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Mechanical Properties of Concrete with Recycled Asphalt Pavement
and Silica Fume

M. Soltani, M. Arezoumandi, M. Haj.Mahdi and M.A. Yaghoubi

Abstract: Recently, there has been an increasing trend toward the use of sustainable materials. Sustainability helps the
environment by reducing the consumption of non-renewable natural resources. Concrete — the second most consumed
material in the world after water — uses a significant amount of non-renewable resources. As a result, an experimental
investigation was conducted to study the hardened properties of concrete constructed with 10% and 15% Recycled
Asphalt Pavement (RAP) fine aggregate as well as 6% silica fume. This experimental program consisted of six mix
designs. The hardened properties of concrete were compared with the provisions of the international design codes
(U.S., Australia, Canada, Europe, and Japan) and previous researchers’ suggested equations as well as a database of
conventional concrete. Results of this study show that the RAP mixes test results fall within the 95% confidence
interval of a nonlinear regression curve fit of the conventional concrete splitting tensile test database. Furthermore,
application of the RAP in mix designs, decreases the compressive strengths around 25% and splitting tensile strength
up to 30%. To overcome inferior hardened properties of RAP mixes, silica fume (6%) has been added to the RAP
mixes. Results of the mixes including both RAP and silica fume show comparable hardened properties (both
compressive and splitting tensile strength) with conventional concrete.

Keywords: Recycled asphalt pavement, Conventional concrete, Hardened properties, Experimental study.
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Table 1. Physical and chemical properties of cement and
silica fume.

Chemical (%) and
physical compounds

Cement Silica fume

SiO, 20.7 93.6
AL,O3 4.7 1.3
Fe,0; 4.1 0.9
CaO 63.8 0.5
SOs 23 0.1
MgO 13 1
Na,O3 0.4 0.3
KO 0.6 1
LOi 2.2 -
(kg/m*)Specific Weight 3100 2200

Blaine (cm%/g) 3080 -
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Table 2. Physical properties of aggregates.

Maximum Saturated Water
diameter of density with absorptio Type of
mm)aggregate dry n aggregat
( )surface percentag e
(kg/m® e
475 2467 2.19 Natural
sand
19 2700 0.7 Natural
gravel
475 2278 3.62 Recycled
sand
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Table 3. Mix proportions
i 3 Silica
Spe.c1ﬁc Slump Recycled Natural (kg/m’) Super- . Water Cement
Weight (mm) sand gravel Natural lubrican(kg/m?) ume (kg/m?) (kg/m?) S I
(Kg/m®) (kg/m’) (kg/m’) sand (kg/m®) ample
2356 91 0 690 1036 0 0 205 425 CcC
2347 95 0 687 1027 0.8 26 209 400 CC-S
2339 80 100 684 915 0 0 215 425 M10
2330 100 100 679 914 0.9 26 213 400 M10S
2331 65 149 681 860 0 0 216 425 MI5
2322 110 148 677 855 0.9 26 216 400 MISS

17D lwss g sl oF o)las o Al qpgew Jlo ol rae pwdigo j0 020 (slojidgss oole 4 i YWY



Lo 6390 g 38U 3L cdlaw] dils g, ailuSoww alo (yw SewilSo Wlasuine
9909 PU) .5 S o=

Wl Cewd (55065 Cueglie 4y 35, 56 5 28 (i o
s yS el 5 A Caaglie alS wo 03 95 ) Cl
(9,56 528

&0

Compressive strength(Mpa)

|:| 1 1
0 20 40 60

Time (day)

—{10S —be—M155 —8—CC

s 0393 53l ST b (55LiS Cungliio 3 S5
Fig. 3. Compressive strength of samples (with silica fume)
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different codes
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Table 5. previous researchers’ equations for Splitting
tensile strength
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