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Abstract - Earthquakes are very complex physical phenomena characterized by violent or chaotic movements of the Earth's 
crust.These movements are due to causes located in restricted areas within the Earth, located at distances higher or lower 
than the Earth surface, and have rapid variations in direction, velocity and acceleration. In fact, the Earth's rind suffers 
permanently from slight shocks, very small oscillations of the soil, which are imperceptible to humans, but which can be 
detected by recording devices (seismometers, accelerometers, etc.). These oscillations constitute micro-shaking of the earth's 
crust. Earthquakes are sudden and sometimes very strong movements, generally of short duration, which occur in layers 
from the earth's surface and give rise to oscillations that propagate in all directions within the earth and its surface to 
distances sometimes distant from the region where the initial movement occurred. Regarding the source that generates 

earthquakes, two possible production mechanisms are allowed: volcanic earthquakes due to volcanic eruptions, and tectonic 
earthquakes, due to important structural changes of the earth, accompanied by breaking or faltering phenomena. The most 
widespread (90% of all earthquakes), stronger and more important in terms of seismic engineering, are the tectonic 
earthquakes. 
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I. SEISMIC WAVES 

 

The energy emitted by an earthquake propagates in 

all directions in the form of seismic waves that cause 
disorderly earthquake movement. 

Surface waves are long waves that have low 

propagation speeds, namely: 

 1,5 - 5,0 km / s in hard land; 

 0.5 - 1.5 km / s in weak land.[4] 

 

From the point of view of an engineer, it is not very 

important to distinguish the four types of waves but 

their overall effect in terms of intensity of seismic 

motion in a site. Seismic movement in a site is mostly 

affected by secondary S-waves and, in some cases, by 

surface waves. The purpose of these design directions 

is to improve the pipeline capacity to function during 

and after a seismic earthquake on the principle of life 
safety and economic reasons. This is achieved 

through a coherent and rigorous methodology that 

provides solutions, on the principle of effective cost, 

to problems caused by the risks of a seismic system. 

Design directions are designed to help planers 

increase their availability of load-bearing capacity in 

relation to the strength and stability of the pipeline 

system so that they do not create safety-related issues 

or cause economic damage beyond certain acceptable 

levels . 

 

 
Figure 1. Schematic representation of seismic waves: a) P waves, b) S waves, c) Rayleigh waves, d) Love waves. 
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Design directions are applicable when replacing old 

pipeline systems (replacement of old pipelines only to 
improve earthquake resistance is not recommended). 

However, if the repair rate is found to be greater than 

one to five years, replacement of the pipeline may 

also be considered, also taking into account the 

improvement of the earthquake protection. 

 

II. PREMIUM REQUIREMENTS 

 

The recommendations and design principles for 

Ultimate Limit State (SLU) and Service Limit State 

(SLS) apply. Ultimate limit state, SLU, associated 

with breakage of structural elements and other forms 
of structural failure that may endanger the safety of 

people's lives. The Service Limitation Statement 

(SLS), which provides for the development of 

degradations at a level above which specific wiper 

requirements are no longer met. Figure 2 shows the 

calibration of the seismic action and the displacement 

response of the interactive field-coupled field system 

on the extended range of performance requirements. 

 

 
Figure .2. The correlation between the seismic action and the 

movement  response of the coupled interactive duct-field 

system on the expanded domain of performance 

requirements.[3,4] 

 

Ultimate Limit State (SLU) 

1. The ultimate limit state for which the system has 

to be checked is defined as the loss of operational 

capacity of the system, with the possibility of 

partially restoring the operating conditions for a 

certain acceptable level of repair. 

2. The main risk to be considered directly 

associated with pipe breakage is explosion or 

fire. Under these conditions, the level of 

protection is determined by the distance from the 

damage site and the inhabited areas exposed to 
the impact of the break. 

3. For pipeline systems located in highly sensitive 

areas with regard to environmental protection 

requirements, the impact on the environment due 

to earthquake breakdown pipes must also be 

taken into account when defining acceptable risk. 

4. For auxiliary elements of the piping system, as 

well as for independent structures whose collapse 

causes high risks, the ultimate limit state is 

defined as a failure state which, although severe, 

excludes fragile failure and allows controlled 
release of the fluid. When the release of the 

above elements does not entail appreciable risks 

to life, the ultimate limit state may be defined as 

corresponding to total collapse. 

5. The seismic design action for which the ultimate 

limit state is not reached must be determined on 

the basis of direct and indirect costs caused by 

the collapse of the system. 

6. The ability of the structural system to respond 

during a strong earthquake to the ultimate limit 

state through repeated incursions in the nonlinear 

plastic field allows the pipeline to be projected to 
lower seismic forces than those corresponding to 

the elastic domain. 

