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Solid mechanics is an interdisciplinary subject mainly deals with deformation of 

materials and structures under external loading conditions. In many applications, safety is an 

important concern. For instance, a small crack can cause catastrophic damage to an airplane 

which can result in loss of many lives (see Fig. 1a). Moreover, such incidents can cause 

significant damage to the environment which might take years for complete recovery process 

such as the effect of oil spill due to a damaged tanker (see Fig. 1b), corroded pipeline, etc. In 

order to prevent from such undesired incidents, several approaches are commonly followed 

within the solid mechanics framework. One common approach is to perform experiments to 

test the durability of materials and structures. Although such an approach can provide us 

realistic data, such experiments are not always possible and they are mostly expensive. Today, 

engineers and researchers commonly use theoretical or computational approaches as an 

alternative to analyse the problems that they are working on. Theoretical approaches mostly 

depend on various assumptions to simplify the calculations. Moreover, they are restricted to 

specific geometries and loading conditions. Hence, it is essential to use a technique which does 

not have such limitations and is also economically feasible. Computational techniques are very 

good candidates for this purpose and they are commonly used both in industry and academia.  
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Fig. 1. (a) Damaged airplane fuselage and (b) oil spill from a tanker 

 

There are currently various computational approaches available and some of these 

techniques are implemented as part of commercial softwares. Amongst these, finite element 

method (FEM) is the most common and popular approach. In FEM, the material or structure 

to be analysed is divided into “finite” number of small regions called “elements” (see Fig. 2). 

All elements are connected to each other through “nodes”. FEM basically tries to solve a 

governing equation which is a different representation of well-known Newton’s second law 

and it is a partial differential equation from mathematical point of view. Although FEM is a 

very successful technique to analyse many problems that engineering community is dealing 

with, it encounters a difficulty when predicting failure or crack initiation and propagation in 

materials and structures due to its mathematical structure. For such special cases, a newly 

introduced approach called “peridynamics” can be utilized and it is the main focus of this paper. 

 



 
 

Fig. 2. Finite element analysis of a cooling fan (Comsol) [1] 

 

Peridynamics 

 

Peridynamics was introduced by Dr. Stewart Silling from Sandia National Laboratories 

in USA. The first scientific paper was published in 2000 [2]. The word “peridynamics” is 

composed of two Greek words “peri” and “dynamics” which mean “horizon” and “force”, 

respectively.  Peridynamics is a new continuum mechanics formulation which uses integro-

differential equations for governing equations as opposed to partial differential equations 

which are used in classical continuum mechanics and FEM approach as mentioned earlier. The 

main advantage of peridynamics is that it doesn’t use spatial derivatives in its formulation 

which causes problems when predicting failure. Moreover, it is a non-local formulation due to 

its length scale parameter called “horizon”. Hence, “non-local” effects, which can be seen at 

very small scales, can be captured [3]. “Horizon” defines the range of interactions between 

material points. “Material point” is the basic object of a continuum formulation which 

represents an infinitesimal volume.  

 

There are currently mainly three different peridynamic formulations which can be 

found in the literature. These are “bond based peridynamics”, “ordinary state based 

peridynamics” and “non-ordinary state based peridynamics” [4-7]. The main difference 

between these three types is the forces that material points are acting on each other. “Non-

ordinary state based peridynamics” is the most general form in which the peridynamic forces 

between material points can be in any direction and magnitude (see Fig. 3a). “Ordinary state 

based peridynamics” is based on the assumption that the peridynamic forces between two 

material points are along the “bond” direction between material points, but can have a different 

magnitude (see Fig. 3b). “Bond based peridynamics” is the original peridynamic formulation 

that Silling introduced in 2000 [2] and based on the assumption that peridynamic forces 

between two material points are equal and opposite to each other (see Fig. 3c). Moreover, 

peridynamic forces only depend on the deformation behaviour of material points which are 

associated with them as opposed to the other two “state based” formulations in which 

peridynamic forces also depend on the deformation behaviour of other material points within 

their horizons. 
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Fig. 3. Various peridynamic formulations; (a) non-ordinary state based peridynamics, b) 

ordinary state based peridynamics and  (c) bond based peridynamics [5] 

 

For the last 15 years, there has been significant research efforts on peridynamics. 

