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Abstract. The given research is made as a seismic investigation of a monolithic (continuous) 
reinforced concrete overpass that is placed at 1083 km length of the M-39 highway that is passed 
the city of Samarkand. The main aim was to determine the structural performance of the overpass 
with the force of seismic loading, especially the influence of the tremor initiated by the forces on 
the foundation aspects of the overpass. The Midas Civil software package was used as the analysis 
tool and the Finite Element Method (FEM) was utilized under frame work of the linear spectral 
theory that is commonly employed in the analysis of seismic performance in building structures. 
The outcomes of the computational model indicate that the stress induced by the piles on the 
underlying soil is within recommended limits and this implies that there can be a stable interaction 
between the subgrade and the foundation in the case of seismic activities. In addition, analysis 
determined maximum bending moment near the pile head, which happens to be a critical point 
that usually has the maximum stress concentrations under lateral motion of the ground. This 
observation makes it necessary to strengthen the pile head area to make the structure secure. The 
findings of the study will provide significant information on seismic resistance of reinforced 
concrete bridges and will also serve the purpose of enhancing bridge design researches in regard 
to ensuring earthquake resistance in a bridge. The findings can also be used to have a wider 
implication of the developments of infrastructure in Uzbekistan concerning the introduction of the 
betterment of the safety and reliability of the highway overpasses in seismically active areas.  
Keywords: Bridges and overpasses, stress-strain state, thermal expansion, internal pressure, 
linear elasticity, finite displacement method, boundary conditions, radial stress, numerical 
modeling, mechanical behavior, long-term operation. 

1. Introduction 

The construction or rather the design of transport facilities (bridges, overpasses, overpasses) 
is now undertaken in modern cities at high rate. Today, development of urban passenger transport 
is one of the most acute problems facing the process of formation of a modern megapolis. This 
causes severe issues of transport and passenger traffic, traffic jams and does not allow people to 
get to their destination fast and effortlessly [1]. Nowadays the modern principles of design and 
building are under investigation in the internal world of bridge construction but with small steps 
to remove the traditional principles of design and building, new techniques and technologies are 
getting used. The building of structures by the unconventional monolithic method is one of the 
famous and unconventional methods [2]. This approach is very popular in construction of peculiar 
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objects in the world major cities. Tashkent and Samarkand cities are some of the megacities that 
are found in Central Asia and the largest in recent years. The number of cars driving on the streets 
raises more than 700-800 thousand cars per day 2-3 times faster under the increasing traffic flow 
in these cities [3]. Consequently, road system, building of transport facilities, such as bridges, 
flyovers and underground railways are in progress as per the new demands. 

The target of study is monolithic bridge and it is the widely used in the formation and 
upgrading of the road and transport system of Samarkand, one of the largest historical cities of the 
Republic of Uzbekistan. The good illustration of this fact is the latest overpass constructed on the 
1083 rd kilometer of the M-39 highway running through the city of Samarkand [4-5]. As it can be 
observed, one of the acute problems is the development of technical solutions (design and 
calculation) of the monolithic reinforced concrete bridges and overpasses. It exerts an 
accumulative effect on the building of the bridge industry of the Republic of Uzbekistan [6-8]. 

2. Methods 

The further increase in the volume of accumulated data on the parameters of seismic vibrations 
of the soils mass of the seismic hazard and the accumulation of the information on the actual 
properties of engineering and construction structures allows to take into greater account the 
physical properties of the structure, as well as to cross over to the calculation of seismic effects 
with further switching over to the calculation method based on the actual data on the seismic 
effects, in the first place, the methods of calculation on the earthquake accelerograms [9]. 
Information of the working documentation of the object Construction of an overpass on the Initial 
data was used in the form of M-39 highway in the city of Samarkand amounting to 1083 km. Its 
length is 110 m, the width is 28.9 m, and it is arranged in the form of 3 lanes 3.5 m wide on each 
side [10-12]. The span structure of the overpass is individual, the continuous monolithic reinforced 
concrete calculation scheme is 33+42+33 m. The overpass has a width of 3.5 m on both sides 
consisting of three lanes. The span construction of the facade is variable: in the spans - 1.3 m and 
on the support - 2.3 m in a variant of solid plates [13, 14]. 

Fig. 1 contains the general view of the overpass. 

 
Fig. 1. Overview of the continuous (monolithic) reinforced concrete overpass in Samarkand 

Its intermediate supports have the following dimensions: height – 5.85 m, width along the 
facade- 2 m, and height along the sides of 5-8.4 m. The assumption made in these calculations is 
that they move because the earth is moving as it is in the case of an earthquake [15]. The seismicity 
of the region is evaluated according to the seismic microregionalization map of the Institute of 
Seismology of 1980, 9 and 8 points are assigned to the Samarkand. The construction site was 
designed to be in an 8- point area [16-19]. 

