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PPA, WMA ¢35 3l 5 55 podies b 22S 145 b 55 il 6T Y Jsus

Source DF Adj. SS Adj. MS F-value  P-value
ITS
PPA 5 63179902 21059967 5484.68 0.000
WMA type 2 3562852 1781426 463.94 0.000
Interaction 10 203194 33866 8.82 0.000
Error 24 92155 3840
Total 34 67038102

Note: DF, degrees of freedom; MS, mean square; SS, sum of the squares.

PPA, WMA C_,Sﬁ‘ﬁ)a ‘;J\uPﬁ Jgde 148 b s U.J\a_)“g}_.“}i A J g

Source DF Adj. SS Adj. MS F-value  P-value
Mr
PPA 5 95769233 31923078  4014.23 0.000
WMA type 2 4214721 2107361 264.99 0.000
Interaction 10 1786681 297780 37.44 0.000
Error 24 190859 7952
Total 34 101961494

Note: DF, degrees of freedom; MS, mean square; SS, sum of the squares.

PPA, WMA ¢35 515 55 Glas 348 146 b 55 bl 5367 V8 g

Source DF Adj. SS Adj. MS F-value  P-value
PPA 5 63179902 21059967 5484.68 0.000
WMA type 2 3562852 1781426 463.94 0.000
Interaction 10 203194 33866 8.82 0.000
Error 24 92155 3840
Total 34 67038102

Note: DF, degrees of freedom; MS, mean square; SS, sum of the squares.

PPA, WMA ¢35 5l 53 5l Gos 4 b 55 bl 56T N0 Jgus

Source DF  Adj.SS Adj. MS F-value P-value
PPA 5 38.7395 12.9132 409.73 0.000
WMA type 2 1.2293 0.6146 19.5 0.000
Interaction 10 0.1917 0.0319 1.01 0.040
Error 24 0.7564 0.0315
Total 34 409169

Note: DF, degrees of freedom; MS, mean square; SS, sum of the squares.

PPA,WMA &’) J‘.")‘.’ BLJ ﬁp,&ﬁ M'Jb 9° g"‘"‘.’,)‘.} ,:.“ai A1 JJ.\?

Source DF Adj. SS Adj. MS F-value  P-value
PPA 5 56179848 31052349 7492.02 0.000
WMA type 2 2562765 1381412 263.23 0.000
Interaction 10 203192 28866 9.12 0.000
Error 24 92155 3840
Total 34 63038253

Note: DF, degrees of freedom; MS, mean square; SS, sum of the squares.
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PPA, WMA C}J J.'s‘}.» B CnSs 63;;' M,b 9 u’""b.)'.’ ,:.“.\T AY J}y\’

Source DF  Adj.SS Adj. MS F-value P-value
FE
PPA 5 123.4 52.6 5.23 0.000
WMA type 2 98.4 44.7 2.64 0.000
Interaction 10 100.4 10.4 1.12 0.000
Error 24 24 8.2
Total 34 345.2
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ABSTRACT

The performance properties of bitumen and asphalt mixtures can be improved by using
several modifiers, including: poly phosphoric acid (PPA1), semi-hot asphalt mixture
modifiers (WMAZ2) and styrene butadiene rubber (SBR3). The present study evaluated the
effect of PPA and WMA contents on the functional properties of SMA4 mixture. The
modified SBR / PPA and SBR / PPA / WMA mixtures were subjected to indirect tensile
strength tests (ITS5), dynamic creep, elastic modulus (Mr6), wheel path and four-point
beam fatigue (FPB7). Two-factor analysis of variance (ANOVAS8) was used to analyze the
data. According to the results, the use of SBR and PPA increases the properties of Mr,
grooved, ITS, FE and fatigue behavior of the samples. As the percentage of PPA increases,
caries and fatigue behavior increase. While reducing Mr and IT’S of modified mixtures.
Among hot additives, Sasobit has a better effect on increasing the performance of bitumen
and mixtures.
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