 

Service Limit State (SLS) 

Buried piping systemsmust be designed and built in 

such a way as to maintain their integrity and capacity 

to function during and after the earthquake, even if 

there are considerable local damage. According to the 

European Standard EN 1998-4, the service limit state 

must meet the following performance levels: 

 total integrity; 

 the minimum operating level. 

In order to meet the requirement of total integrity, the 

considered system, including a specific system of 

integrated elements, must remain in operation 

following a seismic action. 

To meet the minimum operating requirement, the size 

and magnitude of failures of the considered system, 

including its components, must be limited (see figure 

2) so that after specific damage controls, based on 

corrective maintenance actions, can be restored to a 

predefined operating level. 
 

The seismic action for which the service limit status 

is not exceeded should be associated with a 

probability of exceedance, the value of which is 

determined on the basis of: 

 the consequences of forced system stops and / or 

loss of fluid; 

 losses due to reduced availability of system load 

and necessary repairs. 

 Seismic action for which the limit state of 

degradation is not exceeded has a probability of 

exceedance, PLDR, estimated for 10 years and an 
average recurrence interval (ARI).[3] 

 

III. MODELING SEISMIC ACTION 

 

1. The following types of direct and indirect 

seismic risks are relevant for the seismic 

calculation of air pipeline systems: 

 pipe vibrations due to seismic movements 

applied to support systems -support- discrete or 

continuous suspension . 

 differential movement of the supports. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Analysis with Finite Element, MEF, Seismic Action for Air Conditions for Natural Gas Transport 

 

25 

2. For distinctive movements of the supports there 

may be two situations: 

 for ground supports directly on the ground, 

significant differential displacement can only 

take place when landslides or permanent 

displacements of the DPP land occur in the first 

part; 

 for the supports placed on different structures, 

the response of these structures to the seismic 

action can lead to differential movements in the 

pipe. 

 

Vibration of Earthquake 

The quantification of the horizontal components of 
the seismic action is carried out according to design 

code P 100 - 1: 2013 by: 

 design spectrum; 

 acceleration graphs conforming to the design or 

synthetic earthquake. 

Since the horizontal components of the seismic action 

and the vertical component are important for these 

types of structures, the structure response is 

determined by applying the superposition principle of 

the extended effects to the three components of the 

seismic action of P100-1: 2013. 
 

Seismic risk of differential displacement 

When the piping system is directly grounded, the 

effects of differential movement may be neglected 

unless the site is susceptible to landslides or 

permanent displacements of DPP. In these cases, the 

response of the pipeline system to the DPP 

displacements as determined in the first part of the 

buried pipe work is determined.  

When the pipeline system is supported - suspended - 

suspended on different structures, the effect of 
differential displacements is determined using the 

interactive conjugate system suspension-bearing 

support structure→tubular material→supporting 

devices→curves→piles→ pile→foundation ground, 

severe in the gravitational, baric, thermal, climatic 

and seismic fields.[3,4] 

 

IV. ANALYSIS METHODS 

 

The pipeline system model should express 

geometry,structural flexibility, damping, material 

properties, blocking system and dynamic degrees of 
freedom of the system, taking into account the 

following aspects: 

 foundation ground flexibility and foundation 

system; 

 the effect of the fluid inside the pipe; 

 dynamic features of the support and support 

system; 

 junctions along the pipe and between supports. 

 

Overhead pipeline analysis is based on the Design 

Spectrum method conforming to design code P100-1: 

2013, representing the current and mandatory design 

method, also called Design Method A. In the case of 
pipeline systems classified in the first class of 

importance and located in areas with high seismic 

risk, nonlinear dynamic analysis, named in design 

code P100-1: 2013, requires the Design Method B as 

presented in the synthesis of the analysis methods to 

the earthquake.  

Time history analyzes can be made based on the 

projection spectrum compatible with the design 

earthquake acceleration in line with P100-1: 2013. 

 

The spatial variation of the seismic motion is 

considered in the following cases: 

 the pipe has a length of more than 600 m; 

 geological discontinuities; 

 topographical changes. 

For example, a summary of the main air crossing in 

Romania is presented, based on the methodology 

presented in this paper. 

Impact factors 

1. The dissipative capacity of the overground 

pipelines is limited by the structure of the 

support. 

2. For tubular material the values are used in the 
paper. 

3. According to the recommendations of Eurocode 

8 EN 1998-4: 2006, 5.5 (4), the seismic action is 

multiplied by (1 + q) / 2 for verification of 

supports.[1] 

 

V. FUNCTIONING A DOUBLE DISTILLING 

SYSTEM FOR TRAVERSION IN AN ARC OF 

CIRCLE ACTED IN THE GRAVICAL, BARIC 

AND SEISMIC FIELD 

 
1. In order to evaluate the availability of the 

carrying capacity of the overhead crossing in the 

conveying system, the load-bearing structure, 

bearing → tubular material, concomitantly and 

severely operated in the gravitational, baric, 

thermal, climatic and seismic field, the finite 

element method was used. 

