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The present document presents a review on the use of the finite element software package CODE_BRIGHT to simulate reinforced soil structures (RSS). RSS are composed of longitudinal steel or polymeric materials, placed orthogonal to the main stress direction in a soil mass, acting as tension-bearing elements. A common application of RSS is in retaining structures, in the form of reinforced soil walls (RSWs). RSW are usually designed with analytical methods, which have limited capabilities when predicting a structure’s deformation response. To improve on this, the use of numerical tools allows to quantify the stress-strain response of complex, compound structures, such as RSWs. Several factors must be considered when modelling RSS, including reinforcement response, which can be non-linear under several circumstance (including time- and temperature-dependencies), soil-reinforcement interaction, soil-structure interaction, and soil response, all of which can be affected by the presence of moisture. Using laboratory measured data, the individual response of reinforcements (e.g., creep elongation), as well as the compound behaviour of soil-reinforcement material (e.g., pullout response) can be simulated to explore individual and compound response. Depending on the modelled phenomena, numerical simulations may include 2D and 3D representations. For full-scale reinforced soil walls, the stress-strain response within the soil mass, reinforcements, concrete facing panels, and connections can be studied in magnitude and distribution. Details regarding special considerations of how to model such structures with CODE_BRIGHT and other commercially available software are provided. Insights on the thermo-hydraulic repone of RSWs are covered. Advantages, limitations and future lines of research in the use of CODE_BRIGHT are explored.
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1 INTRODUCTION
CODE_BRIGHT (Olivella et al., 1996; CODE_BRIGHT, 2024) is a finite element software package intended to analyse the thermo-hydro-chemo-mechanical (THCM) response of geological media. CODE_BRIGT (from here on, referred as CB) is most often used in the analysis of expansive soils (e.g., Alonso and Olivella, 2008; Ramon et al., 2017), nuclear waste depositories (e.g., Damians et al., 2019; Toprak et al., 2024) and gas migration problems (e.g., Damians et al., 2020; Tamayo-Mas et al., 2024). Nevertheless, as with many finite element packages, CB can be used in many different structural applications.
The soil-structure interaction of compound structures has proved to be one of cornerstones in many numerical simulations. With this in mind, reinforced soil structures (RSSs), which usually combine several different structural materials, stand out as complex numerical problems. RSS are commonly used in the civil, geotechnical, and mining industry as earth retaining structures, slope reinforcement, and basal reinforcement. Said structures are composed of a compacted material (usually cohesionless, high quality granular soil) with intercalated reinforcement layers perpendicular to the main stress direction (most often than not, horizontal, see Figure 1A). Reinforcement elements can be discrete (e.g., straps) or continuous (e.g., grids or mats), and be made of steel or polymeric (also referred as geosynthetic) materials. One of the most frequent applications of reinforced soil are reinforced soil walls (RSWs). This structured are often used in highway and railway embankments, and general retaining wall solutions (see Figure 1B).
[image: Figure 1]FIGURE 1 | (A) Horizontal geostrap reinforcement layout and (B) finished view of a reinforced soil wall (courtesy of VSL International).
Numerical tools have a proven record in modelling RSWs. As retaining structures, RSW are expected to present relatively small displacements, which fits quite well into numerical techniques such as the finite element method (Augarde et al., 2021). Different software packages, using either finite difference and finite element methods, can be found in the literature, for both metallic and polymeric reinforcements (e.g., Bathurst and Hatami, 2001; Hatami and Bathurst, 2005; Huang et al., 2009; Yu et al., 2015; Cristelo et al., 2016; among others). The advantage of using numerical tools to analyse RSS relies on properly quantifying the stress-strain distributions along the reinforcement elements, as the main internal failure mechanisms are directly related to the maximum reinforcement tension (i.e., reinforcement rupture failure), the soil-reinforcement interaction (i.e., pullout failure), and the tension at the connections (i.e., connection rupture failure) (AASHTO, 2024; BS8006-1, 2016). In the latest revision of the European design standard for design of geotechnical structures (EN-1997, 2025), numerical models are now allowed as primary design tools, rather than just verification or secondary design methods. Malekmohammadi and Damians (2024) provided a thorough literature review of reinforced soil walls related topics, in which numerical analyses were found to be a consistently relevant topic in past and recent years. Complex solutions such as back-to-back walls, tiered walls, and bridge abutments stand out as more recent research topics, which goes hand-in-hand with the use of numerical tools, as many complex structures usually fall outside the scope of standard analytical methods. Thus, a literature review to describe the uses of CB in the numerical modelling of RSS seems rather natural, as to provide further tools for practitioners, designers, and researchers.
