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A B S T R A C T 

While devastating earthquakes affect cities, they can also cause serious damage to 

irrigation structures in agricultural areas. Cracks and structural deteriorations may 

occur in water structures using concrete such as dams, aqueducts and open channels. 

This study investigates the earthquake response of irrigation canals through fluid-

structure interaction analysis. The earthquake response of an irrigation canal was 

examined by establishing fluid-structure interaction. Finite element models, with 

material properties and dimensions determined, were created and analysed with de-

structive earthquake records. In the finite element model, the behaviour of water in-

side the channel is simulated using the Coupled Eulerian-Lagrangian (CEL) approach. 

In the analyses, displacement and stress values were examined in the model without 

water, and in addition to these, fluctuations on the water surface were examined in 

the model with water. The observed changes are shown with graphs and contour di-

agrams. As a result, it was shown that hydrodynamic effects reduced horizontal dis-

placements by 42% but increased the maximum principal tensile stresses by 49% and 

the maximum principal compressive stresses by 75%, compared to the non-water 

model. In addition, it was observed that in both models, the dynamic analysis values 

at the time of the earthquake increased by approximately 7‒13 times the static values 

before the earthquake. These findings underscore the importance of dynamic analy-

sis using fluid-structure interactive models for safeguarding irrigation structures 

against seismic hazards, thereby ensuring food security in vulnerable agricultural re-

gions. Therefore, it is important to perform dynamic analysis with fluid-structure in-

teractive models for irrigation structures exposed to destructive earthquake forces. 
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1. Introduction 

Today, the world's population is rapidly increasing, 
and this situation is exerting significant pressure on the 
management of water resources. While the growing pop-
ulation increases the demand for water, the fact that wa-
ter resources are limited makes water management 
more critical. In this context, the sustainable use and dis-
tribution of water is becoming increasingly important 
(Cosgrove and Loucks 2015; Sophocleous 2004). Water 
management involves the effective use, distribution and 
conservation of water. With the increasing population, 
there are increases in water consumption areas such as 

agricultural irrigation, industrial use and urbanization. 
The growing population and urbanization have driven a 
rapid expansion in the construction sector (Canbaz et al. 
2021). While this situation requires more efficient use of 
water resources, it also requires the development of sus-
tainable water resources management strategies. Man-
agement of water resources includes distributing water 
equitably, reducing the risks of water scarcity, and pro-
tecting water resources (Jury and Vaux 2007; Pedro-
Monzonís et al. 2015). With the increasing population, 
using water resources more efficiently and protecting 
them for future generations becomes even more im-
portant. As a result, while the increasing population 
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makes water management more important, strategic 
planning and implementation is required to effectively 
use and protect water resources. In this context, sustain-
able water management policies and projects are vital to 
meet the water demand of the increasing population and 
to transfer water resources to future generations. Chan-
nels constitute an important part of irrigation systems 
and are structural elements that enable the distribution of 
water to irrigate agricultural lands (Angelakιs et al. 2020; 
Ertsen 2010). These canals are usually placed on prefab-
ricated legs and are generally built-in rows with 5-to-7-
meter intervals. The observation and laboratory tests 
conducted to examine the current condition of the ducts 
made between 1960‒1966 were crucial. In these tests, 
carried out in laboratories, important characteristics such 
as weld strength, tensile strength, yield point, and elonga-
tion at break were examined. As a result of these tests, it 
was determined that the ducts produced were suitable for 
prefabricated structures (Uluöz and Tayakısı 2003). Such 
tests are essential for determining the quality and perfor-
mance of building materials and are widely used in the 
construction industry to ensure reliability. The outcome 
of these tests indicates how reliable a particular material 
is under certain conditions, thereby helping to determine 
its suitability. Channels are the basic building blocks of 
the flume and allow water to flow in a certain direction. 
Flumes are generally arranged prefabricated and de-

