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ABSTRACT

As the water resources distribution in China is extremely uneven, inter-basin water 
transfer project has become an important part of China’s water conservancy construc-
tion. As part of the the major hydraulic structure in water delivery network across rivers 
and transportation routes, the design and analysis on aqueduct is important. En Zi Tan 
Aqueduct is located in Shimen County of Hunan in China. Main content of this paper 
is about the finite element analysis of the aqueduct on operation period. En Zi Tan 
Aqueduct is designed flow is of 5.0m3/s, longitudinal slope of 1/650, a total length of 
1001m. The aqueduct is simple supported beam type, main body is reinforced concrete 
structure, the cross section is U-shaped and groove in each section length 13m. Top of 
the tank unilateral laying the bridge deck and railings in order to facilitate pedestrians. 
The study is using general finite element software to analize, stress and deformation 
changes on aqueduct body in the operation process; the water load and the earthquake 
influence on stress and deformation of aqueduct.

Palabras clave: acueducto soportado por una viga simple, periodo de operación, método de elementos finitos

RESUMEN

La distribución de los recursos de agua en China es extremadamente dispar, por lo 
que los proyectos de transferencia de agua entre cuencas se han convertido en parte 
importante de la infraestructura para la conservación del agua. Como parte de la estruc-
tura hidráulica principal, a través de ríos y rutas de transporte, el diseño y análisis de 
acueductos es importante. El acueducto En Zi Tan se localiza en el condado Shimen en 
Hunan, China. El contenido principal de este trabajo es acerca del análisis de elementos 
finitos del acueducto durante un periodo de operación. El acueducto En Zi Tan tiene un 
flujo designado de 5.0 m3/s, una pendiente longitudinal de 1/650 y una longitud total 
de 1001 m. Se sostiene con una plataforma de viga simple, el cuerpo principal es una 
estructura de concreto reforzado y la sección transversal tiene forma de U con sopor-
tes cada 13 m. En la parte superior del tanque la cubierta del puente tiene barandales 
para facilitar el acceso. Esta investigación utiliza programas de cómputo generales 
de elementos finitos para analizar durante un periodo de operación los cambios por 
estrés y deformación en el cuerpo del acueducto; la carga de agua y la influenncia de 
los temblores de tierra en su estrés y deformación.
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INTRODUCTIONS

The aqueduct is as an important part in the water 
diversion project, large number of research work 
has been carried out in all countries in the world 
(Hui 2017, Wahab and Adzmi 2017). Since 1850s, 
the construction of the aqueduct has been greatly 
developed from the design scheme and the construc-
tion technology (Jingyao 2013, Razali et al. 2017). 
In 70s, in order to meet the needs of large flow and 
large-span aqueducts, the experience of mature bridge 
construction was absorbed. Prestressed technology 
was gradually promoted and applied in aqueduct 
construction, which further promoted the progress 
of aqueduct construction (Yanhu 2012, Yasin et al. 
2017). In 90s, the aqueduct played a more important 
role in the South to North Water Transfer Project. 
In the early stage, the structural mechanics method 
is used for the calculation of large solid structures. 
The accuracy of the calculation results is greatly 
reduced due to the excessive simplification of the 
solid structure. With the development of electronic 
computer, structure matrix analysis and finite element 
method, computational mechanics has been widely 
used, most of the complex structure can make use of 
the computer to complete, the calculation results can 
accurately reflect the actual situation of the structure, 
get the remarkable social and economic benefits as 
well as the important theoretical significance and 
engineering application value (Navy 2011, Kumruz-
zaman and Sarker 2017).

The aqueduct has a long history in our country. 
In ancient times, people chiseled wood for grooves 
and led water across the valley, that is, the oldest 
aqueduct. Although the aqueduct has a long history 
as a water conveyance building in China, the real de-
velopment of the aqueduct is in modern (Guangmin et 
al. 2007, Yun et al. 2018). Since 1949, a large number 
of aqueducts have been built to solve the problem of 
water use in agriculture. In 50s, due to the restriction 
of all aspects of technology economy, most construc-
tion of the aqueduct is made of wood structure (Haut 
and Viviers 2006, Toum et al. 2018). Because of the 
lack of wood, large maintenance cost and short life, 
wood aqueduct is not used in this form except for a 
few temporary buildings. The construction of stone 
arch aqueduct obtains raw material locally, requires a 
lot of labor of stone mining, processing and construc-
tion, low technical difficulty, simple construction, 
low cement and steel consumption, which cater to the 
demands of the economy in 50 s (Zhang and Li 2011, 
Yasin and Usman 2017). Therefore, a considerable 
part of the stone arch aqueduct in many irrigation dis-

