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The article examines a technology to increase the torsional rigidity of a production-car body during its preparation for 
professional motorsport, while adhering to strict FIA regulatory constraints. The relevance of the work stems from the 
fact that insufficient stiffness of the load-bearing structure renders the body a parasitic elastic element between the axles, 
distorting suspension kinematics, lateral load transfer, and the predictability of vehicle behaviour at the limit of grip. The 
aim of the study is to formulate a regulation-compliant engineering methodology that interprets reinforcement not as a 
simple cumulative addition of metal, but as a controlled transformation of load paths towards an optimal, rather than 
a maximal, platform stiffness. The scientific novelty lies in interpreting torsional rigidity as a functional limit of racing-
platform precision and in developing a staged framework comprising: diagnosis of body geometry and continuity of the 
load-bearing shell; selection of roll-cage architecture as a spatial carrier of stiffness within FIA constraints; coordinated 
use of welding, bonding, and local reinforcements in zones of concentrated load flows; and continuous control of fatigue 
durability and geometry at all stages. The main conclusions demonstrate that an increase in stiffness becomes engineering-
efficient only when the roll cage is integrated with reinforced suspension mounting nodes, when combined joints are 
used to offload welds, and when indiscriminate seam welding and unsystematic patches are avoided, as these accelerate 
crack formation and degrade vehicle dynamics. The article is intended for race-chassis engineers, specialists who prepare 
production cars for competition, and technical officials responsible for verifying that structural reinforcements comply 
with sporting regulations.
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Abstract

Introduction
In professional motorsport, torsional rigidity of the body 
is important not as an abstract measure of metal strength, 
but as a prerequisite for repeatable suspension kinematics 
and controlled lateral load distribution between the axles. 
When the body undergoes noticeable twisting under 
diagonal cornering loads, it begins to act as an additional 
elastic link between the front and rear suspension, and 
the settings calculated on the basis of spring, anti-roll bar, 
and tyre stiffness cease to accurately describe the vehicle’s 
behaviour. Applied research on racing chassis emphasises 
that deformations of the load-bearing structure shift the 
suspension mounting points and trigger abrupt changes in 
cornering handling characteristics. Therefore, predictability 
is associated with ensuring that the dominant share of 
compliance resides in suspension elements rather than in 
the body (Eakambaram et al., 2021).

When torsional rigidity is insufficient, not only does the 

subjective perception of looseness change, but also objective 
parameters: wheel alignment angles become more strongly 
load-dependent than assumed in calculation, and transient 
processes are prolonged in time, as part of the energy is 
absorbed by body deformation and then returned with a delay 
(Derrix et al., 2021). In practice, this manifests itself as a less 
linear steering response, a more capricious balance at the 
grip limit, and a weaker correlation between identical driver 
inputs and the resulting trajectory, especially at high speeds 
and with high-adhesion tyres (Song et al., 2025). Modelling 
and bench validation procedures for torsional rigidity used 
in racing programmes show that the influence of structural 
flexibility is fundamentally linked to the extent to which it 
interferes with roll redistribution and wheel kinematics, that 
is, directly competes with suspension function (Capata et al., 
2025).

Consequently, in the context of preparing a production car for 
professional-level competition, torsional rigidity is treated 
as a basic carrier of precision: it defines a threshold below 
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which further fine suspension tuning loses meaning, and 
above which it becomes possible to deliberately manage grip 
through suspension geometry and stiffness characteristics 
without the risk that the body will covertly substitute itself 
for the designed mechanism. This thesis aligns well with 
broader studies on the influence of body stiffness on vehicle 
dynamic properties, which show that changes in stiffness 
can significantly modify the response and frequency 
characteristics of vehicle behaviour, directly affecting 
phenomena critical to at-the-limit stability in motorsport 
(Capata et al., 2025).

