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Performance-based Design Indicators for Graded Macadam Mixture
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Abstract: In order to improve the quality of the mixture used for graded macadam base of expressway, it is
necessary to establish the performance-based design indicators for graded macadam mixture. The maximum
stress and maximum shear stress of the graded macadam in typical structure of expressways in Fujian Province
are calculated by using BISAR program, and the proportion of deformation of the graded macadam under 20
million times of 100 kN standard load to the total deformation structure is forecasted. Then, selecting 12
kinds of graded macadam mixture, the resilient moduli, deformation rates are measured by dynamic triaxial
test, and the shear strengths are measured by static triaxial test. Finally, the performance-based design
indicators for graded macadam mixture are analysed and proposed to guide the design of graded macadam
mixture in Fujian Province. The result shows that (1) the graded macadam needs sufficient modulus to
ensure the bearing capacity, and the mixture in asphalt pavement structure may produce permanent
compressive deformation or shear failure, therefore, the mixture should have good resistance to permanent
deformation and higher shear strength; (2) the resilient modulus of 300 MPa can be used as the permanent
indicator of bearing capacity of the graded macadam mixture; (3) the maximum shear stress and the

maximum main stress of the graded macadam base of typical structure in Fujian Province are 332. 8 kPa and
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396 kPa respectively, and the shear strength of 395 kPa obtained by static triaxial test can be used as the
indicator of resisting shear of the graded macadam mixture considering 1.2 times of guarantee coefficient;
(4) considering that the permanent deformation of the graded macadam base in typical structure is no more
than 13% of the total deformation of the structure, the deformation rate of no more than 10 ~* in the 20 000 th
and 50 000 th cycles of dynamic triaxial test can be used as the indicator of resistance to permanent
deformation of the graded macadam mixture.
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Tab.1 Technical requirements for graded macadam

mixture in guidelines of Fujian Province
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Tab.2 Gradation of GRH -25 mixture for base in guidelines of Fujian Province

lid TG (O Lo, mm) AIBR AR/ %

el

31.5 26.5 19 16 13.2 9.5

4.75 2.36 1.18 0.6 0.3 0.15 0.075

PGG -25 100 90 ~100 75~95 66~88 59 ~82

46 ~71

30~55 18~40 13~32 9-~25 6~18 3~12 0-~5
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Tab.3 Design indicators of graded macadam in
guidelines of Fujian Province
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Tab.4 Structure design parameters of typical asphalt

pavement in Fujian Province

JREE ShRRERE ik

JEL TRA R 2R em (Y -mm-') MPa TP
1 ek AC-13 4 3 500 4500  0.35
2 AC-20 6 3 500 4200  0.35
3 ATB-25 16 2 500 3500  0.35
4 FEHEAHE)E PGG 25 16 — 300 0.35
5 KRUEEZ 30 — 5000 0.25
6 PRAE+ — 34 0.45
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Tab.5 Graded macadam mixture used in test
RECHEA S EIGRL (mm) [ BUE T 33 % bt
T 31.5 26.5 19 16 13.2 9.5 4.75 2.36 1. 18 0.6 0.3 0.15 0.075
1 100 99.9 83.6 74.0 63.9 53.5 35.1 24.1 18.5 13.6 8.7 6.3 3.8 IR
2 100 99.0 85.5 71.7 61.2 55.2 39.2 28.9 23.2 18.5 13. 1 9.4 4.6 Vay 5
3 100 99.8 85.7 75.0 67.0 60. 2 40.6 29.9 22.3 16.8 11.0 7.8 4.9 IR
4 100 96.9 85.7 74.2 65.4 60. 6 40.9 25.5 17.4 11.7 6.9 4.4 2.6 e
5 100 98.6 79.8 70.5 63.4 56.0 41.9 26.3 18.0 12. 1 7.5 5.4 3.7 ha
6 100 100.0 84.2 74.6 66. 3 56.0 39.8 22.9 15.7 10.8 7.4 5.7 4.0 BEIR &
7 100 99.9 89.4 81.4 74.4 64.3 42.8 27.1 20.0 14.5 10.0 7.7 5.0 VeY %=
8 100 97.4 84.2 73.9 66. 6 58.0 40.5 31.7 22.5 14.2 8.9 6.9 4.7 Vay &=
9 100 96. 8 80.6 69.7 62.1 53.2 34.9 27.0 19.2 12.2 7.7 6.0 4.1 IR
10 100 96. 1 80 68.9 59.8 47.5 34.8 24.3 18. 4 13.0 9.1 6.2 4.3 s
11 99.9 98.1 84.8 77.9 70.0 59.5 35.1 22.3 16.0 11.3 7.7 5.1 3.5 VAP
12 100 98.6 86. 1 76.9 70.6 53.8 36.7 26.5 20.7 14.7 10.2 7.8 5.0 VA b=
3 REEAREHE4ERIRIESTE 180
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Fig. 1 Curves of permanent deformation vs. load cycles of

graded macadam obtained by dynamic triaxial test
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Fig. 2 Schematic diagram of Mohr envelope
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Tab. 6 Result of dynamic triaxial test on graded macadam

R A ky/ G 7% VAT NV
H5 (x107%) ¢ (x107%) MPa
1 8.54 18. 64 0.30 0. 84 323
2 7.88 11.49 0.30 0. 67 376
3 1.04 14.15 0.29 0.96 401
4 1.63 10. 37 0.27 1.35 319
5 1.50 8. 00 0.27 1.10 335
6 3.01 7.21 0.23 2.16 281
7 4.09 6. 44 0.31 0.23 354
8 6. 00 10.57 0.30 0. 48 359
9 9.81 23.82 0.29 0.95 375
10 1.66 3.75 0.27 0.76 337
11 1.17 32.90 0.28 0.94 361
12 7.27 14.22 0.30 0. 67 384
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Tab.7 Result of static triaxial test on graded macadam

T A R A R G

A WIS/ RN, WYISRE (ERAH

%' (°) kPa 400 kPa) /kPa
1 47.2 46.5 478

2 48.6 54.6 508

3 49.3 37.2 502

4 45.3 2.3 407

5 41.3 1.4 353

6 40.5 0.3 342

7 47.3 53.5 487

8 49. 1 47.9 510

9 47.9 46. 1 489

10 46.4 4.6 425

11 48.9 1.2 460

12 50. 8 0.9 491
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Tab.8 Calculation result of permanent deformation ratio of

R BISAR #2)7,

graded macadam

PCWEA T 1 2 3 4 5 6
PRCHEA T
R AT G S 7 8 9 10 11 12
FRREAATE G MR %/ % 5.6 7.6 12.4 10.1 11.3 9.5
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Fig.3 Curve of ratio of deformation of graded macadam to
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total deformation of asphalt pavement structure

vs. deformation rate of mixture
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