signed as small water channels. Generally, their cross-
section can be elliptical or circular (Fig. 1). An important 
feature of these flumes is that the water level can be kept 
at the desired level by changing the foot heights. In this 
way, the slope of the channel is adjusted to ensure that 
the water remains at the desired level. This adjustment 
is made depending on irrigation requirements and the 
topography of the land. These channels are used to pro-
vide water to farmers according to the water demand 
system or unit field unit water system to meet irrigation 
needs. These systems ensure the effective distribution of 
water and regular irrigation of agricultural lands. In ad-
dition, balanced distribution of water increases agricul-
tural productivity by meeting the water needs of plants 
(Özbek 1987). They are used for various purposes such 
as directing, storing, transporting or distributing water. 
Canals are widely used in areas such as agricultural irri-
gation, drinking water supply, industrial processes, flood 
control and hydroelectric power generation. These 
structures contribute to the effective and efficient man-
agement of water resources (Vanani and Ostad-Ali-As-
kari 2022). Canals used for agricultural irrigation sup-
port food production by increasing agricultural produc-
tivity. Drinking water channels meet the water needs of 
cities and meet a basic need for a healthy life. Therefore, 
channel structures are of fundamental importance in 
water management and infrastructure projects.

 

Fig. 1. Prefabricated irrigation flume samples (URL 1; Sepetçioğlu et al. 2018).

Channel structures offer significant advantages in ir-
rigation systems (Hunt 1988; Zhang et. al. 2019). Since 
they are prefabricated, construction times are short and 
material quality is high. In this way, long-lasting and du-
rable structures can be obtained with a quick assembly 
process. Additionally, it is easy to maintain and repair, 
reducing operating costs. Since channel structures are 
built on piers at a certain height from the ground, they 
are almost unaffected by surface flows. This increases ir-
rigation efficiency and ensures that water reaches the 
plants directly. Since their sealing properties are higher, 
they can be transported and reused. Routes can be easily 
changed by disassembly, which provides flexibility. 
Since the water level is kept high thanks to the feet, it 
provides ease of irrigation and there is no need for sock-
ets. In addition, channel structures take up little space, 
which reduces their costs. Since the legs are high enough, 
it prevents weeds from growing. Additionally, the small 

water surface reduces evaporation and increases irriga-
tion efficiency. As a result, channel structures offer many 
advantages such as fast installation, low maintenance 
costs, durability, flexibility and increased irrigation effi-
ciency. These structures increase agricultural productiv-
ity and support the sustainable use of water resources 
by ensuring the effective and efficient use of water. 

Canal irrigation networks may encounter some disad-
vantages in some cases. Canals may not be economical, 
especially if the irrigation area requires deep drainage. 
Excavation soils from drainage channels cannot be uti-
lized because there are no tertiary channels, and this 
may cause additional costs. The number of flumes re-
quired for small irrigation fields may not be economical, 
and remote material transportation may also increase 
costs. Level errors may occur during construction, which 
may cause overflows to occur. Additionally, even a single 
canal falling or breaking along the canal line can cause 
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irrigation to be interrupted or disrupted. Construction 
costs increase on sloping lands, which increases the cost 
of canal irrigation networks. This may lead to additional 
costs compared to piped irrigation networks. Flume irri-
gation networks can also be difficult to maintain and re-
pair, which can increase operating costs. Therefore, de-
pending on the irrigation needs and the structure of the 
land, alternative irrigation methods should also be con-
sidered (Sepetçioğlu et al. 2018). 

Damages to flume structures are problems that may 
occur due to various factors. Physical breaking or dam-
age to drains can reduce the efficiency of the irrigation 
system (Fig. 2). These fractures can be caused by a vari-
ety of reasons, such as ground movements, overloading, 
root pressure or natural disasters. Water leaks may oc-
cur at the junctions of drains or structural weak points. 
These leaks can cause loss of irrigation water and envi-
ronmental erosion. Mud, sediment or plant debris accu-
mulating in drains can cause blockages. These blockages 
block the flow of water and can render the irrigation 
system ineffective. Drains losing their slope over time 
can make it difficult to keep the water at the desired 
level. This can reduce irrigation efficiency and cause in-
adequate water delivery. Drains require regular mainte-
nance. Mud, sediment or plant residues accumulated on 
the surface should be cleaned and structural damages 
should be corrected. Otherwise, the performance of the 
channels may decrease and the irrigation system may 
become inefficient. In addition, channel structures may 

