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Grading evaluation of pavement structural cracks based on FWD finite
element simulation
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Abstract: [Purposes] This study aims to establish an evaluation model that comprehensively reflects
the morphological characteristics of internal structural cracks and their impact on road bearing capacity.
[Methods] A combined subjective-objective method was adopted to construct a morphological
characteristic evaluation model based on crack geometric dimensions and a bearing capacity evaluation
model based on deflection basin data. Firstly, a three-dimensional pavement model containing
structural cracks with different geometric features (width, length, reflection depth) was established
using the finite element software ABAQUS. The falling weight deflectometer (FWD) test was
simulated to obtain the surface deflection basin and calculate the modified structural strength
coefficient (/). Secondly, the correlation between Iy, and crack geometric characteristic was
analyzed, and regression models were established. [Findings] According to the numerical simulation
results, crack width shows no significant correlation with /I, while crack length and /g

approximately follow an exponential function relationship, and the crack reflection depth and I,
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approximately conform to an S-shaped function relationship. Based on these functional relationships,

the weights of each indicator are determined by quantifying the overlapping degree of geometric

characterization by both the morphological and bearing capacity models. Ultimately, a comprehensive

evaluation model for internal cracks is formed, which integrates morphological characteristics and

structural bearing capacity. [ Conclusions] The established comprehensive evaluation model enables the

quantitative evaluation of internal structural cracks in semi-rigid base asphalt pavements and addresses

the deficiency in the current standard in this aspect, thus providing a theoretical basis and

methodological support for structural performance-based preventive pavement maintenance decision-

making.

Key words: internal structural crack; morphological characteristic; road structure bearing capacity;

finite element; combined subjective-objective method
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Table 1 Layout of deflection measurement points

RS 25 /mm (AR i 25 /mm
S1 0 S6 900
S2 200 S7 1200
S3 300 S8 1500
S4 450 S9 1 800
S5 600

FRE FWD Tt 0 ) i 180 0 £ 280 Ak S 34 A 7
AR 0.15 m [ DX S A £14 4 D T 52 £ 28K, £ 0

{H 4 0.7 MPa, 7 F i [6] A7 30 ms, B 72 il £k 2 5] 2
F7s

800 -
700 -
600 1

E;j 500 A

2% 400 1

i 300 A
200 A
100 A

0

0.00 0.01 0.02 0.03
Fif ) /s

B2 24X E AL & B R A 2R
Fig. 2 Time-history curve of impact load from falling weight

deflectometer
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Table 2 Material parameters for each pavement structural layer
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Table 3 Prony series parameters for relaxation modulus of

asphalt mixtures
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cracks
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Table 4 Geometric characteristics of internal transverse

structural cracks in roads
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Table 6 Subjective evaluation values of bearing capacity
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