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REHEE:

Research on mechanical behavior of piled raft foundation subjected to vibration loads
with model test and numerical test

(ARBANBEEA TR N FRHENRESIE S HEXRE)

Piled-raft foundation (PRF) has been used in high-speed railway in China. If the design and construction of
the foundation is done without taking proper precautions, then the vibration loads induced by the high-speed
trains may cause excessive settlement of the foundation, significantly affecting the stability and safety of
trains. To carefully examine the settlement mechanisms of PRFs constructed in different grounds subjected
train loads, systematic 1 g model tests were conducted. The dynamic responses of PRFs in dry loose sand,
medium dense sand, and saturated medium dense sand ground, subjected to different frequencies of
sinusoidal vibration loads, were investigated. Additionally, reinforcement effect of cement-treated partial
ground improvement (PGI) for dry loose sand ground, a commonly used countermeasure against settlement
of PRF, was also investigated via model tests. It is found that the dynamic loading frequency affected the
settlement of PRF, and the pattern of PGl reinforced at different depths of pile also significantly affected the
settlement. The model test also showed that load-sharing ratio between pile and raft also changed
significantly during vibration loading, implying that extensive precaution should be taken in design and
construction of PRFs for high-speed railway constructed in soft ground.

As to a small scale 1g model test or at shallow surface ground, confining stress of soil is usually very small
(less than 50kPa), in which the stiffness is known to be much higher than that at normal confining stress state.
To accurately describe the mechanical behavior of sand at different confining stresses including very small
one, Cyclic Mobility model was modified based element tests of Toyoura sand, in which for loose and medium
dense Toyoura sand, isotropic consolidation and unloading tests covered the stress range from very small to
normal value (5kPa~700kPa), were systematically conducted. It is found from the tests that at small confining
stress, the stiffness of both loose and medium dense Toyoura sands in compressive stage is about 2.5 times of
that at normal confining stress, while at unloading stage, the difference of the stiffness is about 3 times. Based
on the test results, Cyclic Mobility model were modified to describe the mechanical behavior of Toyoura sand
at small confining stress, while the main features of the original model under normal stress state is still kept
valid. In the modification, a power function relation between void ratio and confining stress was adopted.
Then, the modified model was incorporated into a FEM code named as DBLEAVES to simulate 1g model tests
on piled-raft foundation subjected to vibration load, in which the accuracy of the proposed numerical method
can be improved dramatically compared with the calculation based on the original model.
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