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Case Study #4: Advancing the Understanding of Pipe Crushing through Nonlinear 
Finite Elements and Damage Mechanics  

Summary

To understand and evaluate the indentation of dies and 
pipe crushing on casing for tubular service running 
operations (TRS), MindMesh developed a methodology to 
model the indentation process. The methods 
development was to aid one of the top tubular running 
services provider with better performance of their tools. A 
series of teeth-like grips called dies hold the casing in 
place, (Fig. 1), however these dies can leave permanent 
local deformations which over time may cause the pipes 
to fail prematurely.  

Challenges: 

 Capturing small 
indentation and 
pipe crushing 
caused by handling 

Results: 

 Developed FEA 
methods for small 
scale indentations 
and damage

 Validated methods 
through small scale 
tests

 Developed process 
for large scale 
application studies 

 Fig. 1: Teeth-like grips that hold casing in place 

About the Client 

This client is one of the top tubular running service providers globally and is the industry’s fourth largest 
provider of oil and gas services. One of the main focuses of this industry leader is to provide its clients 
with some of the industry’s best rates on services with minimal risk. They are able to accomplish this task 
through their consistency of products and personnel and their performance which revolves around 
reliability and safety. This company is always expanding and exploring new and innovative ways to stay 
at the forefront of their expertise. 



 Fig. 2: 2D remeshing methodology 

Challenge

For tubular running services, the dies that are used to hold and grip the casing have a lot of teeth or die 
impressions. These are very small features with small dimensions compared to the overall dimensions of 
the tool. Several thousand teeth are needed to grip the casing, especially when dealing with offshore or 
deep wells where the total load could be several million pounds. From a finite element perspective, we 
needed to be able to capture the local physics but also model the global behavior. To model this behavior 
the challenge was that the dimensions were very small so we had to look at the FEA modeling using a 
very small scale. The dies have sharp features and these features need to be captured accurately n our 
finite element modeling. We developed a local refined model that included local remeshing of the casing 
geometry to capture the overall deformation physics.  

How Did We Help? 

Our role was to understand the performance of dies used for holding the pipe in the well hole and to 
prevent slipping and permanent deformation of the pipe. To better model the overall behavior of the 
pipe handling, we proposed a local study where we modeled a small scale testing methodology. We then 
developed that methodology that captured the local physics and the global behavior including pipe 
indentation and pipe crushing. We validated this behavior with controlled lab tests and then extended 
that methodology to full scale tool design studies.  
To enable small scale deformation and for it to be captured accurately, we had to use a methodology 
called remeshing. Not all commercial software have this remeshing capability, especially in 3D. Many 
software do have the capabilities available in 2D, (Fig. 2), but as soon as you extend it to 3D these 
remeshing techniques fail. Given the scale of the remeshing we needed to conduct, it also needed to be 
remeshed locally. Our process was to develop a routine where we could manually or semi manually stop 
and continue deformation at several stages, remesh the local deformed area with good quality finite 
elements, map the stresses, and continue our analyses (Fig. 3). This ensured that we got stable results and 
our overall physics represented reality. This also ensured that the accurate of our submission would be 
good and we could compare our results favorably with lab data. 
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Results 

By performing this FEA Analysis for tubular running services to prevent premature failure, this is 
what was achieved:  

 We developed methodology
 We validated this methodology through small scale 

tests
 We ensured our results were in line with the data 

Value to Client  

 We suggested further design changes that were later implemented
 We provided more reliability for dies
 We helped client develop their tool
 We captured our methodology and that knowledge was communicated to 

the client 

Fig. 3: 3D remeshing methodology
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