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FTIR Jua) (385 sl <l g 31 Galualial) add s 5 1(5-4) Jgaad)

3503 cmt s sl sk %o Bad)
1 3466.42 8.13627
2 1654.52 30.4196
3 1384.64 37.5976
4 1021.12 33.2907
S 750 44 .45
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7 418.477 43.3174
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[-1.5, +0.7] 0.83- BECIAL 1
: 1773 110 °C =) =
20 A
- 713 120 °C 4 S
35
Min 295 400 135 °C =<
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e gil) Byl oY) 58 A3 A ekl il g 80 A 2,1.3.5.4
o2 & Aexdid) e gl Ll ) g1 55Y (25)°C 50 pall da o die a0 (ola <y al
Bl (8 ) o) pa) dars U (el Cul gy 3 Janal) (e sl <50/70 (330 sial) sl
U sl s (Penetration Ratio sl Jaxe sl aiiall 5 jall dad 20a3 s (RTOFT ) sall 428
oA ded ) RTOFT JWiaY (o peill 223 25°C 5,0 a da pa vie [l dad oy daill e
s (14-4) I3 5 (7-4) Jsaall sedas RTOFT LY (i yeill Jid s ) all da o il vie
il a5 U aardal) g 3l Jadll ise sl Jag) 11 (25)°C 551 m Ay i el ol

RTOFT _Laay
1Y) panad caatl) dmy g 0B e gl Jag) 1) 58 el il 1(7-4) J e
2aY) jroad Caail) day Yyl il i
. . \ .‘)ﬂ\ .
0/ 5 ) Lo il ‘)‘)"J Tos il D) &
(%) 34 Janse S o Tmm) Sl 0Tmm) | csesed
40.3 57.3
40.7 57.7
70.7 40.5 40 57.3 £63 A
41 57.7
43.7 55.7
43 56
77.7 43.5 133 56 £6 Anz3%
44 56.3
423 54.7
43 53.7
78.8 42.8 127 54.3 £ AnNzav%
43.3 54.7
42 52.3
423 53
79.6 42.0 417 52.8 523 Anzs%
42 53.7
39.7 49
39 48
81.0 39.5 20 48.8 197 Anze%
39.3 48.3
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Y e caril) a9 0B aaall) B o A ) IR gl 2(9-4) J g2

LY b ) day LY juald cadl) 338
o g b ) ; Bl da 0 ; Bisdas | g
oC s _all b gl OC aalll b il oC aalll Cra gl
53.7 50.1
53.9 50.4
3.9 54.1 517 50.2 50 A
54.5 50.3
56.1 51
56.5 51.3
4.7 56.1 556 51.3 514 Anz3%
56 51.6
57.5 51.8
57.2 52
4.9 57.1 6.8 52.3 552 ANz4%
S7 52.8
57.2 53
57.4 52.3
4.4 57.2 =73 52.8 532 ANz5%
56.8 52.7
57 52.4
57.3 52.6
4.5 56.7 574 52.2 518 ANz6%
58.9 52
2aY) b Caail) dmy g B aall) 31 a Ap 3 il s
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60 — —
7 o A S
3 o A E H i
20 _/ :: %Hlﬂ' / : /lﬂ-ﬂ'
b & 2 7 L ] -
gl i E R R
0 élf AHP{P // L ] Alﬂ-ﬂ-
A AZ3 AZ4 AZ5 AZ6
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0O il oy padll 358 4 2 54.1 56.1 57.1 57.2 56.7

qail) amy 9 0 anadal) i 5o 30 Jarall o g Jamall (e gl gl B ) Ao 2 ) S 1(15-4) JS&)
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1+50A
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AR (e A Gla 2 Sua

Log(pen(25)C°)-Log(800)
25—ASTM softening point
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B el 8 Al Qi

-0.83

-0.61

-0.45

-0.4

-0.72

Al 2ay 5 oall

-0.70

-0.11
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1(Ae glaall) o) L8 ad B agdal) cud g3 il A 30 ,4.3.5.4

s ol gine gindl T 51 AEAY) ot ilss (17-4) S5 (10-4) Jssal el
) el Canill (ol a5 8 ¢ omndal) Sl g 51 Jandll

