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system considering the principal stress rotation

Cui Xinzhuang'®  Bao Zhenhao' Du Yefeng' Hao Jianwen' Jin Qing' Cao Tiancai'
Zhang Shengqi'  Zhang Xiaoning

Abstract:; A test system for the serviceability of highway subgrade considering the principal
stress rotation was developed to accurately simulate the evolution of the three-dimensional
stress state and assess the serviceability of the subgrade under traffic loads. The subgrade
serviceability test system is composed of the core loading system and the auxiliary modules
such as full digital servo control system and data acquisition system. The loading system with

four dynamic and three static actuators was designed to achieve the rotation of the principal
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stress axis in subgrade soil elements at various levels based on the coordination of static and

dynamic loading. A theory for three-dimensional dynamic stress recurrence in highway

subgrade was developed based on the theoretical model of the subgrade’ s dynamic response

under traffic load and the loading system’ s mechanical and spatial characteristics, and

furthermore a method of transforming the “stress spectrum” into the “load spectrum” was

proposed. Using the test system, the three-dimensional stress state in the highway subgrade

under vehicle load was examined. The results show that the actual output load deviation of

each static or dynamic servo actuator is less than 1%, confirming that the developed

subgrade serviceability test system can accurately simulate the three-dimensional stress state

of the subgrade under traffic loads. The time history curves of each dynamic stress

component and the attenuation pattern of vertical dynamic stress closely match the

theoretical ones. The vertical dynamic stress in the subgrade gradually decreases with depth,

and the stress path experienced by the soil element resembles a “heart shape. ” The “seven-

cylinder linkage and coordinated loading” method can replicate the dynamic response of soil

elements at various depths in the subgrade working area during the “far-near-far” movement

of traffic loads, despite the loading device’ s position remaining unchanged. Therefore, the

subgrade serviceability test system developed in this study introduces a new concept,

approach, and technology for investigating the evolution of highway serviceability under

actual traffic loads.

Keywords: highway engineering; highway subgrade; principal stress rotation; model test;

loading system; serviceability
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Table 3 Comparison of peak values of dynamic stress components at different measuring points under different cases

ot T_ﬁ K, K, K, K,
f 2\ eI R - FETHA e i PN A a1 § 2 MR R i
m o {H/kPa {i/kPa {li/kPa {H/kPa {i/kPa {ti/kPa {E/kPa {i/kPa
o,  24.840  24.907  0.27% 10.989  11.022  0.30% 4.297 3.754 12.64%  2.615 2.263  13.46%
T o, 28.006 29.117  3.97% 12.402  12.898  4.00% 4. 845 4. 461 7.93% 2.773 2.692  2.92%
@ o,  72.591  71.481 1.53% 32.147  31.636 1.59% 12.560  11.588  7.74% 7.651 6.654  13.03%
T. 19933  20.010  0.39% 8. 847 7.832 11.47% 3.448 3.047 11.63%  2.105 L9l 9.22%
o, 14.749  14.785  0.24% 6.128 5.774 5.78% 2.202 1.735  21.21% 1.128 0.855  24.20%
I o, 16.624 17.302  4.08% 6.910 6. 449 6.67% 2. 449 2.025 17.31% 1.272 1116 12.26%
@ o, 43.000  42.363 1. 69% 17.911 17.257  3.65% 6.437 6. 099 8.75% 3.299 2.803  19.10%
7. 11.838 12.310  3.99% 4.929 4.270 13.37% 1.771 1. 840 3.90% 0.907 0.809  10.80%
o, 13.856  13.615 1.74% 5.887 5.635 4.28% 2.253 1.740  22.77% 1. 144 0.976  15.56%
L g, 16.813 16.467  2.06% 7. 064 6.995 0.98% 2.704 2.496 7.69% 1.372 1.212 11.66%
{E o, 43.678  42.764  2.09% 18.560  17.871 3.71% 6.771 6.184 8.67% 3. 607 3.174  12.00%
T 12,002 11.743  2.16% 5.097 4.572 10. 30% 1.758 1.585 9. 84% 0.991 0.865 12.71%
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