tricts. In the mid 50 s, because of the development of 
national economic construction, reinforced concrete 
aqueduct increased gradually, and the construction 
method was mainly based on site pouring. To 1955, 
Heilongjiang Province, the first application of the 
assembly type aqueduct, after 60s, the assembly type 
aqueduct has been extended, due to the improvement 
of construction, a lot of wood and labor is saved, 
the project cost is reduced, the construction speed 
is accelerated, and more convenient in construction 
management and more improvement on the quality of 
the project. The flow rate of the aqueduct is relatively 
low before 70 s, and the structure form is mostly small 
and medium span (Elkafrawy et al. 2017, Lijie and 
Feng 2018). To 70 s, in order to meet the develop-
ment of large irrigation areas in China, the aqueduct 
has changed greatly from design to construction, 
the water capacity of the aqueduct by several cubic 
meters per second to dozens of cubic meters, single 
span can be more than 100 meters, structure and 
construction develop greatly from the original as-
sembly type to a variety of construction methods. The 
double crater double curved arch aqueduct built in 
Gaoyao County of Guangdong Province in 1975 has 
a span of up to 110 m (Ji 2012, Basheer et al. 2017). 
Guangxi Yulin Wanlong hyperbolic arch aqueduct 
built in 1976 span up to 126 m. The development 
of the prestressed technology and the successful 
application of the bridge have further promoted the 
development of the construction of the aqueduct. In 
the completed water supply reconstruction project 
“Dongshen”, aqueduct is one of the selected design 
buildings, total length of 7.3 km, longest Jinhu aque-
duct is up to 5.7 km long, designed water capacity is 
up to 90 m3/s, 7-degree seismic fortification intensity, 
U section type, which set up a domestic precedent. 
In the project of South to North Water Transfer, the 
aqueduct plays an important role (Huang et al. 2016). 
South to North Water Transfer, large scale and high 
investment, is the largest cross basin water diversion 
project above the world. The main canal across the 
river, there are more than 1200 roads and bridges and 
culverts, the aqueduct as an essential item in the proj-
ect interchange of water building, more reasonable 
and practical, economic, beautiful, safe, scientific 
research design and construction technology of the 
aqueduct, will produce huger social benefits.

As an important building of water diversion, 
the aqueduct has a long history, aqueduct is used to 
transport water across the river channels, valleys, 
depressions and roads, more for irrigation water, 
drainage, discharge, large aqueduct can also be navi-
gable (Valeti et al. 2016). The earliest aqueducts in the 
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world were built in the Middle East and West Asia. In 
more than 700 BC, Armenia already has a aqueduct. 
In 703 BC, the Assyrian Empire Sennarcherib ordered 
the construction of a 483 km long water diversion to 
Nineveh’s aqueduct (Ji 2013). The aqueduct built on 
the stone wall, across the valley of sevin. The stone 
wall is 21 m wide, 9 m high, and about 2000000 
stones are shared. There are 5 small bridge arches 
under the aqueduct, allowing the stream to flow. 
Many cities in ancient Greece built good aqueducts, 
but the ancient Romans were the most serious and 
regarded the water supply system as an important 
part of public health facilities (Ji 2013). Rome the 
first water supply aqueduct is a shelter aqueduct built 
in 312 BC; Alexander aqueduct is the tenth and also 
the last one is built in 226 ad; the longest and most 
spectacular was built in 114 BC Malaysia aqueduct, 
although the water away from Rome is only 37 km, 
but the aqueduct itself up to 92 km (Zhang et al. 
2011). This is because the aqueduct should keep a 
certain slope and build it through the terrain.

China’s aqueduct has a history of origin and cir-
culation. The oldest aqueduct in China was built in 
the Western Han Dynasty for more than 2000 years, 
but there was no complete reservation. The early 
construction of the aqueduct are almost wood struc-
tures (Trivedi et al. 2018, Yang et al. 2017, Wang et 
al. 2018, Strzelecki and Sempruch 2016). In 1930s, 
a reinforced concrete aqueduct -appeared. In the mid 
twentieth Century of China, the backwardness of 
water conservancy facilities had a direct impact on 
the development of rural areas. In order to get rid of 
this dilemma, irrigation and irrigation has become 
a prominent livelihood project. As a kind of water 
conservancy facilities, aqueduct is beginning to build 
in large-scale in the country in this context, it has 
witnessed the development of modern agriculture and 
water conservancy of China transforms (Erdman et 
al. 2017, Khan et al. 2017). After 60s, with the de-
velopment of large-scale irrigation projects, various 
light structure aqueduct, large span arch aqueduct is 
widely used. The aqueduct is now used in many water 
conservancy projects and water diversion projects, 
and more characteristic new types of aqueducts and 
modern aqueducts have been created.