Y1 yauad caatl) a9 08 ANLY) ol JLid) il 1(10-4) Jaad)

oY) b cail) aay Y ad cadl) J8
Jau gial) cm Aty Jau gial) cm Aty &‘9}
ey
113 160
119.0 118 160.0 160 A
120 160
125 160
86 118
88 120
90.0 9 122.0 127 ANZ3%
94 128
76 110
80 112
78.0 o 113.0 14 ANza%
82 116
67 94
65.0 1 95.0 100
: 58 : 90 Anzs%
64 96
42 70
50.0 47 75.0 6 ANZ6%
60 74
51 80
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D)l A3 )l Aadall 5 sy Gy g paall (e siad) £ Y ABKY 85 Lol A aiaas
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Y1 pauad canil) day A g ptall e gl £ 93 ALKY B3 jLadd) 1 (11-4) Jgand)

sl | A Ludll | (Adlad) + ddall) 03y | (Adad) + ddall) o0y | Al 03y | g
% | % A gr 4 il sy gr 4 adll 38 gras @ | gpagind)
-0.143 191.35 191.4 156.32
.0.13 | -0.142 193.24 193.29 158.18 A
-0.114 193.98 194.02 158.96
-0.227 194.31 194.39 159.11

024 | -0227 192.12 192.2 156.98
-0.257 191.39 191.48 156.41 | N2
-0.256 193.34 193.43 158.22

0.26 | -0.255 194.21 194.3 158.98
-0.283 194.34 194.44 150.15 | /N2
-0.256 193.24 193.33 158.21

027 | -0.284 194.24 194.34 159.18 | Anzsoe
-0.283 191.58 191.68 156.37
-0.341 193.28 193.4 158.26

032 | -0313 193.99 194.1 159 | Anzes
0312 194.31 194.42 159.14

o 30l ) e Lgiad D)) ) CRTOFT Jlial aey 4N 8 5 5luall <l sl il @ L]
Al G 3 ga gall el Ol g Gl g ¢(15-5) JSEN (8 i se g LS ¢ oaulall il g 3l
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(el AliB) (e gl Jaol 1) A g 31 o (B (el il gy 31 80 A 12.6.3.5.4

(ol gy 31 Bl ZELRY) Ayl daa Caga ol 038 L s g ) i) iy al
Janall e g Jamall e gl Jaal Hll A g 3 o plad 8 (20-4) JSal 5 (12-4) dsaall el
.(110, 120, 135)°C 5l s Gl 3 die gxdall cud 53 310

(110,120 , 135)°C 3 cila 3 dis A g3l <l LA il 1(12-4) Jgaad)

. v | Cstiagill . v | Cstaagsll . | Cstdagslh | g
Busid | Tasec | B Taec | B 1000 | csesia
409 700 1756
400 396 713 713 1773 1769 A
396 726 1795
422 752 1914
409 409 748 739 1910 1940 ANz3%
396 752 1874
436 779 1954
422 422 766 766 1940 1940 ANza%
409 752 1927
409 739 1967
409 396 752 752 1958 1967 AnNz5%
422 766 1940
422 779 2020
436 436 788 779 2015 2006 AnNz6%
449 805 2020
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Ll ds gl s 8 Culg 3l clilal s G Al cluljall ey Ll ) sl
Uaiaty S sonall Qi LS Gt lelaY 1 le Laaldie) Ul 5 capesy S50 (e sid)
Crvasinl) ol sal Guabiall (355591 i pall il i jLET cpn 8 [151,161] 4ati &)l Sl
Aol o laa) Js ) S e sasiall Y gl 8 gl AT ) 252016 ale
Ge Waliely daaad il clilaly Jaral) e sindl Jsonall Juandi LLE Guadleda)
(AU J snall Gl a8 il sded bl palill A ja5 )5 e () 5 celall Aalall cliliay)
gy e sinll Jganall 8 pdlae dtilialy paa i gelivall Cul g 3 dxiiadll @l a b We
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A g pall e i) £1 935 A 93U a8
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Bl da o (389 (el Cul g 3 Jaral) g Janall e gall Jay) 1) A g 38 ) il £(20-4) JS&)