As it is listed in Table 1.1 of KMK 2.01.03-19 within the boundary of site, in the upper The 
thickness of an 10 m layer is counted on the bottom of the foundation, the soils of category II, 
according to seismic characteristics, are contained, clay sands with a porosity coefficient 𝑒 < 0.8 
(stones-alloy soil). It is suggested to consider the seismicity of the designed construction site to 
be 8 points, in that regard. Cavity-forming elements will be built in during the concreting of PND 
(low-pressure polyethylene pipes) pipes, which will be carried out to ease the load created by the 
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weight of reinforced concrete in the span structures [20]. The pipes of the structure have a diameter 
of 400 mm, the outer gaps measure 16.5 meters and the centre is 22 meters. The 9-degrees angle 
of intersection between the overpass and the roadway is presented in the design of the overpass 
(the end faces of the overpass are inclined at 9-degrees and supported on the axis of the overpass 
at 9-degrees angle on the intermediate supports) [21]. The overpass of the seismic effects were 
calculated in the context of the linear-spectral theory in the context of the Midas Civil program 
package, which works on the basis of the finite element method (FEM). 

3. Results and discussion 

Midas Civil is a package of software products intended to model and computationally analyze 
transport facilities, objects of the construction used in the interests of concreting all types of 
purposes, modeling structural elements and evaluation of their load-carrying capacities. MiDAS 
Civil is an engineering programme tool that has developed a new paradigm in the design of bridges 
and civil constructions. The interface is simple to use in this program which executes numerous 
designing tasks such as calculation to solve nonlinear problems among others using the formation 
of a database. Its extremely developed models and computing analysis tools also aid in the 
surmounting of typical issues that come about in the evaluation of buildings that were calculated 
with LEU.  

Adoption of the value of the seismic load 𝐹 was made by regulations:  
– KMK 2.01.03-96 2.01.03.96. 
– Construction in Seismic Areas; SHNK 2.01.20-16. Building of means of transport in seismic 

regions. 
– Euroval 8 EN 1998-2 2011, Design of structures, earthquake resistance Part 2; Toshkent, 

2016.  
– With the so-called Design Rules.  
The determined seismic loads were received with consideration on the spectral theory: 
– In the 𝑋 and 𝑌 axis direction towards horizontal action: 𝑆௜,௞௑,௒ = 𝑄௞ ∙ 𝐴 ∙ 𝐾ఋ ∙ 𝛽௜ . (1)

– Along the 𝑍 axis for vertical impacts: 

𝑆௜,௞௓ = 0.5 ∙ 𝑄௞ ∙ 𝐴 ∙ 1𝑞 ∙ 𝛽௜ , (2)

where: 0.5 – multiplier according to clause 4.16 of SHNK 2.01.20-16; 𝑄௞ – the weight of the 
structure (element) belonging to point 𝐾, determined taking into account the design loads; 𝐴 – 
acceleration adopted in accordance with clause 8.3.34 of SP 268.1325800.2016; 𝐴 = 0.2 gm/s2 – 

for seismicity equal to 8 points; 𝐾ఋ – 𝐾ఋ = 𝑒൫଴,ହସ଼ି√ఋ൯ቆ଴,ଵା బ,ళඥ೅భቇ dissipation coefficient, applied in 
accordance with clause 2.16 of KMK 2.01.03-96 to the horizontal components of the seismic 
impact FX, FY; 𝑞 – efficiency according to Eurocode 8 EN 1998-2-2011; 𝛽௜ – period-dependent 
dynamic coefficient, T. 

In accordance with Article 2.3.2.2 of Eurocode 8 EN 1998-2-2011, the formation of plastic 
hinges in prestressed structures is not allowed, taking into account the use of seismic isolation 
devices on supports, as well as paragraph 2.3.2.3 of Eurocode 8 EN 1998-2-2011, a coefficient of 
operation q=1.5 was introduced into the calculations as a multiplier of the vertical component of 
the FZ of seismic impact. 

In the calculations, the spectral curvature 𝛽௜ (T) was used in accordance with SHNK 2.01.20-
16 (without taking into account the requirement 𝛽௜ > 0.8 only) (Fig. 2). 

Reactions from a constant load, taking into account the prestressing applied to the support: 
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𝑉ଵ + 𝑉ଶ = 862 m + 767 m + 1629 m. 
The horizontal component of the seismic force, attributable to the support from the constant 

normative weight of the span structure and the bridge pavement, is determined in accordance with 
clause 4.18 of SHNK 2.06.20-15: 𝑆௬௉஼ = 0.05∙2.7∙1629 t = 219.9 t. 

The weight of the support body located above the foundation cut: 𝑉ை௉ = 168.1 t. 
Horizontal component of seismic force, in accordance with clause 4.18 of SHNK 2.06.20-15:  𝑆௬ை௉ = 0.05·2.7∙168.1 m = 22.7 m. 
Support weight: 𝑉ோைௌ் = 312.2 t. 