Due to the section size and structure weight, large 
flow and long span aqueducts is difficult for lifting and 
installation without mechanical equipment with high 
lifting capacity and installation accuracy, which leads 
to various construction methods. Such as prefabricated 
pushing method, site pouring method, semi - field 
semi - assembly method, etc. Nowadays, the aqueduct 
construction attaches great importance to the introduc-

tion of advanced technology. The advanced thinking 
template of the bridge erection machine in bridge 
construction is a reference to the aqueduct construc-
tion, further reducing the difficulty of construction and 
saving engineering cost. Aqueduct structure develop-
ment is also varied, rectangular aqueduct, U aqueduct, 
elliptical aqueduct and circular aqueduct, the best form 
of structure can be determined according to different 
engineering needs and characteristics.

GENERAL SITUATION OF ENGINEERING

The En Zi Tan aqueduct is located in Shimenn 
County, Hunan,China, with a design flow of 5.0m3/s, 
a longitudinal slope of 1/650, and a full length of 
1,001 m. This aqueduct is a simply supported beam 
aqueduct, reinforced concrete structure. The sec-
tion is U type. Each slot is 13 m long, and bridge 
deck and railing are laid on the side of the top of 
the trough to facilitate pedestrians. The ends of the 
grooves are placed on a single row or two rows of 
shelves of reinforced concrete, with a single row of 
shelves below 32 m, and a double row of shelves 
for those above 32 m. The density of the concrete is 
2,500 kg/m3, the elastic modulus is 3E10 MPa, the 
Poisson’s ratio is 0.167, the steel density is 7,800 kg/m3, 
the elastic modulus is 2E11 MPa, and the Poisson’s 
ratio is 0.3, as shown in Fig. 1.

Construction method: in addition to a part of the 
high shelf for cast-in-place, all for prefabricated 
hoisting. Subsection pouring for all prefabricated 
high row frames, the reinforcement should be rapidly 
welded after lifting, and the second phase concrete 
should be poured to ensure the integrity of the bent 
column.

Working conditions
During the operation of the aqueduct structure, 

the following conditions should be taken into con-
sideration:

Fig. 1. The vertical view of the aqueduct
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Working condition 1: structure self-weight;
Working condition 2: structure self-weight + Half 

trough of water level;
Working condition 3: structure self-weight + 

designed water level;
Working condition 4: structure weight + bank 

full water;
Working condition 5: structure self-weight + de-

signed water level + earthquake influence;

Channel body model and unit introduction
This course is designed to be a U type aqueduct, 

which is only modeled and analyzed for the 12m 
aqueduct body. The model is shown in Fig. 2. Before 
the mesh is divided, the material attributes are defined 
before, and when the grid is divided, the hexahedron 
is used as much as possible. Unit division is as shown 
in Fig. 3.

The units used in this model are Solid45, MPC184 
and SHELL63 units, as is shown in Fig. 4, Fig. 5.

Computing paths
In order to facilitate the analysis of the variation 

of the displacement of large aqueducts under different 
working conditions along a certain line, there are 3 
paths to analyze the aqueduct structure. The specific 
division of the 3 paths is shown in Fig. 6. In addition, 
the stress of path 1 and path 3 along the direction of Y 
axis is emphatically analyzed in the study, because the 
force on the slot end and the cross section is special.

STRUCTURAL STATIC CALCULATION 
RESULTS AND ANALYSIS

Working condition 1
The analysis of the stress calculation results above 

is as follows:

Fig. 2. Geometric model of aqueduct 

Fig. 3. Unit division

Fig. 4. Solid45 Element geometric model

Fig. 5. SHELL63 Element geometric model
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The stress results above all meet the strength 
requirements of C30 concrete. The maximum posi-
tive stress in the direction of X is 0.746731Mpa, the 
maximum positive stress in the direction of Y is 
0.764932Mpa, and the maximum positive stress in the 
direction of Z is 0.716912Mpa. The stress in the y di-
rection is the max (as is shown in Fig 7) and should be 
taken into account in the design. The maximum shear 
stress ofτxy is 0.508350Mpa, and the maximum shear 
stress is 0.680991Mpa, and the maximum shear stress 
is 0.228805Mpa. τxz is negligible. It can be seen from 
the comparison of the normal stress and the shear 
stress that the positive stress is larger. Therefore, 
the effect of the positive stress should be taken into 
consideration in the design. It can be seen from the 
results that the force of the trough end is more com-
plex and should be paid attention. 