) D (5 5ry s ¢ e siall Tyl N As g 3 a8 8 Al a0 G gas ane ) Al all o il
Jpenall Qo AlGy i) A1) e i el e Bl Gaa sially Jai ¥ il s a0 50
85 Al Aagiill e 25y e gl ol Sl el Loy a5 el g 311 cililzaly Janal) e sl

Aol a5 B il e stal) O gaaall ) ol <l gy 31 Ailia) 2l 5o

sAriva gl CURIA) anasall & daddiioial) il guasdl al 5 1aaT 6.4
1@l gaadl ool s Al 1.6.4
A g el Al sl sl S SN (21-4) JSEN 5 (13-4) Jsaad) el

Lisa gid) Aalil) apanali 8 daddiceal) Cily guaadl dalail) 4o jad) g aadl GuS ) 3(13-4) Jgaad)

Sdi?\;je ‘ ﬁ ; | mm Jaial dazd gﬁfs‘::;m i sllaal) il

3/4” 19 100.0 100.0
1/2” 125 82.5 75-90
3/8” 9.5 71.5 64-79
No. 4 4.75 48.5 41-56
No. 10 2 30 23-37
No. 40 0.42 13.5 7-20
No0.80 0.177 9 5-13
No. 200 0.075 5.5 3-8
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AL (sa gindl J sl sl 12 7.4

rdma pal) Adleal) dia gl llA) anaali 1.7.4

Jsaall sedars cdsine sindl ClAl) wuen asanail 60/70 58 53 sise sin Jaul 5 pladin)
5 G elan s (e el antll pim jal) ey 8 pakiaall ise giadl L)) ailia (15-4)
[194-197] Ax sansall Cilial sall ab ga dual 53 (ildai <l _JLsaY)

2aY) e carill (2 ) a9 J8 daddieaall (e gl 1 93 Al Sudl) ailadd) 1(15-4) Jgaad)

[194-197] <ilia) gall 3gas | giliil) dalal)
60-70 61.3 | 25°C 5,0 da0 aic 5l
>100 160 (cm) Alkiuy|
46-54 47.8 oC eaill 5] ya A0
[-1.5, +0.7] -1.3 Al s
- 780 120 °C .

Min 295 20 | e | OV
0.99 - 1.04 1.035 (glcm?) = i) o3l
RTOFT _JLIAS 3d g aa¥) yuad caall (2 mill) say &l i)

+0.5 -0.1 % AL & il
Min 50% 70.2 O sisiall 5l
Max 9°C +4.8 | °C aaill 3,0 n da 3 A il

«(4,4.5,5,5.5,6)% )5 G 385 Sy seasdl Gl e sl Lol HlI A8la) a5 @l 2y
— lE 15) Jui e 48y yhal Al clllaial) (385 A JSI JUS le ll 8 (e all 8 306 alae
() s e ) (il ARES) JLijle (alsa aaad Glld b (4a IS e 38,k /75/
Onia JS o (e sl A paa 5 aadinall (e ginl) Aol la al g2l 038 i Cllsinia a5
Jsad) s 5 A sed) ke ) Hall A psal) cillbaiall Jaus gia 5 cadae V1 LA g abanl) A80KH ddinall

Agna al) L sinl) LRI ana il (4-22) JSA 5 (4-16)
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60/70 (e i pladiedds daasaal) L yal) UM A0Al) (e gnd) s 22850 JUdi Jla palis Gl 1(16-4) Jsaad)

70T

ay | e e ﬁoﬂ ol e dale |l
No. | 5 F oy | el b Ll | dde |l A e | KBS et paad) )
Uiy % &) 5¢d) i . cm® | gr/cm® | gr/cm3 | sl | G - sl kg

A | 40 11889 11966 | 682 |5145| 2311 980 1 980 | 233
B | 40 [11953] 1201 | 684 |517.1] 2312 1014 1 1014 | 245
c | 40 [12014] 12079 | 687 [5209] 2.306 1024 1 1024 | 260

Yok i) ) dguad Jana e 2310 | 2484 | 560 | 16.0 | 7.0 |1006.00 1006.00 | 2.46
A | 45 | 1183 | 118760 | 681.6 |506.0 | 2.338 1111 | 104 | 1155 | 278
B | 45 [11857]1190.10 | 6820 |508.1 | 2334 1144 | 104 | 1190 | 285
c | 45 [11933]1197.80 | 6855 |512.3 | 2329 1164 1 1164 | 266