Numerical tools such as FLAC have a proven record in modelling reinforced soil structures (see Bathurst, 2014). While having an ample backlog of soils and rocks constitutive models, CB has been scarcely used to simulate structural applications such as reinforced soil structures The aim of this study is to review past examples of reinforced soil applications using the finite element tool CODE_BRIGHT, with focus on the specific materials and components (i.e., discrete facing elements, discrete and/or continuous reinforcement layer, retained and reinforced soil, and connection elements) as well as the compound response of full-scale reinforced soil structures in order to motivate its future use for structural applications. Literature examples are used to evidence the capabilities of CB in tackling the complex, compound, response of reinforced soil structure using different assumptions and techniques. The main focus of the review are RSWs.
2 METHODOLOGY
The present work used the Scopus database as a primary source of data. The search method included the original publication of CB (i.e., Olivella et al., 1996) as a first filter, from which 585 in-English publications were found. As the focus of this document are reinforced soil structures, search results were narrowed done using specific keywords, including: reinforcement; reinforced soil; mechanically stabilized earth (MSE); geosynthetics; polymeric materials, pullout failure; and soil-reinforcement interaction. Using specific keywords lead to a total of seven documents related to the numerical modelling of reinforced soil structures using CB. Table 1 shows the main aspects of the publications relevant to the use of CB included in this review. Due to the low number of search outcomes, conferences and journal publications were included. Publications regarding reinforced soil structures account for under 2% of the total publications which refer to the use of CB. All publications belong to the same research group at Universitat Politècnica de Catalunya·BarcelonaTech (UPC) and International Centre for Numerical Methods in Engineering (CIMNE), meaning that the use of CB in reinforced soil applications is still niche. Mentioned articles were published within the last 5 years, which implies that CB has only recently begun to be used in the simulation of reinforced soil structures. This can also be said after analysing the papers content, as only basic, idealized structures are modelled, leaving out more complex configurations such as tiered walls and bridge abutments. The numerical approach used in the published articles (i.e., CB software) is qualitatively compared with relevant and current research related to the field of reinforced soil structures, gathered, mainly, from the literature reviews carried out by Malekmohammadi and Damians (2024) and Paiva et al. (2024).
TABLE 1 | Search results for articles related to numerical modelling of reinforced soil structures using CODE_BRIGHT.
[image: Table 1]3 SOIL-STRUCTURE INTERACTIONS
In compound geotechnical structures, the soil-structure interaction plays a vital role in the proper simulation of the systems response. For RSWs, the system’s response will vary depending on the soil-facing and soil-reinforcement interaction. Most numerical tools rely on three methods to simulate the interaction between materials, those are zero-thickness (or virtual thickness) (e.g., PLAXIS, 2024), spring elements (e.g., FLAC, Itasca, 2024), and continuum elements (applicable in most numerical tools) (see Figure 2). For zero-thickness elements, a reduction factor (Ri) is applied to strength and stiffness properties of the adjacent soil, assigned to a (usually non-modifiable) virtual thickness, in which the corresponding nodes of the two adjacent materials share the same coordinates. Spring elements are commonly defined by a normal and shear stiffness. For continuum elements, equivalent strength and stiffness properties can be separately assigned to a real thickness (Damians et al., 2022). Assigning properties over a specific domain, rather than a virtual thickness, has the advantage of using user defined element sizes and shapes, as well as different constitutive material properties based on the value of Ri.
[image: Figure 2]FIGURE 2 | Zero-thickness and continuum elements modelling approach (adapted from Damians et al., 2015).
Damians et al. (2022) performed extensive modelling work to validate the use of continuum elements for soil interfaces. Using a reduced model of a soil block with a concrete facing, simulations were undergone to show the effect of mesh sizes, elements type, strength and stiffness reduction factor, and interface thickness. Analyses were carried out in 2D and 3D representation, used to further validate plane-strain assumptions. Continuum elements were simulated using PLAXIS, FLAC, and CODE_BRIGHT. Results showed a proper agreement of simulated results, in 2D, for normal and shear stresses across three numerical tools (see Figure 3). The influence of mesh size and element type over total shear strains was studied using 3D representations, in which minor differences were observed between scenarios (see Figure 4). Increasing the value of Ri (i.e., stiffer interfaces) resulted in reduced shear strains and relative displacements. Variations of interface thickness was judged to have negligible influence as long as material properties were adjusted accordingly Reasonable agreement was observed between 2D and 3D interface response when using continuum elements, in which the effects of mesh size and element type showed to be equally relevant, if not more, than the model dimensions (i.e., 2D or 3D).
