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ABSTRACT: This paper sets out capabilities of a new cloud-based platform of freeware webapps supporting a range of
digital tools for offshore foundation and anchor system design. The platform architecture enables a range of tools to be
hosted including data-rich and machine learning tools, and import and export of large data sets permitting parametric
analyses. The platform enables live, interactive visualization of design outcomes with data export functionality for retention
and further analysis. The calculation tools are based on published research outcomes and include (i) characterization tools
for predicting derived soil properties for design input; (ii) bearing capacity formulations for a range of foundation geometry,
soil types and loading conditions; (iii) multidirectional failure envelopes that feature single-objective optimization, with and
without consideration of consolidation strength gains; (iv) whole-life response at element level and for boundary value
problems; (v) prediction of anchor loads from a variety of mooring systems; and (v) a GIS-based marine spatial planning
tool. All the tools are intended for use at concept design stage to inform on architecture or configuration selection and initial
sizing of components. An underpinning philosophy of the tools is to provide quick outputs for idealized conditions to support
initial design decisions. The new platform has overarching value in streamlining research outputs into design practice, to
promote the uptake of new design methods and increase the accessibility of frontier techniques of offshore geotechnical
design.
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1  BACKGROUND The motivation for the WA4E freeware webapps
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. methods accessible to practising engineers and the
www.webappsforengineers.com are  web-based

. : - research community. It is the intention that the ability
implementations of design methods and formulae to . . .

. . to trial new methods and technologies will enable
support concept design decisions for offshore

. . engineers and the sector to gain confidence in
foundations and anchoring systems. The tools . .
. - . . adopting them, promote transparency, inform the
support (i) novel analysis methods, including

timizati hes to flip the traditional design tools to suit industry needs, and to test and
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calculation format and directly determine the

) . webapps are also available that support this
required design to meet the necessary factor of safety overarching philosophy of accessibility and
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2. . . . t .g. ABC (Martin 2003) and Geocal
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; . ; (Doherty 2017, Doherty et al, 2018), both of which
configuration, e.g. tolerably mobile foundations and . . .
- . . : . are linked to in the Web Apps for Engineers (WAA4E)
moorings with load reduction devices; (iii) derivation

) . . . . www.webappsforengineers.com platform.
of input parameters for design, including data-rich A new cloud-based version of WA4E has been
machine learning supported tools to derive

. . ¢ p 1 classificati launched (Figure 1), and is introduced in this paper.
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example evolution of geotechnical properties and
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foundation response through the design life via a selected new apps
whole-life geotechnical design framework.
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2 CLOUD-BASED WAA4E
ARCHITECTURE & FUNCTIONALITY

The original Web Apps for Engineers (WAA4E)
freeware platform, launched in 2017 (Gourvenec et
al. 2017), comprised JavaScript implementations of
published code and formulae, which ran browser-side
via a graphical user interface (GUI). The platform has
since attracted > 12,000 independent users across the
globe from industry and academia. Additional design
tools have been added to the platform periodically
due to further research outcomes or requests from
users, but the platform architecture and functionality
had remained unchanged.

A new cloud-based version of WA4E has been
launched enabling a wider range of calculation tools
to be hosted — particularly data rich and machine
learning tools. The new cloud-based webapps are
formulated with a Python web applications Django
server using the Django REST framework to create
an application programming interface (API), which
the existing JavaScript front-end can interact with. In
addition to the enhanced capability for data rich tools
provided by the server-side architecture, the Django
back-end allows for Python code to be run from
WAA4E. Researchers are much more likely to write
code in Python than JavaScript since Python has
stronger scientific capabilities and is more
straightforward to work with. Therefore, Python code
written by researchers can be run from WA4E
without needing to be translated to JavaScript. Not
translating research code to JavaScript saves time
but, more importantly, also reduces the likelihood of
human error and therefore increases the robustness of
the web apps.

fr

Hello susan_user, welcome to WebAppsForEngineers!

New calculation tools have been added that
support emerging design approaches or basis of
design. These include apps for whole-life
geotechnical design (Gourvenec 2020, Gourvenec
2022, Laham et al. 2024); tolerable mobility (Cocjin
et al. 2017); derivation of engineering parameters
from machine learning methods (Charles et al. 2023,
Charles & Gourvenec 2024); novel mooring system
configurations (Festa et al. 2023, 2024, 2025); and a
GIS-based marine spatial planning tool for offshore
developments (Putuhena et al. 2023a & b). The
Python functionality enabled by Django server
architecture has been used by all of the new apps.
Implementations of the pre-existing design tools have
been updated, removing deprecated code and
streamlining the background maths across the apps.
The GUI has been moderised and restyled with
modular WebComponents built on the Lit
framework. All tools enable export of results for data
retention and further post-processing via Plotly. The
cloud-based platform also includes a new batch run
capability, such that the user can import a text file of
multiple design scenarios and export tabulated output

rather than executing calculations individually
through the GUI.
A user login system wuses the Token

Authentication submodule of the Django REST
framework, such that an authentication token is
created upon login and destroyed upon logout. Nginx
is used as a reverse proxy which allows for a single
entry point and improves security to the servers.
Privacy for users is assured as no data input or output
regarding calculations are visible or retained on the
platform to admin. Basic analytics track which apps
are used but not linked to users.