be affected by various natural disasters, which may 
cause various damages. Sewer structures may face 
floods due to heavy rains. Excessive pressure of high 
flow water on the channel may cause cracks or erosion 
on the channel walls due to the corrosive effect of the 
water. Earthquakes can cause serious damage to chan-
nel structures. Cracks, bending or ruptures may occur in 
the channels due to ground shifts or direct structural 
weaknesses. Heavy rains or floods can cause landslides 
in the soil around canal structures. This can weaken the 
supports of the channel piers, damaging the structure. 
In cold climates, the freezing-thawing cycle of water in 
channel structures can cause expansion and contraction 
in the structural elements. This may cause cracks to 
form in the channel walls and deteriorate structural in-
tegrity. Severe storms and hurricanes can directly dam-
age channel structures. The pressure applied to the 
channel walls due to the intensity of the wind may cause 
damage or dislocation of the channel elements. Flooding 
resulting from heavy rains or overflow of water re-
sources can cause serious effects on channel structures. 
A sudden increase in water height can cause erosion, 
erosion and collapse of channel walls. Channel designs 
that are resistant to these natural disasters can ensure 
less damage to structures. Regular maintenance, dam-
age assessment and strengthening works can also in-
crease the durability of channel structures and 
strengthen their resistance to natural disasters 
(Sepetçioğlu et al. 2018).

 

Fig. 2. Damages occurring in various irrigation channel:  
(a) Manisa; (b) Hasandede/Kırıkkale; (c) Kahramanmaraş (URL 2; URL 3).

Canal irrigation networks are prefabricated channels 
and generally consist of saddles, foundations and foun-
dation blocks. Farmers irrigate through portable siphons 
placed inside the sewers. In canalized irrigation net-
works, there are no drainage tertiaries in the classical 
system. However, the drainage backup and main drain-
age channel are also planned according to the same prin-
ciples. It consists of main structural elements such as 
channel, prefabricated flooring, retaining saddle, foun-
dation and foundation block (Fig. 3.). These channels are 
placed on prefabricated legs of different heights, and the 
water is kept at the desired level by changing the foot 
heights (Xiao and Wu 2022). 

Channel structures have an important place in irriga-
tion systems and are important structural elements that 
ensure the effective distribution of water. These struc-

tures are of critical importance for irrigation of agricul-
tural areas and management of water resources. Nowa-
days, studies on these structures are becoming increas-
ingly important. Bayramoğlu (2006) aimed to select an 
economically and technically suitable network in the 
Küre-Katlıç, Selbüküköy and Gemiciköy regions of the 
Central Sakarya Basin Irrigation by DSI (Republic of Tü-
rkiye, General Directorate of State Hydraulic Works). In 
his study, he discussed the importance of channel struc-
tures and their intended use in social and economic 
terms. The suitability of the network systems chosen in-
stead of these systems with today's technology was ex-
amined. Aydoğdu (2006), in his study on the evaluation 
of water resources and irrigation-drainage systems, pre-
sented suggestions on management and business issues 
that will ensure optimum use of resources, institutional 



 Yiğit and Üstüner / Challenge Journal of Concrete Research Letters 15 (3) (2024) 90–100 93 

 

and legal contents, social and cultural behaviors, envi-
ronmental interaction potential, financial and economic 
needs. He compared other irrigation systems and talked 
about the advantages and disadvantages of flume struc-
tures. Sarı (2010) discussed the Balıkesir and Gönen 
Plains Irrigation in Balıkesir province in his thesis study. 
The data from the flume structures between 2005 and 
2009 were evaluated using the linear regression analysis 
method, and the problems encountered during opera-
tion and irrigation efficiency were examined. Aydoğdu 
and Yenigün (2008) conducted a comprehensive evalua-
tion of irrigation systems and drainage requirements in 
projects within the Euphrates and Tigris basins. Their 

assessment focused on analyzing water resources, irri-
gation systems, and water distribution methods based 
on collected data and field observations. Additionally, 
they identified water control structures and drainage 
needs.  

Furthermore, recommendations were provided to en-
sure efficient water usage, detect potential operational 
issues, and prevent similar problems in future projects. 
These recommendations encompass management and 
operational strategies to optimize resource utilization, 
institutional and legal regulations, social and cultural 
factors, environmental interaction potentials, and eco-
nomic requirements.

 

Fig. 3. Figure definition: (a) Schematic representation of flume system cross-section;  
(b) Flume system parts and on-site assembly situation (URL 5).

