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Abstract. After running for half a year, periodic inspection to a discharge sluice shows that cracks
in the direction of water current appear in the bottom board of most of sluice lockage chamber.
Stress computation under the design conditions and the working conditions after cracks appeared
are carried out with 3D-FEM respectively. The results indicated that the stress of the bottom board
is still within the allowed range, the structure is safe from the view of the stress. But considering the
defective parts of bottom surface and interlayer surface are likely to be connected with vertical
cracks, seepage follow channel will be formed, and it will affect the long-term safe operation of the
whole structure, it is suggested that cracks in bottom board should be repaired.

Introduction

After running for half a year, periodic inspection to a discharge sluice shows that cracks in the
direction of water current appear in bottom board of most of the drainage holes (see Fig.1), and
white slurry separate out from some cracks. According to the literature [1,2,3], cracks are
commonly found in bottom board of the sluice. Once the deep cracks or through cracks appear, it
will change the load conditions of the structure, and affect the integrity of the structure.
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Fig.1 cracks in bottom board of a sluice lockage chamber

The cracks may cause steel corrosion,reduce the durability of the structure, and shorten the
service life of the project. So it is necessary to make further research on the sluice structure with
cracks, and analyze the effect of cracks on the load conditions of the sluice structure.

In this paper, taking some typical sluice chamber section as the research object, stress
computation under the design conditions and the working conditions after cracks appeared are
carried out with 3D-FEM [4] respectively, and sensitivity analysis of various factors for the sluice
structure are performed. The results will give scientific references for the crack treatment.

Computation model

Figure 2 is used for the calculation of gravity condition. Considering the casting process of each
section may be not synchronous, we take three section and part of the lower basis as the research
object, and extend the simulation range of the foundation to a certain range in the axial direction.
The model contains 86028 elements and 102628 nodes. Figure 3 is used for the calculation of
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operating conditions. Considering the symmetry of the structure and the loads, we take a single
section and the lower basis as the research object. The model contains 53388 elements and 62046
nodes. Concrete, foundation and steel bar are considered in the calculation, and the main loads
include gravity, vertical load on the top of the structure, water pressure and uplift pressure etc.
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Fig.2 Calculation model (three section) Fig.3 Calculation model (one section)

Structure stress under design conditions

Influence of the foundation simulation range to the structure stress (for gravity
condition)

To analyze the influence of the foundation simulation range, we consider the distance between
the constraint of the foundation and the edge pier as 0.0m, 0.5m, 3.4m, 10.2m, 17.0m, 34.0m,
51.0m respectively. The maximum axial stress under different foundation simulation ranges are
shown in Table 1. We can see that when the distance is above 10.2m, the calculation results are
basically stable.

Tab.1 The maximum axial stress of bottom board

the distance between the
Stress of upstream  Stress of downstream

Scheme constraint of the foundation _ .
and the edge pier(m) side(MP2) side(MPa)

: 0 1.58 1.85

2 0.5 1.93 519

3 3.4 2.07 532

4 10.2 220 043

5 17.0 2.24 5 46

6 34.0 2.23 2 46

7 51.0 2.22 2 a4

Stress of sluice bottom board under gravity condition

Stress contour of bottom board of sluice is shown in Figure 4. When the structure jointing is free,
the maximum stress appears in the middle part of sluice hole, the values of upstream side and
downstream side is 2.23MPa, 2.46MPa respectively. When the structure joint is considered with
contact, the corresponding maximum stress is 1.55 MPa, 1.79 MPa, the maximum stress are
obviously reduced. The main reason is when the structure jointing is considered with contact, the
free deformation of the chamber section is limited, so the maximum stress is reduced.
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Fig.4 The stress distribution of the top surface of the bottom board (MPa)
The stress of the sluice under normal operation condition

The stress in the flow direction and vertical direction are all small, while the stress across the
flow direction is bigger, which located in the middle part of the sluice hole. When considering the
wood interlayer between two sluice chamber sections, the maximum axial tensile stress on upstream
side and downstream side of the bottom board are 0.89MPa, 1.21MPa respectively. When the side
piers are free, the corresponding data are 1.81MPa, 2.34MPa. Restraint mode of the side pier has a
great influence on the stress of the bottom board. Considering the actual situation of engineering, it
is more suitable to take the wood interlayer between two sluice sections into account.

Effect analysis of cracks to the structure
Main results

The maximum axial stress of the bottom board, the maximum steel stress and the opening of
vertical cracks are shown in table 2. Point A and Point B are located on the upstream side and
downstream side of the top surface of the bottom board respectively.

Tab.2 Main Calculation Results

Scheme The depths Steel  Stress of Point ~ Stress of Point  Stress of steel Opening of
of cracks(m) bar A (MPa) B (MPa) bar (MPa) the crack (mm)
1 - - 0.89 1.21 - -
2 - v 0.76 1.11 7.5 -
3 25 - 0.23 0.35 - 0.79
4 25 \ 1.32 1.67 91.5 0.15
5 15 v 1.20 1.44 79.6 0.13

Influence of the steel bar to the structure

When the steel bar is not considered, the maximum axial tensile stress of upstream side and
downstream side of the bottom board are 0.23MPa, 0.35MPa respectively, and the maximum
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opening of the vertical cracks is 0.79mm. The corresponding data are 1.32MPa, 1.67MPa and
0.15mm respectively when considering the function of steel bar, and the maximum stress of steel
bar is 91.5MPa. We can see that the anti-crack function of steel bar is obvious.

Influence of the vertical cracks to the structure

When the depth of vertical cracks is 1.5m, the maximum axial tensile stress of upstream side and
downstream side of the bottom board are 1.20MPa, 1.44MPa respectively, the maximum stress of
steel bar is 79.6MPa, and the maximum opening of the vertical cracks is 0.13mm. The
corresponding data are 1.32MPa, 1.67 MPa, 91.5MPa and 0.15mm when the depth of vertical
cracks is 2.5m. It indicated that when the vertical depth of cracks is bigger, the stress of concrete
and steel bar is bigger, and the maximum opening of the cracks is bigger too.

Conclusions

The maximum axial stress of the bottom board with cracks is bigger than the values under the
design condition, but the maximum stress of the concrete is only 1.67MPa, and the stress of steel
bar is not big, they are still within the allowed range. The structure is safe from the view of the
stress.

Considering the defective parts of bottom surface and interlayer surface are likely to be
connected with vertical cracks, seepage follow channel will be formed, and it will affect the
long-term safe operation of the whole structure, it is suggested that cracks in the bottom board
should be repaired, and the monitoring to the variation of the cracks should be strengthened.
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