Currently, there are peridynamic formulations not only for elastic material behaviour, but also 

for plastic [8], viscoelastic [9] and viscoplastic [10] material behaviours. Moreover, it is not 

only limited for the analysis of isotropic materials that we commonly use such as steel, 

aluminium, etc. Various peridynamic formulations are proposed in the literature to analyse 

composite materials [11-17] which are also becoming a popular material in many industries 

due to their superior properties and low densities with respect to some other traditional 

materials. It is difficult to solve peridynamic equations analytically. Therefore, generally a 

“meshless” discretization scheme is utilized for numerical solutions (see Fig. 4).  

 

 
 

Fig. 4. A meshless discretization for a peridynamic model of a cylindrical bar under tension 

loading [18] 



 

In order to analyse some sophisticated problems of today such as cracking behaviour 

of electronic packages, lightening strike damage, hydraulic fracturing, etc., it may not be 

sufficient to perform a single field analysis. Hence, it is essential to take into account the effect 

of multiple physical fields on each other. We name this type of analysis as “multiphysics 

analysis”. Today, peridynamic formulations for many other physical fields are also available 

such as for heat transfer analysis, moisture diffusion analysis, porous flow analysis, etc. [19-

26]. Hence, it is possible to perform “multiphysics analysis” in a single peridynamic framework 

which eliminates possible difficulties in linking different solution tools.  

 

Conclusions 

 

Peridynamics is a new non-local continuum mechanics formulation which is especially 

useful for failure prediction in materials and structures. It is not only applicable to be used at 

large scales, but also can be used at small scale analysis due to its “non-local” characteristic. 

Moreover, it is also suitable for “multiphysics analysis” since there are existing peridynamic 

formulations for many physical fields.  

 

References 

 

[1] https://www.comsol.com/multiphysics/fea-software 

 

[2] Silling, S. A., “Reformulation of Elasticity Theory for Discontinuities and Long-range 

Forces,” Journal of the Mechanics and Physics of Solids, Vol. 48, 2000, pp. 175-209. 

 

[3] Oterkus, E., Diyaroglu, C., Zhu, N., Oterkus, S., & Madenci, E. (2015). Utilization of 

Peridynamic Theory for Modeling at the Nano-Scale. In Nanopackaging: From Nanomaterials 

to the Atomic Scale (pp. 1-16). Springer International Publishing. 

 

[4] Silling, S.A,, Epton, M., Weckner, O. , Xu, J.  and Askari, A, “Peridynamics States and 

Constitutive Modeling,” Journal of Elasticity, Vol. 88, No. 2, 2007, pp. 151-184. 

 

[5] Madenci, E., & Oterkus, E. (2014). Peridynamic theory and its applications (Vol. 17). New 

York: Springer. 

 

[6] Oterkus, E., Barut, A., & Madenci, E. (2012). Peridynamics based on principle of virtual 

work. In 53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials 

Conference 20th AIAA/ASME/AHS Adaptive Structures Conference 14th AIAA (p. 1540). 

 

[7] Oterkus, E., & Madenci, E. (2012). Ordinary state-based peridynamic material constants. 

In 53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials 

Conference 20th AIAA/ASME/AHS Adaptive Structures Conference 14th AIAA (p. 1946). 

 

[8] Madenci, E. and Oterkus, S., “Ordinary State-based Peridynamics for Plastic Deformation 

According to von Mises Yield Criteria with Isotropic Hardening,” Journal of the Mechanics 

and Physics of Solids, Vol. 86, 2016, pp. 192-219. 

 

[9] Mitchell, J. A., “A Non-local, Ordinary-State-Based Viscoelasticity Model for 

Peridynamics,” Sandia National Laboratories Report, 2011, SAND2011-8064. 