In this study, studies were carried out using the Cou-
pled Euler-Lagrangian approach to evaluate the seismic 
responses of channel systems. This approach best repre-
sents the fluid-structure interaction and has features not 
found in other models. For example, it allows the obser-
vation of situations such as shaking of the water in the 
channel, possible overflow and spillage. Material models 
adapted to different duct units were used in the study. 
Three different models were analysed using the destruc-
tive earthquake record and the results were compared. 
These studies can be considered as an important step to-
wards improving the seismic performance of channel 
structures and increasing their safety. 

 

2. Coupled Eularian-Lagrangian Analysis for 
Prefabricated Flume-Fluid Interaction 

The Eulerian approach tracks how variables (e.g. ve-
locity, pressure, or temperature) change at a point in the 
flow at a given time. This approach describes the flow at 
a specific point and observes the variables at that point 
over time. In contrast, the Lagrangian description fol-
lows the motion of individual particles or elements of a 
material. With the Lagrangian approach, the motion of a 
particle (or element) is monitored at a given time and the 
properties associated with this particle are formulated 
considering the position and speed of the particle in mo-
tion. These two approaches are different but comple-
mentary methods for analysing the behaviour of flow 
(Skrzat 2012). The Coupled Euler-Lagrange approach is 

a method used in research to study complex interactions 
and is often used in research on the design, safety and 
sustainability of water structures and in risk analysis. 
This method helps make informed decisions regarding 
the safety, integrity, and risk assessment of structures by 
considering both the broad spatial context and the be-
haviour of individual elements (Şermet et al. 2024; 
Zwick and Balachandar 2020; Martin et al. 2020).  

Conservation of mass : 
𝐷𝜌

𝐷𝑡
+ 𝜌𝛻. 𝑢 = 0 (1) 

Conservation of momentum : 𝜌
𝐷𝑢

𝐷𝑡
+ 𝛻. 𝜎 + 𝜌𝛽 (2) 

Conservation of energy :  
𝐷𝜖

𝐷𝑡
= 𝜎: 𝐷 (3) 

Here, u is the velocity vector, ρ is the density, σ is the 
Cauchy stress, β is the body force and e is the rate of in-
ternal energy per unit volume. The D/Dt operator is the 
material derivative operator defined by Eq. (4). 

𝐷𝜓

𝐷𝑡
=

𝜕𝜓

𝜕𝑡
+ 𝑢. 𝛻𝜓 (4) 

The ψ in the equation represents an arbitrarily chosen 
physical quantity. ∇ is a vector and differential operator 
and is expressed in Cartesian and cylindrical coordi-
nates, respectively, as follows. 

𝛻 = 𝑖
𝜕

𝜕𝑥
+ 𝑗

𝜕

𝜕𝑦
+ 𝑘

𝜕

𝜕𝑧
 (5) 
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𝛻 = 𝑒𝑟
𝜕

𝜕𝑟
+ 𝑒𝜃

𝜕

𝜕𝑦
+ 𝑒𝑧

𝜕

𝜕𝑧
 (6) 

{x, y, z} in Eq. (5) represents Cartesian coordinates, 
and {𝑖, 𝑗, 𝑘} represents the unit vectors of these coordi-
nates. {𝑟, 𝜃, 𝑧} used in Eq. (6) represents cylindrical co-
ordinates, and {𝑟, 𝜃, 𝑧} represents the unit vectors of cy-
lindrical coordinates. The general equation of the Euler 
approximation obtained by using Eq. (5) in the conser-
vation equations: 

𝜕𝜓

𝜕𝑡
+ 𝛻. 𝜑 = 𝑆 (7) 

It is in the form. 𝜑 used in the equation: flow function, 
𝑆: source term (Benson and Okazawa 2004; Zhang and 
Zhang 2014). 

 

3. Linear Dynamic Analysis of Prefabricated 
Irrigation Channel 

In this study, a three-dimensional model was built to 
examine the turbulence occurring during the transverse 
ground movement of the prefabricated flumes that pro-
vide irrigation to the Manisa plain in the central Gediz 
Basin within the scope of the Demirköprü Dam Irrigation 

project. The construction of Demirköprü and the hydro-
electric power plant started in 1954 and was completed 
in 1960. The installed power of the power plant, which 
consists of three units of 23 MW each, is 69 MW. The an-
nual electricity production capacity of the power plant is 
193 million kWh. By producing energy, the water coming 
out of the turbines is taken into channels from the Adala 
Regulator, approximately 1 km southwest, to irrigate 
25000 ha of Adala, 65000 ha of Ahmetli and 22000 ha of 
Menemen (Gündoğdu and Kocataş, 2006; Güner et al., 
2016).  