Materials and Methodology
The study of a technology for increasing the torsional rigidity 
of a production-car body for professional motorsport is 
structured as a synthesis of regulatory–engineering analysis 
and applied validation at the interface of the load-bearing 
shell, the safety cage, and the suspension attachment nodes. 
The materials base comprises the FIA safety-cage regulations 
as the governing constraint on admissible architectures 
and integration methods (FIA, 2020), alongside peer-
reviewed works that link structural compliance to altered 
suspension kinematics and to reduced repeatability of 
vehicle behaviour at the limit of grip (Derrix et al., 2021; 
Capata et al., 2025; Song et al., 2025). Methodologically, 
the study treats torsional rigidity not as a maximum metal 
target, but as a functional threshold of racing-platform 
precision: the process begins with diagnosis of load-path 
continuity and geometric integrity (including regions of 
cyclic load concentration and structural bridges between 
axles), and only then proceeds to the selection of a cage 
architecture that can act as a spatial carrier of stiffness while 
remaining within homologation/certification requirements 
and prescribed mounting provisions (Uhm, 2021; FIA, 
2020). This sequencing is essential to avoid locking in latent 
defects through reinforcement and to prevent the body from 
acting as a parasitic elastic element that competes with the 
intended compliance distribution of the suspension (Derrix 
et al., 2021).

Subsequently, the work applies a staged process logic in which 
reinforcement is interpreted as a controlled transformation 
of load transmission paths. Welding is employed selectively 
in zones where load flows converge, with explicit attention 
to heat input, distortion risk, and residual-stress formation, 
because indiscriminate seam welding can accelerate fatigue 
crack initiation and propagation by creating sharp stiffness 
discontinuities (Yan et al., 2023). To improve fatigue 
durability and reduce the burden on heat-affected regions, 
the methodology incorporates combined joints and adhesive 
layers to convert line contact into area contact and distribute 
shear stresses more uniformly, subject to stringent surface 
preparation and process repeatability requirements (Antelo 
et al., 2021). Quality assurance and outcome verification 
are treated as continuous functions of the build: geometry 
is monitored throughout the operations, critical joints are 

assessed using non-destructive testing approaches (Mirmahdi 
et al., 2023), and effectiveness is substantiated through 
before/after torsional-stiffness evaluation frameworks and 
through field indicators of platform stability and response 
repeatability under racing loads (Capata et al., 2025; Hu et 
al., 2025).

Results and Discussion
Regulations in professional motorsport define not only 
how many tubes may be installed, but also the underlying 
logic of body reinforcement: any modification affecting 
the load-bearing structure must comply with the class 
requirements and be confirmed through formal approval. 
The current requirements for safety equipment specify that 
the protective space frame must either be homologated 
by the national sporting authority in accordance with 
the homologation rules or certified by the international 
federation (FIA, 2020). During scrutineering, an authentic 
copy of the document or certificate with construction 
identification and a non-removable plate is required to 
exclude do-it-yourself reinforcement variants. Within this 
framework, body reinforcement is permitted not arbitrarily, 
but via authorised mounting interfaces: the regulations 
explicitly define minimum requirements for attachment 
points, reinforcement plates, and fasteners, emphasising 
that these are minima and that additional attachments may 
be allowed. Furthermore, base plates may be welded to 
reinforcing plates, and the cage itself may be welded to the 
body or chassis; however, for bodies made from materials 
other than steel, welding between the cage and the body 
is prohibited, and only bonding of the reinforcing plate is 
permitted (FIA, 2020).

Safety and stiffness cannot be designed separately, because 
regulations treat the protective structure as an element that 
must simultaneously define the crew survival volume and 
remain technologically controllable in manufacturing and 
repair, and therefore predictable in terms of strength and 
fracture behaviour. The requirements explicitly state that 
any modifications to a homologated or certified roll cage 
are forbidden, with machining and welding that result in 
permanent changes to the material or the structure itself being 
considered modifications. It is also stipulated that repairs 
after an accident must be carried out by the manufacturer 
or with its approval, and that chrome plating of the entire 
structure or any part of it is prohibited. These constraints 
are directly relevant to torsional rigidity: attempts to gain 
extra stiffness through unauthorised welds, inserts, or 
rework of attachment nodes formally place the car outside 
the approval envelope and may physically degrade passive 
safety, for example, due to local stress concentrations and 
uncontrolled failure behaviour under impact. Consequently, 
a correct strategy is to pursue increased stiffness through 
regulation-compliant roll-cage architecture, its support 
points, and permitted methods of integration with the body, 
while simultaneously meeting the requirement that the crew 
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must be located within the volume defined by this structure 
and that it must not unduly impede evacuation (FIA, 2020). 

Table 1 illustrates Regulatory Constraints on Roll-Cage Design 
and Their Implications for Torsional Stiffness Enhancement.