The analysis of the results of the displacement 
above is as follows:

From the above results it can be seen that the dis-
placement of each direction is within the allowable 
range and meets the requirements of the engineering 
design. The maximum displacement of the direction 
is 0.164E-04m, the maximum displacement of the 
Y direction is 0.463E-03m (as is shown in Fig. 8), 
the maximum displacement of the Z direction is 
0.981E-04m, and the maximum total displacement 
is 0.463E-03m.

Working condition 2
The analysis of the stress calculation results above 

is as follows:
The stress results above all meet the strength re-

quirements of C30 concrete. The maximum positive 
stress in the direction of X is 1.17Mpa, the maximum 
positive stress in the direction of Y is 1.19Mpa, and 
the maximum positive stress in the direction of Z is 
1.12Mpa. The stress in y direction of the three direc-
tion is the max (as is shown in Fig. 9) and should 
be taken into account in the design. The maximum 
shear stress ofτxy is 0.748429Mpa, and the maximum 
shear stress ofτyz is 1.03Mpa, and the maximum shear 
stress ofτxz is 0.345749Mpa. τxz is negligible. Same 
as the working condition one, compared with the 
normal stress and the shear stress, it can be seen that 
the positive stress is larger. Therefore, the effect of 
the positive stress should be taken into consideration 
in the design. As the similar condition one, it can be 
seen from the results, the maximum stress generally 
occurs in the groove, especially the lower groove 
prone, it is easier to form stress concentration.

Fig. 6. Paths diagram

Fig. 7. The main stress of Y direction in working condition 1 
(unit: pa)

Fig. 8. The main displacement of Y direction in working condi-
tion 1 (unit: m)
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The analysis of the results of the displacement 
above is as follows:

From the results above, it can be seen that the 
displacement of each direction is within the allowable 
range and meets the requirements of the engineering 
design. The maximum displacement of the direction 
is 0.223E-04m, the maximum displacement of the 
Y direction is 0.702E-03m (as is shown in Fig. 10), 
the maximum displacement of the Z direction is 
0.152E-03m, and the maximum total displacement 
is 0.702E-03m. From the results above, it can be 
seen that the displacement of the cross section in the 
middle of the trough is large, and easier to be danger 
and should pay more attention to.

Working condition 3
The analysis of the results of the displacement 

above is as follows:
From the results above, it can be seen that the 

displacement of each direction is within the allowable 
range and meets the requirements of the engineering 
design. The maximum displacement of the direction 
is 0.480E-04m, the maximum displacement of the 
Y direction is 0.980E-03 (as is shown in Fig. 12) 
m, the maximum displacement of the Z direction is 
0.212E-03m, and the maximum total displacement 
is 0.982E-03m.

Working condition 4
The analysis of the stress calculation results above 

is as follows:
The stress results above all meet the strength re-

quirements of C30 concrete. The maximum positive 
stress in the direction of X is 1.56Mpa, the maximum 
positive stress in the direction of Y is 1.65Mpa, and 
the maximum positive stress in the direction of Z 
is 1.51Mpa. The stress in y direction of the three 
direction is the max (as is shown in Fig. 11) and 
should be taken into account in the design. The 
maximum shear stress of τxy is 0.974309Mpa, and 
the maximum shear stress of τyz is 1.46Mpa, and the 
maximum shear stress of τxz is 0.499556Mpa. τxy is 
negligible. Same as the working condition one and 
two, compared with the normal stress and the shear 
stress, it can be seen that the positive stress is larger. 
Therefore, the effect of the positive stress should be 
taken into consideration in the design. As the similar 
condition one and two, it can be seen from the results, 
the maximum stress generally occurs in the groove, 

Fig. 9. The main stress of Y direction in working condition 2 
(unit: pa)

Fig. 10. The main displacement of Y direction in working condi-
tion 2 (unit: m)

Fig. 11. The main stress of Y direction in working condition 3 
(unit: pa)
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especially the lower groove prone, it is easier to form 
stress concentration.