%45 i) ) guad Jans e 2334 | 2466 | 654 | 155 | 54 |1139.67 1169.67 | 2.76
A | 50 [ 1190 | 11925 | 684.8 |507.7 | 2.344 1294 | 104 | 1346 | 3.12
B | 50 [11943] 11955 | 6855 |510.0 | 2342 1350 1 1350 | 3.22
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“y e q P d P ncond |TS n |TS ncond
‘ con unco co unco 0
eSS KN) | (KN) | (kpa) | (kpa) | ToR%

HMA 7.63 9.08 728.27 | 862.03 84.5

HMANz06% | 8.49 941 816.49 | 907.25 90.0

WMA 3.85 6.35 362.56 | 597.70 60.7

WMANz0.9% | 5.82 7.47 548.36 | 702.40 78.0
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TSR% 84.5 78.0
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| ITSen(kpa) | 88542 638.2
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LST

() o 38) 135°C L) 30 A ie Aa ghand) lalA) A0V (e ghnd) dpaad paal LS e pualis Gl 3(1-A) J i)

-

FELR

PERA]

dn | 25 (8) %l 0l I (%) <l 1al N et
No. | sy | #lotdld | Amda sl d | s gr/em? | gr/cms | sty | Rpasl | &ilsgd kg | ot kg mm
A 45 |1183.70 | 1194.4 | 669.2 | 525.2 | 2.254 858 0.96 824 2.74
B 45 |1181.70 | 1190.8 | 669.2 | 521.6 | 2.266 842 1 842 2.70
C 45 |1186.00 | 1196 | 670.9 |525.1 | 2.259 845 0.96 811 2.60
%4.5 Lyl 1) g Janu g 2.259 | 2.466 | 53.9 | 18.21 | 84 | 840.3 825.67 | 2.68
A 50 | 118590 | 11914 | 673.3 | 518.1 | 2.289 1080 1 1080 2.90
B 50 |1192.90| 11983 | 676.9 | 521.4 | 2.288 1031 1 1031 3.24
C 50 |1190.40 | 11955 | 677.3 | 518.2 | 2.297 1054 1 1054 2.89
%35 ool ) dead Jaus ga 2.291 | 2.448 | 63.3 | 1748 | 6.4 | 1055.0 1055.00 | 3.01
A 55 | 1223.10 | 1226.7 | 692.8 | 533.9 | 2.293 1182 | 0.96 1135 3.20
55 | 1224.50 | 1227.5 | 695.5 | 532.0 | 2.304 1217 | 0.96 1168 3.46
C 55 | 122590 | 1229.7 | 699.8 | 529.9 | 2.314 1173 | 0.96 1126 3.60
%35.5 Jaal ) &y Jans gila 2.304 | 2431 | 70.0 | 17.48 | 5.2 |1190.7 1143.00 | 3.42
A 6.0 |1213.50 | 1215.9 | 689.6 | 526.3 | 2.306 1123 | 0.96 1078 4.16
6.0 |1202.30 | 1204.3 | 686.5 | 517.8 | 2.322 1046 1 1046 4.00
C 6.0 | 1205.40 | 1208.2 | 686.9 | 521.3 | 2.312 1100 1 1100 3.88
%6 Lol ) das Jaus ga 2313 | 2414 | 76.3 | 17.57 | 4.2 | 1089.7 1074.67 | 4.01
A 6.5 |1215.00 | 1216.4 | 685.0 | 531.4 | 2.286 1027 | 0.96 986 4.57
B 6.5 |1196.40 | 1197.7 | 682.7 | 515.0 | 2.323 933 1 933 4.74
C 6.5 |1200.00 | 1201.5 | 683.8 | 517.7 | 2.318 960 1 960 4.40
%6.5 b ) dpaa Jan ga 2.309 | 2.397 | 799 | 18.16 | 3.7 | 973.3 959.67 | 4.57
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6ST