Macro modelling was done in this study. The flume ca-
pacity is modelled as 200 lt/h. Flow speed: V = 1 m/s, 
cross-section wet area: A = 0.2 m2, air share: f = 0.2 m, 
length: L = 5.0 m, water depth: h = 0.5 m, water surface 
width: b = 0.5 m (Fig. 4). 

3.1. Material properties 

The concrete flume material was chosen as C20 class 
and 0.05 m thick concrete. The linear material properties 
for concrete, steel, and water are provided in Table 1. 
Mechanical properties of concrete, steel and water were 
taken from the specified sources in accordance with the 
literature (Lin and Wu 2016; Yiğit et al. 2019; Yıldızel et 
al. 2014; Yıldızel 2020; Yılmaz 2023; URL 6).

 

Fig. 4. Schematic representation of the flume. 

Table 1. Concrete, steel and water material properties. 

Material 
Density 
(kg/m3) 

Modulus of elasticity 
(MPa) 

Poisson’s 
ratio 

Speed of sound 
(m/s) 

Dynamic viscosity 
(N.s/m2) 

Concrete 2374 28000 0.2 - - 

Steel 7834 210000 0.2 - - 

Water 1000 2200 (Bulk) - 1450 1.002x10-3 

3.2. Flume finite element model 

The flume three-dimensional solid model and finite 
element model (FEM) were created using the ABAQUS 
software (ABAQUS 2010) (Fig. 5). In the analysis, an ex-
plicit dynamic analysis was conducted using the soft-
ware. This type of analysis is characterized by its consid-
eration of time-dependent and transient effects, where 

the response of the structure is computed over small 
time increments. This approach is particularly suitable 
for modeling scenarios with rapid changes in loading 
conditions, such as seismic events or fluid structure in-
teraction.  

In our study, in ABAQUS enabled us to accurately cap-
ture the behavior of the irrigation canal under seismic 
forces and evaluate its response in detail. In creating the 
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FEM, a four-node triangular prism element (C3D4) (Fig. 
6a) was used for the foundation structure, and an eight-
node reduced integration cubic element (C3D8R) (Fig. 
6b.) was used for the foot, saddle, channel and liquid. For 
reinforcement, two-point linear bar (B31) element type 
was used (Fig. 6c.). In the finite element analysis pro-
gram, the interaction between the fluid and the struc-
tural elements was selected as a hard contact surface 
that can transfer pressure in the normal direction, and as 
a frictional contact surface in the tangential direction. 
The friction coefficient between the fluid and the struc-
ture is accepted as 0.03. The mesh spacing to be used in 

the FEM analysis of the channel was chosen as 0.05 m 
(Fig. 5b). The results of the analysis using the specified 
network range are given under the heading "Results". 
10892 solid elements and 23252 node points were 
used in the waterless model, and 66948 solid elements 
and 84449 nodal points were used in the aqueous 
model. As a boundary condition, earthquake accelera-
tion 𝐴𝑋 = 𝐴𝑌 = 0  in the X and Y directions and  𝐴𝑍 =
𝑎𝑐𝑐(𝑡) in the Z direction were entered at the base. On the 
sides, 𝑈𝑥 = 0 was entered only in the X direction. Gravi-
tational acceleration was entered as -9.81 m/s2 in the Y 
direction.

 

Fig. 5. Flume three-dimensional solid model and finite element mesh. 

 

Fig. 6. (a) C3D4 triangular prism structural element; (b) C3D8R cube fluid element;  
(c) B31 linear rod element (ABAQUS 2010).

