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ABSTRACT: The roller-compacted concrete pavement (RCCP) surface is almost smooth and without
texture due to the vibrating rollers in the construction process. The lack of texturing causes a decrease in
skid resistance in RCCP. For this purpose, different scenarios were proposed to create surface texture at
micro and macro levels and provide the necessary friction. To provide friction at micro-scale, siliceous
and calcareous sand and a combination of 50-50 of them with broken and natural aggregate shape was
used in the construction of 8 RCCP mixing designs. In addition, in order to provide macro-texture, each
of the eight mixing designs was textured by methods such as seeding (three cases), stamping (two cases),

Keywords:
and brooming (two cases). The purpose of this paper is to investigate the durability of various micro

and macro textures created on RCCP surfaces by the simulation method proposed in the ASTM C 944
standard. The results showed that different textures have almost the same abrasion resistance. Among
these, the seeding texture with a grain size of 4.75-9.5 mm has the weakest, and the stamp texture of 4
x 4 cm has the most durable abrasion resistance. Changes in abrasion resistance were associated with
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more changes in the mixing design. This means that crushed silica sand had the highest and natural lime = Macro-texture

sand had the lowest abrasion resistance. The results demonstrated that the combination of calcareous and
siliceous materials improves abrasion resistance. In this regard, the higher the fracture rates of combined

Optimum mix proportion

sand, the better the abrasion resistance.

1- Introduction

In roller compacted concrete pavements, due to the impact
of the concrete surface with the roller, the macrotexture is
greatly reduced, and therefore this type of pavement is not
recommended for high-speed roadways. Therefore, in this
research, we try to increase the frictional resistance of such
mixtures in different ways so that this type of concrete can
be used in high-speed roads. Skid resistance in concrete
pavements is affected by the micro/macro textures of the
pavement. The micro-texture is related to the properties
of the materials in the mortar phase and the macrotexture
depends on different methods of surface polishing and
texture creation [1]. Abrasion resistance of the surface of
roller-compacted concrete pavement makes it possible
to use this type of pavement without a layer of secondary
asphalt on highways and freeways at speeds above 60
km/h. Hassanupour considers the improvement of surface
properties in the method of turning and grooving by diamond
drill heads. It also suggests this method for repairing RCCP
and ordinary concrete pavements [2].

From the study of different sources, it can be concluded that
the simultaneous study of the abrasion resistance of micro/
macro textures, which play an essential role in improving the
skid resistance of roller-compacted concrete surfaces, can be
considered as an innovation of this research. In addition, the
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study of macro textures created on laboratory samples, in
addition to showing the ability to perform in field conditions
to some extent, can be considered as other innovations in
this research in choosing the appropriate texture in terms
of durability against simulated traffic abrasion. Finally,
proposing an optimal mixing design for roller compacted
concrete to achieve proper abrasion resistance can be another
innovation of this research.

2- Materials and experimental methodology

To provide friction at micro-scale, siliceous and calcareous
sand and a combination of 50-50 of them with broken and
natural aggregate shape was used in the construction of 8
RCCP mixing designs. In addition, in order to provide
macro-texture, each of the eight mixing designs was textured
by methods such as seeding (three cases), stamping (two
cases), and brooming (two cases). The purpose of this paper
is to investigate the durability of various micro and macro
textures created on RCCP surfaces by the simulation method
proposed in the ASTM C 944 standard.

3- Results and discussion

As can be seen from Figure 1, the abrasion resistance of
different textures is slightly different. Among the different
textures, the seeding texture with the 4.75-9.5 mm chip size
is the weakest, and the 4 x 4 cm?2 stamping texture is known

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
o NG is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.



M. Adresi, Amirkabir J. Civil. Eng., 54(1) (2022) 75-78, DOI: 10.22060/ceej.2021.18816.6967

450
5 400
v S — .
830 $i100C
300
& 250 Si100N
o 200
oo | |
£ 150 Ca100C
2100 +— —— BEE _mCal00N
m©
g 50 -j—.—l—.— _I_._ .
g 7 B Ca50CSi50C
2 T T T T T T 1
=] .
g & b (@ @ @ Ca50NSi50C
O S &L FE & mcasocsison
XD KD \") . & ol
FF N &I
& TS T Ca5ONSISON
N & O
RN

Fig. 1. abrasion resistance of different macro textures,
regardless of their mixing designs

as the strongest texture. Therefore, it seems that the texture
selected for the execution is 4 X 4 cm2, which is the least
troublesome and comfortable texture in terms of execution
technique.