[image: Figure 3]FIGURE 3 | Load transfer from backfill soil to facing panel using 2D continuum element interfaces with a reduction factor Ri = 0.8 using CODE_BRIGHT (CB), PLAXIS, and FLAC (adapted from Damians et al., 2022).
[image: Figure 4]FIGURE 4 | Total shear strains for a surcharge of 100 kPa, interface thickness of 18 mm, and reduction factor of Ri = 0.8 using (A) hexahedron structured medium mesh and (B) tetrahedron unstructured irregular mesh (adapted from Damians et al., 2022).
Overall, when simulating mechanical problems, the use of continuum or zero-thickness elements does not appear to provide a substantial advantage of one over the other. Zero-thickness elements results in limited capabilities for the user to define material properties. The use of continuum elements to simulate interfaces requires from users to adapt the geometry of the problem to include the equivalent thicknesses. Thus, an increased number of nodes (and elements) can result in increased calculations times.
In coupled problems (e.g., hydro-mechanic), interface zones can accumulate large displacements or shear deformations, which can lead to a large concentration of, for example, pore pressures. As zero-thickness elements are made up of a single node, convergency issues could arise due to the pressure differences with the neighbouring soil element. On the other hand, continuum elements, having an equivalent thickness and a larger node count (e.g., five element thick interfaces would have four nodes) allow for a gradient across the nodes within the equivalent thickness, as well as more control over hydraulic and/or thermal properties of the interface, possibly removing said numerical issues.
One of the main internal failure modes of RSWs is the pullout of reinforcement due to failure of the soil-reinforcement interface (AASTHO, 2024). The shear response of the soil-reinforcement interface is commonly studied using pullout tests. Said tests can be undergone in-situ, using pre-installed samples which will not affect the structures integrity, or using specialized laboratory equipment (see Figure 5A), which allow the replication of in-situ soil conditions. Likewise, numerical simulations of pullout tests can allow for representative results (Palmeira, 2009) given that the domain is properly modelled (see Figure 5B), including all equipment details (e.g., front-opening with metal sleeve (see Figure 5C), and a suitable soil-reinforcement interface using, for example, continuum elements (see Figure 5D). As shown by Damians et al. (2024), special care must be put into the number of elements that conform the equivalent interface thickness when using continuum elements (see Figure 6A).
[image: Figure 5]FIGURE 5 | (A) Physical pullout box equipment, (B) pullout box domain geometry, (C) front opening and sleeve, and (D) soil-reinforcement interface mesh details (adapted from Damians et al., 2024).
[image: Figure 6]FIGURE 6 | (A) Reinforcement pullout load versus axial displacement with regards to interface mesh refinement, calibrated displacement and pullout load from measured and modelled pullout tests results with (B) steel ladders and (C) polymeric straps, and (D) vertical stress development at the interface in a cross-section plane at the end of the pullout test (adapted from Damians et al., 2024).
Depending on the reinforcement material (i.e., metallic or polymeric), the pullout response can be expected to be significantly different. Extensible (i.e., polymeric) materials present a gradual stretching along the reinforcement’s length as stress increases, while inextensible (i.e., metallic) reinforcements have an instantaneous stress-strain response along the whole reinforcement’s length (Abdelouhab et al., 2010; Miyata et al., 2018). With this in mind, the capability of finite element tools in simulating the pullout response of different reinforcement materials has already been evidenced in past research (e.g., Hussein and Meguid, 2020). An example of this is the work of Damians et al. (2024). They used 3D representations in CB to simulate the stress-strain response of pullout failures of different reinforcement materials. After a thorough calibration (as with any numerical simulation) the inextensible response of steel ladder (see Figure 6B) and the extensible response of polymeric straps (both at front- and tail-end) (see Figure 6C) was found to be in proper agreement with physical results for different simulated depths (z). More details on the modelling of polymeric reinforcement elements can be found in the follow sections.
An added advantage of using 3D models to simulating pullout response is the visualization of the transversal stress profile (and consequent vertical displacements) along the reinforcement’s length (see Figure 6D). As described by Alfaro and Pathak (2005), and shown by numerical results, the effect of dilatancy is significant in pullout failure. The use of calibrated numerical tools allows for a thorough understanding of the soil-reinforcement response without the need of numerous (and costly) physical tests. Further details regarding the soil-reinforcement and soil-facing interface modelling using CB can be found in Damians et al. (2021), Damians et al. (2022), and Damians et al. (2024).
