
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

2020 

Strain-Based Mechanical Failure Analysis of Buried Steel Pipeline Strain-Based Mechanical Failure Analysis of Buried Steel Pipeline 

Subjected to Landslide Displacement Using Finite Element Subjected to Landslide Displacement Using Finite Element 

Method Method 

Sean Goodluck Mamuzo Edeki 
South Dakota State University 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

 Part of the Mechanical Engineering Commons 

Recommended Citation Recommended Citation 
Edeki, Sean Goodluck Mamuzo, "Strain-Based Mechanical Failure Analysis of Buried Steel Pipeline 
Subjected to Landslide Displacement Using Finite Element Method" (2020). Electronic Theses and 
Dissertations. 4110. 
https://openprairie.sdstate.edu/etd/4110 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 









16 
 

analysis of a natural gas buried X65 steel pipeline under deflection load by establishing a 

3D finite element model of the soil and pipeline. For the analysis, the pipeline is assumed 

to be loaded in a parabolic deflection displacement along the axial direction. Zheng et al 

(2012) using 3d finite element modelling, investigated the response of a buried 

X65pipeline due to non-uniform deflection of landslide process. The surrounding soil and 

the pipeline were modelled using solid elements with the behavior of the former assumed 

to be linear elastic (Fig. 2.4). A quartic polynomial displacement was applied to the soil 

of a landslide field where the pipeline was laid at the toe of the landslide. They 

investigated the effect of internal pressure,  surrounding soil, landslide width and pipeline 

geometry, the found that the pipeline diameter to thickness ratio (D/t) and the width of 

the landslide had greater effect on the limited deflection displacement of the pipeline as 

compared with the effect of internal pressure under normal operation.  

 

      

(a)                                                                        (b) 
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(c) 

Fig. 2.4: FE analysis of a buried pipeline subjected to landslide-induced actions. 
Geometric features shown in sketch of FE model: (a) 3D view (b) plan view (c) numerical 

model used in the analysis. (Zheng et al. 2012) 
 

Jafarzadeh et al (2012) analyzed numerically using 3D finite elements, the behavior of 

24” diameter buried pipeline in a cemented slope agitated by dynamic loading of 

earthquake in North Tehran. Yuan et al (2014) developed two alternative methods for the 

analysis of the behavior ofpipelines under landslides loading: first was a refined 

analytical method that adopts a better assumption of tension at the sliding area, while the 

second was using a vector form intrinsic FE method that can address asymmetric 

conditions and model the dynamic process. Han et al (2012) investigated the behavior of 

buried pipelines that are subjected to landslide by representing the soil-pipeline 

interaction with two contact elements; horizontal, vertical and elastoplastic springs 

according to ASCE guidelines were used for the region outside the landslide, while the 

pipeline inside the landslide, the soil-pipeline interaction was modelled using soil-

pipeline interaction elements which has only one degree of freedom of displacements on 

nodes. Chen et al (2014) using 1-D finite element modelling, investigated the stress 
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analysis of an X80 steel buried gas pipeline subjected to longitudinal and traverse 

landslide movements. Their results concluded that pipelines longitudinally traversing a 

landslide area has more stress concentration on the pipeline and therefore detrimental to it 

as compared to when it is laterally traversing. Wu et al (2014) made comparison using 3D 

numerical analysis the response of buried pipeline crossing the leading and the trailing 

edge of a landslide. In their investigation, an X70 steel pipeline was modelled with FLAC 

software with parameters: diameter is 1.016 m and internal pressure of 5 MPa. Li et al 

(2016) established a 3D model for predicting landslide hazards to gas transmission 

pipelines using strength reduction method for the landslide triggering. Fred et al (2016) 

established a 3D soil-pipeline interaction model using a discrete element method (DEM). 

They validated the model by comparing with medium scale physical soil-pipeline 

interaction. 

 

Fig. 2.5: Deformed mesh of the numerical model used for the simulation of a gas pipeline 
response subjected to Baishiping landslide, China (Wu et al. 2014) 
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2.5 Studies using Analytical Solutions 

Zhang et al (2015) proposed an elastoplastic semi-analytical method to deal with 

the plastic mechanical behavior of buried pipelines subjected to landslide based on the 

plane stress condition with consideration to temperature variation and internal pressure. 

