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Abstract. This paper aims at the problem of difficult inspection of the working 

conditions of hydraulic pipelines in the large-area oil pipe trench on the lock sur-

face of the Three Gorges ship lock, and proposes a visual transformation of the 

concrete cover plate of the oil pipe trench. The homogenization method com-

bined with SolidWorks software is used for finite element analysis of the concrete 

slab. The load-bearing performance of the concrete slabs is verified through con-

struction transformation and actual measurement. The research results show that 

finite element analysis is instructive for the transformation plan of concrete slabs 

and can reduce the impact of the transformation of concrete slabs on their load-

bearing capacity. It has good feasibility to inspect the working conditions of 

closed oil pipe trenches by means of the transformation of concrete slabs in com-

bination with industrial endoscope cameras. 

Keywords: tubing trench; hydraulic pipeline leakage; concrete slab; finite ele-
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1 Introduction 

As the world's largest multi-level ship lock, the Three Gorges ship lock has 24 sets of 

hydraulic systems. The opening and closing control of each water conveyance valve is 

realized by laying hydraulic pipelines in the oil pipe trench on the lock surface. Accord-

ing to statistics, the total length of the oil pipe trench reaches 1,100 meters with 62 

corners, and concrete slabs are laid on all oil pipe trenches (as shown in Figure 1). This 

makes it impossible for the ship lock operators to directly inspect the working condi-

tions of the hydraulic pipelines in the oil pipe trench. Even when there is a loss of pres-

sure in the hydraulic system or a drop in the oil level, it is impossible to accurately 

determine the leakage location, resulting in greater difficulty in inspection and fault 

handling. At the same time, hydraulic oil leakage not only causes economic losses but 

also brings potential safety hazards to equipment and environmental pollution. There-

fore, transforming the concrete slab to realize the inspection function is the key to 

strengthening the maintenance of the hydraulic system of the Three Gorges ship lock. 
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Fig. 1. Oil pipe trench and concrete slab on the lock surface of the Three Gorges ship lock.

The existing simulation analyses of reinforced concrete structures mainly adopt the
discrete model, the combined model and the integral model[1]. The discrete model treats
concrete and steel bars as different elements. The combined model is widely used in
three-dimensional finite element analysis[2-3]. First, the contributions of concrete and
steel bars to the stiffness matrix of the combined unit are obtained respectively, and
then a composite element is formed. The integral model disperses the steel bars
throughout the whole unit and equates the unit to a uniformly continuous material[4-6].

Reinforced concrete is composed of two materials, steel bars and concrete, with
completely different mechanical properties. Due to the stiffening effect of steel bars,
the steel bars bear the tensile force while the concrete bears the compressive stress.
Since the transformation of the concrete slabs is bound to damage the internal rein-
forced bar structure, and the degree of damage cannot be accurately calculated in ad-
vance, it will have varying degrees of impact on the load-bearing performance. There-
fore, reinforced concrete is equivalent to members made of nonlinear homogeneous
materials. The homogenization method is used to calculate the equivalent material
properties of reinforced concrete materials[7-8]. Based on the simulation stress analysis
in Solidworks, the concrete slab is modified and its load-bearing capacity is verified.
Luo[9-10] replaced the original characteristic function with an improved characteristic
function to obtain a homogeneous homogenization integral equation, thus explicitly
expressing the periodic boundary conditions with exact solutions. Liao[11] applied it to
reinforced concrete materials in building structures and fully verified it. The character-
istic function is as follows:

Suppose the ratio of macroscopic variable ௜ݔ  to microscopic variable ௜ be theݕ
perturbation parameter .ߟ

௜ݕ = ௫೔
ఎ

(1)

The displacement control equation containing global and local coordinates is:

(ݔ)௜ݑ = ,ݔ)௜଴ݑ (ݕ + ,ݔ)௜ଵݑߟ (ݕ + (ݕ,ݔ)௜ଶݑଶߟ +⋯ (2)

By using the chain rule of differentiation, the homogenized elastic constant ௜௝௞௟ுܦ

represented by the eigenfunction can be obtained:



250             S. Chen et al.

௜௝௞௟ுܦ (ݔ) = ଵ
|௒| ∫ ௜௝௣௤௒ܧ

డఞ೛ೖ೗

డ௬೜
 ܻ݀ (3)

Among them, the elastic modulus ௜௝௞௟ encompasses the material properties of steelܧ
bars and concrete in the characteristic volume element. The eigenfunction tensor ߯௞

௣௤

is an unknown third -order periodic function and satisfies the homogeneous integral ݕ
equation:

∫ ௜௝௞௟௒ܧ
డఞೖ

೛೜(௫,௬)

డ௬೗

డ௩೔(௬)
డ௬ೕ

 ܻ݀ = 0 (4)

2 Structural Analysis

Through statistical analysis of hydraulic oil leakage faults in the oil pipe trench in the
past five years, it is found that the main reasons for hydraulic pipeline leakage lie in
loose connections, aging of sealing rings and weld cracking. Among them, 70% of
faults occur at the connection of right-angle elbows. The structure of the corner concrete
slab of the oil pipe trench is shown in Figure 2. The design size is 980×980×180mm.
The upper layer of the internal steel mesh is 7Ф8@16 longitudinally and transversely,
and the lower layer is 9Ф16@11.8 longitudinally and transversely. The volume ratio of
steel bars is 2.3%.