135°C Uil 3,0 s da 43 2 WMANZ0.6% 4zisa gl clalalt Uil cyva ginad) dpead apaail JUd jla pualie Gl 3(2-A) Joiad)

o3 A (8) Ll 09 o> aaus 48Ul (%) el Jole
No. Ui:jf: ! slogh 3 | dandie | sl :?;: 3;::71:1 g:;J::llii ﬁb Dgrazedl | Adlgl kg wLl @:b;.;.ll kg wLal
A 4.5 1178.2 | 1186.8 | 669.5 | 517.3 2.278 994 1 994
B 4.5 1183.5 | 1191.5| 669.0 | 5225 2.265 1027 0.96 986
C 4.5 1185.1 | 1194.5 | 6729 | 521.6 2.272 961 1 961
%4.5 daulyl dend Jawgio 2.272 2.463 56.0 17.64 7.8 994.00 980.33
A 5.0 1181.6 | 1187.4 | 667.7 | 519.7 2.274 1120 1120
B 5.0 1184.2 | 1190.2 | 669.5 | 520.7 2.274 1108 1108
C 5.0 1178.7 | 1183.7 | 672.0 | 511.7 2.303 1126 1126
%5 ol dewd lawgio 2.284 2.445 62.6 17.63 6.6 1118.00 1118.00
A 5.5 1214.5 | 12178 | 694.2 | 523.6 2.320 1275 0.96 1224
B 55 1226.0 | 1229.2 | 698.8 | 530.4 2.311 1295 0.96 1243
C 55 1227.5 | 1230.5 | 697.9 | 532.6 2.305 1324 0.96 1271
%5.5 Jaol I ded Jawwgie 2.312 2.428 72.0 17.06 4.8 1298.00 1246.00
A 6.0 1212.0 | 1213.4 | 689.0 | 524.4 2.311 1185 0.96 1138
B 6.0 1221.3 | 1222.6 | 692.3 | 530.3 2.303 1227 0.96 1178
C 6.0 1224.6 | 1226.1 | 6929 | 533.2 2.297 1216 0.96 1167
%6 !yl dewd lawgio 2.304 2411 75.1 17.79 4.4 1209.33 1161.00
A 6.5 12153 | 1216.7 | 688.8 | 527.9 2.302 1064 0.96 1021
B 6.5 1222.1 | 1223.7 | 691.2 | 5325 2.295 1054 0.96 1012
C 6.5 12204 | 1222.2 | 691.7 | 530.5 2.300 1090 0.96 1046
%6.5 dlyl ded Jawgio 2.299 2.394 78.5 18.38 3.9 1069.33 1026.33
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19T

135°C i) 3,0 s da 43 2 WMANZ0.9% 4zisa gl clalall AUl cyva gl dpead apaal JUd jla pualie Gl 3(3-A) Josad)

a3yl M ‘ (g) Lusdl 09 ﬁ t&i 5\5\5:‘53: (%) ©elyall s dole sy | e
No- | S | 9908 | oo [ 98 | e | srvem | gvrems | oy | 2t | 20900 | €7 | T | o
A 4.5 1227.6 | 1233.6 | 697.5 | 536.1 | 2.290 1148 0.93 1068 2.41
B 4.5 1223.4 | 1228.7 | 697.7 | 531.0 | 2.304 1060 0.96 1018 2.66
C 4.5 12119 | 12169 | 691.5 | 525.4 | 2.307 1085 0.96 1042 2.42

%4.5 Jaslyl dud Jawgine 2.300 2.461 60.5 16.54 6.5 1067.97 1042.67 2.50
A 5.0 1205.1 1209.4 | 688.1 | 521.4 | 2.311 1292 1292 2.78
B 5.0 1197.6 | 1201.6 | 683.3 | 5184 | 2.310 1279 1279 2.75
C 5.0 1199.8 | 12039 | 685.4 | 518.6 | 2.314 1304 1 1304 2.98

%5 ool duwd Jawgin 2.312 2.443 67.5 16.55 54 1291.67 1291.67 2.84
A 5.5 1203.6 | 1206.4 | 692.2 | 514.2 | 2.341 1410 1410 3.12
B 5.5 11971 1199.1 | 681.5 | 517.6 | 2.313 1425 1425 3.36
C 5.5 1201.6 | 1204.6 | 684.0 | 520.6 | 2.308 1388 1388 3.44