Several examples of pullout response simulations using different numerical tools can be found in the literature (e.g., Amirhosseini et al., 2022). In the case of a purely mechanical response, CODE_BRIGHT results as a viable alternative, with no particular advantages or disadvantages compared to other numerical tools. In the case of ribbed elements, such as extruded geogrid reinforcements, the use of discrete element models (DEM) could provide further information on the mechanical response due to the discrete nature of the reinforcement itself (e.g., Verma et al., 2025). Finally, understanding of thermal influences over pullout response is a novel research topic (e.g., Lin et al., 2024; Han et al., 2025), which could take advantage of the coupled formulation of CODE_BRIGHT.
4 REINFORCEMENTS
Reinforcement elements can be broadly categorized in extensible and inextensible materials. Steel elements fall in the inextensible materials, while polypropylene and polyethylene materials, usually in the form of grids and mats, fall in the extensible category. Polyester (PET) materials (e.g., PET geostraps), while usually having higher stiffness values compared to polyolefins, still fall within the extensible category (Miyata et al., 2018).
Inextensible reinforcements can be easily modelled using linear elastic models, in which a single elastic modulus adequately represents the response of, say, steel ladders, with plenty of examples available in the literature (e.g., Abdelouhab et al., 2011; Damians et al., 2013; Yu et al., 2015; among others).
In the case of extensible reinforcements, the correct numerical representation is not trivial. Polymeric materials are proven to be rate-dependent, that is, their short- and long-term response will depend on load, time, and in-soil temperature (Koerner et al., 1988; Hsuan et al., 2008; Greenwood et al., 2012). Short-term response can be highly non-linear as strains increased, while the long-term will depend on complex phenomena such as creep and stress-relaxation. Kaliakin and Bathurst (2005) recognized that most (if not all) constitutive models for polymeric materials are phenomenological in nature and require extensive curve-fitting procedures. A straightforward and commonly used method to account for the changes of strength and stiffness in time is the use of isochronous stiffness curves. By means of laboratory creep test data, the stiffness for, say, 1,000 h (i.e., common time of completion for RSWs construction) and 2% strain (i.e., maximum expected strain under service conditions), can be calculated and in analytical and numerical models (Bathurst and Naftchali, 2021). Chenari and Bathurst (2023) used finite difference method together with a two-component hyperbolic stiffness model to evaluate the effects of reinforced foundation layers placed atop a soft clay layer. Their results showed how increased reinforcement stiffness can increase ultimate bearing capacity. Nevertheless, the long-term response will depend heavily on the stiffness reduction in time. By using PCF/FLAC, Tizpa et al. (2023), reached similar conclusion when analyzing the problem of a granular fill over a void, where increased reinforcement stiffness yields increased bearing capacity.
If the scope of the simulation is the continuous response over time rather than at a specific moment (e.g., end of construction), sophisticated constitutive models are required. One alternative is the use of viscoplastic constitutive models, in which a fluidity (or hardening) parameter can be defined as load-, strain-, time-, and/or temperature-dependent. Moncada et al. (2024a) proposed and implemented a constitutive model based on Perzyna (1966) viscopalstic formulation, allowing the simulation of primary and secondary stage creep response. Similar viscoplastic constitutive models have been used to model geosynthetics response (e.g., Eldesouky and Brachman, 2020; Deng and Huangfu, 2021; Zhao et al., 2024). A downside of this approach is the extensive calibration process required prior to the modelling of each material. Moncada et al. (2024a) simulated the rate-dependent response using a double viscosity function based on accumulated plastic strains. For this, creep measured results from PET strap reinforcements (see Figure 7A) were used. Model parameters were calibrated for load- (i.e., individual creep curve results) (Figure 7B) and product-specific scenarios (i.e., overall response for a, say, grade 50, PET geostrap reinforcement) (Figure 7C) using laboratory measured creep curves from an ample dataset. If only one mechanism required (e.g., primary creep), one of the two viscous components can be deactivated (see Figure 7D). This can be useful when modelling GRSW’s service conditions, as secondary creep can be expected to occur only if load conditions surpass loads of 50% of the material ultimate tensile strength, approximately, while service loads can be expected to fall under 10% of said value (Miyata et al., 2018). Idealized scenarios showed the capabilities of the model to modify the creep response with varying temperature (see Figure 8A) and relative humidity (se Figure 8B) boundary conditions. Additionally, the implemented model was shown to be capable of simulating stress-relaxation response while under constant rate of strain conditions (see Figure 8C). There is scarce evidence in the literature of rate-dependent models used in full-scale RSWs simulations, and even less so of coupled scenarios. The implementation of such models within CB can pave the way for future pioneering case studies.