Table 1. Regulatory Constraints on Roll-Cage Design and Their Implications for Torsional Stiffness Enhancement

Regulation requirement (safety cage) Practical implication for body stiffening / torsional 
rigidity

Cage must be FIA-homologated or ASN-homologated/
certified

Stiffness gains must follow an approved cage architecture 
and approval pathway

Scrutineering requires valid documentation and a fixed ID 
plate on the cage

DIY or undocumented reinforcements risk immediate non-
compliance

Mounting must use specified attachment points/plates/
fasteners (minimums; extra attachments may be allowed)

Increase rigidity via compliant mounting design, not arbitrary 
welds or inserts

Cage may be welded to body/chassis, but non-steel bodies 
cannot be welded to the cage (bonding plates instead)

Integration method depends on body material; welding is 
not universally permitted

Any modification of an approved cage is prohibited; post-
crash repair requires manufacturer approval; chrome plating 
is forbidden

Trying to add stiffness by altering the cage can violate rules 
and can worsen crash behavior via uncontrolled stress 
concentrations

Cage must define the crew survival volume and not unduly 
hinder evacuation

Stiffening choices must preserve occupant space and egress, 
not just maximize rigidity

Before increasing torsional rigidity, the production body is 
treated as an object of diagnosis rather than as a blank for 
reinforcement everywhere. External integrity is of limited 
significance: the decisive factor is the actual condition of 
load-bearing contours and joints, since any added stiffness 
will be transmitted through pre-existing load paths (Uhm, 
2021). For this reason, the initial step is to confirm the 
absence of corrosion-induced thinning, fatigue cracks, and 
traces of previous deformations that may have spread after 
road impacts or poor-quality repairs. Basic reference points 
are checked separately because reinforcing a body whose 
spatial shape is already compromised effectively locks in the 
error as the new baseline, making subsequent suspension 
tuning dependent on incidental misalignments.

Hidden damage is sought where the body functions as a 
structural bridge between the front and rear sections. The 
most indicative zones are suspension and subframe mounts, 
as they concentrate variable loads, as well as the sills and 
central tunnel, which form a longitudinal spine and close the 
box-section contours. The firewall is important because it is 
the region where the front longitudinal members interface 
with the cabin volume: even minor loss of weld integrity 
or local plastic deformation in this area can cause torsional 
loads to be transmitted to less suitable panels, creating 
parasitic compliance. Diagnosis in this logic is not reduced to 
the search for a single weak spot; instead, it identifies a chain 
of zones in which stiffness continuity is disrupted, and these 
discontinuities then determine the work plan.

Once the base has been confirmed, attention shifts to the 
roll cage, which in professional preparation effectively 
becomes the primary structural tool for increasing torsional 
rigidity. Its configuration is chosen not on the principle of 
maximising the number of tubes, but on the principle of 
rationally closing load paths between suspension supports 

and the stiffest elements of the body. The roll cage must not 
merely be located inside the cabin; it must be integrated 
into the body’s work such that deformations are distributed 
three-dimensionally rather than concentrated in individual 
pillars or openings. Operational aspects are also taken into 
account: access to components, evacuation, visibility, and 
driver ingress/egress, since excessive structural density 
can degrade not only serviceability but also safety in an 
accident.

Torsional rigidity is particularly affected by diagonal 
members and elements that connect the left and right 
sides through the cabin volume, as these directly oppose 
the relative shear between the front and rear sections of 
the body. Roof reinforcement is important not as a panel 
on top, but as a means of stabilising the upper chord of the 
spatial scheme so that pillars do not behave as independent 
cantilevers. The door aperture is critical because of its large 
opening: without appropriate bracing and reinforcement, it 
remains an area where the contour is easily opened under 
lateral load. Accordingly, in professional practice, the roll 
cage is designed so that openings preserve their shape and 
the main load paths run along the shortest routes from the 
front supports to the rear supports via closed triangles and 
box-section structures.

The quality of roll-cage attachment nodes to the body often 
has a greater influence on the outcome than the tube layout 
itself. If the cage rests on a thin sheet metal without load 
distribution, stiffness becomes purely local and quickly leads 
to crack initiation around the base plates. To mitigate this, 
gussets and doubler plates are used to increase the load-
transfer area and to create a smooth stiffness transition 
from tube to body. The choice of support locations is equally 
important: preference is given to zones where the body 
already has multiple layers or closed profiles, so that the 
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cage does not hang on panels originally designed mainly for 
shape rather than for cyclic structural loading.

