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abstract

This paper presents numerical tests on the optimal control of vertical displacement of a building, in
which the differential settlement exists, by using cylindrical rubber jacks of a new control device. Each
cylindrical rubber jack can expand in the ground and jack the building up. The water is injected into
the cylindrical rubber and then it expands. The water can be optimally supplied into each cylindrical
rubber and then the modification control of the building can be performed. Each control water
discharge is determined by the optimal control theory. The performance function on the optimal
control is investigated and set as suitable for the modification control problem of the differential
settlement. The Sakawa-Shindo method is applied for the minimization of the performance function.
The modification problem of the differential settlement by the cylindrical rubber jack is assumed to
be the interaction problem through the soil, cylindrical rubber and the water. The mathematical
models set for the components are formulated by conventional FEM.
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Fig. 1 Modification control system of differential settlement by cylindrical rubber jacks.
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Fig. 2 Example of modification control.
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Fig. 3 Load distribution and objjective points.

Fig. 4 An oblique settlement before control.

Fig. 5 An oblique settlement after control.
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Fig. 6 Settlement and layer distributions.

Fig. 7 Finite element mesh.
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Fig. 8 Aspect of modification control.
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Fig. 10 Control water discharges.
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Fig. 11 Performance function.
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Table 1 Soil deformation analysis.

Sand Silt
Case 1 (Case2) (Case 2)
E[Mpa] Young’s modulus 50.0 28.0 2.8
v Poisson’s ratio 0.3 0.3 0.49
p[Mg/m3]  Density 1.6 1.8 1.6
C|kN/m?]  Cohesion 7.0 0.0 50.0
¢[rad] Internal friction angle 0.7 0.7 0.0

Table 2 Cylindrical rubber and foundation deformation analyses.

EA Axial stiffness of cylindrical rubber 300.0[kN]
GA Shearing stiffness of foundation 2.0[GN]
Table 3 Water flow analysis.

At Time increment 0.05]s]

e Lumping parameter 0.7

p Density 1.0[Mg/m3]

1 Viscosity coefficient 1.0 x 10~%[Mg/ms]
Table 4 Optimal control analysis.

tr Terminal time 600.0]s]

€ Constant value for the convergence 0.0001

wo Initial weighting parameter 1.0

R Weighting parameter 1000.0

S Weighting parameter 1.0
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Table 5 Deformation angles of foundation (rad).

A-B B-C C-D D-E

Before control 7.80 x 1073 194 x 1073 —293x 1073 —5.86x 1073
After control 0.70 x 10* 250 x 107* —2.20x 10~* —0.30 x 10~
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