 



[10] Amani, J., Oterkus, E., Areias, P., Zi, G., Nguyen-Thoi, T., & Rabczuk, T. (2016). A non-

ordinary state-based peridynamics formulation for thermoplastic fracture. International 

Journal of Impact Engineering, 87, 83-94. 

 

[11] Oterkus, E., & Madenci, E. (2012). Peridynamic analysis of fiber-reinforced composite 

materials. Journal of Mechanics of Materials and Structures, 7(1), 45-84. 

 

[12] Kilic, B., Agwai, A. and Madenci, E., “Peridynamic Theory for Progressive Damage 

Prediction in Centre-Cracked Composite Laminates” Composite Structures, Vol. 90, 2009, pp. 

141-151. 

 

[13] Oterkus, E., Madenci, E., Weckner, O., Silling, S., Bogert, P., & Tessler, A. (2012). 

Combined finite element and peridynamic analyses for predicting failure in a stiffened 

composite curved panel with a central slot. Composite Structures, 94(3), 839-850. 

 

[14] Oterkus, E., & Madenci, E. (2012). Peridynamic theory for damage initiation and growth 

in composite laminate. In Key Engineering Materials (Vol. 488, pp. 355-358). Trans Tech 

Publications. 

 

[15] Diyaroglu, C., Oterkus, E., Madenci, E., Rabczuk, T., & Siddiq, A. (2016). Peridynamic 

modeling of composite laminates under explosive loading. Composite Structures, 144, 14-23. 

 

[16] Oterkus, E., Barut, A., & Madenci, E. (2010, April). Damage growth prediction from 

loaded composite fastener holes by using peridynamic theory. In Proceedings of the 51st 

AIAA/ASME/ASCE/AHS/ASC structures, structural dynamics, and materials conference. 

 

[17] Oterkus, E., & Madenci, E. (2012). Peridynamics for failure prediction in composites. In 

53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference 

20th AIAA/ASME/AHS Adaptive Structures Conference 14th AIAA (p. 1692). 

 

[18] https://en.wikipedia.org/wiki/Peridynamics 

 

[19] De Meo, D., Diyaroglu, C., Zhu, N., Oterkus, E., & Siddiq, M. A. (2016). Modelling of 

stress-corrosion cracking by using peridynamics. International Journal of Hydrogen Energy, 

41(15), 6593-6609. 

 

[20] Oterkus, S., Fox, J., & Madenci, E. (2013, May). Simulation of electro-migration through 

peridynamics. In 2013 IEEE 63rd Electronic Components and Technology Conference (pp. 

1488-1493). IEEE. 

 

[21] Oterkus, S., & Madenci, E. (2013). Crack growth prediction in fully-coupled thermal and 

deformation fields using peridynamic theory. 54th AIAA Structures, Structural Dynamics and 

MaterialsConference, Boston, Massachusetts. 

 

[22] Oterkus, S., Madenci, E. and Agwai, A (2014). “Peridynamic Thermal Diffusion” Journal 

of Computational Physics, Vol. 265, pp. 71-96. 

 

[23] Oterkus, S., Madenci, E., & Agwai, A. (2014). Fully coupled peridynamic 

thermomechanics. Journal of the Mechanics and Physics of Solids, 64, 1-23. 

 



[24] Oterkus, S., & Madenci, E. (2014). Fully coupled thermomechanical analysis of fiber 

reinforced composites using peridynamics. In 55th AIAA/ASMe/ASCE/AHS/SC Structures, 

Structural Dynamics, and Materials Conference-SciTech Forum and Exposition 2014. 

 

[25] Oterkus, S., Madenci, E., Oterkus, E., Hwang, Y., Bae, J. and Han, S., (2014) “Hygro-

thermo-mechanical Analysis and Failure Prediction in Electronic Packages by Using 

Peridynamics” 64
th

 Electronic Components and Technology Conference (ECTC). 

 

[26] Oterkus, S. (2015). Peridynamics for the solution of multiphysics problems. 

 

 

 

 

 

 

 

 


