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Abstract. In the building of hydro-power station, the inlet tower structure of the 
spillway tunnel is an important building to ensure the realization of the flood 

discharge function of the hydro-power station. The tower inlet is a tower-shaped 
junction against the bank slope.  The shaft type water inlet is a gate arranged in the 

shaft, which is generally suitable for the part of the bank slope is slow and the inlet 

section has good conditions for forming holes. In this project, the slope of the 
water inlet is steep and the topographic elevation is low.  If the shaft intake is used, 

there is no condition for the layout of the shaft, and the position of the shaft is 

close to the left dam abutment, which conflicts with the layout of the dam, so the 
inlet type is chosen as the tower type. In order to study the rationality and seismic 

resistance of the design of the intake tower of a hydro-power station preferably, 

the numerical simulation of the intake tower is carried out based on the finite 
element analysis method. At the same time, the vertical stress and maximum 

principal stress of the typical position of the intake tower under two working 

conditions are given. The calculation results show that the stability of the intake 
tower is good and the design of the intake tower is reasonable, which provides a 

scientific basis for the design and construction of the intake water tower and 

similar research. 
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1. Introduction 

The ground cover is crumpling silty clay with crushed rocks [1]. The cover layer in the 

inlet section is deep [2]. According to the drilling, the thickness of the cover layer is 15 

-35m, and the thickness of the cover layer below the tunnel floor is 5-12m. The 

underlying bedrock is gray-purple calcareous silty mudstone with tigskin grained sandy 

marl and yellow calcareous mudstone. The rock formation is N15~25 E/SE 32~43°. 

During the excavation of the entrance, the overburden had fallen below 1960m. After 

cutting the slope and strengthening the retaining wall, the slope is now in a stable state. 

The reconstruction design is as follows: a new bank tower water inlet is built at the 

entrance position, and C30 reinforced concrete is used to pour, the length of lock 

chamber section is 6.0m, the slope of the bottom plate is 0, the bottom plate elevation is 
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1942.50m, and the tower top elevation is 1973.50m. The water intake tower is a square 

cylinder with a length of 10.0m and a width of 6.6m. 

The three-dimensional static and dynamic calculation model of water intake was 

established based on the structure layout of water intake tower [2]. In the model, solid 

unit is used to simulate the foundation and concrete structure, and shell unit is used to 

simulate the machine room and transverse wall in the water intake tower [3]. The semi-

infinite foundation and rock slope are simulated according to the traditional massless 

foundation model to avoid the influence of seismic wave reflection on the structure and 

the amplification of seismic effect by the foundation [4]. The finite element grid 

diagram of the water intake tower structure is shown in figure 1. 

 

Figure 1. Schematic diagram of a numerical model. 

2. Load Calculation Method 

2.1. Hydrodynamic Pressure Calculation  

When the pseudo-static method is used to calculate the seismic effect of water intake 

tower [5], the representative value of dynamic water pressure can be directly calculated 

according to the formula (1). 

                             
(1)

 

Where: Ft(h) is water depth h unit height tower surface hydrodynamic pressure 

representative value [6]. Ψ(h) Is the distribution coefficient of dynamic water pressure 

at water depth h shall be 0.72 for the dynamic water pressure inside the tower and the 

value of the dynamic water pressure outside the tower shall be specified in table 1. 

Table 1. Rectangular tower external shape factor. 

h/H0 Ψ(h) h/H0 Ψ(h) 

0.0 0.00 0.3 0.79 

0.1 0.68 0.4 0.70 

0.2 0.82 0.5 0.60 
0.6 0.48 0.9 0.20 

0.7 0.37 1.0 0.17 

0.8 0.28   
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The representative value of the resultant dynamic water pressure acting on the 

whole tower surface [7] is calculated according to formula (2), and its application point 

is at the water depth of 0.42H0 [8]. 

                                                                              
 (2)

 

2.2. Horizontal Seismic Inertia Force   

In general, the seismic action should be considered in the seismic calculation of 

hydraulic buildings: seismic inertia force generated by the building's own weight and 

the load on it [9], seismic dynamic earth pressure and ground motion water pressure, 

and the ground motion pore water pressure should be considered [10]. 

