248 | 052 BL1 7071717170 71 1 70 |1m from shoulder
B23 348 | 331 | 345 | 350 | 344 | 0.27 B1.2 27271272 72 2 70 | 0.5m from axis
B2.4 263 | 265 | 265 | 254 | 262 | 0.46 B1.3 76 (76 76 76 [76 | 76 2 74 |1m from shoulder
B2.5 25000 |o/3 | 358 | 303 | 361 | 349 | 0.26 Bl4  [m7[r7[r7[iefir| 77 -3 74| 0.5m from axis
B2.6 262 | 258 | 257 | 265 | 261 | 0.47 B15 73 (73 7372 72| 73 -4 69 |1m from shoulder
B2.7 289 | 262 | 275 | 274 | 275 | 042 B1.6 7474 74 75 74| 74 -4 70 | 0.5m from axis
B2.8 295 | 283 | 297 | 290 | 291 | 0.38 B1.7 76 [76 76 [75[75 | 76 -4 72 |1m from shoulder
B2.9 255 | 254 | 265 | 245 | 255 | 049 B1.8 77 7777 7877 | 77 -4 73 0.5m from axis
B2.10 301 | 295 | 303 | 296 | 299 | 0.36 B1.9 78|78 (78 [77 [77| 78 -3 75  |1m from shoulder
0.39 B1.10 78 |78 [78 |77 (77| 78 -3 75 0.5m from axis
72

Considering that the national road DN 15 km 290 + 890 from
the traffic point of view is a road of technical class Il, according to
the roughness criteria established by AND 605 [18], the pavement
does not meet the minimum conditions regarding MTD, the average
values established on the pavement being less than 1.2. Based on
this consideration, the road does not have a proper roughness and
the condition of skid resistance is not met, and applying additional
measures are needed to increase the roughness, such as the
execution of a roughness treatment.

Measurement of pavement surface adhesion by pendulum test
method

DN 2 km 212+000 + 212+040

Focsani Adjud

Y
'—*—’ Town
\n 212, 020

Town

wm 212,010 wm 212,030

i 212,000 «m 212,040 ‘
I ]

B2 ® E24 %

827 z,‘

Fig 4 In-situ placement of positions under investigation

Table 5: SRT values determined on site DN 2 km 212 + 000 + 212 + 040 lefi
lane

SRT SRT SRT
Surface roughness |average| Temp. |
identification, | obtained, value, |Correction, VF?TL@ Obs.
code / no. PTV units PT_V PTV units i
112|3[4|5]| units
B2.1 75(75(75(75[75| 75 -4 71 | 0.5m from axis
B2.2 7A[74(74(73|73| 74 -4 70 [ILm from shoulder
B2.3 79[79[79[79[79| 79 -4 75 | 0.5m from axis
B2.4 72(72[72[72[72] 72 -3 69 [Lm from shoulder
B2.5 80(808080[79] 80 -2 78 | 0.5m from axis
B2.6 73(73|73[73[72] 73 -2 71 [Lm from shoulder
B2.7 73|73(73[72[72| 73 -4 69 | 0.5m from axis
B2.8 77\77\77(77(78] 77 -3 74 [Lm from shoulder
B2.9 7272[72[71(71] 72 -2 70 | 0.5m from axis
B2.10 73[73[73[73[73| 73 -3 70 [Lm from shoulder
72
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Given that the national road DN 2, km 212 + 000 is a road of
technical class I1, according to the roughness criteria established by
AND 605 [18], the pavement does not meet the minimum
conditions regarding the minimum admissible SRT value (the
pavement must present it, the average of the established values on
the sector being larger than 80). Based on this consideration, the
road does not have a proper roughness and the condition of skid
resistance is not met, and it is necessary to apply methods to
increase the roughness, such as the execution of roughness
treatments. Although the MTD value came out properly,
corroborated with the SRT value, it is considered that the road does
not meet the minimum roughness condition.

Measurement of tread adhesion by test method with pendulum
DN 15 km 290 + 850 + 290 + 890 right lane

Bicaz S Piatra Neamt
Town > Tom ‘
290850 «n 290,860 \an 290, 870 «m290..880 290 .890
[ 1
FEg BI1® BI6® B23% B210®
P21 23 _ we2s _ _ _ _ _ _ _ 827 _ _ _ _ _ _
2} Bl 4*3 ElG B3 B0
#8511 #8135 #515 #817

Fig. 6 In-situ placement of positions under investigation

Table 7: SRT values determined on site DN 15 km 290 + 850 ~ 290 + 890
right lane

SRT roughness| SRT SRT
Surface | obtained, PTV [average| Temp.
identification, units value, |Correction, value, Obs.
| PTV
code / no. 1l213lals PT_V PTV units units
units
B1.1 57|56|56|56|55| 56 -1 55 |1m from shoulder
B1.2 59(59|59|59|59| 59 -2 57 | 0.5m from axis
B1.3 58|57|57|56|56| 57 -2 55 |1m from shoulder
Bl1.4 58|58/58|58|58| 58 -2 56 | 0.5m from axis
B1.5 58|58|58|57|57| 58 -2 56 |1m from shoulder
B1.6 56|55|55|55|54| 55 -2 53 0.5m from axis
B1.7 57|57|56|56|56| 56 -2 54 |1m from shoulder
B1.8 56|56|55|55|56| 56 -2 54 0.5m from axis
B1.9 58|59|60|58|58| 59 -2 57 |1m from shoulder
B1.10 |56/56|55|56|56| 56 -2 54 | 0.5m from axis
55
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Measurement of pavement surface adhesion by the test method
with pendulum DN 15 km 290 + 850 + 290 + 890 left lane

Bicaz site.