%5.5 dalyl deud Jawgio 2.321 2.426 73.9 16.68 4.4 1407.67 1407.67 3.31
A 6.0 1213.1 1214.0 | 694.3 | 519.7 | 2.334 1338 1 1338 3.88
B 6.0 12004 | 1201.2 | 686.4 | 514.8 | 2.332 1306 1306 3.95
C 6.0 1201.7 | 1202.6 | 686.9 | 515.7 | 2.330 1287 1287 4.08

%6 Jalyl duud Jawgio 2.332 2.409 80.9 16.71 3.2 1310.33 1310.33 3.97
A 6.5 1196.4 | 1197.1 | 682.0 | 515.1 | 2.323 1120 1120 4.70
B 6.5 1196.6 | 1197.2 | 682.1 | 515.1 | 2.323 1170 1170 493
C 6.5 1193.3 1194.0 | 681.7 | 512.3 | 2.329 1108 1108 4.88

%6.5 ol ! duud Jawwgine 2.325 2.392 83.9 17.41 2.8 1132.67 1132.67 4.84
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€91

135°C Uil 30 a da 43 die % WMANZ 1.2 dira giaad) CiUaldll A00al) ¢paa gl A panill JUd jla gualis cilua 1(4-A) Jgad)

RN E (&) Ll G339 ox> | A | asus (%) elyall Jae |t |
No. WM‘ . . . . dya) JUle olasdl FTAN] . . kg oLl wﬂl G”"““" ©

Ge% | #9138 | dade |G 50y, Sgr/cm | gr/cm3 | uogudl dgraxl | dslsd) ol kg mm
A 4.5 1206.00 | 1215.6 | 682.6 | 533.0 | 2.263 972 0.96 933 2.50
B 4.5 1198.50 | 1207.5 | 676.0 | 531.5 | 2.255 932 0.96 895 2.14
C 4.5 1202.50 | 1211.0 | 680.8 | 530.2 | 2.268 973 0.96 934 2.26
%4.5 ol dud Jawwgie 2.262 2.459 55.0 ‘ 17.86 8.0 959.00 920.67 2.30
A 5.0 1203.40 | 1208.4 | 684.0 | 524.4 | 2.295 1065 0.96 1022 2.30
B 5.0 1186.70 | 1191.5 | 672.9 | 518.6 | 2.288 1093 1 1093 2.74
C 5.0 1190.20 | 1194.8 | 677.3 | 517.5 | 2.300 1078 1 1078 2.84
%5 daslyl dund Jawgio 2.294 2.442 64.7 17.12 6.0 1078.67 1064.33 2.63
A 5.5 1191.80 | 1194.4 | 680.5 | 513.9 | 2.319 1174 1 1174 3.30
B 5.5 1187.10 | 1189.3 | 677.0 | 512.3 | 2.317 1152 1 1152 3.12
C 5.5 1190.50 | 1193.4 | 681.2 | 512.2 | 2.324 1180 1 1180 2.94
%5.5 Jaslyl dd Jawgie 2.320 2.424 74.1 ‘ 16.63 4.3 1168.67 1168.67 3.12
A 6.0 1215.00 | 1216.5 | 691.7 | 524.8 | 2.315 1125 0.96 1080 3.66
B 6.0 1226.50 | 12279 | 697.3 | 530.6 | 2.312 1144 0.96 1098 3.98
C 6.0 1228.00 | 1229.7 | 699.1 | 530.6 | 2.314 1106 0.96 1062 3.66
%6 dauly)l dund Jawgio 2.314 2.407 77.5 ‘ 17.30 3.9 1125.00 1080.00 3.77
A 6.5 1225.10 | 1226.3 | 696.2 | 530.1 | 2.311 996 0.96 956 4.52
B 6.5 1231.90 | 1233.0 | 699.1 | 533.9 | 2.307 1023 0.96 982 4.76
C 6.5 1230.40 | 1231.4 | 695.9 | 535.5 | 2.298 998 0.96 958 4.57
%6.5 ol ! duud Jawwgine 2.305 2.390 80.3 18.04 3.6 | 1005.67 965.33 4.62
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C 54 6.62 1149 1156 651 505.0 2.275 6.5 9.75 928.81
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B 5.4 6.58 1148.8 1155.4 651.9 503.5 2.282 6.3 9.06 868.32
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C 5.3 6.54 1163.4 1168.7 655.4 513.3 2.267 6.9 8.50 819.63
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B 5.9 6.70 1138.8 1149 641 508.0 2.242 7.3 3.64 342.61
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C 5.73 6.71 1153.5 1164 654.7 509.3 2.265 6.3 7.55 709.58
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B 5.73 6.66 1151.4 1158 649.2 508.8 2.263 6.4 7.70 729.11
C 5.73 6.69 1150.2 1157.1 650.4 506.7 2.270 6.1 7.52 708.88
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ABSTRACT