Welding technologies are applied as the next step after 
defining the roll-cage architecture and the zones where the 
body must be made more integral. In practical applications, 
continuous, intermittent, and local seam welds are used, 
with the method selected based on the desired effect and the 
acceptable deformation risk. A continuous seam provides 
maximum continuity but carries the risk of warping and 
residual stresses, whereas an intermittent seam can increase 
joint stiffness while still allowing the body to redistribute 
stresses without sharp concentrations. Work is carried out in 
a strictly defined sequence, with the body properly fixtured 
and heat input balanced symmetrically; otherwise, instead of 
increased stiffness, an almost imperceptible geometric drift 
results, which later manifests as uncorrectable alignment 
issues and unstable behaviour.

Welds provide the greatest benefit where load flows 
converge: at suspension-top mounts, at the junction of 
sills and tunnel, in the connections between longitudinal 
members and the firewall, and in the rear-end nodes where 
the load path from the suspension into the body is closed. 
Reinforcing these zones does not thicken the metal but 
restores and enhances contour continuity, so that the body 
acts less as a spring and more as an invariant base for the 
suspension. In this approach, the roll cage and welding 
operations do not compete but complement one another: 
the cage defines the spatial scheme and safe volume, while 
welding and local reinforcements make the original body a 
worthy partner to this scheme, maintaining geometry and 
durability under racing loads. Figure 1 illustrates Enhancing 
Torsional Rigidity in Vehicle Bodies.

Fig. 1. Enhancing Torsional Rigidity in Vehicle Bodies

After the three-dimensional stiffness scheme is formed 
through the roll cage and welding operations, a subsequent 
task arises: ensuring not only joint strength but also fatigue 
durability under cyclic overloads. Structural adhesives and 

combined joints are valuable here because they convert 
line contact into area contact, reducing stress on individual 
points and distributing shear stress over a larger region 
(Antelo et al., 2021). For a racing body, this translates into 
a reduced tendency for joints to loosen and for microcracks 
to form in the heat-affected zones of welds, as well as more 
predictable damping of high-frequency vibrations, which 
would otherwise concentrate in point connections and 
accelerate fatigue failure.

Adhesive layers are most appropriate in panel joints where 
continuity of the load path is important and where welding 
would introduce excessive heat input or pose an unacceptable 
warping risk, as well as for attaching reinforcements to 
thin metal to increase load-transfer area without radically 
reworking the geometry. Where original gaps and no further 
warpage are desired, the use of adhesives in repair shops can 
restore the load-bearing characteristics of the car body after 
car body parts have been cut and replaced. A high degree of 
discipline is required in preparing the bond line, protecting 
it from moisture, and controlling the cure. Without this, an 
adhesive layer of unknown stiffness and poor adhesion is 
created.

Two frameworks impose constraints. The technological 
framework reflects the sensitivity of adhesive joints to 
contamination, temperature, and geometric tolerances, 
while racing conditions introduce additional vibration, local 
overheating, and aggressive environments. The regulatory 
framework requires that any changes to the load-bearing 
structure be compatible with approval requirements and, 
in some cases, fundamentally restricts the method by 
which the body material may be joined to safety elements; 
consequently, adhesive bonding cannot be regarded as a 
universal substitute for welding. In practice, this means that 
adhesives are used as an adjunct when their role is clearly 
defined and controllable, rather than as an attempt to quietly 
alter the structure in circumvention of the rules.

Local reinforcements logically extend the same concept 
of load-path management. Torsional rigidity increases 
primarily when the body begins to function as a system of 
closed-box sections, in which forces travel along contours 
rather than spreading through individual panels. Gussets and 
reinforcement plates create such contours in areas where the 
production design is necessarily open due to apertures or 
exhibits sharp section transitions. Typical zones include the 
junction of pillar and sill, nodes near the suspension tower 
and longitudinal member, rear wheel arches, and mounting 
points of rear-suspension components, where thin metal 
often acts as an intermediary between high loads and the 
overall structure. Reinforcement should address not just a 
point but its surrounding region to promote smooth stress 
redistribution; otherwise, local stiffness increases, leading to 
stress concentration and accelerated crack formation at the 
edge of the reinforcement. Smooth reinforcement geometry, 
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sensible extension of the reinforced area, and alignment with 
the direction of load flows help avoid such effects.