The analysis of the stress calculation results above 
is as follows:

The stress results above all meet the strength re-
quirements of C30 concrete. The maximum positive 
stress in the direction of X is 1.67 Mpa, the maximum 
positive stress in the direction of Y is 1.79 Mpa, and 
the maximum positive stress in the direction of Z is 
1.62 Mpa. The stress in y direction of the three direc-
tion is the max (as is shown in Fig. 13) and should be 
taken into account in the design. The maximum shear 
stress ofτxy is 1.04 Mpa, and the maximum shear 
stress ofτyz is 1.59 Mpa, and the maximum shear 
stress ofτxz is 0.546, 883 Mpa. τxz is negligible. Same 
as the working condition one, two, three, compared 
with the normal stress and the shear stress, it can 

be seen that the positive stress is larger. Therefore, 
the effect of the positive stress should be taken into 
consideration in the design. As the similar condition 
one, two, three, it can be seen from the results, more 
attention should be paid to the complicated force at 
the end of the slot.

The analysis of the results of the displacement 
above is as follows:

From the results above, it can be seen that the 
displacement of each direction is within the allowable 
range and meets the requirements of the engineering 
design. The maximum displacement of the direction 
is 0.575E-04m, the maximum displacement of the 
Y direction is 1.067E-03m (as is shown in Fig. 14), 
the maximum displacement of the Z direction is 
0.231E-03m, and the maximum total displacement 
is 1.068E-03m.

Working condition 5
The analysis of the stress calculation results above 

is as follows:
The stress results above all meet the strength re-

quirements of C30 concrete. The maximum positive 
stress in the direction of X is 1.26Mpa, the maximum 
positive stress in the direction of Y is 1.09Mpa, and 
the maximum positive stress in the direction of Z 
is 0.826975Mpa. The stress in x direction of the 
three direction is the max (as is shown in Fig. 15) 
and should be taken into account in the design. The 
maximum shear stress of τxy is 0.351196Mpa, and 
the maximum shear stress of τyz is 0.931280Mpa, and the 
maximum shear stress of τxz is 0.3296Mpa. τxy, τxz is 
negligible. Same as the working condition one, two, 
three, four, compared with the normal stress and the 
shear stress, it can be seen that the positive stress 

Fig. 12. The main displacement of Y direction in working condi-
tion 3 (unit: m)

Fig. 13. The main stress of Y direction in working condition 4 
(unit: pa)

Fig. 14. The main displacement of Y direction in working condi-
tion 4 (unit: m)
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is larger. Therefore, the effect of the positive stress 
should be taken into consideration in the design. As 
the similar condition one, two, three, four, it can be 
seen from the results, the maximum stress generally 
occurs in the groove, especially the lower groove 
prone, it is easier to form stress concentration.

The analysis of the results of the displacement 
above is as follows:

From the results above, it can be seen that the 
displacement of each direction is within the allowable 
range and meets the requirements of the engineering 
design. The maximum displacement of the direction 
is 0.64E-05m, the maximum displacement of the Y 
direction is 0.149E-05m, the maximum displace-
ment of the Z direction is 0.129E-03m (as is shown 
in Fig. 16), and the maximum total displacement is 
0.714E-03m.

ANALYSIS OF STRESS AND 
DISPLACEMENT OF THREE PATHS

From the above five stress calculations, we can 
see that the normal stress in the Y direction of the 
mid span section is large, so the normal stress in the 
Y direction of the mid span cross section is calculated 
and analyzed. In addition, from the above calculation 
of the displacement of the five working conditions, 
we can see that the displacement of the Y direction 
is large, so we focus on the calculation and analysis 
of the Y direction displacement and the Y direction 
displacement of the groove. 

Path 1
Results and analysis of stress calculation in Y di-
rection in path 1

The analysis of the above stress calculation results 
is as follows:

The stress results above all meet the strength re-
quirements of C30 concrete. From the stress results 
above, it can be seen that there is a catastrophic 
surface between the tensile stress and the compres-
sive stress. Moreover, the upper part is pressed, and 
the lower part is pulled. The calculation results can 
guide the configuration of the steel bar. For working 
condition five, when there are earthquakes, the stress 
distribution in horizontal direction is different from 
the first four working conditions, emphasis should be 
placed on the analysis, as shown in Fig. 17.