The purpose of this research is to study the effect of Syrian natural zeolite
on the physical and rheological properties of asphalt binder, improve
properties of hot asphalt concrete and verify of using it to produce warm
asphalt concrete, in addition to economic and environmental benefits which
include reduction in pollution emissions and decreased energy consumption
in mix production.

In this study, natural zeolite characterization has been investigated by X-Ray
Fluorescence (XRF), X-Ray Diffraction (XRD), Fourier Transform Infra-
Red (FTIR) Techniques and Thermal Gravimetric analysis (TGA). Natural
zeolite was added to bitumen binder with different percentages (3, 4, 5 and
6%) by weight and to determine the effect of natural zeolite on properties of
bitumen binder, conventional tests (penetration, softening point, ductility,
viscosity and RTOFT) were carried out on both modified and unmodified
aged bitumen binder with natural zeolite. According to the test results, it has
been seen that the addition of natural zeolite improves properties of the
bitumen binder and an increase in its resistance to fatigue, and do not make
a substantial difference on the workability of the bitumen binder. So the
effect of the mixture of natural zeolite additives on the workability could not
be predicted on bitumen binder, therefore the direct effect of additives should
be studied on the bituminous mixtures.

Two types of hot bituminous mixtures were done according to the Marshall
method: Reference mixtures and mixtures containing different percentage of
natural zeolite (0.3, 0.6, 0.9)% by weight of total aggregates, then the
changes in the properties of bituminous mixtures modified with natural
zeolite were investigated and compared with reference mixtures. Results of
this part indicate the improvement of the physical and mechanical properties
of bituminous mixtures modified with natural zeolite at all ratios studied,
with no significant changes in the optimal bitumen binder content. The ideal
rate for using natural zeolite to improve the properties of hot bituminous
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mixes is 0.6% by weight of total aggregates, which has obtained the highest
stability, highest resistance to permanent deformation, and values of flow
and air voids within the limits of the specifications.

The changes in the properties of warm bituminous mixes mixtures containing
different percentage of natural zeolite (0, 0.6, 0.9, 1.2)% by weight of total
aggregates were studied and compared with reference mixtures. Results of
Marshall tests indicate the success of the Syrian natural zeolite in reducing
the bituminous concrete production temperatures by 25°C, at a suggested
percentage of 0.9% of the total weight of aggregates, in which the physical
and mechanical properties of the warm mix asphalt were close to the
properties of the hot mix asphalt. Results of moisture susceptibility tests were
consistent with the results of previous studies in terms of the decrease in the
resistance of warm mixtures to the influence of moisture, despite the role that
zeolite played in improving moisture resistance compared to the case of
reducing production temperatures without using any additives, and
accordingly it was found that it is possible to use the Syrian natural zeolite
to produce Warm bituminous concrete, with the need to modified it using
anti-stripping agents to ensure effective resistance to moisture.

The hydrated lime has been used to improve the resistance of bituminous
concrete to moisture damage as a partial substitute at different dosages
(1.5, 2, 2.5)% by weight of total aggregates. Results of this part indicate the
need to modified Warm bituminous mixes using anti-stripping agents to
ensure effective resistance to moisture and the optimum dosage of hydrated
lime to improve the moisture susceptibility of WMA is determined to be 2%
by weight of total aggregates.

Key words: Hot mix asphalt, Warm mix asphalt, Synthetic/Natural Zeolite,
Indirect tensile strength (ITS), Moisture Susceptibility, anti-stripping agents.
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