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Abstract

The presented work provided a predictive equation for dynamic modulus of hot mix asphalt, which showed higher reliability
and more simplicity. Lots of test result by UTM at laboratory has been used to develop the precise predictive equation. Eval-
uation of dynamic modulus for 13mm and 19mm surface course and 25mm of base course of hot mix asphalt with granite
aggregate and two asphalt binders (AP-3 and AP-5) were carried out. Superpave Level 1 Mix Design with gyrator compactor
was adopted to determine the optimum asphalt binder content (OAC) and the measured ranges of OAC were between 5.1%
and 5.4% for surface HMA, and around 4.2% for base HMA. The dynamic modulus and phase angle were determined by test-
ing on UTM, with 5 different testing temperature (-10, 5, 20, 40, & 55°C) and 5 different loading frequencies (0.05, 0.1, 1, 10,
25 Hz). Using the measured dynamic modulus and phase angle, the input parameters of Sigmoidal function equation to rep-
resent the master curve were determined and these will be adopted in FEM analysis for asphalt pavements. The effect of each
parameter for equation has been compared. Due to the limitation of laboratory tests, the reliability of predictive equation for
dynamic modulus is around 80%.
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E 3. SIEFO A HISHHe E 4. b E58 51242} 19mm + AP-3 (PG58-22)
NgNE | dEEd | SETuls | wEsls | S T5E 2% 4% 6%
25 200 95-200 N |Fass| E¥ | & | E¥ | 5§ | [B¥ | 5
0 200 95200 0.05 [7288.7| 11.17 |6821.7] 10.70 |7742.7] 10.64
PERER: JIyS, S 00 95100 0.1 |7495.7| 10.33 [7055.0 9.27 |8110.3| 9.55
AA <A1 H = 105 1 [87003| 7.01 [7893.0| 6.42 |9215.7| 7.47
0.1 20 15-20 10 |9245.7] 5.46 |8532.7| 421 |97573| 5.07
0.05 15 10-15 25 [8619.7| 3.28 [8515.7] 3.58 [9730.7| 2.93
0.05 [4539.0| 16.10 |4140.3| 16.55 [4525.7| 17.61
°C, 5°C, 20°C)°ll A= 138kPa(20psi)oll Al 965kPa(140psi) 0.1 |47443| 1522 43413 14.58 | 7168.0| 14.86
Azo] P53l o831, 71 965kPa Shera Se 1 [6038.7] 9.09 [5318.3] 9.47 [8989.0] 10.69
HHEH A o] xpeFelse BALEE Aolt}h. 11 40°C] 7 10 [64253] 6.06 [5834.0] 6.17 [10276.0] 7.37
O B1ESES 46-68kPa(7-10psi), 55°CAIATE 21kPa(3psi) 25 [6601.3| 5.09 {5742.0] 3.71 [10454.00 5.08
= Ae39r). ol A|HeTo|N FEFvldee] Wake 0.05 [2233.7] 27.22 [1926.7] 26.61 |1948.3| 26.51
e Tl slEFales AL AR ¢k 60 Awo] F 0.1 |3815.5] 25.75 |2171.7| 25.01 |2215.7| 24.94
71 0% 493 % 400, o 9s e & 5 [T et
e sl o 26 s . . . } . ) .
