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Permanent deformation design index and control model of

granular base under repeated load
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2. Shandong Transportation Institute, Jinan 250031, Shandong. China)

Abstract: In order to control the permanent deformation of granular base in design process, this
paper took shakedown theory as the guideline and utilized repeated load triaxial test to study the
design of permanent deformation index and control model. Permanent deformation and stress of
162 typical different asphalt pavement structures was calculated to determine the test load and the
limit of permanent deformation of granular base. The results show that the principle stress ratio /
is mainly between 1.4 and 5. 1. 100 000 times repeated loading test is conducted under different
loading stress ratio to determine the maximum critical stress ratio and permanent deformation
characteristics under different principle stress ratio loading path. The results prove that 100 000
times repeated loading test is reasonable. Based on load test principle stress and 4mm as the criti-
cal limit of permanent deformation, the design index of principle stress ratio is put forward, a
control model of the relation between ratio of principle stress controlled according to 4. 75 mm and
number of loading. 14 tabs, 4 figs, 17 refs.
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Fig.1 Unbond aggregate characters under repeated loading
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Tab.1 Unbond aggregate grading design result

fii FL R <F /mm 37.5(31.5] 19 | 9.5 |4.75(2.36| 0.6 [0.075

G-1 3%/ % 100 [99.5(87.3(65.7|40.4(26.4[13.6] 6.4

G233 %/ % 100 [98.9179.1|57.1|35.7|23.4|12.0] 5.6

R2 FEFEAEIHRBER

Tab.2 Unbond aggregate compaction test result

BB BRSO/ Y KT HE/ (g em™)
G-1 5.68 2.223
G-2 3.95 2.255
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Fig. 2 Permanent deformation curve under confining

pressure 30 kPa and different stress ratio(G-1)
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Fig.3 Permanent deformation curve under confining

pressure 30 kPa and different stress ratio(G-2)
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Fig. 4 Layer-wise summmation method calculation pavement structure
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Tab.3 Unbond aggregate permanent deformation of freeway

TR BT FR Ak
e AN e | ] w SERSYES I/
R BokbE | Rk iz | TNV K AP it mm
- - e 400~800 | 800~1 200 |1 200~1 600
#/MPa | &/MPa | JRJE/em =550 W | 25 cm i | 30 cm
R | WEE | W2
30 3.21 2.58 2.10
40 3.79 3.07 2.52
50 4.25 3.46 2.86
200
55 4. 46 3.63 3.21
60 4. 64 3.80 3.34
65 4. 81 3.94 3.47
30
30 2.50 2.06 1.71
40 2.90 2.41 2.01
50 3.22 2.68 2.26
300
55 3.36 2.81 2.54
60 3.49 2.92 2.46
65 3.60 3.02 2.55
30 3.16 2.54 2.07
40 3.75 3.03 2.49
50 4.23 3.43 2.83
200
55 4.43 3.61 2.98
60 4.62 3.77 3.12
65 4. 80 3.92 3.25
40
30 2.45 2.02 1. 68
40 2.86 2.37 1. 98
50 3.19 2.65 2.22
300
55 3.34 2.78 2.34
60 3.47 2.90 2.43
65 3.59 3.00 2.53
30 3.12 2.50 2.04
40 3.73 3.01 2.46
0] 4.22 3.42 2.81
200
55 4.43 3.60 2.97
60 4.63 3.77 3.11
65 4. 81 3.92 3.25
70
30 2.38 1. 96 1.62
40 2.82 2.32 1. 94
50 3.17 2.62 2.20
300
55 3.32 3.30 2.31
60 3.45 2.87 2.41
65 3.58 2.98 2.51
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Tab. 5 Curve fitting result of different stress ratio(confining pressure 30 kPa,G-1)

- , 15 ‘
F RSt (o1 /o3) R?
A B C D E
6.5 0.01 —0.397 13 1.102 18 X108 0.009 67 4,351 40x10* 0.97
6.0 0.01 —0.234 22 1.391 15X10°8 0. 006 78 2.084 66 X104 0.95
5.5 0.01 —0.613 29 4,005 06 X107 0.005 42 7.587 62X10~1 0. 94
5.0 0.01 —0.569 77 7.534 32X107° 0. 006 08 5.540 99X 1074 0.95
4.5 0.01 —0.716 33 4,361 17X107° 0.004 51 8.339 85X 101 0.93

F6 REMNLTHBMEME LR (BEERS 50 kPa, FEE 1)

Tab. 6 Curve fitting result of different stress ratio(confining pressure 50 kPa,G-1)

. AU [a] 05 45 R
F RSy b (o1 /03D R2
A B C D E

5.0 0.01 —3.033 98 4,665 14107 0.014 54 0.001 04 0.99
4.5 0.01 —0.737 78 7.233 39X10°° 0.009 67 8.402 27X 104 0.97
4.0 0.01 —0.708 95 5.035 56X107° 0.009 58 7.146 56104 0.98
3.5 0.01 —3.304 91 4,477 48 X107 0.008 53 0.001 39 0.93
3.0 0.01 —3.314 03 1.785 44 X10° 0.002 68 0.001 29 0.93
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£7 REEANLTHEENSER(BERS 70 kPa, HE 1)

Tab.7 Curve fitting result of different stress ratio(confining pressure 70 kPa,G-1)