Fig. 2. Schematic diagram of the structure of the concrete slab in the oil pipe trench.

The concrete grade used for the cover plate of the oil pipe trench on the lock surface
of the Three Gorges ship lock is C30. The mechanical parameters of the main materials
are taken according to the standard values in the "Code for Design of Concrete Struc-
tures" (GB50010-2010). The relevant parameters are shown in Table 1 below.

Table 1. Performance parameters of C30 concrete and HRB335 steel bar.

Category Elastic mod-
ulus (GPa)

Poisson's
ratio

compressive
strength
(MPa)

tensile
strength
(MPa)

Yield
strength
(MPa)

C30 concrete 30 0.2 30 2.0
HRB335 rebar 200 0.3 335
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The installation situation of the concrete slab at the corner of the oil pipe trench is
shown in Figure 3. Field measurements indicate that the installation boundary condi-
tions are 1000×1000×180 mm. As shown in Figure 4, the oil pipe trench is 620 mm
wide, and the width of the load-bearing area is 190 mm. The load-bearing area at corner
A is relatively small, and the load-bearing surface is unevenly distributed.

Fig. 3. Installation schematic diagram of the concrete slab at the corner of the oil pipe trench.

Fig. 4. Load-bearing boundary conditions of the concrete slab.

3 Finite Element Analysis

According to the calculation of the eigenfunction, the elastic modulus of the concrete
slab is 2.78×10¹⁰ N/m², and the Poisson's ratio is 0.21. Finite element analysis is carried
out using Solidworks. A static load pressure of 10⁵ N is applied to the concrete slab,
and the stress simulation results are shown in Figure 5. The stress of each element is
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less than the tensile strength of concrete, which is 2.0×10⁶ N/m². This indicates that the
bearing capacity of the original concrete slab is much higher than the static pressure
brought by a 10-ton vehicle. The simulation results of the vertical displacement are
shown in Figure 6. Under the action of the 10⁵ N static pressure, the maximum dis-
placement is 0.01243 mm. The deformation is symmetrically distributed about the di-
agonal of the concrete slab and tends to be on the side of corner A.

Fig. 5. Simulation stress analysis based on Solidworks software.

Fig. 6. Simulation vertical displacement analysis based on Solidworks software.

In view of the above simulation results, the displacement of the stress on the concrete
slab at corner B is the smallest. Performing transformation here will have the least im-
pact on the load-bearing capacity of the concrete slab. Since the concrete slab is square
and the steel mesh is evenly distributed in the front, back, left, and right directions, as
shown in Figure 7, select any corner of the C-type concrete cover plate for transfor-
mation. Use a hole opener to open a through hole at a position 250 mm away from the
two edges. Since the minimum interval between the internal steel bars of the C-type
concrete cover plate is 118mm, in order to minimize the damage to the internal rein-
forcing bars to the greatest extent, the diameter of the through hole is 100 mm.
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Fig. 7. Schematic diagram of concrete slab renovation.

Fig. 8. Simulation stress analysis based on Solidworks software after renovation.

Fig. 9. Simulation vertical displacement analysis based on Solidworks software after renova-
tion.

The parameter settings of the Solidworks software are the same as before the trans-
formation. The stress and displacement simulation results are shown in Figures 8 and
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9. Compared with the stress distribution diagram before the transformation, it can be
seen that local stress is generated at the openings of the concrete slab, but it is still less
than the tensile strength of concrete, which is 2.0×10⁶ N/m². After the transformation,
the vertical displacement is 0.01249 mm, which is slightly increased compared to be-
fore, but the displacement is still very small. This shows that the transformed concrete
slab can fully meet the load-bearing requirements.

4 Testing and Application

According to the above simulation results, the concrete slab is renovated and con-
structed. A 100mm through hole is opened at a distance of 250mm from the edges on
both sides. As shown in Figure 10, C-shaped steel is used to simulate the installation
conditions of the corner of the oil pipe ditch. The spacing is 620mm. The concrete slab
is placed on the test plane composed of C-shaped steel.

Fig. 10. Layout diagram of field test of concrete cover plate after renovation.

Fig. 11. Field load-bearing capacity test of concrete slab after renovation.

According to the load-bearing requirements of the laying surface of the oil pipe
trench on the gate surface, it needs to meet the passing capacity of 10-ton vehicles. In
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the on-site test, a 16-ton engineering vehicle is used for testing. As shown in Figure 11,
the vehicle is stationary and completely passes through the concrete slab, and the con-
crete slab structure is intact.

As shown in Figure 12, with the help of equipment such as an industrial endoscope
camera, the leakage situation of hydraulic pipelines in the oil pipe trench can be clearly
observed, which can meet the inspection requirements of the enclosed oil pipe trench.

Fig. 12. Field application of industrial endoscope camera.

5 Conclusion

Through the research in this paper, the finite element analysis based on Solidworks can
be applied to the stress analysis of reinforced concrete slabs. The results of finite ele-
ment analysis can guide the transformation plan and reduce the influence of concrete
slab transformation on its load-bearing capacity. It has relatively good feasibility to
inspect the working conditions of the closed oil pipe trenches by means of the visual
transformation of the concrete slabs in combination with the industrial endoscope cam-
era.
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