[image: Figure 7]FIGURE 7 | (A) PET strap reinforcement sample and comparison of measured (symbols) and model results (lines) with CODE_BRIGHT for (B) load-specific calibration, (C) product-specific calibration, and (D) primary creep only model for various grade 50 polymeric strap (i.e., ultimate tensile strength of 50 kN/strap) (adapted from Moncada et al., 2024a).
[image: Figure 8]FIGURE 8 | Finite element model results using CODE_BRIGHT for (A) different fixed temperatures and relative humidity values, (B) varying boundary conditions, and (C) stress-relaxation (adapted from Moncada et al., 2024a).
5 FACING PANEL AND CONNECTIONS
The facing and connection elements are a fundamental aspect of reinforced soil structures, particularly for retaining wall solutions. Depending on the facing and reinforcement typology, connections elements can vary from bodkin-type connections, to steel rods and pins, or void-formed segments, among other solutions. In the case of precast concrete panels and polymeric strap reinforcements, a common solution is prefabricated void sections, by which the polymeric strap can be passed through (see Figure 9A).
[image: Figure 9]FIGURE 9 | (A) Detail of void-formed connections, and concrete panels physical tests of (B) single connection pullout, (C) whole panel pullout, and (D) post-failure conditions. (adapted from Damians, 2022).
Regardless of the type, connections must be design and tested accordingly. Laboratory tests should be design in such a way that on-site conditions are properly simulated. Single connection pullout tests can be carried out to evaluate the isolated response (see Figure 9B), while whole panel pullout tests can allow to properly assess the response of the complete system (Figure 9C), including the influence of surrounding soil and the compound response (and failure) of several connections (see Figure 9D).
Due to the geometric characteristic of the facing-reinforcement system, physical tests can be hard to come by. As shown by Damians (2022), numerical tools are a useful alternative to physical tests. By using CB, the global (see Figure 10A) and local (see Figure 10B) failure response can be analysed, which provides useful insight on the systems loads and deformations without the need of an extensive campaign of expensive and technically challenging physical tests. As concrete and steel materials are usually modelled with linear elastic models in geotechnical structures, at first glance, using CB does not provide any advantages.
[image: Figure 10]FIGURE 10 | Modelling of (A) global panel response and (B) individual void-form connection displacement response using CODE_BRIGHT (adapted from Damians, 2022).
[image: Figure 11]FIGURE 11 | Numerical simulation of a flexural test of a fibre-reinforced concrete sample with a porosity dependent constitutive model to simulate reinforcing fibres: (A) mesh domain, (B) porosity variations, and (C) loss of cohesion after test simulation (adapted from Damians et al., 2018).
A viable alternative to reduce reinforcing steel in facing panels is the use of fibre-reinforced concrete. This type of material not only has increased strength, but also can reduce the shrinkage phenomena curing the strengthening process. For this, fibres are included in the wet concrete mix and can help reduce material and installation costs. Figure 11A shows a concrete sample subjected to a flexural test (as per EN 14651, 2008). In this case, the constitutive model used for the concrete includes a resisting parameter (i.e., additional cohesion) as a function of porosity which provides added strength, simulating the embedded fibres. As porosity increases due to cracking of the sample (see Figure 11B), the additional strength is reduced, until a critical porosity value in which the fibres do not provide any additional strength (see Figure 11C). Fibre reinforced concrete could be used for different facing elements of reinforced soil structures, such as precast concrete panels, or, in shotcrete layers commonly used in geotextile-covered facings. Outside of reinforced soil structures, the use of fibre-reinforced concrete could be used to model tunnel applications. An example is the work of Damians et al. (2018), in which a porosity-dependent constitutive model was used to model a tunnel section with a 6.26 m radius within a rock mass (see Figure 12A). The tunnel sections include an invert, shotcrete lining (see Figure 12B), and steel trusses (see Figure 12C), all of which are constructed in sequence after equilibrium and excavation stages. Numerical simulations allow to compare the stress-strain response of the underground structure and compare between non-reinforced and fibre-reinforced solutions. Likewise, displacement fields can be analysed (see Figure 12D).
[image: Figure 12]FIGURE 12 | CODE_BRIGHT simulation of a (A) Tunnel section domain, (B), tunnel section detail with shotcrete cover, (C), steel arches detail, and (D) simulated displacements (m) after construction (adapted from Damians et al., 2018).
