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benEFIT- Numerical simulation of 
non-destructive testing in concrete

Fabian Dethof, Engineering Materials and Building Preservation (HSU/UniBw H)
Johann Duffek, High Performance Computing (HSU/UniBw H)

Abstract
In order to assess the current state of concrete structures like buildings or bridges without 
causing any damage, different non-destructive testing (NDT) methods can be applied. 
Some of those methods are based on elastic wave propagation like the ultrasonic testing 
(UT) or the impact echo (IE) method. 

For the simulations we use a finite difference staggered-grid code called EFIT 
(elastodynamic finite integration technique) which deals more robustly with strongly 
heterogeneous materials like concrete. However, the utilized grid sizes can get very 
large and use a lot of RAM. Furthermore, in IE simulations the waves have to travel back 
and forth multiple times in order to give a stable and precise frequency spectrum which 
requires many iterations.

The aim of this project is to reduce the RAM usage and the run-time. This will enable us to 
conduct simulations with a finer grid and higher iteration count.

Project Results
We generalized the usage of the program by 
introducing Makefiles with incorporated profiling 
targets. We additionally implemented the use of XML 
configuration files, and the possibility to input/output 
from/to netCDF files. This facilitated the addition of 
restart capabilities,  reduced the size of the generated 
files, and made the program more generally useable.

Restructuring of the program allowed to implement 
a more general MPI splitting and the definition of MPI 
types allowed for less synchronisation calls. This 
resulted in runtime reductions of up to 8%. Additional 
simple measures like loop fusion, division reductions, 
and the reduction of duplicated information reduced 
the runtime even further.

Those comparably simple changes reduced the runtime of the provided test cases by 
more than 50%. The memory had been reduced as well.
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Figure 1: Run-time development 
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We recommended a couple of further measures with potentials of additional memory 
footprint and runtime reductions.
An short overview of the taken steps and findings have been provided with the end of the 
project to the program maintainers.

Outlook
The source code improvements have several advantages for the users: the implementa-
tion of XML-input opens the ability to easily explore multiple configurations. The XML-files 
double furthermore as documentation for each simulation setup. The improvements with 
respect to the runtime scale well for larger simulation domains. For exemplary simula-
tions the simulation time was reduced from approx. 72 h to just 15 h. It will therefore be 
possible to perform a lot more simulations in a shorter period of time. Additionally, the 
size of input and output files was reduced by approx. 70% with the introduction of netCDF 
files. Improvements with respect to RAM usage will be investigated in future studies. Until 
now, all simulation problems could be simulated with a sufficiently fine mesh size.