Results and analysis of Y direction displacement 
calculation in path 1

The analysis of the stress calculation results above 
is as follows:

The displacement results above meet the requi-
rements of the hydraulic design specification. We 
can see that the condition one, three, four, the dis-
tribution of displacement is roughly the same, this 
is because only the aqueduct gravity is considered, 
or force on aqueduct relatively continuous in the 
designed water level and bank full water situation. 
On condition two and half grooves, the force in the 
upper and lower parts of the aqueduct is disconti-
nuous, as is showed in the diagram. The working 
condition five is affected by the horizontal seismic 
load, as shown in Fig. 18.

Path 2
Results and analysis of the calculation of Y direction 
displacement in path 2

The analysis of the Y direction displacement 
of the whole aqueduct is helpful to understand the 

Fig. 15. The main stress of X direction in working condition 5 
(unit: pa)

Fig. 16. The main displacement of Z direction in working condi-
tion 5 (unit: m)
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deformation of the whole structure and can guide 
the design of the aqueduct and the configuration of 
the steel bar.

The analysis of the results of the above displace-
ment is as follows:

The above results can be seen that the displace-
ment of each direction is within the allowable range 
and meets the requirements of the engineering design. 
From the above calculation results, it can be seen 
that the displacement of the slot is the largest in the 

Fig. 17. Y direction stress in each working condition 
in path 1(unit: pa)
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Fig. 18. Y direction displacement in each working 
condition in path 1(unit: m)

middle. More attention should be paid to dangerous 
sections, especially when excess water exceeds the 
designed water level. The above results can guide 
the configuration of steel bars in the aqueduct, as 
shown in Fig. 19.

Path 3
Results and analysis of stress calculation in Y di-
rection in path 3

The following is the result of stress calculation:
The stress situation of the first four types of working 
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Fig. 19. Y direction displacement in each 
working condition in path 2(unit: m)
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Fig. 20. Y direction stress in each working 
condition in path 3(unit: pa)

conditions is the same, the lower tension and the 
maximum tensile stress occur on the U type side 
wall, as shown in Fig. 20.

Results and analysis of Y direction displacement 
calculation in path 3

The following is the result of displacement cal-
culation:

The displacement of the diagram meets the design 
requirements. The displacement of the middle section 
is the greatest, as shown in Fig. 21. In combination with 
the above calculation, the shear stress is relatively small 
compared to the positive stress, and the stress of the five 
conditions is compared and analyzed in Table I below.

Combined with the above calculation results, we 
can draw the following conclusions:
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Fig. 21. Y direction displacement in each working 
condition in path3(unit: m)
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At the five working conditions, the maximum 
stress occurs at the middle and lower part of the slot 
and, all the maximum stress appears at the hinge on 
aqueduct ends. Under the action of gravity only, the 
maximum displacement of X direction occurs on both 
sides of the aqueduct near the end; at half water level, 
occurs in aqueduct body side walls; in the designed 
depth occurred in the middle aqueduct in the side 
wall; at bank full water it occurred in the lower part 
of the side wall; in fifth conditions it occurs in the 
slot end and near the end of the aqueduct. This result 
is related to the shape of the arc body of the U type 
aqueduct. The maximum displacement of the Y direc-
tion occurs in the midspan, which is in accordance 
with the reality. The maximum displacement of the 
Z direction occurs at the end of the trough, and the 
direction of the flow is in accordance with the actual 
situation.

CONCLUSIONS

Combined with the above calculation results, we 
can draw the following conclusions:

Under various loads, aqueduct structures are all 
safe and reliable, though the local stress concentra-
tion is more obvious, but it does not affect the normal 
operation of aqueducts. According to the calculation 
results of stress and displacement, it can be seen that 
the middle section of the tank is more dangerous. It 
is basically safe and reliable to use the pseudo static 
analysis method for seismic design in the analysis 
of earthquake action in this study. The weight of 
the water body has great influence on the stress and 
deformation of the structure and should be paid at-
tention to. The end of the trough is easy to produce 
stress concentration and the force is more complex, 
so it should be analyzed and paid more attention to. 
The shear stress is smaller than the normal stress and 
cannot be considered in the analysis.

During the operation period, the maintenance of 
the structure near the support must be strengthened 

so as to prevent the damage caused by the excessive 
stress concentration and the excessive shear stress. 
The tensile stress in the span is large, and the concrete 
crack is easy to occur. It should be paid more atten-
tion to the neutral formwork and concrete pouring.
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