6 FULL SCALE REINFORCED SOIL WALLS
To simulate a full-scale RSW all the previously describe elements (interfaces, reinforcements, connections) must be accounted for. Damians et al. (2021) used CB to simulate a 3D, 6-m-hight, and 1-m-wide strip-reinforced soil wall (see Figure 13A) to study the influence of reinforcement type. Among their main conclusions, no practical advantage of 3D models over 2D representations for planar reinforcement arrangements (e.g., sheets and grids) and no surcharge conditions. On the contrary, for discrete reinforcement layers (e.g., ladders and straps), 2D plain-strain conditions do not allow to correctly simulate the stress-strain distributions in the vicinity of the reinforcement, while 3D models allow for a more realistic outcomes (see Figure 13B), albeit, at a considerably higher computational cost. Finally, for global stability analyses, or if calibrated 2D models are available, the use of 3D models does not provide further benefits. Akbar et al. (2024) developed a 3D RSW model using the finite element tool ABAQUS (2016) and reached similar conclusions. Another modelling approach can be the use of finite element limit analysis (FELA) Fathipour et al. (2021) used FELA to model geosynthetic reinforced soil walls and clouded, in a similar manner to Damians et al. (2021), the location of the maximum tensile load of reinforcement layers being in proximity to the facing elements, mostly due to the relative displacements of the stiff facing and the compressible soil. When comparing past modelling attempts of full-scale structures, CB appears to be a viable tool, with no particular benefits for purely mechanical simulations.
[image: Figure 13]FIGURE 13 | (A) 3D model overview of a full-scale reinforced soil wall, and (B) vertical pressure distribution at and in the vicinity of the reinforcement strip at 0.25 m back from the facing element for a steel reinforcement (adapted from Damians et al., 2021).
Another topic of interest in RSW with discrete facing elements is the use of different bearing elements in between panels. The purpose of bearing pads is to avoid cracking caused by the direct contact between panels. Depending on the stiffness of the pads (given by the used material and the number of placed pads), the displacements of the facing will vary and, to some extent, the system’s loads. Commercial software (e.g., PLAXIS; FLAC) are frequently used to simulate the response of full-scale walls (e.g., Mirmoradi et al., 2021). In this regard, CB does not offer a particular numerical advantage compared to other numerical software when modelling mechanical response by itself (i.e., non-coupled problems). As with most numerical tools, when properly selecting material properties CB has been shown to be able to properly reproduce the compound response of complex geotechnical structures such as full-scale reinforced soil walls Damians et al. (2021).
Modelling more complex reinforced soil structures, such as back-to-back walls and bridge abutments, requires robust numerical tools. In a thorough literature review of geosynthetic reinforced soil integrated bridge abutments, Abdullah et al. (2023) highlights that most of the recent research focus on numerical modelling uses PLAXIS or FLAC software. An example of this is the work of Shen et al. (2020), in which FLAC was used to study working stress conditions of a geosynthetic reinforced bridge abutment subjected to bridge slab loading.
A noticeable difference with other numerical tools is in the form of structural elements. CB relies on assigning material properties over a user-defined geometry (and mesh), which, while allowing more control over the system properties and response, increases the required expertise to carry out simulations. Using continuum elements to define materials can be done in most commercial software but is not a common technique. Most commercial software (e.g., PLAXIS, FLAC, among others) have plate, beam, joint, hinge, or other type of elements which simulate structural components such as reinforcement layers and connection materials. These materials have properties specific, such as only carrying axial loads, which make the modelling process more straightforward and reduces the required input from the user when assigning material properties. An example of this is the previously described zero-thickness and continuum interfaces.
Plenty of design tools are usually based on limit equilibrium analysis, in which safety margins can be easily calculated (e.g., RSWall, Rocscience Inc, 2025). In the case of numerical methods, software can have in-built design tools to optimize or calculate margins of safety. An example of this is the software PLAXIS, which, by using the c-phi reduction method, can calculate the global factor of safety for a given set of conditions. Moncada et al. (2023) used CB to manually simulate the strength reduction process following the latest European design guidelines (EN 1997-3, 2025) for an idealized geosynthetic RSW. Their results show how a possible shear failure was generated across the reinforced fill structure as soil properties were reduced. Having said that, unlike other numerical tools, CB lacks automatic optimization tools.
Reinforced soil walls are flexible structures which have proven their performance in seismic conditions. Research has shown that reinforcement stiffness is one of the key factors affecting the seismic performance of reinforced soil walls (Sabermahani et al., 2009; Panah et al., 2015). An example of dynamic response of reinforced soil structures using finite element models is the work of Ren et al. (2024). They observed that reinforcement layout and distribution directly relates to the dynamic performance. A clear limitation of CODE_BRIGHT is the lack of seismic-related options. Even though CB’s constitutive model library has cyclic strength of stiffness degradation models, current boundary conditions do not allow for dynamic analyses.
