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Selection of Inertial Point for Asphalt Pavement
and Backcalculation Method of Subgrade
Modulus

ZHU Jie, CHEN Zhang, SUN Lijun
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Education, Tongji University, Shanghai 201804, China)

Abstract; It is realized that there exists a point called the
inertial point in the pavement deflection basin whose
deflection does not vary with the modulus of the upper layer,
provided that the subgrade modulus and the upper layer
thickness remain unchanged in cement concrete pavement. In
order to make the theoretical deflection basin and measured
deflection basin match each, the writer of this paper takes the
rigid substratum into the calculation of theoretical deflection
basin. As a result of a significant amount of calculation, the
writer found it’s very difficult to get inertial point in asphalt
pavement structure. Since that, the writer developes a new
method of selecting inertial point based on smallest criterion
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of root-mean-square-error and applies it to the back-calculation
of the subgrade modulus. It is found that the value of base
modulus contributes more to the precision of subgrade
modulus backcalculation and the writer draws a conclusion
about the relationship between the inertial point parameters
and the structure information on both flexible base and semi-
rigid base. The writer demonstrates the precision of the
induction formula theoretically through the back-calculations
in different pavement structures, the precision and the
reliablility of subgrade modulus backcalculation method based
on inertial point using measured deflection basin are verified
by a comparative study of the backcalculation programs at
home and abroad.

Key words: asphalt pavement; modulus backcalculation;
inertial point; smallest criterion of root-mean-square-error;

rigid substratum
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Fig.1 The concept of inertial point
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Fig.2 Backealculation of subgrade modulus
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Tab.1 Moduli of surface and base courses in Series x
MPa
¥z EREEE EBEER| £ HEEE HEEER
#3[1 1000 500 3[4 1000 5 000
%2 3000 500 #%[5 3000 5 000
£33 5000 500 %6 5000 5 000

6 AL T HABIERE 2. ARPALIE
H P U0 RBEAEN B AL BN 150~180 em 22
[B]. N 3 AT LAE H , 1B RS UL A AT BEBUE YL Bl 7E
WAL E 150~200 cm 2 8], 65025 Ui R Y BE LR
S EEME, 5T B — s AR S S M R S UL
SRR R R R,

F2 R x MEHERIWIE

Tab.2 Deflection basin data of Series x

=Y ivA i/ mm
B/m  FFI1 FF2 FH3 FH4 FH5 FIH6
0 0.806 0.680 0.632 0.405 0.331 0. 302
20 0.627 0.568 0.543 0.335 0.297 0. 275
40 0.494 0.454 0.440 0.307 0.273 0. 254
60 0.403 0.374 0.364 0.279 0.250 0.233
90 0.296 0.282 0.276 0.235 0.214 0.202
120 0.216 0.211 0.209 0.193 0.180 0.172
150 0.158 0.158 0.157 0.156 0.149 0. 144
180 0.115 0.117 0.118 0.124 0.121 0.119
210 0.084 0.087 0.088 0.098 0.098 0. 097
240 0.061 0.065 0.0658 0.076 0.077 0.078
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Fig.3 Deflection basin of Series x
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Tab.3 Value of structure variables in a 3-layer system

HAREE/m  BEEE/m  WEEE/MPa

HEHE/MPa

AEEE/MPa  EREEME  EERME  TERRE

5~25 20~60 1 000~5 000 150~8 000

25~150 0. 35 0.3 0.4

EEER I FEWERNTEEN, B REHIT
HHT 8B 1 248 NP t FBIER T , 247
Hi 208 MEWT YIS , FE S 8784 SPSS #1748
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R. = (a1 +a.(E,/H)% ) HE}
D, = (x; + 2 (E,/H)*=) H'E:
A :a1,a2,a5 505052152 525 s V192 ¥ EEG EIA
HIZER IR 4~T7. NRP T LIF W, HX R BUSHER
T 1, Qnoshiss A4 [ IS 08 BE UL AR a1 5 U A AR AR
B .