“Efi i}KTJ:—E— t‘i%i%i 3t j A]fq] ol st 25 [5603.3| 13.26 {4513.0| 10.55 |5017.0| 12.37
vk B AREASAERANE HelFar sl 0.05 | 755.3 | 18.04 | 702.0 | 20.24 | 706.3 | 19.97
0.1 |825.7]17.98 (7573 | 19.93 | 776.7 | 18.64
332 A4y 405 1 |1183.0] 17.02 [1061.0| 17.88 | 1086.0| 17.79
TFSAIR7IE o] 83t Z2te] o~ E E3MES] FEHIA 10 [1834.3] 19.12 [2432.0] 16.53 [1702.0] 16.18
S 9AZtS H 40 AsIgTh =AY ZerdAge 25 [2165.7] 15.16 [2894.0] 17.63 [1999.0] 17.98
749w ARl o8] ANE AR i 2 0.05 | 3223 | 11.19 | 301.7 | 19.08 | 282.7 | 11.70
A E AL} o) o)A /\]_%_—5—]_51 Qe AT opATE 0.1 | 344.0 | 13.27 | 313.3 | 13.53 | 293.7 | 12.93
E3}E 0] ?JL:J} 2227y 0] sthgraoko] oA 719 ;-(}o]% ue 555 1 4273 | 16.41 | 403.7 | 15.71 | 539.5 | 14.97
Ehjle Aoz mekect 10 | 640.3 | 28.33 | 577.0 | 21.12 | 511.3 | 19.94
25 | 796.0 | 23.88 | 733.0 | 21.28 | 616.0 | 18.09
# 4 a 258 522 13mm + AP-3 (PG58-22) I 4. c E58 5122 13mm + AP-5 (PG 64-22)
THE 2% 4% 6% EETY 2% 4% 6%
AMPE T B | 6 | [E¥ | 6 | E¥ | ¢ ANFew [F=ue=| ¥ | 5 | [E¥ | & | E¥ | &
0.05 [7874.3| 10.72 [6928.0| 10.75 |6589.0| 9.64 0.05 19035.7] 8.85 18253.0] 7.90 [7299.7] 9.30
0.1 [8052.7| 9.60 [10663.0| 10.21 |6971.5| 9.49 0.1 19291.3] 7.67 12769.00 7.71 |7547.3| 8.29
-10% 1 |9108.0| 6.65 |8098.0| 6.31 |8032.0| 6.91 105 1 [10068.7 5.52 [14170.0 5.81 [85283| 4.90
10 ]9539.3| 4.44 |8370.3| 4.50 |8544.0| 4.27 10 [11050.3| 3.47 [15863.5 3.82 [8784.0| 4.75
25 19265.3| 3.94 |8170.7] 1.79 |9498.5| 5.88 25 (102753 3.55 [15445.00 5.03 [8931.0| 3.12
0.05 |5209.0( 15.78 |4662.0| 15.91 |4416.7| 16.68 0.05 15536.7] 15.01 15050.7| 15.72 14485.3| 15.55
0.1 |5566.3| 12.66 |4917.7| 14.01 |4694.3| 15.21 0.1 15689.7| 13.63 15413.0| 13.95 |6975.5| 14.35
5% 1 |6748.3| 8.62 |6060.3| 10.30 |5729.3| 8.72 5% 1 |7028.0] 9.32 [6701.7| 8.36 |8480.5| 9.02
10 |7735.3| 6.55 [6833.3| 7.65 |6668.3| 7.16 10 |8226.7| 6.04 |7496.3| 6.79 [10127.0| 7.16
25 7975.3| 4.15 [6964.7| 4.35 [6632.3| 5.68 25 7683.71 531 [77343| 6.04 19983.0| 4.88
0.05 [2479.3| 26.50 {2196.3| 26.44 [1957.0| 27.02 0.05 |2426.7] 25.61 [2293.3] 25.58 [1982.0] 27.05
0.1 |4202.5| 24.11 [2150.7| 24.96 |2188.3| 25.38 0.1 [4141.0] 24.00 |2545.0| 24.36 |2254.0| 24.45
205 1 |4111.3] 14.78 [3672.0| 16.69 |3342.3| 16.29 205 1 [4253.7] 16.14 |3869.7| 15.24 [3372.3] 16.60
10 |5178.7| 11.85 [4802.7| 10.37 |4582.7| 11.92 10 {5937.3] 10.01 [4923.7] 11.10 |4475.7| 11.86
25 [5977.0| 12.06 |5411.0] 10.56 |5013.0| 11.91 25 |5961.7| 8.04 [5337.7| 11.74 |4968.7| 13.23
0.05 | 739.0 | 18.35 | 715.0 | 19.37 | 653.0 | 20.85 0.05 | 855.0 | 18.19 | 770.7 | 20.90 | 738.0 | 23.27
0.1 | 81801932 |791.3 | 19.79 | 739.7 | 20.55 0.1 |856.3]19.94|870.0|21.53 8253|2234
405 1 |1229.0] 20.81 [1143.0| 19.52 | 1023.7] 18.05 405 1 [1401.0] 18.86 |1327.7] 19.45 [1279.0] 18.25
10 |1948.3| 21.28 [1828.7| 17.52 |1574.3| 21.61 10 {2340.0| 19.87 [3087.0] 20.00 [ 1967.3| 16.98