3.3. Seismic records used 

The ground motions corresponding to the main and 
aftershocks of the earthquakes that occurred in 
Kahramanmaraş on February 6, 2023, were recorded at 
several stations operated by Tadas/AFAD. The latitude 
is 37.4851, the longitude is 37.2978, Vs30 (m/s) is 671, 
the soil class is ZC, and the effective duration is E-W: 
24.07 s, N-S: 23.16 s, U-D: 20.81 s. The distance (Repi) is 
61.30 km, and the magnitude (Mw) is 7.7 for the 
Kahramanmaraş-Pazarcık earthquake. The highest 
ground acceleration value recorded during this earth-
quake was at station 4614 in Pazarcık district of 
Kahramanmaraş province. The value measured in the 
East-West (E-W) component of the recording was 
2.005g, while the North-South (N-S) component was 
1.987g, and the vertical (U-D) component was 1.379g. In 

this study, to observe the fluid's agitation more clearly, 
the North-South direction, which caused the maximum 
displacement (approximately 0.23 m), is depicted in 
Fig. 7 with acceleration-time and spectrum graphs (Ta-
das 2023). To shorten the analysis time, values of the 
acceleration record between t=30s and t=70s were 
used. 

 

4. Results and Discussion 

The analysis results are presented in three different 
sections. The first section illustrates the surface shapes 
of water at different time intervals, showing the agitation 
of the fluid under the earthquake effect. The second sec-
tion includes displacement-time graphs of the canal's 
peak points and the contour diagram depicting the max-
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imum relative displacement of the canal. The third sec-
tion consists of graphs showing the maximum principal 
tensile-time and maximum principal pressure-time at 

selected points from the region where the main canal is 
most stressed, along with contour diagrams correspond-
ing to the maximum stresses of the main canal.

    

Fig. 7. North-South component of the 06/02/2023 Pazarcık/Maraş earthquake:  
(a) Acceleration-time graph; (b) Spectral acceleration - Period graph.

4.1. Flume surface sloshing 

 
As a result of the sloshing, water surface shapes are 

magnified by a factor of 5 in the y-y direction for different 
time intervals, as shown in Fig. 8. Upon examining the 
model, it is observed that the water mass in the canal 
(shown in blue) has been set in motion and agitated un-
der the earthquake effect. The distance between the 
wave crest and the wave trough, resulting from this ag-
itation, is measured to be approximately 0.29 meters. 
The wave height amounted to approximately 58% of 
the initial water height (h=0.50 meters). The total water 

rise relative to the calm water level is approximately 
0.19 meters. This rise accounts for about 40% of the in-
itial water height. It is observed that the previously de-
termined air gap for the canal (0.20 meters) is suffi-
cient.  

Since there is no partition wall or porous diaphragm 
restricting the movement between the fluid and the ca-
nal walls in the model, the fluid moves as a whole. Under 
the earthquake effect, the fluid collides with the canal 
walls and returns as a whole. This could lead to an in-
crease in the height of the sloshing and overflow outside 
the canal. These results are consistent with the findings 
obtained in the literature mentioned in the articles.

 

Fig. 8. Fluid sloshing surface shapes (CEL model).

Since there is no partition wall or porous diaphragm 
restricting the movement between the fluid and the ca-
nal walls in the model, the fluid moves as a whole. Under 
the earthquake effect, the fluid collides with the canal 

walls and returns as a whole. This could lead to an in-
crease in the height of the sloshing and overflow outside 
the canal. These results are consistent with the findings 
obtained in the literature mentioned in the articles. 
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4.2. Displacements 

The relative displacement between the top of the 
flume system and the base in the direction of the earth-
quake is shown in Fig. 10 as a displacement-time graph. 

When Fig. 10 is examined, the maximum relative dis-
placement value at the peak in the empty flume model is 

0.087 m, while it is measured as 0.050 m in the water-
filled model. The largest relative displacement contour 
diagrams of both models are given in Fig. 11. As can be 
seen, the relative displacement in the water-filled model 
is 42% less than in the empty model. The damping effect 
of water reduced the horizontal relative displacement 
values.

 
Fig. 9. Flume system peak relative displacement-time graph at upper level. 

 

Fig. 10. Maximum relative displacement contour diagrams (m):  
(a) Flume system empty; (b) Flume system full.

4.3. Stresses 

It was predicted that the presence of fluid in the wa-
ter-filled model would cause an increase in the largest 
principal tensile stresses and the largest principal com-
pressive stresses. Maximum principal tensile stress-time 
graphs (𝑆max) are given in Fig. 11 and maximum princi-
pal tensile stress contour diagrams are given in Fig. 12. 
As seen in Figs. 11 and 12, the largest principal tensile 
stresses increased as follows 49% when comparing the 
empty model with the water-filled model. In addition, in 
the static situation before the earthquake, the largest 
principal tensile stresses were measured as 0.48 MPa 
and 1.42 MPa in the empty and full models, respectively. 
These values increased to 6.82 MPa and 10.22 MPa due 
to dynamic effects at the time of the earthquake. This 
means an increase of approximately 13 times in the 
empty model and 7 times in the full model. The damping 

effect of the water in the channel limited the increase in 
the stress value. 