To comprehensively study the abrasion resistance of
different mixing designs, regardless of their texture, Figure
2 is presented.

Based on the results obtained in Figure 2, the mix design
containing crushed silica sand has maximum abrasion
resistance and the design containing natural calcareous
sand has minimum abrasion resistance. Based on the
results observed in this study, by combining calcareous
and siliceous sand with different fracture percentages,
the abrasion resistance was improved compared to non-
combined mixing designs except for broken silica sand.
Accordingly, the higher the fracture rate, the higher the
abrasion resistance. The results showed that if the fracture
percentage of the two types of sand is the same and equal
to 50% if we use broken siliceous sand instead of broken
calcareous sand, the abrasion resistance would be higher.
The results showed that if we have to choose sand to be
made from broken limestone and natural silica, it would be
very economical to choose broken sand due to the relatively
high cost of natural silica sand and the rarity of this type of
sand, although if we can Mix the two to get a better effect.

4- Conclusion

The purpose of this study is to investigate the reliability
of micro-textures over time under heavy traffic. Creating
an abrasion resistive texture can definitely ensure good skid
resistance during operation. Based on this, to increase the
macro and micro-texture of the pavement surface, texturing
techniques and using different fine aggregate materials
with different origin and fracture percentages were used,
respectively. Based on this, the results showed that:
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Fig.2. abrasion resistance of different mixing designs,
regardless of their texture

1. Apart from mixtures made with crushed silica sand,
mixtures made by combining different sands have higher
density, flexural and compressive strength than mixtures
made with one type of sand. In general, the combination of
aggregates with different sizes and shapes will lead to better
strength performance, including compressive strength and
flexural strength, due to the proper interaction.

2. Different macro textures have almost the same
abrasion resistance. Among these, the seeding macro
texture with the grain size of 4.75-9.5 mm has the weakest
abrasion resistance, and the texture of 4 x 4 cm2 has the
lowest abrasion resistance.

3. Crushed silica sand had the highest abrasion resistance
and natural lime sand had the lowest abrasion resistance.

4. The results showed that except for broken silica
sand, which provided the best abrasion resistance, the
combination of calcareous materials (broken or rounded)
and natural silica together improves the abrasion resistance
of the mixture compared to mixtures made with each of
these three types of sand. Also, among the mixtures made
with composite sands, it can be concluded that the higher
the fracture rate of the composite materials, the better the
abrasion resistance will be.

5. It can be concluded that the abrasion resistance of the
concrete samples is sensitive to the change of fine-grained
materials, their fracture percentage, and different sand
compositions and has many changes. it can be seen that
the type of macrotexture may be able to improve friction,
but will not have much effect on the abrasion resistance
of concrete pavement. Therefore, it can be claimed that
the simulation of traffic flow wears subject to ASTM C
944 standard on RCCP depends more on the design of the
concrete mix than the shape of the texture created on it.
This is important because it is possible to improve the skid
resistance problem of RCCP by creating different textures
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on the surface of the RCCP and to ensure that long-term
traffic flow affects the macrotexture if appropriate materials
are used in concrete construction. It will not have much
reliability on concrete pavement abrasion resistance.

6. To achieve an optimal mixing plan, considering
economic issues such as the price of natural and broken
materials in the market, it can be concluded that, if only
the maximum abrasion resistance is considered, the use of
broken silica sand (Si50C) to make concrete in Is a priority.
Nevertheless, if the goal is to achieve a good abrasion
resistance and at the same time, an economic plan, it seems

that the combination of round calcareous sand and broken
silica (CaSONSi50C) seems to be a reasonable option.
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Table 1. Table of chemical analysis of sands used in eight mixing schemes
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Fig. 2. Shows the aggregate grading curve used in roller compacted concrete mixing designs
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Table 2. Strength and engineering specifications of cement used in roller compacted concrete mixing designs
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Table 3. Chemical composition of cement used in accordance with the requirements of National Standard No. 1692
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Table 4. Results of compressive strength test of cement mortar type 1-425 used in mixing designs
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Fig. 3. Aggregate grading curve of stone materials used in mixing designs
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Table 5. Mixing design proportions of fresh roller compacted concrete
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Table 6. Different macro textuers created in this research
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Fig. 4. Abrasion drill machine introduced by ASTM C944 standard on the left and the machine used in this re-
search on the right
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Fig. 5. Ve Be time results obtained from each of the roller compacted concrete mix designs
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Fig. 6. shows the density of each of the mix designs
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Fig.7. The compressive and flexural strengths made with each of the mixed designs