The interface between the suspension and the body is the 
final element that converts the achieved stiffness from a 
laboratory property into actual handling quality. Subframes 
and their mounts must transmit suspension forces without 
microdisplacements, as they define the position of the 
suspension reference geometry relative to the body. Therefore, 
reinforcement of mounts, enlargement of support areas, and 
control of bushings and seating surfaces are usually more 
important than merely installing strut braces: a brace can 
link upper points, but if the lower mounting points of arms 
or subframes move in thin sheet metal, overall kinematics 
will still change under load. Additional links and braces are 
effective only when they are anchored in reinforced areas 
and when the load path from the wheel to the body remains 
short and continuous; otherwise, they become stiff levers 
that merely transfer the problem elsewhere and accelerate 
the failure of a weak node. Methods for Enhancing Structural 
Integrity in Racing Bodies are shown in Figure 2.

Fig. 2. Methods for Enhancing Structural Integrity

In production, the body returns to a bare structure. The 
reinforcement works best with simple geometry and 
controlled surfaces, not on sealants, paints, or remaining 
coatings. By stripping back to the basic load-bearing shell, 
weld and joint conditions are exposed, hidden corrosion foci 
are removed, and the metal can be prepared for welding, 
adhesive bonding, and the installation of reinforcement 
plates. The subsequent body joints have to form under 
designed conditions. All redundant material must be 
removed without removing markers, control holes, and 
seating features for subsequent envelope construction, 
because otherwise, although the reinforced body may be 
stiff, it may not be suited to repeatable, accurate packaging.

Geometric control is required not as a formal check, but as a 
continuous function of the process, because any heat input or 
mechanical clamping can imperceptibly alter the spatial form. 

A frame bench or equivalent fixturing system turns the body 
into a measurable object: it is held by reference points, and 
changes are monitored before, during, and after operations. 
This is fundamentally connected to the earlier premise: if 
stiffness is being created to stabilise suspension operation, 
geometric distortion undermines the goal, and instead of 
predictable kinematics, a hidden asymmetry emerges that 
cannot be cured by setup without compromising durability 
and speed.

Because flaws in a joint on a racing car may take years to 
show as a slowly growing fatigue crack, non-destructive 
tests are used to check the quality of welds, bonds, and 
reinforcements (Mirmahdi et al., 2023). Areas to be checked 
include suspension-mount nodes, the interface between 
reinforcements and thin metal, roll-cage feet, and long welds 
where the contour is continuous. Corrosion protection and 
sealing complete the job. The body, without protection, 
will rust faster than a production body due to the capillary 
spaces created by new welds and reinforcement plates, as 
well as vibration and temperature changes. The process 
should culminate in a maintenance plan that treats periodic 
inspections for cracks and delaminations as part of vehicle 
setup rather than a one-off pre-event check.

Measurement of the outcome links engineering work 
to vehicle behaviour. Torsional-rigidity test rigs allow 
comparison of before-and-after conditions without the 
influence of suspension and tyres, and help localise regions 
where deformation remains excessive and requires correction 
(Hu et al., 2025). However, in motorsport, field indicators 
are decisive: platform stability in fast direction changes, 
repeatability of wheel alignment after loading, absence 
of balance drift over long stints, and preservation of joint 
durability under real overload cycles. If, after reinforcement, 
the car becomes faster only in one type of corner but loses 
repeatability and demands constant retuning, this indicates 
that stiffness has increased not along the main load path, or 
that the character of deformation has changed rather than 
its magnitude.