When the pseudo-static method is used to calculate the seismic effect [11], the 

representative value of the horizontal seismic inertia force acting on particle i along the 

building height should be calculated according to equation (3) 

                                                                                                (3) 

Where formula is: 

Ei is the value of the horizontal seismic inertia force acting on particle i. 
ζ is the value of the effect reduction factor of seismic action shall be 0.25 unless 

otherwise specified [12]. 

GEi is concentrated on the standard value of gravity action of particle i. 
ai is dynamic distribution coefficient of seismic inertia force of particle i shall be 

adopted in accordance with the relevant provisions in the section of various hydraulic 

structures of code [13]. 

When the water depth in front and back of the tower is different, the representative 

value of the dynamic water pressure or the representative value of the additional mass 

at each elevation can be calculated according to the two water depths respectively. The 

ratio of the average width of the facing water surface perpendicular to the direction of 

earthquake action to the maximum water depth in front of the tower group connected in 

a row. When a/H is greater than 3.0, the external dynamic water pressure per unit 

height at water depth h can be calculated according to the resultant force of pseudo-

static method and the additional mass of dynamic method respectively. 

3. Analysis of Calculation Results 

3.1.  Numerical Calculation Results of Tower  

Figures 2-5 show the maximum stress and displacement mode of the tower under 

quasi-static seismic action. The tower body is a narrow-height towering structure with 

small horizontal stiffness, among which the vertical flow stiffness is the least. 

Therefore, the control condition is dominated by horizontal seismic action in the 

vertical flow direction and horizontal tensile stress in the main foundation structure in 

the downstream flow direction. Considering that the column body is constrained by 
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water pressure on three sides, the left and right sides of the column body do not have 

large tension and deformation. 

  

Figure 2. X direction tower body stress diagram. Figure 3. Z direction tower body stress diagram. 

  

Figure 4. X shift the tower displacements (mm). Figure 5. Z shift the tower displacements (mm). 

3.2. Elastic Stress Diagram Method 

Non-bar system reinforced concrete structure refers to the reinforced concrete structure 

in which the internal force of the section cannot be calculated according to the 

mechanical method of the bar structure. For the non-bar system reinforced concrete 

structure with no significant change in stress state before and after solidification, the 

amount of reinforcement required for the calculation of bearing capacity can be 

determined by the graph area of elastic principal tensile stress obtained by the elastic 

theory analysis method. For the non-bar system reinforced concrete structures with 

significant changes in stress state before and after coagulation cracking, the amount of 

reinforcement required is determined according to the area of elastic principal tensile 

stress figure, and the finite element method of reinforcement coagulation should be 

used to check [14]. 

 

Figure 6. Elastic stress reinforcement diagram. 
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When the height of the tension zone of the elastic stress figure is greater than 2/3 

of the height of the transverse plane of the structure, the cross-sectional area of the 

tension steel bar should be calculated according to the full area of the square projection 

figure of the elastic principal tension force [15]. 

yf
KTA �s                                                       (4) 

4. Conclusions and Recommendations 

(1) The main tensile force of the section is deposited on the total surface of the 

projection pattern in the direction of the reinforcement except that the tensile force 

value is less than the surface area of the figure after 0.45 ft (N/mm), but the area of the 

subtracted parts (as shown in the shaded part in figure 6) should not exceed 30% of the 

total surface area, where, ft is the value of axial tensile strength of concrete (N/mm). 

(2) When the tensile zone height of the elastic stress figure is less than 2/3 of the 

height of the structure cross-section, and the maximum tensile stress of the section edge 

is not more than 0.45ft, only the structural steel bar can be installed. The configuration 

of the reinforcement should be determined according to the stress figure and the stress 

point of the structure. When the reinforcement is mainly controlled by load bearing 

force and the structure has obvious bending and breaking characteristics, the tension 

reinforcement can be arranged on the edge of the tension zone.  

(3)When the reinforcement is mainly controlled by the crack width, the 

reinforcement can be arranged in layers within a wide range of tensile stress, and the 

number of reinforcement layers should correspond to the distribution of tensile stress 

patterns. When checking the crack width, it is advisable to use the non-linear finite 

element sequence of steel reinforced concrete to directly obtain the distribution and 

width of the crack. 
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