2. The general methodology of analysis begins with 

the realization of physical and meshing models in 

finite elements. They are elaborated on the basis 

of the structural concept according to which, the 

quasi-dynamic response of these types of 
structures - equipments, simultaneously operated 

in the gravitational, baric, thermal, climatic and 

seismic field is determined by the special effects 

generated by the interactions of the structural 

subsystems : tubular material → double 

stiffening systems → co-operating elements → 

supports. 

3. The theoretical and experimental analysis of 

these effects is difficult due to the requirements 

of the realization of the real physical models, 

representing the interactive character of the 
phenomena in the researched literature, the 
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bibliographic sources being reduced, not 

identifying a problem of the same type and 
complexity, a global approach. 

4. In this context, the paper presents a series of 

physical and meshing models, from simple to 

complex, trying to simulate the complex 

phenomena generated on the one hand by the 

evolution of the cable pretensioning forces, on 

the other hand, by the types actions and their 

simultaneity. These models are generally referred 

to as Self-supporting arc (see Figure 3), 

Stretching arc (see Figure 4), Double arc 

Vierendeel (see Figure 5), Double eccentric 

diagonal arc (see Figures 6, 7). 
5. It results the complex interactive physical 

models, made up of groups of finite elements of 

various structural types called generic - truss3d, 

beam3d, shell4t. 
6. Climate, wind, temperature, in different 

combinations of simultaneity with seismic 

actions. 

7. The results are summarized and suggestive in 

Table 1 and by the graphical processing of 

Figures 8-12. 

8. Finally, the Double Arc Diffuse Structure with 

eccentric diagonals results for which the SLU 

response mechanical stresses are lower than the 

allowable resistance for the required location 

class and for the severe location - the peak design 

acceleration ag = 0.35g and control period Tc = 
1.6 s, according to the new P100-1 / 2013 

normative - placing the structure in the certain 

field of technical security.[5,6] 
 

Analysis models 
Mass 

[kg] 

Own periods of vibration in the first 

three modes 

The maximum 

mechanical tension in 
the Third Resistance 

Theory, at the Last 

Service Status (SLU) 

seismic grouping 

[N/mm2] 
T1 

[s] 

T2 

[s] 

T3 

[s] 

Self-supporting arc 8025 1,29 0,48 0,47 >> Rp0,2 

Stretching arc 10390 1,56 0,55 0,48 290,62 

Double arc Vierendeel 17280 1,23 0,55 0,52 206,05 

Double eccentric 

diagonal arc 
18210 0,56 0,47 0,25 

179,10 

Table 1. Comparative presentation of the main results obtained on the MEF analysis models. 

 

 
Figure 3. The initial circle arc tracking model with the opening 

L = 65 m and the arc arrow H = 8 m, commonly referred to as 

Self-supporting arc. 

1 - tubular material section in the support area L360GA (X52) 

SR EN 10208-1: AC 508x11, 

2 - tubular material section in the current area L360GA (X52) 

SR EN 10208-1: AC 508x11. 

 
Figure 4. Rigid circle arc crossing analysis model with a 

longitudinal stretching length L = 39.7 m and arc-working 

arches, generically called Stretching arc 
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3 - stretching stiffener made of E355 pipe SR EN 10297-1: 2003 

Ø219x10 

4 - Workbenches with arc E355 SR EN 10297-1: 2003 

Ø168,3x8. 

 
Figure 5. Cross-section analysis model of rigid circular cross-

section with a longitudinal stretching 

and a Double arc Vierendeel system, commonly called Double 

arc Vierendeel 

5 - Vierendeel double arc E355 SR EN 10297-1: 2003 Ø168,3x8 

6 - Vierendeel arc of the E355 pipe SR EN 10297-1: 2003 

Ø168,3x8 

7 - the V-coil diagonals between the Vierendeel arc and the tie 

rod 

E355 SR EN 10297-1: 2003 Ø168,3x8. 

 

 
Figure 6. Cross-section analysis model of rigid circular cross-

section with a longitudinal stretching 

and a double dissipative system, made using diagonals placed 

excentrically over the length l = 480 mm, called generic 

Excentric double diagonal arc 

8 - diagonally located excentric tubes from the E355 pipe SR 

EN 10297-1: 2003 Ø60x5. 

 

 
Figure 7. The location of the eccentric diagonals in the 

dissipative node, in the case of the Double eccentric diagonals 

arc model 

 
Figure 8. Deformation allure in Vibration Mode 1 on Arc Self-

Design Analysis Model: 

a. 3D processing of the deformation; 

b. projection of the deformation horizontally plane XZ. 

