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Improved AREA Back-Calculation Method for
Rigid Pavement and Its Regression Model

LING Jignming, LIU Shifu, YUAN Jie

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University,Shanghai 201804, China)

Abstract: This paper presented an improved back-calculation
method for rigid pavement and its regression model. Based on
the modeling and a thorough analysis of the traditional AREA,
the index of barcentric horizontal distance was proposed to
replace the AREA index, and then the radius of relative
stiffness was calculated by using each sensor deflection
information. The modulus of subgrade reaction was calculated
to minimize the error of filed-test deflection basin. With the
above two features, the improved method can theoretically
solve the problem of multiple back-calculation solutions of the
traditional AREA. Taking the typical structural style of rigid

pavement as a study case, the best number of sensors and the
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reliability of improved method were comprehensively
analyzed. The numerical analysis results demonstrate that the
improved method can significantly improve the reliability of
back-calculation and effectively handle the measured error.
The field-test validation results using the FWD deflection
basin has also proved that compared with other methods, the
improved method has a stronger ability to decrease the fitting
error of measured deflection. For the improved method, five
times polynomial was adopted to establish the unbiased
regression model, which greatly improve the efficiency of the

inversion.

Key words: road engineering; rigid pavement; structural
parameter back calculation; deflection basin; area parameter;

barcentric horizontal distance
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Fig.1 Definition of deflection basin area
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Fig.2 Flowchart of improved AREA back-calculation
method
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Tab.1 Calculated deflections of different sensors
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Tab.2 Statistical structural parameters with different number of sensors

e AR R A HhEE R A
- )1 /GPa ¥R /GPa TRERHU % HE/(MN - m™®)  FRfEZE/(MN - m™3) BREP %
3 37.29 5.85 15. 69 113. 61 15. 69 13. 81
4 36. 50 3.04 8.33 114.19 7.68 6.73
5 36. 28 2.03 5. 60 114. 49 4,74 4.14
6 36. 08 1. 38 3. 82 115. 00 2. 96 2.57
or =0.205 8x+28.548 R 1351 I
¢« 130k =0.187 3x+93.521 e
& R*=0.1957 s
& g 125 -
% Z 120
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N
105
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Fig.3 Comparison of structural parameters of two methods
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Tab.3 Statistical structural parameters with different number of sensors
R AR SR Hb L 2 R
¥ifli/GPa #pifEE/GPa EREE/% ¥{E/(MN » m™*) Fr#EZE/(MN » m™3) BREE/ Y
LA T AR TS Fho: 36. 39 3.08 8. 47 114. 54 7.00 6.11
m%f%ggﬁ 36.08 1. 38 3.82 115. 00 2. 96 2.57
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Tab.4 Coefficient values of regression model

R az b, Cz €0z el €2z €3z e1r ese

x=1 0.549 4 0.1 1 —0.167 8 —0.108 6 —0.017 3 0.032 5 0.046 6 0.035 4
x=2 —1.965 4 0.6 2 1.210 2 0.793 6 0.145 9 —0.215 4 —0.326 8 —0. 257 8
x=3 3.217 9 1.2 2 —3.473 0 —2.316 8 —0.502 2 0.539 3 0.893 7 0.741 2
x=4 —2.927 9 1.8 2 5.004 8 3.4197 0.900 5 —0.601 3 —1.175 2 —1.044 8
x=5 2.300 8 2.4 2 3.700 6 —2.619 6 —0.870 9 0.226 6 0.707 8 0.702 9
x=6 —0.167 4 1.4 1 1.184 2 0. 886 3 0.3917 0.058 1 —0.114 1 —0.152 0
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Tab.5 Test results of deflections by FWD in 4C and 4D airport pavement of China

] 3E 4C HLI B , BU% 36 om 3 4D HLEHBLE , BUF 40 cm

CER/m T mE1 HmB2  HB3 WS4 WE5  WE6  HmEB7 WSS MBI HELO
0 124 120 118 120 113 144 141 147 123 145
0.3 118 112 111 117 110 135 132 137 112 135
0.6 105 100 100 104 96 118 117 122 98 118
0.9 92 87 86 88 83 98 99 105 83 102
1.2 78 73 72 74 68 80 80 87 67 85
1.5 64 61 60 60 54 62 64 70 51 69

AT ER B SR 140 kN.
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Tab.6 Comparisons of back-calculations of four methods

e W& E/GPa R PR K/(MN * m—*) RER/pm
AREA MAREA C#R[13] 3CER[15] AREA MAREA SCER[13] SC#R[15] AREA MAREA XCER[13]  SCER[15]
1 35.8 34.4 35.5 35.6 100.7  103.7 101. 9 100. 2 3.02 1. 37 2. 40 2. 90
2 36.1 31.9 35.6 34.7 108.8  119.1 114.0 112.1  19.23 5. 99 28. 54 6. 94
3 35.8 33.7 36.0 35.3 111.6  116.8 113.4 113.9 6. 87 2. 26 8.72 4. 41
4 32.7 36.8 36.1 32.4 113.2  103.6 107. 8 112.2 15,00 5. 45 21. 11 10. 27
5 32.9 36.5 35.5 34.6 127.1  117.8 122.7 124.4  12.90 4,87 14. 85 9. 94
6 31.7 32.4 31.8 31.6 116.5  114.6 115.8 116.0 2.68 1. 26 1.63 2.36
7 34.0 31.8 33.3 31.8 111.4  116.8 115.1 116. 8 8.19 3.82 10. 42 8. 21
8 37.0 36.3 36.7 36.9 97.1 98.5 98.1 96. 7 1. 48 0.72 1.16 1. 65
9 37.9 36. 1 36.5 36.3 139.2  143.7 143. 4 144.5 3.55 3.30 3.21 4. 46
10 37.9 36. 4 37.8 37.7 99.3  102.4 100. 5 98.7 5.12 3.09 5. 64 5. 46
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