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Vibration Characteristics of Model Soil Boxes and Roads under Traffic Load

GAO Dongping
( China Railway Construction International Engineering Consulting ( Fuzhou) Co. ,Lid. , Fuzhou, Fujian 350000, China)

Abstract; Environmental vibration induced by traffic loads may affect building safety and the living environment. Its
propagation and attenuation are jointly controlled by multiple factors, including vehicle characteristics, pavement con-
ditions, and soil properties. In this work, model soil-box tests, field road measurements, finite element simulations,
and a sparrow search algorithm-backpropagation neural network ( SSA-BP) were combined to investigate the propaga-
tion and attenuation characteristics of site vibration under traffic loading. The results are as follows. Within the excita-
tion frequency range of 8 — 15 Hz, vibration acceleration at 10 ~ 15 Hz attenuates more significantly with increasing dis-
tance, whereas the attenuation at 8 Hz is relatively gradual. The field measurement results indicate that the peak verti-
cal vibration accelerations induced by passenger cars, buses, and trucks at a distance of 4 m from the road curb are
0.01629, 0.03461, and 0.06657 m/s’, respectively. Heavier vehicles generate larger peak vibration accelerations;
however, the increase is not linear, which is mainly attributed to differences in vehicle suspension systems and wheel-
bases. The dominant vertical vibration frequencies of the three vehicle types are 14.16 Hz, 13.43 Hz, and 10.62 Hz,
respectively. The frequency-domain results reveal that vibration components in the range of 10 ~30 Hz attenuate rapid-
ly with increasing distance, while far-field vibration is dominated by low-frequency components within 0 ~10 Hz. The
finite element simulation results agree well with the field measurements in terms of both peak acceleration attenuation

and frequency distribution. The results further indicate that the SSA-BP model achieves mean absolute percentage er-
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rors of 13.4% for peak acceleration and 7. 5% for dominant frequency in the simulated dataset tests. Under actual

road validation conditions, the relative errors between the predicted and measured values are all less than 6% , demon-

strating that the proposed model has good generalization capability and engineering applicability.

Keywords : vibration attenuation; model soil box test; traffic vibration field measurement ; finite element simu-

lation ; spectral characteristics
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