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Based on TSD Deflection Slope Parameters
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Abstract: Traffic speed deflectometer (TSD) has been widely used in pavement maintenance, yet an indicator
system for identifying layer-specific structural strength remains lacking. On the basis of a three-dimensional finite
element model incorporating viscoelastic damage, this study analyzed how surface damage density and the
modulus of the base and subbase affect deflection slope. Two layer-sensitive indicators of structural strength were
proposed: S, (deflection slope 10 cm ahead of the load center) for characterizing the surface layer, and S;,
(deflection slope 30 cm ahead of the load center) for reflecting the structural strength of the base layer. Simulation
results show that §;, is highly sensitive to surface damage, with maximum variation amplitude exceeding 600%. S;,
correlates strongly with base modulus changes, exhibiting excellent recognition capability. Measured TSD data
from a typical expressway were used to validate the indicators. The results indicate that S}, and S;, exhibit distinct
layer response characteristics, enabling effective differentiation of different lane conditions. The research
provides a new path for mechanical interpretation of raw TSD data and establishes an applicable parameter
system and a theoretical basis for evaluating the layer-specific structural strength of asphalt pavement.
Keywords: traffic speed deflectometer; deflection slope; semi-rigid base; structural strength evaluation;
nondestructive testing
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Figure 2 Pavement structure and thickness settings

adopted by finite element modeling (unit: cm)
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Figure 4 Simplified image of tire contact shape
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Figure 5 Dual circular moving loads
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Figure 6 Master curve of dynamic modulus
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Table 1 Relaxation moduli of each branch in generalized

Maxwell model for asphalt mixtures

(ST FA i A% /M Pa i ] /s
E, 4524.635 05 1.00E—05
E, 3625.759 08 1.00E— 04
E, 2696.692 07 1.00E—03
E, 2196.023 56 1.00E—02
E. 521.712 87 1.00E—01
E, 310.768 80 1.00E-+00
E, 172.251 62 1.00E+01
E, 85.665 28 1.00E-+02
E, 68.023 34 1.00E-+03
jo 65.012 37 1.00E-+04
E, 65.000 29 1.00E-+05
E. 18.158 00
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Table 3 Input of finite element parameters for
viscoelastic asphalt layer
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Table 5 Error between simulated and measured
data of COMSOL
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PPN AR bR WE/%
COMSOL {2 37 52 I Kb

S 0.505 0.498 —1.36

Sy 0.353 0.369 4.45

S 0.323 0.318 —1.71

Sy 0.321 0.325 —1.21

Sizo 0.305 0.296 2.95
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Figure 8 Deflection slope curves under different damage

levels of surface layer
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Figure 9 Amplitude of deflection slope variation under

different damage levels of surface layer
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Figure 10 Deflection slope curves under varying base layer

moduli
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varying base layer moduli
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Figure 12 Amplitude of deflection slope variation under

varying subbase layer moduli
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Figure 13 Amplitude of deflection slope variation under

varying subbase layer moduli
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Figure 14 Deflection slope curves under varying subgrade

layer moduli
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Figure 15 Amplitude of deflection slope variation under

varying subgrade layer moduli
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Figure 16 Distribution of S,, values on overtaking lane,
driving lane, and emergency lane from K64 to K68 in

southbound direction of Shanghai-Wuhan Expressway
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Figure 17 Distribution of S, values on overtaking lane,
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southbound direction of Shanghai-Wuhan Expressway
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Figure 18 Distribution of S,, values on fast lane, driving

lane, and emergency lane from K1226 to K1230 in northbound

direction of Shenyang—Haikou Expressway
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