 
Fig. 2. Graph of spectral curve 

Table 1. Ground characteristics 

Parameters Ground layer 
1 2 3 4 

Layer thickness m 1.300 2.400 8.300 20.000 
Proportionality coefficient kN/m4 7000 50000 7000 50000 

Specific gravity of soil kN/m3 19.300 19.600 19.200 19.600 
Internal friction angle grade. 24.000 43.000 24.000 43.000 

Soil specific adhesion coefficient kPa 27.500 2.000 23.000 2.000 

Table 2. Characteristics of pile foundation 
Stake section type Square  

Enter the side of the pile cross-section 0.35 m 
Stake concrete elasticity modulus 3 30000000 kPa 

Distance from ground surface to pile bottom 13 m 
Poisson coefficient 0.2 – 

Depth 𝐿௞ 2.725 m 
The number of soil layers within the 𝐿௞ depth 2 Pieces 

Concrete displacement module 12500000 kPa 
Proportionality coefficient 18759 kN/m4 
Conventional pile width 1,025 m 

Inertial moment of the pile’s cross-section 0.00125 m4 

Deformation coefficient 0.875 1/m 
Reduced pile penetration depth 11,37331 m 

Horizontal displacement of the cross-section by force Н = 1  9.717E-05 m/kN 
Horizontal displacement of the cross-section from the moment М = 1  5.645E-05 1/kN·m 

Angle of rotation of the cross-section from force Н = 1  5.645E-05 1/kN 
Angle of rotation of the section from the moment М = 1  5.335E-05 1/kN·m 

Vertical displacement by force 𝑁 = 1  7.040E-06 m 
By the method of work production, the pile is Forgettable 𝜉 = 0,6 

Figs. 3-10 indicate the force and moment diagram of the formed supports due to longitudinal 
and transverse seismic effects. 

Seismic forces. To continue the calculations, the overpass design model was designed in the 
MiDAS Civil program package. These are given as the result of the calculation of a monolithic 
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overpass under a dynamic load, in which the seismic effects FH, FY, FZ influences an orthogonal 
use of the three directions and the effects must be regarded with both signs of the forces, and the 
displacements. 

 
Fig. 3. Calculation scheme of the intermediate  

support in Midas Civil 

 
Fig. 4. Design scheme of the intermediate  

support-pile fastening 
 

 
Fig. 5. Reactions at pile reinforcement nodes  

from longitudinal seismicity 

 
Fig. 6. Reactions at pile fastening nodes  

from transverse seismicity 
 

 
Fig. 7. Epyures of longitudinal  

seismic cutting forces 

 
Fig. 8. Elastic moment diagrams from  

longitudinal seismicity 
 

 
Fig. 9. Cross-seismic force diagrams 

 
Fig. 10. Cross-seismic bending moment diagrams 
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According to the calculation, the pile’s pressure on the base soil does not exceed the limit, 
while the maximum value of the bending moment corresponds to the moment in the pile head. 
Based on the value of the bending moment in the pile head and the tensile longitudinal force, the 
required reinforcement (pile type) is determined from the graphs. The values of the acting forces 
in the pile cross-sections are satisfied by the reinforcement according to the T4 type, therefore, we 
accept a pile with a length of 14 meters with T4 reinforcement. 

4. Conclusions 

Within the scope of the research activities, an in-depth analysis of the seismic effects on the 
continuous (monolithic) reinforced concrete overpass located at the 1083rd kilometer of the M-39 
highway passing through the city of Samarkand has been thoroughly carried out. The dynamic 
behavior of the structure under seismic loading was assessed using the Midas Civil software 
package, applying the finite element method (FEM) within the framework of linear spectral 
theory. 

During the analytical process, a detailed three-dimensional model of the overpass was created, 
including the superstructure, substructure, and pile foundations. Seismic load combinations, 
response spectrum parameters, soil-structure interaction characteristics, and structural stiffness 
properties were taken into account to ensure the reliability of the obtained results. 

The results of the Midas Civil DM linear-spectral calculations demonstrated that the pile-soil 
contact pressure values remain within the permissible limits, indicating that the foundation system 
has adequate load-bearing capacity even under design-level earthquake effects. This finding 
confirms that no overstressing or soil-bearing failure is expected in the analyzed seismic scenarios. 

Furthermore, the analysis revealed that the maximum bending moment occurs at the pile head, 
which is consistent with the structural behavior of pile-supported bridges subjected to lateral 
seismic forces. This concentration of bending moment at the pile head highlights the importance 
of ensuring proper reinforcement detailing and structural continuity at the pile-to-cap connection 
zone. 

Overall, the expanded seismic assessment confirms that the structural configuration of the 
overpass-including its monolithic reinforced concrete system and pile foundation design-meets 
the required seismic performance criteria. The obtained results validate the structural safety, 
stability, and reliability of the overpass under the expected seismic conditions in the Samarkand 
region. 
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