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A B S T R A C T

This paper introduces new features for PeriLab, a modern Peridynamics solver developed in the Julia program­

ming language. Emphasizing easy installation, usability, and implementation of new features, the code’s structure 

is detailed, accompanied by illustrative examples highlighting some of the code’s core functionality. Key features 

of the version v2.0 are the introduction of a correspondence matrix based linear static solver, the implementation 

of the Guyan reduction, a contact formulation and a massive code restructuring reducing the compilation time. 

Using the Revise.jl package is made possible by this reorganization. This makes adding new code much easier 

and faster.

Metadata

Code metadata

Nr. Code metadata description Please fill in this column

C1 Current code version v2.0

C2 Permanent link to code/repository used for this code version https://github.com/PeriHub/PeriLab.jl

C3 Permanent link to Reproducible Capsule

C4 Legal Code License BSD 3-Clause License

C5 Code versioning system used git

C6 Software code languages, tools, and services used Julia

C7 Compilation requirements, operating environments & dependencies AbaqusReader 0.2.6, ArgParse 1, CDDLib 0.10.1, CSV 0.10, Combinatorics 1, DataFrames 

1, DataStructures 0.18, Dates 1, Dierckx 0.5, Exodus 0.13, FastGaussQuadrature 1, 

JSON3 1, LazyGrids 1, LibGit2 1, LoggingExtras 1, LoopVectorization 0.12, MPI 0.20, 

MPIPreferences 0.1, Meshes 0.51, NLsolve 4.5, NearestNeighbors 0.4, OrderedCollections 

1, PointNeighbors 0.4, Polyhedra 0.8.1, PrettyTables 2, ProgressBars 1, Rotations 1, 

SparseArrays 1, StaticArrays 1, StyledStrings 1, TimerOutputs 0.5, Unitful 1.22, YAML 

0.4, julia 1.10

C8 If available Link to developer documentation/manual https://perihub.github.io/PeriLab.jl/stable

C9 Support email for questions christian.willberg@h2.de; christian.willberg@dlr.de; jan-timo.hesse@dlr.de

1 . Description of the software-update

PeriLab (Peridynamic Laboratory) is a comprehensive Julia-based 

software platform designed for tackling diverse computational problems 

in Peridynamics (PD). The package provides modular support for var­

ious peridynamic formulations, material models, damage simulations, 

contact algorithms, and FEM/PD coupling for researchers at all expertise 

levels. This update addresses critical needs in computational mechan­

ics by improving efficiency through matrix-based formulations, adding 

multi-body contact capabilities for practical engineering applications, 

and optimizing Julia compilation times to enhance development work­

flows.
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\begin {align}\label {ieq1} & \mathbf {F}(\mathbf {x}) = \left [\int _{\mathcal {H}_\mathbf {x}} \omega (|\boldsymbol {\xi }|) \underline {\mathbf {Y} }\otimes \boldsymbol {\xi } \, dV_{\mathbf {x}'}\right ] \mathbf {K}^{-1}\end {align}
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\begin {align}\label {ieq2} & \mathbf {K}(\mathbf {x}) = \int _{\mathcal {H}_\mathbf {x}} \omega (|\boldsymbol {\xi }|) \boldsymbol {\xi } \otimes \boldsymbol {\xi } \, dV_{\mathbf {x}'}.\end {align}
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\begin {align}\label {ieq3} & \mathbf {K}_{\text {global}} = \sum _{\text {bonds}} \mathbf {K}_{\text {bond}}\end {align}
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\begin {equation}\label {ieq4} \begin {bmatrix} \mathbf {K}_{mm} & \mathbf {K}_{ms} \\ \mathbf {K}_{sm} & \mathbf {K}_{ss} \end {bmatrix} \begin {bmatrix} \mathbf {u}_m \\ \mathbf {u}_s \end {bmatrix} = \begin {bmatrix} \mathbf {f}_m \\ \mathbf {f}_s \end {bmatrix}\end {equation}


$\mathbf {f}_s = \mathbf {0}$


\begin {align}\label {ieq5} & \mathbf {K}_{\text {reduced}} \mathbf {u}_m = \mathbf {f}_m\end {align}