Note: In the Self-supporting arc conformance model, the 

deflection dominance in the fundamental vibration mode is 

produced horizontally plane XZ. 

  

 
Figure 9. Deformation allure in Vibration Mode 1 on Strength 

arc Analysis Model: 

a. 3D deformation process; 

b. projection of the deformation in horizontal plane XZ. 

 

Note: In the Strength arc conformance model, the 

deflection dominance in the fundamental vibration 

mode occurs in horizontal plane XZ. It is noted that 

an increase in its own vibration period in fundamental 

mode from 1.29 s (see Figure 6) to 1.56 s; this is 

explained by the fact that the increase in stiffness 

resulting from the placement of the stiffener is less 
than the effect of the increase of the mass 

corresponding to this strut and the working supports 

on the value of its own vibration period. By 

introducing this stiffness, the availability of the load 

bearing capacity in relation to the resistance and 

stability of the arc in the gravitational field (at 

permanent actions) increases. Its own vibration 

period, in fundamental mode, T1 = 1,56s tends to the 

Tc control period = 1,6 s according to the new P100 

norm: 1/2013, with the risk of resonance; 

consequently, the additional rigidity of this model is 
required, as shown in Double arc Vierendeel and 

Double eccentric arc. 
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Figure 10.  Deformation alloy in vibration mode 1 on the Double eccentric arc analysis model:  

a. 3D deformation processing; 

b. projection of the deformation in the XY vertical plane. 

 

Note: In the eccentric double  arc conformance model, the dominance of the fundamental vibration distortion 
moves into the XY vertical plane, the structure being more rigid in a horizontal plane and more flexible in 

vertical plane than the self-supporting arc and the strenght arc. There is a dramatic decrease of the vibration 

period in the fundamental mode from 1.56 s (see Figure 7) to 0.56 s, placing the structure in the very rigid 

system domain. Consequently, the structure responds by vibrations in the fudge mode with long-range values 

compared to the risk of occurrence of the resonance phenomenon. 
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Figure 11. a. Mechanical response stresses in the third theory of resistance Tresca - Guest, processed on the deformed form at the 

last limiting state (SLU) in the seismic group, in the horizontal plane XZ, results on the seismically conformated structure by 

introducing the link, dissipative disks of the diagonal type asymmetrically located in the double eccentric arc model 

b. Detail in the area of the stress concentrator identified on the arch of the spring. 

Note: The maximum mechanical tension is recorded on the support on the foundation block and has the value σ = 179.1 N / mm2 

(see Figure 10). 

 

 
Figure 12. The Mechanical Tensions Response in Third Tresca-Guest Resistance Process, processed on the Last Limit State Form 

(SLU) in seismic grouping in the YZ frontal plane, results on the seismically conformated structure by introducing dissipative links 

of the type of diagonals placed asymmetrically in the Double eccentric arc model. 

 

VI. CONCLUSIONS 

 

As far as Romania is concerned, given the problems 

discussed in this paper, one can say that the best 

solutions for the reduction of seismic risk are those in 

which the governmental decision-makers have to 

implement long-term development strategies of the 
country in socio-economic terms, together with 

strategies for informing and training the population in 

order to overcome, with as few negative 

consequences (both material and psychological), a 

crisis situation that can be triggered by a future major 

earthquake in Vrancea County. In the self-supporting 

string conformance model, the deflection dominant in 

fundamental vibration mode is produced in horizontal 
plane XZ. In the self- supporting arc conformance 
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model, the deflection dominance in fundamental 

vibration mode occurs in a horizontal plane XZ; can 
be distinguish an increase in vibration period in the 

fundamental mode from 1.29 s to 1.56 s. This is 

explained by the fact that the stiffness support 

resulting from the position of the stiffener is less than 

the effect of the increase of the mass corresponding to 

this strut and of the working pillars on the value of 

the vibration period. By introducing this stiffening, 

the availability of load bearing capacity is increased 

in relation to the resistance and stability of the arc in 

the gravitational field (at the permanent actions);The 

vibration period, in fundamental mode, T1 = 1.56 s 

tends towards the control period Tc = 1.6 s according 
to the new P100: 1/2013 norm, with the risk of 

resonance. As a result, additional rigidity of this 

model is required, as shown in the double Vierendeel 

arc and eccentric double Arc; In the eccentric double 

arc diagonal conformance model, the dominant 

vibration mode deflection moves into the XY vertical 

plane, the structure being more rigid in the horizontal 

plane and more flexible in vertical plane than the self-

supporting arc and stretching arc; can be  noticed a 

drastic decrease of the vibration period in the 

fundamental mode from 1.56 s to 0.56 s, placing the 
structure in the field of very rigid systems. 

Consequently the structure responds by vibrations in 

the fudamental mode with values far away from the 
risk of occurrence of the resonance phenomenon. 
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