Freeware web-based calculation tools for geotechnical engineers

|. —
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Figure 1. Landing page for cloud-based WA4E www.webappsforengineers.com
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3 SELECTED WAA4E DESIGN TOOLS

A selection of new design tools available on
the cloud-based WAA4E platform are highlighted
here that showcase a range of capabilities,
including (1) GeoEvolve, enabling prediction of
cycle-by-cycle evolution of soil properties under
episodic cyclic loading; (2) mooring line tools
enabling prediction of anchor loads for whole-
life design, including an artificial neural network
(ANN)-based surrogate model for predicting
whole-life time histories; and (3) G-y sand, an
ANN predictive tool outputting stiffness
degradation  with  strain  from  simple
classification data, trained on extant laboratory
element test data. Apps ported from the original
browser-side platform are showcased in previous
publications, and the reader is directed to those

3.1 GeoEvolve

The GeoEvolve app captures changing strength
and stiffness of normally consolidated soils under
whole-life loading conditions involving episodes of
cyclic shearing and consolidation (Figure 2). Users
can set the cyclic shear amplitude (t/s,), number of
shearing cycles (nep) and number of episodes (Nep)
applied to an element of soil and see how the
undrained strength (s,), stiffness (k and G) and void
ratio (e) evolve with each episode. The app also
displays the resulting effective stress path in e vs Ing'y
space as the element of soil ‘zig-zags’ towards
stronger states. The theoretical episodic cyclic
loading framework underpinning the app is based on
critical state principles and S-N curves (Laham et al.
2024a), derived from a suite of laboratory element
direct simple shear tests (Laham et al. 2024b).

The app outputs a range of data that is presented
graphically, and can be exported as a csv file.

for illustration of their capability (e.g. R
p y g Selected examples are shown in Figure 3.
Gourvenec 2020, 2023).
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Figure 2. GeoEvolve calculation tool
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Figure 3. Examples of GeoEvolve output (a)stress-volume relationship, (b) change in void ratio & (c) evolution of strength
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3.2 Mooring line; Quasi-static & dynamic

The quasi-static mooring line app solves
equations for taut, semi-taut and catenary moorings
with and without a load reduction device (LRD) — an
extensible section that enables reduction of peak loads
being transmitted to the mooring line and anchor.
Users select water depth, mooring line parameters,
pre-tension, LRD type and parameters, and the app
outputs a visualisation of the initial static mooring
configuration, stiffness response to quasi-static
platform offset, and vertical and horizontal
components of mooring line force that can be
converted to mudline or anchor loads for geotchnical
analysis (Figure 4).The app is based on an extension

of an analytical model of non-linear load reduction
devices for catenary moorings (Festa, et al. 2022).

The dynamic mooring line app provides time
history results of fairlead and anchor loads for any
environmental loading parameters and mooring
configuration (taut, semi-taut, catenary), from a
surrogate model using neural networks trained on
fully-coupled dynamic analyses of the IEA 15 MW
Volturn-US FOWT (Festa, et al. 2024, 2025) (Figure
5). These neural networks provide load time histories
50,000 times faster than with traditional dynamic
analysis software (Festa, et al. 2025). The time
histories can provide input to whole-life geotechnical
design calculations, such as to minimize anchor size
(e.g. Kwa et al. 2023).

WebAppsForEngineers

Mooring Line: Quasi-static Analysis

About this app:

Mooring Line Quasi-static Analysis

Input

Background
This app solves quasi-static 2D configurations for taut, semi taut and catenary moorings
with and without load reduction devices (LRDs). The aim of the app is to provide a

Catenary © Catenary/Semi-taut

Base Mooring Configuration

Taut

Base Mooring Parameters

simple tool to help floating offshore wind designers navigate the mooring design space

at concept level. In particular, we want to showcase the freedom in mooring stiffness 2 150
which is enabled by LRDs: the possibilities are limitless! Users can select any line X 750
parameters, pre-tension, LRD type (the Tfi SeaSpring or the Dublin Offshore LRD), and
LRD parameters, and visualise the initial static mooring configuration, as well as the To 1000
stiffness response to quasi-static platform offset. The app is based on the analytical
model presented in a conference paper: Festa, 0., Sobey, A, Gourvenec, S. (2022) EA1 300
Analytical model of non-linear load reduction devices for catenary moorings. Festa, O.,
o Ao P . . _ w1 200
Sobey. A, Gourvenec, S. (2022) Analytical model of non-linear load reduction devices for
catenary moorings. A2 50
Walkthrough w2 5
Step 1: Initial static analysis

I2 50

« Select a base mooring configuration from the four available options, and input the

requested mooring parameters. Each configuration is governed by a different set of
parameters, as shown in Figure 1.