\begin {align}\label {ieq6} & \mathbf {K}_{\text {reduced}} = \mathbf {K}_{mm} - \mathbf {K}_{ms}\mathbf {T}\end {align}


\begin {align}\label {ieq7} & \mathbf {T}=\mathbf {K}_{ss}^{-1}\mathbf {K}_{sm}\end {align}


\begin {align}\label {ieq8} & \mathbf {M}_{\text {reduced}} = \mathbf {M}_{mm} + \mathbf {T}^T\mathbf {M}_{ss}\mathbf {T}\end {align}


\begin {align}\label {ieq9} & \mathbf {M}_{\text {reduced}}\ddot {\mathbf {u}}_m + \mathbf {K}_{\text {reduced}}\mathbf {u}_m = \mathbf {f}_m\end {align}


$\times $


$c_{contact}$


$r_{contact}$


$\delta $


\begin {align}\label {ieq10} & c_{penalty} = \begin {cases} \frac {9}{\pi \delta ^3} & \text {plane stress} \\ \frac {48}{5\pi \delta ^3} & \text {plane strain} \\ \frac {12}{\pi \delta ^4} & \text {three -- dimension} \end {cases}\end {align}


$d$


$\mathbf {y}$


\begin {align}\label {ieq11} & d = |\mathbf {y}_{master}-\mathbf {y}_{cond}|\end {align}


\begin {align}\label {ieq12} & \mathbf {n} = \frac {\mathbf {y}_{master}-\mathbf {Y}_{cond}}{d}\end {align}


$r_{contact}$


\begin {align}\label {ieq13} & \mathbf {f}_{master} = c_{contact}c_{penalty}(r_{contact}-d)\mathbf {n}V_{cond}\\ \label {ieq14} & \mathbf {f}_{cond} = -c_{contact}c_{penalty}(r_{contact}-d)\mathbf {n}V_{master}\end {align}


\begin {align}\label {ieq13} & \mathbf {f}_{master} = c_{contact}c_{penalty}(r_{contact}-d)\mathbf {n}V_{cond}\\ \label {ieq14} & \mathbf {f}_{cond} = -c_{contact}c_{penalty}(r_{contact}-d)\mathbf {n}V_{master}\end {align}
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Glossary

BB  Bond-based

FEM  Finite Element Method

NOSB  Non-ordinary state-based

PD  Peridynamics

Since v1.3.6, the focus has been to improve efficiency and include 

contact algorithms. In order to reduce computational effort, it is 

desirable to structure the problem in terms of global stiffness matrices, 

similar to the Finite Element Method (FEM). For the simple Bond-based 

(BB) [2] and the Non-ordinary state-based (NOSB) [3,4] approaches, 

such formulations have already been introduced. However, most imple­

mentations still use standard summation rules and do not use a matrix 

approach. The advantage of the matrix approach is that for a known stiff­

ness matrix, model reduction methods can be used. In version v2.0 the 

Guyan static condensation is introduced, optimizing the solving process.

In PeriLab the implementation of matrix-based correspondence 

formulations includes zero-energy stabilization and a Guyan static con­

densation technique to enable efficient model reduction.

The code restructuring effort tackles a common challenge in Julia-

based scientific computing: lengthy compilation times that hinder rapid 

development and testing. By reorganizing module dependencies and op­

timizing type structures, compilation times have been reduced from sev­

eral minutes to mere seconds, dramatically improving the development 

workflow and user experience.

The contact algorithm implementation extends PeriLab’s capabil­

ities to multi-body contact problems, a crucial requirement for many 

practical engineering applications. The MPI-based parallel search algo­

rithm ensures scalability to large problems while maintaining accuracy 

in detecting and resolving contact constraints between PD bodies.

This paper presents the recent developments. All models and the 

source code are available in the linked project repository.

1.1 . Matrix-based correspondence formulation and model reduction

1.1.1 . Correspondence material models

The correspondence formulation in Peridynamics provides a bridge 

between nonlocal peridynamic theory and classical continuum mechan­

ics by introducing approximate deformation gradients and stress mea­

sures at the material point level. The implementation in PeriLab follows 

the state-based peridynamic framework with stabilization techniques to 

mitigate zero-energy modes.