35 g0 0dnlile (6Lt Cuoglio il Kig) 4y Canmsd o Sl s S5
3o i | (g5lid Cuaglio guls alie (4)18) (pded Cunglie ol
sasl g 0de oo JB L, bl iz mle b dwlie j &S

b callhe yuie

LM Galisee glag b (aiolo Cuoglio (oLl (awyp =¥ =¥

bl s LUB] s (lag )b (odalo Cuoglio (o) jslaie 4
L g 95520 raigad (55 2 At Jlpw bodind iolo S5 e e
o )3 adiged sl Glise gl jlan g 8 903 (3905 g
a Gisy cpl o iz slabgle  Liole Cuoglio )y WNad poss
Gl a5 Dy90 Bl Jais 5l g UM gk Jlaie 5l (s pas B2k aw
L bl )b jlais jl bolses il jiaS ol oyliee 4o 2 Casl (xubs
el i plgd 5 (2l s> oad bl il

A U Qalisee glabgloe oivle Cuglie (6 pas duslis jslaio &
ol o &3] doldl y>

Al oad @ ead Jlis Al slacdl cul asuie &S jsbjles
03y phms (630 id g Kisegp sl S0 b dwolde o isle

Mo Smote o 8 5l 4Bl cpl el )65 0 oyt lalw 3l

Yoy

LM calises glag )b (o lid cuoglio b, -V ¥

ool p e LIS sagsb (s 5 ()lad Caoglie
» 4l 3 ASTM CYA—Y.-Y 3 ASTM C v sl usbenl
Sadises 0jg) YA (6)lid Cuoglio [YY o YF] Wiloads ooly ol V USUs
Beos ol bS] sl )b 5l S 2 )3 0nd a3l (o)l
aol (asuie ¥V SS p3 aS job led il calisis diges 50 (uSle
o odlil )l 5> 4t pwsbiw awle 5l &8 SIV--C byl #,b
bslso )b Jlie 5 am3oo gl |y (5lid Caoglio o piy Conl
CpyieS sl ons odlitwl o] > b Sal awle 5l & CAV--N
dwle (591 balowo )b dunlis b amd o lis |y (o)lid Cowoglis jlude
dulo | o Cunyd (sadiges (6)lid Cuoglio 45 Cuwl asuie (omdiw
2 gy opl g ol s awle 1 ond Cawyd sladiges 3l i atnsls
D9 o odnlie 15 Sal dwle

ciliseo dwle 90 LU L a5 88 s ol o jhoges oyl
il e cpl b e iali8l ()lid Caaglio (on b (Sl g casliw
dwlo glgl 5l ol o lawgs &S Cunl (5)lid Cuoglio Hlade I yidas Hlaw
bdiges 6)Lid Canglio il pouis Bg, 1 Joli L 4SS .ol 0 fuols
oL Cund K dwle (g5l slrdises b duslis 0 Sy awle (gob>
Loyd & pieS (5)Lid Cunglie i L dwle g8 M oS 5 b &S amd oo
A Anled dnly pdlas (Sl



YEY B YFY asan ¥ JL..» Al D)L«ﬁ OHY 0)9d ‘,:..S):.ol u])o& (ewdige dg)u".u

e

R K
ol 3
-

»y

N DT 2

el (39031 31 st Biges islos A S

Fig. 8. Samples views after abrasion test
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Fig. 9. Comparison of abrasion results of two stamping macro textures against different combinations of concrete
mixing design
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Fig. 10. Results of abrasion mass loss due to abrasion seeding macro textuers
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Fig.11. Results of abrasion mass loss against one/two ways brooming macro textures
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Fig. 13. Comparison of abrasion resistance of different mixing designs
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