, P[] 9 25 2R
F0 Sy b (o1 /03) R?
A B C D E
3.5 0. 05 —0.823 37 4,444 16 X107 0.006 90 7.283 72X10°* 0.98
3.0 0. 05 —0.802 71 3.672 60X107° 0.004 06 7.078 11 X10* 0.96
2.5 0. 05 —0.858 02 2.033 17X10°° 0.003 12 8.966 58X 10! 0.96
2.0 0. 05 —1.120 56 1.692 78 X107 0.001 19 0.001 05 0.94
x8 FAEMALLTHHMEMUEER(BEIERNA 30 kPa, REE 2)
Tab. 8 Curve fitting result of different stress ratio(confining pressure 30 kPa,G-2)
) LS EVEEE S
FE N JT (o1 /a3) R?
A B C D E
6.5 0. 01 —0.494 73 4,912 35X10°8 0.003 64 4,581 39X10! 0. 96
6.0 0.01 —0.475 94 3.647 04X10°8 0.003 17 4,088 53X10* 0.96
5.5 0. 01 —0.860 92 2.650 63X107° 0.002 69 8.760 21X10* 0.97
5.0 0. 01 —0.527 96 3.254 66 X107 0.002 48 4.417 03X10* 0. 96
4.5 0.01 —0.658 48 2.615 46X10"° 0.001 36 5.741 15X10°1 0.95
K9 FEEANLTHH#EMNAER(BEERKAN 50 kPa, AL 2)
Tab. 9 Curve fitting result of different stress ratio(confining pressure 50 kPa,G-2)
RRAUL AT I 45
EIVWIR AV R?
A B C D E
5.0 0.01 —0.622 57 2.822 33X107° 0.004 25 8.499 22X 101 0.98
4.5 0.01 —0.860 11 3.370 52X107° 0.003 16 0.001 11 0.93
4.0 0.01 —0. 887 94 2.493 00X10~° 0.003 01 6.480 06 X101 0.99
3.5 0.01 —0.748 75 2.215 64 X107 0.001 99 8.384 20X 101 0. 94
3.0 0.01 —0.546 38 2.008 93X 1077 0.001 49 2.714 24 X101 0.92
F10 FAEEALLTHHEMSER(BERKS 70 kPa, REE 2)
Tab. 10 Curve fitting result of different stress ratio(confining pressure70 kPa,G-2)
B ] 19 45 )
FE RSyt (o1 /03) R?
A B C D E
6.0 0.01 —0.529 44 4,710 71X10°° 0.004 15 8.337 21 X101 0.95
5.5 0.01 —0.821 34 4,165 64X107° 0.003 93 8.474 86 X104 0. 96
4.5 0.05 —0.913 21 4,113 81 X107 0.002 68 0.001 23 0. 90
4.0 0.05 —0.893 23 3.671 85X107° 0.002 6 7.614 52X10~* 0.95
3.5 0.01 —0.443 84 3.714 39X107° 0.002 33 4.714 61 xX10* 0.92
3.0 0. 05 —1.028 10 2.139 51 X107 0.002 08 8.252 94X 1071 0. 96
F 11 RER AL BB 8 R B (B E 30 kPa)
Tab. 11 Loading number under different stress ratio( confining pressure 30 kPa)
ESVPIR 6.5 6.0 5.5 5.0 4.5
T BRAE IR BL(G-1) /1R 933 400 921 500 1 847 200 3 640 200 3551 800
fof 2R AE IR BL(G-2) /IR 3329 150 4612 750 6 530 500 5382 300 7126 900
&R 12 [ R be X3 Bz 9 76 34 FOR B (B JE 50 kPa)
Tab. 12 Loading number under different stress ratio ( confining pressure 50 kPa)
FW I 5.0 4.5 4.0 3.5 3.0
o 2 FH IR B (G-1) /) 1170 400 1428 000 2 069 200 2 561 820 9 700 900
TR AE AR B (G-2) /3 | 5 580 400 4996 200 6 815 000 8 128 500 9 213 000
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R 13 AE Rz bexd Bz g9 6 A ROR B (B JE 70 kPa)

Tab. 13 Loading number under different stress ratio ( confining pressure 70 kPa)

ESUPIRA 6.0 5.5 4.5

4.0 3.5 3.0 2.5 2.0

faf B AE WAL (G-1) /IR

2 947 650 | 4 340 200 | 8 302 500 |11 112 100

T 2R AE B (G-2) /¥ | 3 364 000 | 3 857 850 | 4 210 200

4 738 860 | 4 754 250 | 8 375 650

MR % 11,38 13 140 28504 25 S, A 7 48 2L
T A B, 4 B a7 e 1 R g id 2 7F [k
30.50.70 kPa T K A AT s il AL, DL 3% 14,

K14 AERBARBEETHXRATREH KR
Tab. 14 Permanent deformation control model under

different confining pressure and different grading

FilH/ kPa P 1(G-1) L 2(G-2)
o1/05 =100, 2N~0-2019 61 /05 =32 907, TN—0-4140
30
R?=0. 886 R?=0.7417
o1/05 =113, 22N 0-228 4 o1 /o3 =473 964N 07438
50
R?=0. 884 R*=0.876 1
o1/a5=1215. 8N~0-925 | g /5. =437 833N —0.748 6
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