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Abstract—The engineering big punch inverted siphon is
located in coastal tidal areas of Doumen country, Gangdong
province, and engineering use hinged assembly structure,
method of construction using prefabricated Floating. First
the pipe body is prefabricated, then floating and sinking into

place, and then joints and import and export of construction.

Static analysis of inverted siphon is the foundation of design
and construction of inverted siphon, through static analysis
of inverted siphon, we can get the change law of stress and
displacement of the inverted siphon. The inverted siphon
structure is thin-walled concrete structure, structural
analysis is of great significance to study the safety the
inverted siphon structure. Inverted siphon is an important
diversion structures, using the finite element calculation
software to carry out stress analysis of big punch Inverted,
and obtain the stress and the deformation distribution on
the inverted siphon pipe during operation. The results show
that the big punch inverted siphon is a reasonable structure
and meet the design requirements.
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|. ENGINEERING SITUATION

The engineering big punch inverted siphon is located
in coastal tidal areas of Doumen country, Gangdong
province, and engineering use hinged assembly structure,
method of construction using prefabricated Floating[1].
First the pipe body is prefabricated, then floating and
sinking into place, and then joints and import and export
of construction. Big punch inverted siphon design flow is
3.0 m* /s, design head 6.55 m, pipeline length of 51.8 m,
hole with a square cross-section, pore size 1.35 m x1.35
m, the pipe wall thickness 0.18 m[2].

Il. CALCULATION MODEL

The big punch inverted siphon uses reinforced
concrete materials ,and concrete strength grade is C20,
elastic  modulus E, =255 GPa, poisson  ratio

1, =0.167 [3-4], bulk density », =25kN/m°. The steel
strength grade is II, elastic modulus E_ =200 GPa,
poisson ratio 4 =0.28 . The foundation of inverted

siphon is mud or silt [5-6], using the dredger excavating
the foundation. Material compression modulus is E, =18

MPa, poisson ratio z, =0.32.
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Establishing Big punch Inverted computational model,
using an 8-node isoparametric block element SOLID45
simulated soil, using 8-node isoparametric block element
SOLIDG65 [7-8] simulation inverted siphon pipe, this unit
is a concrete simulation dedicated unit, and you can set the
volume ratio of reinforcement in all directions on the
concrete structure. The bottom of river inverted siphon
cover thickness is 1.2 m, under the bed thickness 18 m,
channel width 14 m, and the size of the entire calculation
model for the inverted siphon along its direction take 40m,
Yokogawa direction 28 m, vertical direction 30 m. Analog
range of the model is 40 m <28 m <30 m [9-10].

At the action of 6.55 meters hydraulic head, we take
out three typical sections at the inverted siphon which is
located on the bottom of 14 meters wide river channel.
The three typical section, each 3.5 meters along the
direction of flow, are defined as the section of 1-1, 2-2 and
3-3. At the same time, the paths from 1 to 7 are defined at
the middle roof of inverted siphon, the boundary of the
roof and the curb plate(2 line), the middle of the curb plate,
the boundary of the curb plate and the bottom plate(2 line)
and the middle of the bottom plate. In the following, the
distribution of stress and strain in those sections and paths
will be presented.

Stress Analysis

Table 1 shows the variation of the circumferential
stress on the critical points of the path. As can be seen
from Table 1, the circumferential stress on the critical
points of the path are small, the circumferential stress on
the path 1,4,7 smaller than the stress values on the other
path, which is mainly due to generated stress
concentration on other path , and from the end to the
middle, the value of circumferential stress is first and then
decrease. As can be seen from Fig.1 and Fig.2, the first
principal stress on inverted siphon pipe top, bottom and
sides is small and uniform distribution, but the first
principal stress is slightly larger in the angle of the
inverted siphon pipe cross-section and the stress
distribution is more complex. As can be seen from Fig.3
and Fig.4, the circumferential stress distribution of
inverted siphon pipe is similar to the first principal stress
distribution.

RESULT ANALYSIS
A
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TABLE |. CIRCUMFERENTIAL STRESS ON THE KEY POINTS OF EACH PATH (MPA)

location key points
1 2 3 4 5 6 7 8

Path 1 0.150 0.225 0.223 0.137 0.224 0.224 0.224 0.150
Path 2 0.256 0.140 0.161 0.150 0.152 0.161 0.158 0.260
Path 3 0.202 0.157 0.166 0.146 0.150 0.161 0.161 0.241
Path 4 0.124 0.220 0.217 0.115 0.217 0.216 0.218 0.122
Path 5 0.259 0.154 0.150 0.131 0.133 0.153 0.140 0.258
Path 6 0.302 0.197 0.198 0.188 0.193 0.200 0.193 0.307
Path 7 0.166 0.278 0.276 0.160 0.281 0.278 0.274 0.178
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Vertical displacement of inverted siphon is shown in Fig.5

B. and Fig.6.

Deformation Analysis

The vertical displacement’s value of inverted siphon
on the key points of each path is shown in Table 2.

TABLE IIVERTICAL DISPLACEMENT VALUE OF EACH ROUTE ON THE KEY POINT (MM)

location key point
1 2 3 4 5 6 7 8
Path 1 2.314 2.314 2.314 2.312 2.314 2.314 2.313 2.312
Path 4 2.323 2.323 2.323 2.323 2.323 2.322 2.322 2.322
Path 7 2.339 2.338 2.338 2.341 2.338 2.337 2.338 2.339
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Figure 5. On 2-2 section the vertical displacement equivalent line Figure 6.  On 3-3 section the vertical displacement equivalent line
chart (m) chart (m)
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