They verified their proposed model by comparing the results they obtained with finite 

element analysis. Yuan et al (2012a, 2012b): by assuming that the axial force of the 

pipelines as a constant, they proposed an analytical model to estimate the failure of 

surface of buried steel pipelines (Fig. 2.5).  

 

 

(a) 

 

(b) 

Fig. 2.6: Sketch that describes (a) response surface pipeline in deep-water under 
landslide impact (b) the pipeline divided into for segments according to various loading 

conditions (Yuan et al. 2012) 
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Randolph et al (2010): in order to evaluate the response to deformation of a pipeline 

when encountering landslide, they established a simple analytical model, initially for 

landslides acting perpendicular to the pipeline. They later extended to landslides 

impacting the pipeline at an angle. O’Rourke et al (1995) and Liu & O’Rourke (1997) 

came up with a simplified analytical approach for the estimation of peak axial strains 

developed in a pipeline that is subjected to permanent ground displacement longitudinally 

and transversely. Parker et al (2008) assumed a parabolic shape for the deformed 

pipeline, developed a closed form solution by modelling the pipeline as an elastic cable, 

the soil as a rigid plastic resistance and the landslide area as a distributed load. 

 

2.6 Experimental studies 

 Experimental investigations to investigate how buried pipelines respond to 

landslide induced actions have also been carried out. Kefang et al (2011) investigated 

experimentally, how a 219 mm diameter buried pipeline was affected by a laterally 

traversing landslide by means of a full-scale landslide model. The landslide was induced 

excavating the front edge and posterior edge water injection. The results obtained showed 

that the key factors to affect pipeline landslide stability were the free-face conditions of 

side slope front edges and underground water. Feng et al (2015) conducted a large-scale 

field test at Chengdu University of Technology (Fig 2.6) to investigate the response of a 

gas pipeline crossing a landslide.  The pipeline, 32 m long, has its ends at least 10 m 

outside the landslide area (boundary). It has a diameter of 325 mm and wall thickness of 

8 mm. The pipeline has internal pressure of 2.5 MPa and was buried at a depth of 1.5 m 



21 
 

in a trench that is perpendicular to the landslide area. The test was carried out in six 

stages: 

1. Preliminary observation and measuring 

2. Observation and measuring of the first excavation of the retaining wall (1st 

excavation) 

3. Complete removal of the retaining wall (2nd excavation) 

4. Infiltration of water in the back scarp to promote sliding 

5. Excavation of the collapse material (3rd excavation), which hindered the 

development of the landslide 

6. Complete removal of the collapsed free face material (4th excavation) 

It was observed that the stresses in the pipeline changed with respect to the landslide 

displacement which can be described with an exponential function. Both sides of the 

landslide border and the central part of the landslide were the areas on the pipeline where 

the most critical stresses were concentrated. 

 

  

(a)                                                                 (b) 
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(c) 

Fig. 2.7: Large-scale field test of buried pipeline subjected to landslide induced actions 
(a) plan view of the landslide and pipeline model (b) Geological cross section of the 
landslide model (c) photo of the landslide and pipeline model after the experiment 

 (Feng et al. 2012) 
 

2.7 Design codes provisions for general and strain-based design analysis 

approach for buried pipelines 

 Several codes provisions that apply to strain-based design analysis of pipelines 

can be placed in three general categories:  

 Codes that provide a comprehensive overall pipeline standard that includes 

requirements both for stress and strain-based designs e.g. “DNV-OS-F101, 

Submarine pipeline Systems (2000)”, and “CSA Z662-07, Oil and Gas pipeline 

Systems, Canadian Standards Associations (2007)” 

 Codes that specifically allow strain-based design but do not provide extensive 

provisions related to strain-based design e.g. “ASME B31.8, Gas Transmission 

and Distribution Piping Systems, American Society of Mechanical Engineers 

(1995)”, and “API 1104, Welding of pipelines and Related Facilities, American 

Petroleum Institute”. 