The most typical errors appear reasonable only at first glance. 
With all of its seams welded, the body is much stiffer, but 
this is offset by the creation of stiff boundaries that exercise 
stress concentrations, easing faster crack propagation 
(Yan et al., 2023). Thus, reinforcing one location without 
its neighbors creates deadweight: the load just moves to 
the next weakest location, where full failure occurs when 
the last location reaches full failure. Hence, reinforcement 
must be conceived as a continuous chain rather than as 
a set of isolated patches. Finally, an excessively large mass of 
reinforcement degrades balance and dynamics, increasing 
the loads on the tyre and brake, ultimately reducing speed 
and durability. In professional preparation, the target is not 
maximal stiffness, but optimal stiffness with minimal added 
mass and a controlled deformation pattern.
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Conclusion
In the present study, torsional body rigidity in professional 
motorsport is interpreted as a functional limit of precision: 
as long as the load-bearing structure twists noticeably under 
diagonal loads, it acts as an unaccounted elastic link between 
axles, interfering with suspension kinematics by shifting 
attachment points and distorting the expected lateral load 
distribution. From this follows the key causality underpinning 
the logic of the article: predictability at the limit arises when 
the main share of compliance resides in the suspension rather 
than in the body; otherwise, steering response loses linearity, 
wheel alignment angles become excessively load-dependent, 
and transient processes are prolonged because energy is first 
stored in body deformation and then returned with delay. In 
this perspective, stiffness ceases to be an abstract parameter 
and becomes a carrier of repeatability: below a certain level, 
further fine-tuning of the suspension loses sense; above 
it, there is scope to control grip via geometry and stiffness 
characteristics without risking that the body will substitute 
for the designed mechanism.

At the same time, body reinforcement in professional 
preparation is described not as arbitrary metal addition, but 
as a regulation-driven engineering discipline in which safety 
and stiffness are inseparable. FIA requirements define the 
framework: the safety structure must be homologated or 
certified, scrutineering requires supporting documentation 
and non-removable identification, and any modifications to 
an approved cage are prohibited, as are certain technological 
interventions that affect material properties and fracture 
behaviour. Consequently, the increase in torsional rigidity 
in this study is fundamentally linked to permissible roll-
cage architecture, its support points, reinforcement plates, 
and authorised methods of integration with the body, with 
even the integration method depending on body material: 
for non-steel bodies, welding the cage to the body is 
prohibited and only bonding of reinforcement plates is 
allowed. This regulatory grid simultaneously suppresses 
improvised attempts to gain stiffness and defines a correct 
strategy: to target stiffness through legitimate load paths 
without compromising strength predictability or degrading 
evacuation conditions and crew survival volume.

The technological trajectory of reinforcement is organised 
as a sequence from diagnosis to formation of a spatial 
stiffness scheme. Initially, the body is treated as an object 
for verifying actual continuity of the load-bearing structure: 
corrosion-induced thinning, fatigue cracks, traces of prior 
deformations, and especially hidden damage in zones where 
the body acts as a structural bridge between front and rear,  
around suspension and subframe mounts, in sills, the central 
tunnel, and the firewall,  are sought. Only after geometry 
and integrity are confirmed does the process proceed to 
the roll cage, the principal structural element that increases 
torsional rigidity. It is selected not by tube count, but by 
its ability to rationally close load paths between stiff body 

elements and suspension supports. Diagonal members that 
resist relative shear between front and rear, stabilisation of 
the upper chord (roof zone), and preservation of the shape of 
large openings, especially door apertures, become decisive. 
In the same context, attachment nodes are critical: if the cage 
rests on a thin sheet without load distribution, the resulting 
local overload can cause cracking around the base plates. 
Therefore, gussets and reinforcement plates are described 
in the study as means of smoothly introducing loads and 
reducing stress concentrations.

Subsequent reinforcement methods are presented as 
working with the continuity of load paths and the durability 
of joints: welding is used not everywhere but where load 
flows converge (suspension towers, sill–tunnel junctions, 
connections between longitudinal members and firewall, 
rear-end nodes), and the choice between continuous and 
intermittent welds reflects a compromise between continuity 
and the risk of warping or residual stresses. Structural 
adhesives and combined joints are introduced as a way of 
transforming a line contact into an area contact, offloading 
heat-affected zones and making joint behaviour under cyclic 
loads more robust, but only under strict surface-preparation 
discipline and within regulatory constraints,  that is, as an 
addition rather than a universal replacement for welding. 
The final control logic closes the process on measurability of 
outcomes: the body is reduced to a bare structure, geometry 
is monitored at all stages with fixturing to reference points, 
non-destructive testing, sealing, and protection follow the 
structural work, and effectiveness is evaluated not only 
by bench torsion tests in before/after configuration, but 
also by field indicators,  platform stability, repeatability of 
wheel alignment, absence of balance drift, and preservation 
of joint durability. At the same time, it is emphasised that 
typical mistakes,  blanket seam welding, uncoordinated local 
reinforcements, and oversized reinforcement mass,  can shift 
the task of achieving optimal stiffness to accelerating crack 
growth and degrading dynamic performance.
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