F4 FHUEEH R. DAREERE

Tab.4 Model constants for R, of the flexible base
a1 as as b c HMRRR
—0. 005 13. 506 —2.660 —1.653 2. 309 0. 999
5 FEHEE D. OREEEHE
Tab.5 Model constants for D, of the flexible base
x xz x3 »n ) MRRE
74. 640 45, 612 0 —1.017 —0.668 1. 000

#6 ERIHEE R. EIFEE0EHE
Tab.6 Model constants for R. of semi-rigid base
MRRE
1. 000
RIBE TR W EIE BT I, AR
LA R R P EEE E, , BRI RE LA 2.

as b ¢
1. 000 0.995 —0. 327

ai
18. 814

az
0.073

F®T EREEE D, BEAKRERE
Tab.7 Model constants for D, of semi-rigid base

k4] Y2 MRERE
—0.987 —0.676 1. 0600
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Tab.8 Deflection basin of 10 pavement structure

mm
we WA fr B

0 200 400 600 900 1 200 1 500 1 800 2 100 2 400
1 0. 753 0. 606 0.463 0. 363 0.253 0.175 0.121 0.084 0. 057 0. 039
2 0. 453 0. 400 0. 356 0.321 0.271 0. 226 0. 186 0.152 0.123 0. 098
3 0. 487 0.413 0.334 0. 276 0.213 0. 167 0.132 0.105 0. 084 0. 068
4 0. 250 0.211 0.190 0.171 0.142 0.116 0. 094 0.074 0. 058 0. 045
5 0. 280 0. 230 0.194 0. 167 0.132 0. 102 0. 079 0. 060 0. 046 0. 034
6 0. 229 0.196 0.173 0. 156 0.132 0.111 0.092 0. 076 0. 062 0. 050
7 0.184 0.155 0.143 0.135 0.124 0.112 0. 100 0. 089 0.078 0. 069
8 0. 228 0.189 0.158 0.138 0.115 0. 097 0. 082 0. 069 0. 058 0. 050
9 0. 350 0.301 0. 266 0. 238 0.198 0.162 0.131 0.105 0. 083 0. 065
10 0. 577 0. 457 0. 344 0.273 0.195 0. 140 0.101 0.073 0. 053 0. 039
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Tab.9 Error analysis
me HEE HEE HEH HEE THEER THEER /Y
BE/cm BE/cm &2/MPa &2/MPa {Bixe {H/MPa REfE/MPa

1 10 25 2 000 450 45 44,73 0. 60
2 15 30 3 000 1 500 35 35.28 0. 80
3 15 40 3 500 350 55 55. 07 0.13
4 12 30 2 500 5 000 70 69. 87 0.18
5 12 30 3 000 2 000 85 85.24 0.28
6 20 30 4 000 2 500 75 75. 83 1.11
7 20 40 3 500 7 000 60 59. 46 0. 90
8 20 50 4 000 900 90 88.98 1.13
9 8 35 3 200 2 300 50 50. 40 0. 80
10 9 30 3 000 500 60 59. 68 0.53

MFE 12 WRBESERERE, SBFREN L EK
BMERMEZAK RN, ESNRBERFHURKEEE
THIHTENS, A R 5 EHSM ) EVERCALC,
WESDEF #1 MODULUS 8 45 R 75 T BRIFH
—3 4, {8 EVERCALC, WESDEF #1 MODULUS
HR A T AR BRI, H 45 R A WS B T4
WRIEMNFR, SREFHRR, MAXMETHEED
VLR R T e A S0 IR (R i, BB e+ B

MR A0 S B T 5 .
®10 HHsH
Tab.10 Structure parameters
g% BB h/em A
FERELER 13.34 0. 35
E-9= 35. 56 0.25
T3 670, 48 0. 40

£ 11 FWD Iz R BE
Tab.11 Measured deflection data of FWD mm
L Ly Ls L, Ls L Ly
1. 006 0,653 0. 439 0. 312 0.231 0.175 0,137

F12 BEFEUHEHANIERERESZES
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Tab.12 Comparison of backealculation method based on
intertial point and other methods MPa
GADEF EVERCALC WESDEF MODULUS . Ny'g
130. 31 129. 41 130.51 133.19 132.78
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