For a material point 𝐱, the nonlocal deformation gradient 𝐅 is 

computed as:

𝐅(𝐱) =
[

∫H𝐱

𝜔(|𝝃|)𝐘⊗ 𝝃 𝑑𝑉𝐱′
]

𝐊−1 (1)

where H𝐱 is the horizon, 𝜔 is the influence function, 𝐘 is the deformed 

bond vector state, 𝝃 is the reference bond vector, 𝑉  is the node volume, 

and 𝐊 is the shape tensor:

𝐊(𝐱) = ∫H𝐱

𝜔(|𝝃|)𝝃 ⊗ 𝝃 𝑑𝑉𝐱′ . (2)

The implementation assembles the system in matrix form, enabling 

efficient solution strategies and the application of standard linear al­

gebra techniques. The global stiffness matrix 𝐊global is assembled from 

bond-level contributions:

𝐊global =
∑

bonds
𝐊bond (3)

where each bond stiffness contribution accounts for the constitutive re­

sponse derived from the stress-strain relationship in the correspondence 

framework.

Fig. 1. Visualization of different node types in a dogbone model – PD nodes 

(blue), master nodes (light blue) and condensed nodes (red). (For interpretation 

of the references to colour in this Figure legend, the reader is referred to the web 

version of this article.)

1.1.2 . Guyan static condensation for model reduction

For problems involving localized damage or failure, maintaining full 

PD resolution across the entire domain is computationally expensive. 

Guyan reduction [5] provides an effective strategy for reducing the 

system size while preserving accuracy in regions of interest.

The displacement field is partitioned into master degrees of freedom 

𝐮𝑚 and condensed degrees of freedom 𝐮𝑠: 

[

𝐊𝑚𝑚 𝐊𝑚𝑠
𝐊𝑠𝑚 𝐊𝑠𝑠

] [

𝐮𝑚
𝐮𝑠

]

=
[

𝐟𝑚
𝐟𝑠

]

(4)

Assuming quasi-static conditions in the condensed region (𝐟𝑠 = 𝟎), 

the condensed system becomes:

𝐊reduced𝐮𝑚 = 𝐟𝑚 (5)

where the reduced stiffness matrix is:

𝐊reduced = 𝐊𝑚𝑚 −𝐊𝑚𝑠𝐓 (6)

with

𝐓 = 𝐊−1
𝑠𝑠 𝐊𝑠𝑚 (7)

It is also necessary to reduce the mass matrix for dynamic problems. Due 

to the fact that the mass matrix is diagonal in the used PD formulation, 

the partition simplifies to:

𝐌reduced = 𝐌𝑚𝑚 + 𝐓𝑇𝐌𝑠𝑠𝐓 (8)

The reduced dynamic system then takes the form:

𝐌reduced𝐮̈𝑚 +𝐊reduced𝐮𝑚 = 𝐟𝑚 (9)

The implementation in PeriLab allows the classical point based ap­

proach used in many publications and software implementations [6]. 

Parts of the reduced matrix are substituted by this approach. Fig. 1 shows 

this approach. The master nodes are displayed in blue, while the con­

densed nodes are highlighted in red. The blue region is subdivided into 

a matrix and a non-matrix component. The light blue nodes are the re­

maining master matrix nodes. They must contain at least all neighbors 

of the material points of the PD point based matrix free approach.

Fig. 2 shows an example of a dogbone under tension. As expected, the 

fracture occurs near the left radius. Displacement wise both the full and 

reduced models are in good agreement. Due to the choice of reduction, 

the number of degrees of freedom is halved, approximately doubling the 

computation speed.

However, the fracture of the reduced model is initiated at a later 

stage in the simulation. The point of origin and the pattern are similar. 

However, the chosen critical stretch value is very small, and the con­

densation region is next to the zone where fracture could occur. A small 

critical stretch for the damage model leads to a fast crack initiation due 

to the dynamics of the dogbone. It starts to swing because no energy is 

dissipated. The assumption of the static condensation is that quasi-static 

behavior is dominant. Future research will be conducted to analyze how 

to improve the design of the condensation region.
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Fig. 2. Dogbone example.