Due to economic, environmental, or functional requirements, different types of soils and materials could be considered as backfill. Recycle concrete aggregates and marginal soils (i.e., granular soils with high fines content, often excavation within the construction site) stand out as two popular alternatives for reinforced soil structures (e.g., Vieira and Pereira, 2015; Samtani and Nowatzki, 2021; Palmeira et al., 2021). These types of materials are usually considered a more sustainable solution compared to quarried granular material, hence, the ability to model their response must not be disregarded. Whichever the alternative material might be, hydraulic and thermal parameters can vary (e.g., a higher fines content results in a lower intrinsic permeability, while the composition and size distribution of concrete aggregates could affect thermal conductivity), hence, special care must be taken when selecting model properties. No published work regarding the use of alternative fill materials using CB was found.
There are several examples of numerical tools being used to simulate the response of basal reinforcements using various types of soil material (e.g., Jamshidi Chenari and Bathurst, 2023; Badakhshan et al., 2024; Luo et al., 2025; among others) which evidence the viability of numerical methods for this type of structures. Nevertheless, based on the found literature, the modelling of other types of reinforced soil structures, such as basal reinforcement and paved roads is yet to be explored using CB.
7 ATMOSPHERIC CONDITIONS OVER REINFORCED SOIL WALLS
Geosynthetic materials have a rate-dependent response (McGown et al., 1984), that is, their mechanical characteristics will depend on load, time, and more interestingly, temperature and moisture conditions. Consequently, depending on the geographic location (and resulting exposure to different atmospheric conditions) the long-term response of the reinforced soil structures can present variations. Design manuals, such as AASTHO (2024), state that, when design temperature exceeds 35°C (for permanent structures), special design considerations must be taken. Moncada et al. (2024b) simulated the prolonged effect of different atmospheric conditions over idealized reinforced soil walls using CB. Boundary conditions included daily temperature, relative humidity, and precipitation registries from four distinct climates (i.e., mediterranean, desert, continental, and tropical). Different numerical meshes and permeable or impermeable contours were considered (see Figure 14). Rain infiltration showed a reduction of approximately 1°C in mean in-soil temperatures. Relative humidity values showed constant values of 100% for an exposed soil mass (i.e., mesh from Figure 14A), while oscillating between 70% and 100% for a protected soil mass (i.e., meshes from Figures 14B, C). Numerical results from Kasozi et al. (2015) showed that, as distance to one of the two exposed boundaries increased, temperature fluctuations decreased. Similar results were obtained using CB, where, depending on the exposed boundary material (i.e., soil or concrete) the distance at which temperature fluctuations were deemed significant varied. In the worst-case scenario, significant temperature fluctuations were restricted within the first 2–3 m of distance from the horizontal and vertical boundaries (see Figures 14D, E). In-depth temperature distributions were in accordance to previous in-situ measurements by Segrestin and Jailloux (1988).
[image: Figure 14]FIGURE 14 | Finite element mesh used in the (A) exposed scenario, (B) drain contour scenario, and (C) impermeable contour scenario for the thermos-hydraulic analysis of reinforced soil walls and ttemperature-time-depth evolution of a soil profile at 5 m from the exposed (D) vertical and (E) horizontal boundary, respectively (adapted from Moncada et al., 2024b).
The use of rate-dependent constitutive models together with variable atmospheric conditions could allow to properly model the complex compound response of reinforced soil structures using varying atmospheric conditions. This is of special interest due to the possible effects of climate change. An example of the soil-atmosphere interaction is freeze-thaw cycles. This topic has already been addressed using other numerical tools in the past (e.g., Ding et al., 2023; Woo and Go, 2024) but remains to be explored using CB. While Nishimura et al. (2009) implemented the required constitutive laws within the software, no further of the use of CB for freeze-thaw simulations was found.
Further applications of the coupled formulation of CB in structural problems were not found, thus, its usefulness is yet to be proven.
8 CONCLUDING REMARKS
Due to its coupled thermo-hydro-chemo-mechanical formulation, CODE_BRIGHT (CB) has ample uses in gas migration, unsaturated soils, and deep rock excavations systems, among other geotechnical problems. Having said that, CB is still amply capable of simulating civil and geotechnical engineering structures, such as reinforced soil structures, foundation systems or other compound structures. Depending on the material properties and boundary conditions, problems can require only mechanical solutions, or coupled analyses, including thermal, hydraulic, and chemical dependencies. The present work is a compilation of past research regarding the numerical modelling of reinforced soil structures, mainly reinforced soil walls, using the CB finite element software package. Modelling RSS poses several difficulties, from details such as the soil-reinforcement interface, to the overall facing displacement profile.