25 [2369.3| 19.80 {21083 14.12 |1874.7| 16.52 25 |2807.7| 17.47 [3895.0| 17.85 |2190.7| 17.57
0.05 | 326.7 | 12.43 | 302.7 | 14.46 | 274.0 | 12.26 0.05 | 341.0 | 991 |324.7 | 13.05 | 317.7 | 13.78
0.1 |324.013.25323.7 | 14.63 | 2923 | 13.58 0.1 |357.0 | 1227|3423 | 14.27 | 327.0 | 14.52
55% 1 | 42631569 | 433.7 | 16.73 | 552.0 | 16.27 55% 1 |469.0 | 15.94 | 4683 | 18.35 | 694.0 | 18.15
10 | 679.7 | 22.19 | 652.3 | 22.88 | 563.7 | 20.45 10 | 72632099 |727.7 | 19.16 | 712.3 | 22.25
25 | 857.0 | 16.06 | 834.3 | 27.23 | 677.7 | 20.13 25 |891.0 | 21.77 | 933.0 | 22.79 | 908.3 | 23.51
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E 4. d EE8 3122t 19mm + AP-5 (PG 64-22) T 4. f 7158 8122t 25mm + AP-5 (PG 64-22)
z=g 2% 4% 6% T 2% 4% 6%
A= | T4 [B¥| 3 [E*| o |E*| 3 A FLx |Fa4=| [E¥| o [E*| o |E*| 3
0.05 [8732.0] 8.10 [8299.3] 8.09 [7641.7] 8.52 0.05 [6707.7] 923 [6522.3] 9.96 | 5900 | 11.16
0.1 |8876.7| 7.77 [8635.3] 8.28 [7803.7] 8.16 0.1 [6863.7] 9.02 [6684.0] 9.10 [6018.5] 10.30
105 1 [9901.0] 531 [9372.7] 5.94 [8741.7] 6.23 105 1 [74343] 5.85 [7516.3] 4.83 [6802.5] 6.14
10 [10263.7 3.88 [10031.0] 449 [9271.0] 4.14 10 [77103] 227 [7672.0] 2.33 | 7300 | 337
25 [10025.3] 4.01 [9983.0] 2.53 [8972.7| 1.97 25 |7641.0] 225 [7581.3] 2.48 | 7048 | 3.87
0.05 [5666.3| 13.33 [5298.7] 14.65 [4780.7] 16.85 0.05 [4511.3] 11.94 [4559.3] 13.49 | 3644 | 15.29
0.1 [9043.0 11.93 [8520.5] 13.68 |7886.0] 15.53 0.1 [4620.3]10.78 [4716.7] 12.02 [3891.5] 13.48
5% 1 [7047.3] 726 [7113.0] 8.60 [6350.3| 9.44 5= 1 [5233.7] 6.5 [5463.7| 8.81 [4685.5 8.88
10 [8045.3] 5.98 [7787.7] 6.24 [7291.3] 6.89 10 [5667.7 574 [5973.3] 6.58 | 5216 | 7.38
25 [7823.3] 6.27 [7536.0] 6.63 [7359.0] 6.77 25 [5590.0] 5.84 [5694.3] 6.17 | 5235 | 4.65
0.05 [2706.0] 24.29 [2351.7] 25.75 [2173.0] 26.45 0.05 [2306.7| 21.55 | 2205 | 23.45 [1739.5] 26.54
0.1 [3140.3]23.78 [2669.0] 23.95 [2474.3] 24.22 0.1 [2545.0]20.47 [2476.7] 22.39 | 1929 | 24.33
205 1 [4463.3] 14.23 [4004.7] 15.36 [3679.3] 15.33 205 1 [3468.0] 12.65 [3495.3] 14.81 [2867.5] 10.13
10 [8419.5] 8.78 [5241.3] 11.04 [5084.3] 11.12 10 [4203.0] 8.99 [4366.0] 9.43 [3552.5] 12.01
25 [6286.3] 11.07 [5575.0] 8.18 [5820.3] 9.98 25 |4384.0] 11.87 [4464.0] 7.57 [3519.5] 9.33
0.05 | 940.0 | 19.57 | 881.7 | 21.03 [1262.0( 19.97 0.05 | 934 [19.12]901.3 [17.99 | 740 | 2234
0.1 [1036.0] 19.53 [ 975.0 [ 19.55 [1365.5] 21.09 0.1 [1029.7] 18.1 | 969.7 [ 19.50 | 798 | 20.07
405 1 [1564.3] 16.80 [1453.0] 17.13 [1306.0] 18.44 405 1 [1489.0] 16.33 [1382.0] 17.76 | 1133 | 18.78
10 [2482.7] 17.22 [2267.0] 22.13 [2030.7] 19.75 10 [2175.0] 1513 | 2107 | 16.04 | 1688 | 18.23
25 [2670.0] 17.85 [2443.0] 18.86 [2312.3] 19.46 25 [2507.7] 13.22 [2232.7] 17.85 | 1840 | 16.73
0.05 |394.7 [ 12.82 [ 379.3 | 1338 | 367.3 | 11.64 0.05 | 326 [20.06| 359 [12.95| 290 | 12.42
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