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1. Introduction

Following a violent impact caused by a car, the guardrail installed as protection for a narrow curve in entrance of a bridge
collapsed, causing the vehicle to veer off the road. Later, the vehicle continued its trajectory through the air, falling from the
bridge, crashing down a slope and stopping in the bed of the stream below. The accident caused the death of the driver and
the serious injury of a passenger. Given the presence of severe corrosion at the base of a number of support guardrail posts,
in the forensic analysis it was necessary to study the influence of structural degradation on the mechanical behaviour and
on the guardrail collapse.

The guardrail is a protective element that is placed at the sides of roads to ensure the safety of persons in case of loss of
control of the vehicle. Today the design and the placement of guardrails on the roads are carried out taking into account
several factors such as the potential crash severities, traffic exposure, and costs of treatment [19,35].

The method of designing a guardrail, as the design of any structural system, underwent significant changes over time,
being updated according to experience and to the developments of new research. From a design based solely on the
structural strength, a design was slowly developed based on the evaluation of further performance of structure and energy
dissipation. Today, the performance-based design is accepted as current methodology of design and is continuously updated
according to new needs originated from the society [7,9,25,6,8].

The innovation of the design methods is particularly important with regard to the design of structures subjected to
dynamic loads, such as seismic action. From a design based on the concepts of resistance, we moved to a design based on
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the concept of energy dissipation [36]. A very similar notion is applied to the design of the guardrail. The first design methods
were based on the unique concept of strength of the barrier and tried to prevent the vehicle from veering off the road. To
obtain this result the horizontal guardrail beams were sized such as to be able to deform in the field of large displacements,
braking and holding with a ‘‘rope effect’’ the running of the vehicle. With the increasing speed of vehicles and the increase of
heavy traffic on the road, this mode of design showed a number of limits since, increasing the strength of the barrier, a similar
increase in the probability of survival of the occupants of the impacting vehicle was not obtained. In fact, exceeding a certain
threshold of resistance it is possible to ensure the remaining of the vehicle on the road but there is a decrease in the probability
of survival due to the severity of the impact [14,21]. Therefore, the design of the guardrail was changed, also on the basis of
considerable experimental and numerical research that has taken place over recent decades [3,4,38,17,30,23,5]. From a
concept of strength we passed, in a similar manner to seismic engineering, to a concept of energy dissipation [11] and to a
performance-based design in which, in addition to the strength of the guardrail, we had also to take into account the safety
of the persons involved and the diversity of possible impacting vehicles [18,12,22]. These concepts led to a change in the
geometry of guardrails, of which the most evident are: the section of the horizontal beam evolves from one to three waves,
support posts are today much closer to each other and equipped with devices capable of dissipating energy, etc.

The subject of the correct design of a guardrail was therefore extremely contemporary and concerned research programs
in many universities [29,26,27,28,37] as well as regulatory committees [1,15,16].

Most of the studies present in the literature, both experimental and numerical, analyse the guardrail in its design condi-
tions. However, a guardrail must have a very long life cycle and must maintain its characteristics unchanged over time. The
atmosphere and the salt used on the roads during the winter can trigger corrosion phenomena on the structure of the guard-
rail, putting at risk its functionality [20]. And in fact it has been shown that, in certain structures, the presence of corrosion
can not only reduce the strength capacity of the structure but can also lead to a change in the behaviour of collapse [32–34].
Corrosion may also lead to a decrease in structural strength, causing a progressive collapse of the structure similar to that
which can occur in a suspension bridge after the collapse of a suspension cable [13,24].

The case analysed in this paper relates to an incident involving a guardrail with strong signs of structural deterioration
(Fig. 1). The guardrail was installed in 1970 for the protection of road traffic on a bridge located in a mountainous area. To
access the bridge the road makes a sharp bend where a speed limit of 30 km/h was imposed to prevent the loss of control of
the vehicle on a curve.

