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Fig.1 Flowchart of dynamic inversion method for the floor void of sluice on the soft foundation
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a. Schematic diagram of model
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Fig.2 Schematic diagram and physical model of sluice on the soft
foundation
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a. Physical experiment model
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b. Schematic diagram (Condition 3)
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Note: di-ds are the void parameters of upstream floor, ds-dio are the void
parameters of downstream floor.
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Fig.3 Physical simulation and schematic diagram of the floor
void of sluice on the soft foundation
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Table 1 Floor void conditions about the floor void and void
parameters for physical model of sluice
e ThH— TH= TH=
Void parameters Condition 1 Condition 2 Condition 3
di/m 0.21 0.21 0.21
dr/m 0.31 0.48 0.48
dz/m 0.48 0.63 0.63
dy/m 0.35 0.36 0.36
ds/m 0.18 0.24 0.24
de¢/m / / 0.11
d7/m / / 0.23
dg/m / / 0.36
do/m / / 0.28
d 10/m / / 0.12
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a. Schematic diagram of sensors arrangement
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b. Model vibration test of sluice on the soft foundation
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Note: H;-H,o are the measuring points on the right pier of sluice, H;;-Hy are the
measuring points on the left pier of sluice. The same below.
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Fig.4 Schematic diagram of sensors arrangement and model
vibration test of sluice on soft foundation
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Fig.6  Finite element mesh of sluice on the soft foundation
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Table 2 Material parameters of finite element model

ZH KIFJEIR A AT Ak
Parameters Sluice floor Left pier Right pier Soft foundation
Eii
Elastic modulus E/GPa 21.49 19.02 2019 /
R
Densityp/(kg-m) 2598 2498 2506 /
v \
HFALL 0.15 0.15 0.15 /

Poisson’s ratio u
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stiffness/(N'-m™)
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Fig.7 Response surface accuracy of previous four-order
frequencies on condition 3
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Fig.8 Response surface accuracy of mode shapes of typical measuring points on condition 3
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Table 3 Inversion results of void parameters on different conditions
7 B8 TL#l— Condition 1 L~ Condition 2 L= Condition 3
T = v = o prwaT= -
Void parameters BHER R TR R BHER [
Actual values/m Inversion values/m Actual values/m Inversion values/m Actual values/m Inversion values/m
di 0.21 0.14 0.21 0.28 0.21 0.22
d 0.31 0.29 0.48 0.34 0.48 0.44
d; 0.48 0.65 0.63 0.64 0.63 0.62
ds 0.35 0.35 0.36 0.35 0.36 0.43
ds 0.18 0.15 0.24 0.22 0.24 0.29
de / / / / 0.11 0.12
d; / / / 0.23 0.31
ds / / / / 0.36 0.36
doy / / / / 0.28 0.24
do / / / / 0.12 0.30
E 147 £ 14, £ 14
= = =
i) g g
8 12f SR I 7 X S8 Actual void area 812} 812
3 I 51 i 4 X dskldentified void area S El
E E
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Fig.9 Comparison of the void area and trend between the identified and actual results at different conditions

c. Condition 3
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Table 4 Relative error between the identified and actual void area

Tl SRR PR T8, TRz
Conditions  Actual void area/m> Identified void area/m® Relative error/%
Ciﬁg;l 04539 0.4879 7.47
c&iﬁﬁi;z 05763 0.5372 678
céﬁﬁﬁz;3 0.9112 0.9741 6.90
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Model construction of dynamic inversion and experimental verification for
the void of sluice floor on the soft foundation

Li Huokun?, Yu Jie!, Wang Gang®, Wei Bowen*, Huang Wei', Huang Jinlin**
(1. School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, China;
2. Guangdong Provincial Water Conservancy Research Institute, Guangzhou 510635, China,
3. National Engineering Joint Laboratory of Estuarine Water Conservancy Technology, Guangzhou 510635, China)

Abstract: As the uneven settlement and seepage deformation of the soft foundation, the floor void is prone to occurring in the
sluices built on soft foundation. The traditional non-destructive testing methods are hardly difficult to detect the floor void of
the sluices under water, which are non-real time, and their applications still have certain limitations. For the floor of sluice on
the soft foundation, it has been under water during the operation period, and new diagnostic methods need to be studied to
realize the real-time detection and diagnosis of the floor void of sluice on the soft foundation. The floor void of sluice on the
soft foundation will cause the overall constraint boundary conditions of the sluice to change, thereby changing the overall
modal parameters of the sluice. The diagnosis of the floor void of sluice on the soft foundation can be realized by establishing
the nonlinear mapping relationship between the modal parameters and the floor void parameters of sluice. The method of
diagnosing the floor void of sluice on the soft foundation based on modal parameters can realize real-time detection well.
Therefore, a dynamic inversion method of the floor void of sluice on the soft foundation is proposed on the basis of the indoor
physical model of the sluice on soft foundation in this research. First, based on mathematical model of multi-parameter
variables of the floor void of sluice, a mathematical proxy model reflecting the nonlinear mapping relationship between the
void parameters of the sluice floor and the dynamic parameters (modal parameters) of the sluice was improved. Second, the
combination of the change rate of multi-order frequency and mode shape of multiple measurement points of the sluice was
took as the dynamic sensitive characteristic quantity of the parameters inversion, and an objective function for the dynamic
inversion of void parameters of sluice floor was established. Then the objective function is optimized through the genetic
algorithm. Finally, a physical model of the indoor sluice on soft foundation had been made, and three different conditions of
floor void of sluice on the soft foundation were set in the model. The prototype vibration test of the physical sluice on soft
foundation on three conditions was carried out, and the corresponding modal parameters of sluice were identified based on the
vibration response signal. And the dynamic inversion method of the floor void of sluice on the soft foundation proposed in the
paper was used to invert the floor void of sluice and verified by the physical model. The results showed that the trend of floor
void of sluice and the void area determined by the inversion method based on dynamic parameters of sluice were in good
agreement with the actual condition of the physical model. With the three different conditions, the relative errors between the
calculated void area and the actual void area are 7.47%, 6.78%, and 6.90%, respectively, which can confirm the reliability and
rationality of the proposed method. The proposed method can provide a new idea for safety detection of the floor void of actual
sluice on the soft foundation.

Keywords: models; test; inversion; sluice on soft foundation; floor void; dynamic parameters