« Select an LRD type (or none), and input the requested LRD parameters. Each LRD is
governed by a different set of parameters, as shown in Figure 2.

« Click 'RUN INITIAL STATIC ANALYSIS' to calculate the static 2D line configuration,

Load Reduction Device

None

Ti SeaSpring @ Dublin Offshore LRD
Load Reduction Device Parameters

fairlead tension components, and LRD extension (if an LRD was selected). L 175
) 375
‘Step 2: Quasi-static offset analysis
« Input the maximum offset to be considered and the required resolution (ie. number H 1
of solves per metre). Higher resolutions will be more robust, but slower to run.
« Select the required plots. If only the tension-offset plot is required, the analysis will v 5
be quicker to run . .

« Click 'RUN QUASI-STATIC OFFSET ANALYSIS' to perform the quasi-static analysis,

which essentially involves running a static analysis for each horizontal fairlead
position between the original position and the maximum offset. For catenary or

T
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Figure 4. Example of mooring system initialisation tool incorporating a load reduction device
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Please wait while the network is trained and predictions made. This could take up to 2 minutes.

T
Figure 5. Input panel and time-history output of mooring
line load from ANN surrogate dynamic mooring line app

33 G-ysand

A shear stiffness degradation curve for sands can be
created based on an arbitrary number and combination
of input parameters using an artificial neural network
(Figure 6). The user can select and input any number
and combination of the following parameters: mean
effective stress (p), mean effective stress (p), over
consolidation ratio (OCR), void ratio (e), relative
density (Dr), average grain size (Dso), uniformity
coefficient (Cu) and initial elastic shear modulus (Go).
The relevant dataset is then loaded and filtered and a
neural network is trained, generating an output curve
of shear stiffness vs strain. The geotechnical basis and
performance of the ANN tool is described in Charles
et al. (2023) and the architecture in Charles &
Gourvenec (2024).
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G-y sand: Shear Stiffness Degradation with Strain

WebAppsForEngineers

About this app:

GgSANDnRet: A neural network tool for prediction of shear stiffness (G) shear
strain (g) relationship for sands

Input
Select Properties for Input

@ Stress (P)

This app uses a neural network to generate a shear
(representing how soil reduces in stiffness as  fi
combination of input parameters. User select an

stiffness degradation curve for sands
ion of strain) based on an arbitrary number and
ut any number and combination of the

Stress/Reference Atmospheric Stress

e Stress/Atmospheric (P/Pa)
18 Overconsolidation Ratio (OCR)
1 Void Ratio (e)

Initial Shear Stiffness (G0)
Soil Properties

Neural Network Statistics

outputs

Mean Effective Stress (P) | 0.1

Mean Effective
Stress/Atmospheric (P'/Pa)

1019

Targets

Output Curve

Overconsalidation Ratio i
(OCR)

Void Ratio (e) 076

7 Output

Relative Density (Dr%) 06923

‘ Performance

Average Grain Size (D50) | 099

‘ MSE 00054

G/GO

04 Uniformity Coefficient
(Cu)

Initial Shear Stiffness (G0) | 161.1

Please wait while the network is trained and predictions made. This could take up to 2 minutes.

100p 2 50.001 2 5001 2 501 2 51 2 510

Strain

The author shall not be liable for any direct, consequential or incidental damages arising out of the use of this program. The entire risk as to the quality, performance and application of the program lies with the user. This page was established and is maintained by Professor Susan Gourvenec, University of Southampton,

35 a teaching tool and to assist research dissemination. susa

Figure 6. Example of stiffness degradation curve predicted by the G-y sand artificial neural network tool

4 CONCLUSIONS

A new cloud-based platform of freeware webapps
supporting a range of foundation and anchor system
design has been presented. The architecture of the
platform has been outlined alongside an overview of
the calculation tools available, and the new batch run
functionality permitting parametric analysis. Selected
apps have been highlighted that showcase new
capability and functionality, including whole-life
geotechnical design and data-rich machine learning
tools. The platform is open access, free to use by
anyone to support teaching, research or engineering
practice. Webappsforengineers.com, along with other
freeware web app tools, provide a vital pathway to
streamline research outputs into design practice, to
promote the uptake of new design methods and
increase the accessibility of frontier techniques of
offshore geotechnical design.
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