1.2 . Code restructuring

The growing number of modules and features in PeriLab has led to 

a notably longer compilation time, which in turn slows down the devel­

opment iterations. To address this, the code base was restructured for 

the new major release.

The first optimization eliminated redundant imports of identical 

modules. In Julia, a hierarchical namespace can be defined so that a 

module is loaded only once and then passed to the components that 

need it. For example, the material helper module is now imported at the 

factory level and propagated to the individual material modules, rather 

than being imported in each module separately. This change not only 

cut compilation time but also enabled the use of the Revise package, 

which allows source code modifications to take effect without restarting 

the Julia session.

A similar approach was applied to the data manager. Previously the 

data-manager module, responsible for storing all field data and provid­

ing access to it, was imported and instantiated at the top level and then 

passed to sub-modules as an argument. This introduced unnecessary 

overhead. In the new design, modules that require the data manager di­

rectly share a single instance, removing the repeated initialization and 

further shortening compilation.

In addition to this, another focal point of the v2.0 release is to 

increase the overall type stability. While the Julia language does not 

require a strict type definition, it is a very important topic for high per­

formance codes. Especially the definition of function arguments needed 

refinement. While strictly typed interfaces won’t improve performance 

directly, they reduce the overall compilation effort, improve readability 

and also allow for multiple dispatches.

1.2.1 . Results

The restructuring effort achieved a dramatic reduction in compila­

tion time from approximately 180–300 s to 5–15 s for typical simulation 

setups, representing a speedup of 15–30×. In addition to this and in com­

bination with the use of Revise, many modifications in the code base 

can now be tested in the same Julia session. This improvement signifi­

cantly enhances the development experience and makes PeriLab more 

accessible for interactive and exploratory usage.

1.3 . Contact algorithm

A bond-based contact formulation can now be utilized in the 

new major release of PeriLab. The contact stiffness 𝑐𝑐𝑜𝑛𝑡𝑎𝑐𝑡 and ra­

dius 𝑟𝑐𝑜𝑛𝑡𝑎𝑐𝑡 properties are defined in the YAML input file and can be 

adopted if needed. Based on the horizon 𝛿, the penalty stiffness is

computed as

𝑐𝑝𝑒𝑛𝑎𝑙𝑡𝑦 =

⎧

⎪

⎨

⎪

⎩

9
𝜋𝛿3

plane stress
48

5𝜋𝛿3 plane strain
12
𝜋𝛿4

three – dimension
(10)

Fig. 3. Disk impact model taken from Peridigm and simulated with PeriLab
v2.0.

These parameters are comparable to the bond-based formulation. 

The equations were taken from [6,7].

The distance 𝑑 is computed using the deformed positions 𝐲 as

𝑑 = |𝐲𝑚𝑎𝑠𝑡𝑒𝑟 − 𝐲𝑐𝑜𝑛𝑑 | (11)

The normal is

𝐧 =
𝐲𝑚𝑎𝑠𝑡𝑒𝑟 − 𝐘𝑐𝑜𝑛𝑑

𝑑
(12)

Utilizing the contact radius 𝑟𝑐𝑜𝑛𝑡𝑎𝑐𝑡 the contact force densities are

𝐟𝑚𝑎𝑠𝑡𝑒𝑟 = 𝑐𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑐𝑝𝑒𝑛𝑎𝑙𝑡𝑦(𝑟𝑐𝑜𝑛𝑡𝑎𝑐𝑡 − 𝑑)𝐧𝑉𝑐𝑜𝑛𝑑 (13)

𝐟𝑐𝑜𝑛𝑑 = −𝑐𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑐𝑝𝑒𝑛𝑎𝑙𝑡𝑦(𝑟𝑐𝑜𝑛𝑡𝑎𝑐𝑡 − 𝑑)𝐧𝑉𝑚𝑎𝑠𝑡𝑒𝑟 (14)

Fig. 3 shows an example taken from Peridigm. The model shown 

here is a metallic ball hitting a brittle circular plate.1 The contact model 

implemented in PeriLab is able to reproduce the Peridigm results.
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