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Abstract

An inverse self-iterative procedure is developed to estimate layer moduli of 3layered
flexible pavement structures from FWD deflection basins. The theoretical deflection basins
of pavement structures obtained by full factorial design are used for the parametric study
on the characteristics of deflection basins and the regression analysis. The factorial design
is performed for asphalt pavemeént structures with stabilized base layer and granular base
layer, respectively. The initially assumed layer moduli by regression equations and rela-
tions between the rate of change of moduli and deflections are used in the procedure to
ensure efficiency and accuracy of self-iterative model. The SINELA computer program is
used for inverse self-iterative applications to determine theoretical responses. The com-
puter program of this procedure is coded for personal computers and is verified through

numerical model tests.
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18] 3. Effect of rate of change in moduli on theoreti-
cal FWD deflections
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12| 4. Effect of rate of change in thicknesses on theo-
retical EWD deflections
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B 2 Stepwise regression for moduli of pavement structure with stabilized base

dependent

independent

coefficient

B t-value sig. t r
variable variable
logio (W) —~0.97259 —0.99859 —~291.900 0.0000
logu (E2) const. 4.76149 - 829.809 0.0000 059718
logun (F2) —3.49968 —1.88261 —~12.088 0.0000
Fs 1.72625 1.17389 9,236 0.0000
TSs 0.07561 . 0.18890 5.619 0.0000
logn (E/E) | Fé ~1.88039 —0.82783 —6.597 0.0000 0.80371
SPR? —0.00028 —0.70424 —4.316 0.0000
1/hi 063431 0.09281 2.607 0.0097
const. 0.82939 - 5.855 0.0000
logw (Fa) 570448 —2.33897 ~19.611 0.0000
h —~0.04225 —0.65414 —20.530 0.0000
logis (hz) —1.35021 —0.50438 —15.713 0.0000
logw (B/E) 5 157114 0.62743 6.457 0.0000 085725
1/F, —0.31779 -0.62528 ~11.007 0.0000
const. 2.09914 — 10.214 0.0000
B 3. Stepwise regression for moduli of pavement structure with granular base
dep?ndem md(?pendent coefficient ) t-value sig. t r?
variable variable
log (Wr) ~0.99888 —1.02682 —148.319 0.0000
logss (Es) W 0.00000001 0,02988 4.316 0.0000 0.99838
const. 4.7880 - 486.186 0.0000
logi (F2) —4.12293 —2.34920 —23.974 0.0000
logw (F2) 5,25086 2.18063 l11.435 0.0000
F. —2.29515 —0.76898 1 8.989 0.0000
1/h, 3.74935 0.54858 18.088 0.0000
logo (E/E) | F& —0,17627 —0.33114 4572 ~ 0.0000 0.89778
1/TS¢ —0,0858D —0.06749 12722 0.0070
o 0.02183 0.12090 2.688 0.0077
hg? 0,00007 0.04949 2.171 0.0309
const. 2,95392 — 12.317 0.0000
logw (Wy) 159197 1.23890 10.317 0.0000
| F# —0.07893 —~0.16762 12511 0.0127
logw (hy) —0.27078 —0.18659 ~2.267 0.0243
he —0.01226 —0.23648 18.327 0.0000
1/TS. —3.12297 —1.97128 —12.434 0.0000
logi (Eo/Fs) | 1/TSs 1.07929 0.84504 3.419 0.0007 0.84985
logw (TSs) —1.54717 —1.00653 —|5.244 0.0000
1/TS¢ 0.80228 057072 3.354 0.0009
h? —0.00051 —0.29993 —3.799 0.0002
1/F¢ 0.07000 0.32245 /5.179 0.0000
const. -0.90408 - —13.420 0.0007
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INPLT,
Tvpe of base layer, Number of lavers, Thickness,
Assumed modulus (Ey . Poisson’s ratio.