Maximum principal compressive stresses-time graphs 
(𝑆min)  and contour diagrams of the greatest principal 
compressive stresses are given in Figs. 13 and 14. Com-
pared to the empty model, it was observed that the maxi-
mum principal compressive stresses increased by 75% in 
the water-filled model. The largest principal compressive 
stresses were lowest in the empty model without the ad-
ditional weight of the fluid. In addition, in the static situa-
tion before the earthquake, the largest principal tensile 
stresses were measured as -0.45 MPa and -1.04 MPa in the 
empty and full models, respectively. These values in-
creased to -4.98 MPa and -8.61 MPa due to dynamic ef-
fects at the time of the earthquake. This means an increase 
of approximately 11 times in the empty model and 8 times 
in the full model. The damping effect of the water in the 
channel limited the increase in the stress value.  
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Fig. 11. Maximum principal tensile stress-time graphs (𝑆max). 

 

Fig. 12. Maximum principal tensile stress contour diagrams (MPa):  
(a) Flume system empty; (b) Flume system full. 

 
Fig. 13. Maximum principal compressive stress-time graphs (𝑆min). 

 

Fig. 14. Maximum principal compressive stress contour diagrams (MPa):  
(a) Flume system empty; (b) Flume system full. 
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5. Conclusions 

In this study, dynamic analysis was carried out to in-
vestigate the seismic responses of a prefabricated irriga-
tion canal in its empty and full state. To see the devastat-
ing earthquake effects, the North-South record of the 
06/02/2023 Pazarcık/Kahramanmaraş earthquake with 
a Peak Ground Acceleration (PGA) value of approxi-
mately 2.0g was used. Water was used as the fluid in the 
main irrigation channel, the material properties and di-
mensions of which were taken from the literature. As a 
result of the analysis, the following results were obtained. 
 It has been observed that water turbulence shows 

earthquake effects with the Coupled Eularian-Lagran-
gian (CEL) approach. By analysing the models, shak-
ing and possible water overflow during an earthquake 
could be easily observed. 

 During devastating earthquakes, the value between 
the sloshing peak and trough of the water mass in the 
prefabricated irrigation canal was approximately 
58% of the initial water level, and the water rise was 
40% of the initial water level. 

 Considering the fluid-structure interaction, relative 
displacements in the filled model decreased by 42% 
compared to the empty model. 

 The sloshing effect and liquid weight caused an in-
crease of 49% and 75% in the maximum principal 
tensile stresses (𝑆max ) and the maximum principal 
compressive stresses (𝑆min), respectively. 

 In the absence of water, dynamic effects increased the 
maximum principal compressive stresses by 13 times 
and the maximum principal tensile stresses by 11 
times compared to the pre-earthquake. In the case of 
water, these increases were 7 times and 8 times, re-
spectively. The damping property of the fluid showed 
its effect in the case of water. 
In all models, the largest principal compressive stress 

distributions and the largest principal tensile stress dis-
tributions are concentrated in an area close to the junc-
tion of the base and slope, where the flume is usually 
damaged in earthquakes. 

Future studies that can be done on this subject are 
listed below as suggestions. 
 Prefabricated irrigation channels have different sizes 

for different flow rates. For this reason, the issue of 
determining the most appropriate water height and 
air share under seismic effects can be investigated. 

 Fluid-structure interaction seismic analyses can be 
performed for earthquakes with different PGA(g) val-
ues and the results can be compared. 

 Comparative analysis can be conducted with different 
fluid-structure interaction models.  

 Analyses can be performed for various fill levels, and 
the results can be compared. 

 The damage situation can be examined in detail by per-
forming nonlinear dynamic analysis of the same structure. 
Analyses have shown how the seismic effects of the 

prefabricated irrigation canal can occur in empty and full 
situations. For this reason, it is recommended that dy-
namic calculations and sloshing analysis, as well as static 
and hydraulic calculations of the main channels, be made 
by considering the fluid-structure interaction. Thus, 
floods can be prevented in case of possible earthquakes. 
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