A bibliographic search through Scopus gave 585 publications which report the use of CODE_BRIGHT. From these results, only seven documents were related to structural modelling of reinforced soil structures, all of which focus on reinforced soil walls. Search results reveal that, while CB appears to be a well-established numerical tool, it is not yet used to simulate reinforced soil structures. Compared to other commercially available numerical tools, such as PLAXIS and FLAC, the number of articles which use CB to model reinforced soil structures is negligible. Reasons behind this can be the higher barrier of entry regarding user interface and default options compared to other commercially available software, which have a larger focus on simple user interfaces and user engagement. Other structural applications of reinforced soil, such as basal and slope reinforcements, were not found to be covered yet. Literature highlights related to the use of CB are as follow:
• A noticeable different of CODE_BRIGHT with other numerical software is the lack of material specific elements (e.g., plate and beam elements). Nevertheless, CB contains numerous constitutive models, all of which are assigned over the finite element mesh domain, providing more than enough tools to model soil and structural components.
• The use of continuum elements to simulate material interfaces, be it soil-reinforcement or soil-concrete, has showed suitable results when compared to zero-thickness elements. Continuum elements allow users to define element size, type, and material properties to the interfaces, while increasing overall node and element count and requiring the adjustment of the model geometry. Both alternatives are available in CB, as with several other commercial software.
• Full-scale models using CB were found to show adequate results, comparable to other commercially available numerical tools. No particular benefits or disadvantages to other software were observed. More complex scenarios, such as integral bridge abutments, are yet to be modelled using CB.
• The coupled formulation of CB allows to study the atmospheric effects of exposed structures, including in-soil temperature and moisture distributions. Properly assessing the effects of atmospheric variations is key when using rate dependent materials, such as geosynthetics.
Based on the available literature and to the best of the authors knowledge, CODE_BRIGHT can be a suitable tool for the numerical modelling of reinforced soil structures. If only a mechanical response is required, results are expected to be comparable with other commercially available software, without any noteworthy advantage. However, if coupled analysis are required, be it thermal, hydraulic, and/or chemical simulations, the use of CB is particularly encouraged.
Regarding future lines of research, according to the authors, the following areas could be developed, be it with CODE_BRIGHT or comparable numerical tools:
• All of the publications found were related to modelling reinforced soil walls, hence, future research and modelling attempts could be focussed on other reinforced soil applications, such as basal reinforcement (e.g., reinforced soil foundations and pavement basal reinforcement). Said structures are exposed to different stress-strain conditions than reinforced soil walls, with reinforced foundations having larger stress demands, and pavement basal reinforcement being exposed to recurring cyclic load scenarios.
• While available in CB, zero-thickness elements still remain to be tested as soil-reinforcement interfaces. Proper validation of zero-thickness elements in coupled (e.g., THM) numerical problems is encouraged, particularly for the response of soil and extensible materials (i.e., geosynthetics).
• Advance with the thermo-hydro-mechanical modelling of reinforced soil structures using coupled constitutive models for reinforcement materials subjected to varying thermal and hydraulic conditions.
• While several flux and force conditions are available, together with constitutive models with strength or stiffness degradation, currently, CB lacks options to perform dynamic analyses. Implementation of dynamic simulations is encouraged as a future line of work.
• Due to sustainability concerns, different types of fill materials (e.g., recycled construction or waste materials, marginal fills, among others) can be considered. Alternative materials can have varying mechanical, thermal, and hydraulic properties.
• Due to varying geographic locations, studies which involve structures sensitive to freeze-thaw cycles could take advantage of coupled formulation of CODE_BRIGHT.
• As with other numerical tools, being a standalone executable software, CB allows for the implementation of external algorithms to automate and iterate over numerical results. Although numerical simulations can be considerably expensive time-wise, recursive algorithms could be used to automate model calibration, validation, and prediction processes. Having said that, CB lacks design optimization tools (e.g., integrated c-phi reduction method).
Overall, numerous numerical tools are available nowadays, all of which provide comparable results. The choice of software will usually depend on user-experience and availability within the company/research centre. For standard mechanical problems, CB does not stand out as a particularly favourable or unfavourable tool. For more complex coupled problems, CB appears to be a capable and underused tool. For seismic problems, CB does not offer a viable methodology yet.
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