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structures and arch structure parameters affect the original arch bridge key section internal forces, deflections and
buckling coefficients, and the parameters are fitted to several expressions. Based on the analysis of the fitted data,
the relative regularity of the structural mechanical characteristics of the arch bridge strengthened with inverted arch
are obtained. Also a case of 100m arch bridge is analyzed, results show that the proposed method increases the
overall rigidity and stability of the bridge, and also effectively reduces the internal force of the key section of the
main arch.

Keywords: anti arch structure, arch bridge reinforcement, overall stability, arch bridge mechanical properties,

parameter analysis.

Superharmonic resonance and stability analysis of orthotropic plates with
axial motion

Hu Yuda'? ZhangXiaoyul’2
(1 School of Civil Engineering and Mechanics, Yanshan University, 066004, Qinhuangdao, China;
2 Key Laboratory of Mechanical Reliability for Heavy Equipment and Large Structures of Hebei Province,
Yanshan University, 066004, Qinhuangdao, China)

Abstract: Study on the superharmonic resonance of orthotropic strip-shaped thin plates under axial linear load is
presented. The nonlinear vibration equation of orthotropic strips under geometric nonlinearity is derived by the
Hamiltonian principle. Based on the Galerkin method, the non-dimensional nonlinear differential equations with
time variables are derived. The multi-scale method is used to solve the first-three order superharmonic resonance
differential equations and achieve the common amplitude response equations of the first-three orders resonance
forms of steady-state motions. The stability discriminant for the steady solutions of the first-three order modes are
deduced by using the Liapunov method, which can be used to analyze the effects of different parameters on the
stability of systems. The amplitude characteristic curves and the corresponding critical point curves of the excited
resonance are plotted, where the influence of parameters on resonance is analyzed, and the critical conditions of
entry of nonlinear resonance regions are predicted. Results show that, with the increase of the tuning parameters,
the amplitude of superharmonic resonance increases and the jump phenomenon occurs in the multi-value solutions.
In addition, superharmonic resonance can be excited in specific regions of the excitation force position, where, as
the excitation amplitude increases, the stable upper solution branch of the resonant amplitudes decreases, however,
the lower stable solution branch increases. Moreover, the first-order modal amplitude is larger than the
second-order and third-order amplitudes.

Keywords: hyperharmonic resonance, orthotropic plate, axial movement, linear load, multiple scales method.

Tunnel collapse arch analysis based on generalized nonlinear unified
strength theory

Zhou Fengxi'? Shao Yanping' Gan Dongbiao'

(1 School of Civil Engineering, Hexi University of Technology, 734000, Zhangye, China;
2 School of Civil Engineering, Lanzhou University of Technology, 730050, Lanzhou, China)

Abstract: Based on the shear failure theory of generalized nonlinear unified strength, under the plane strain state,

according to the collapsing mechanism of surrounding rock and the upper bound theorem, the collapse mechanisms
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in tunnels with arbitrary cross sections are studied. Firstly, the objective function including the equation of
curvilinear fracture surface is introduced, and the collapse mechanism of tunnel top surrounding rock with arbitrary
cross section in surrounding rock is established. Based on the plastic potential theory, the increment of plastic strain
is proportional to the stress gradient of the plastic potential function, and the dissipation rate of energy consumption
at any point on the discontinuous line of velocity can be obtained. By using the principle of virtual work, the
relationship between the power of external force and the dissipation rate of internal energy consumption can be
established. Then the variational method is used to calculate the extreme value and the analytical expression of the
collapse surface of tunnel top is calculated. The shape of the collapsed arch can be obtained by using the expression.
Finally, taking circular section tunnel as an example, the parameters affecting the shape of collapsed arch, such as
the coefficient of intermediate principal shear stress and the radius of tunnel, are analyzed and discussed.
Keywords: generalized nonlinear unified strength theory, upper bound theorem, variational method, tunnel

collapse.

Investigation on nonlinear viscoelasto-plastic creep model of rocks

Wang Yanyan Sheng Dongfa

(Civil Engineering Institute, Southwest Forestry University, 650224, Kunming, China)

Abstract: In order to describe the whole process of a rock creep comprehensively, a new nonlinear
visco-elasto-plastic creep model of six elements is constructed by combining the nonlinear visco-plastic model with
the Burgers model. In the case that the creep variables of the visco-plastic model are power-function with time, the
creep model can fully reflect the accelerated creep characteristics of the rock. Based on the uniaxial compression
creep test results of Changshan Salt Mine by related literatures, the six creep parameters of the nonlinear
visco-elasto-plastic creep model are identified, and the fitting degree of model and test is over 0.959, which
indicates that the nonlinear visco-elasto-plastic creep model established in this paper is correct and reasonable.

Keywords: the whole process of creep, nonlinear, power-function relation, viscoelasto-plastic creep mode.

Influence of characteristics of drilling fluid on the performance of
downhole turbine

Jin Fanyao1 Song Chaohui® WangXingmingl’3 Xiao chg1 Wang Yi!

(1 School of Mechanical and Electrical Engineering, Southwest Petroleum University, 610500, Chengdu, China;
2 SINOPEC Research Institute of Petroleum Engineer, 100101, Beijing, China;

3 School of Resources and Environment, University of Electronic Science and Technology of China, 611731, Chengdu, China)

Abstract: Turbine structures are widely used in downhole drilling tools. Analysis of turbine structures usually
adopts water as medium, but this method can not accurately reflect the actual working characteristics of the turbine
structures in the well. Aiming at this problem, a type of turbine blade parameter modeling, meshing with TurboGrid
software is adopted and influence of the grid number on the calculation results is analyzed to determine the
reasonable grid parameters. The turbine structures are analyzed using Herschel-Bulkley rheological model and

reasonable parameter range is set up to obtain turbine structure performance indicators, such as torque and