Piatra Neamt
Town B B i [ ———————
«m 290,850 km 290,860 km 290, 870 km290.880 km290.890
[ T
2® 524 # 5268 525 ® B210®
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Fig. 7 — In-situ placement of positions under investigation

Table 8: SRT values determined on site DN 15 km 290 + 850 + 290 + 890
left lane

SRT SRT SRT
Surface roughness |average| Temp. value
identification, |obtained, PTV| value, |Correction, PTV' Obs.
code / no. units PT_V PTV units uniits
112|3[4|5]| units
B2.1 56(56/56|56(55| 56 -2 54 0.5m from axis
B2.2 63(62|62(61|62| 62 -1 61 |Lm from shoulder|
B2.3 55(55(54|54/54| 54 -2 52 | 0.5m from axis
B2.4 63/63|63|64|63| 63 -2 61 |Lm from shoulder|
B2.5 58/58/58|59|58| 58 -2 56 | 0.5m from axis
B2.6 53|53/53|53|52| 53 -1 52 |{1m from shoulde
B2.7 53/53|52(53|53| 53 -2 51 | 0.5m from axis
B2.8 66|66/66|66|66| 66 -2 64 [Lm from shoulde
B2.9 56/56|57(57|57| 57 -1 56 | 0.5m from axis
B2.10 63/63|63/63|63| 63 0 63 |1m from shoulde
56

Given that the national road DN 15, km 290 + 870 is a road of
technical class 11, according to the roughness criteria established by
AND 605 [18], the pavement does not meet the minimum
conditions regarding the minimum SRT value that the pavement
must present, the average of the established values on the sector
being less than 80. Based on this consideration, the road does not
have a proper roughness and the condition of resistance to skidding
is not met, requiring the application of adequate methods to increase
the roughness, such as the execution of roughness treatments.

6. References

1. Highway Research Board, Special Report 101. Control of
Pavement Slipperiness. Asphalt Pavement Cracking, Proceedings of
the Western Summer Meeting, Cosponsored by the Colorado
Department Of Highways, Held August 12-13, 1968, Denver,
Colorado, (1969)

2. D. Noyce, B. Hussain, J. Yambo, J. Chapman, A. Bill,
Incorporating Road Safety into Pavement Management:
Maximizing Surface Friction for Road Safety Improvements,
Midwest Regional University Transportation Center, College of
Engineering, Department of Civil and Environmental Engineering,
University of Wisconsin, Madison, (2007)

3. P. Cairney, Skid Resistance and Crashes — A Review of the
Literature. Research Report No. 311, ARRB Transport Research
Ltd, Vermont South Victoria, Australia, (1997).

4. P.W. Jayawickrama, R. Prasanna, S.P. Senadheera, Survey of
State Practices to Control Skid Resistance on Hot-Mix Asphalt
Concrete Pavements, In Transportation Research Record: Journal of
the Transportation Research Board, No. 1536, TRB, National
Research Council, Washington, D.C., pp. 52-58, (1996).

5. V. Galambos, B. Hegmon, Rice, Kopac, Brinkman. Pavement
Texture and Available Skid Resistance, Federal Highway
Administration, U.S. Department of Transportation, Washington,
D.C.,(1977).

6. F.L. Roberts, P.S. Kandhal, E.R Brown, D-Y. Lee, and T.W.
Kennedy. Hot Mix Asphalt Materials, Mixture Design, and
Construction. 2nd Edition, NAPA Research and Education
Foundation, Lanham, Maryland, (1996).

7. ASTM E965-15 Standard Test Method for Measuring
Pavement Macrotexture Depth Using a Volumetric Technique
(2019)

131

8. A. Surchamp, Collecteur par enrobes Drainants sur
Peripherique Parisien. Route Axualites, No. 4, (1995).
9. Ministerie van Verkeer en Waterstaat, Structuurschema

Verkeer. Vervoer,(1991).

10. B. Revuelta M. Bituminous Materials. In: Construction
Materials. Springer Textbooks in Earth Sciences, Geography and
Environment. Springer, Cham. https://doi.org/10.1007/978-3-030-
65207-4_14, Print ISBN 978-3-030-65206-7, online ISBN 978-3-
030-65207-4 (2021)

11. Asphalt Institute Inc. and European Bitumen Association—
Eurobitume, Information Series No. 230, 60 p, (2021)

12. Asphalt Institute. www.asphaltinstitute.org

13. Eurobitume. www.eurobitume.eu

14. 1SO 15642, Road construction and maintenance equipment —
Asphalt mixing plants Terminology and commercial
specifications (2003)

15. STAS 8849, Lucrari de drumuri. Rugozitatea suprafetelor de
rulare. Metode de masurare/ Road works. Pavement surface
roughness. Measurement methods (1983)

16. R EN 13036-1, Caracteristici ale suprafetei drumurilor si
aeroporturilor. Metode de incercare. Partea 1: Masurarea adancimii
macrotexturii suprafetei imbracamintei, prin tehnica volumetrica a
petei/ Road and airport surface pavement characteristics. Test
methods. Part 1: Measurement of the macrotexture depth of the
pavement surface, using the volumetric stain technique (2010)

17. SR EN 13036-4, Caracteristici ale suprafetelor drumurilor si
pistelor aeroportuare. Metode de incercare. Partea 4: Metode de
masurare a aderentei unei suprafete: incercarea cu pendul/ Road and
airport surface pavement characteristics. Test methods. Part 4:
Methods for measuring surface adhesion: pendulum testing (2012)
18. AND 605, Normativ mixturi asfaltice executate la cald.
Conditii tehnice privind proiectarea, prepararea Si punerea in
opera/Hot asphalt mixes. Technical conditions for design,
preparation and execution (2014)

YEAR VII, ISSUE 3, P.P. 126-131 (2022)