(1
Measured surface deflect jons (g (1))

Assume Initial layer modulus
from peasured surface deflections

Calculate surface deflections{Wcal (i)
by elastic layered theory (SINELA)

_ i=i+])
Jcalculate correction factors(CORR(1)) ]

[ra-nay] I
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INT;
Measured and calculated surface deflections,
Assumed initial moduli, Estimated insitu soduli

2% 6 Flow chart
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(micron)
h; h; E E E
Cem) | Com) Qe /omd | (hgt/emd) | Qegifomy] 0 | Ve | W | W) W W ] W
true 500000 300000 2000.0 1195 89.1 726 599 49.0 405 338
2 25 (48676.3) | (283915) | (18814)
estimate 511789 29508.1 20009 119.0 89.1 726 59.8 490 405 338
error(%) ) 24 ~1.3 0.0 -04 0.0 0.0 —(0.2 00 00 00
true 200000 40000 | 15000 286.3 1678 109.3 814 642 517 431
15 50 (261541) | (12786) | (1485.3)
estimate 200711 3987.9 14974 2865 168.2 1095 81.6 64.3 518 431
error(%) 04 —~0.3 —-02 01 0.2 02 02 0.2 02 00
true T0000.0 40000 500.0 3151 281.1 2468 2095 1808 155.0 1336
% %0 (67666.2) | (4531.D (4%4.3)
estimate 650685 4531.1 499.1 3157 2803 2458 2086 180.3 154.8 1336
error(%) —70 133 —Q.1 02 (.3 —04 -04 —-03 —0.1 Q0
true 15000.0 300000 30000 191.2 1009 65.7 4.7 325 252 25
20 10 (1503L7) | (24421.2) | (3059.8)
estimate 15447.6 274823 3004.6 190.4 101.2 65.6 4.6 324 2.1 205
error(%) 30 —84 02 —04 0.3 -02 —0.2 —03 —-04 0.0
true 20000.0 100000 1500.0 2029 1279 978 787 644 527 444
20 0 201081) | (70567) | (14430)
estimate 199838 10042.9 1500.3 2028 1278 978 787 64.4 52.7 444
error(%) —0.1 04 0.0 0.0 -~{,1 00! 00 00 0.0 00
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B 5 Moduli estimated by FWD deflectibn basin(with granular base)

(micron)
h hz E Ee Es
(em) |(em) Ceat /o) | g /omd) | af/femy] | M| W | We | W Woo ) Wy
true 400000 40000 | 15000 2863 197.2 1275 87.7 64.6 50.2 411
- s | @R | asen
estimate 40539.7 39322 14995 286.4 1976 1276 87.7 64.6 50.2 411
error(%) 1.3 17 0.0 00 02 01 00 0.0 0.0 0.0
true 500000 5000.0 20000 168.2 1230 884 654 49.3 392 31.8
P 25 (562308) | (39102) | (1939.0)
estimate 50526.1 50188 196934 1678 1230 886 65.6 495 39.3 318
error(%) 11 04 -0.3 -2 00 0.2 03 04 03 00
true 100000 15000 500.0 6274 4472 3305 2528 196.2 1582 1289
5 | Qa0sa2) | (2882) | (5030)
estimate 99530 14976 5019 6274 465 329.7 2511 1955 156.9 1290
error{%) —05 ~02 04 00 —-02 -02 —07 —04 —08 01
true 200000 30000 15000 3227 1884 1554 825 634 509 422
5 % (3U776) | (24088) | (1463.1)
estimate 202334 30100 15019 212 1880 115.3 823 63.6 50.8 422
error(%) 12 03 01 -5 {2 -0l —02 03 Q2 00
true 400000 1500.0 500.0 949.2 4828 3048 2331 1856 1518 1269
5 6 @713535) | (19146) (S00.7) .
estimate 30486.0 1500.7 500.1 950.5 4826 304.8 2331 1856 1518 126.9
error(%) —1.3 00 0.0 Qa1 0.0 a0 00 0.0 0.0 Q0
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