Probably because of the anti-freeze salts used in winter to prevent the formation of ice on the roadway and the lack of an
adequate system of collection and distribution of rainwater, the base of certain guardrail posts had heavily corroded over the
years.

On one night in 2008 a vehicle, moving at high speed, lost control at the entrance curve to the bridge and violently
impacted against the guardrail causing it to collapse. In this manner the vehicle broke down the safety barrier, falling from
the bridge and subsequently impacting on the slope of the mountain below, until it ended its run in the river bed 30 m below
the roadway. The accident caused the death of the driver and the serious wounding of a second passenger.

The purpose of the forensic engineering analysis was to determine the influence of the state of deterioration of the sup-
port posts on the dynamics of the accident and whether any maintenance might have prevented the vehicle from veering off
from the road, thus saving a human life.

The precise assessment of the state of deterioration of posts seemed immediately to be very difficult and uncertain. In
fact, if it is evident that the posts have deteriorated significantly over time, with the posts involved in the accident it is
not clear how much the lack of material was due to the corrosive process or to the impact with the vehicle that violently
sheared two of them at their base. Therefore, in order to thoroughly examine the failure occurred, we started to analyse
the following points:

– The qualitative reconstruction of the dynamics of the impact with identification of the mechanism of collapse.
– The quantitative assessment of the dynamics of the impact, assuming a conventional state of strong deterioration.
– The quantitative assessment of the dynamics of the impact, assuming an absence of deterioration.
– The quantitative assessment of the resistance that the guardrail was supposed to have had to stop the vehicle.
– A comparison between the results obtained.

In the following pages the points listed above will be developed, starting from the qualitative reconstruction of the
impact. Throughout the process of analysis, the qualitative analysis is the most important part because it will serve as a guide
in the quantitative assessment of the dynamics. The reconstruction of the impact will have to be able to explain the final
position of the vehicle, the noticeable plastic deformations observed on the guardrail after the accident, the traces of braking
on asphalt, the collapse mechanism and the ultimate strength of the guardrail.
2. Descriptions of the characteristics of the guardrail

The guardrail subject of this work belongs to those designed with the criterion of strength and in Fig. 2 its geometry is
reported. The guardrail is formed by a W-beam about 20 cm high and by a secondary beam, 6 cm high, having the function
of handrail. The two beams are supported by a series of support posts having a C-section and positioned every 2.4 m. The



Fig. 1. Photos of the accident site (above), of the support guardrail posts (bottom left) and image in detail of a severe deterioration at the base of a post
(right).
longitudinal continuity of beams is guaranteed by a bolted joint, while a second bolted joint between the beams and the sup-
port posts guarantees the maintenance of the vertical position of the W-beams.

With regard to the steel material, in the absence of reliable data, it has been assumed as a Fe360, (today called S235,
fyk = 235 N/mm2; fuk = 360 N/mm2) widely used at the time of the installation of the structure.

At the base of support posts, as highlighted in Fig. 1, there is a state of deterioration by corrosion that reduces the resistant
section of the post. From the statistical point of view, out of 50 posts examined 32 posts seemed to be in good conditions, 14
with an evident state of deterioration and 2 posts strongly deteriorated (one of them is shown on the right side of Fig. 1).
Unfortunately it is not possible to determine the condition of deterioration of the two posts involved in the accident since
the violent impact and the subsequent collapse of the posts made it difficult to interpret the actual state of the posts
involved. For this reason, in order to examine the influence of the state of deterioration at the base of the post on the dynam-
ics of the accident, a state of conventional deterioration was assumed reducing the thickness in a uniform manner, from the
design value of 3.5 mm to a value of 1 mm.

3. Qualitative reconstruction of the dynamics of the impact

Since the ultimate strength of guardrail depends on the mechanism of collapse that occurred, first of all we examined the
dynamics of the collapse with the aim of understanding the structural behaviour of the guardrail during the impact. After-
wards, on the basis on the evidence presented in this section, we will assess the strength of the guardrail.
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Fig. 2. Geometric dimensions of the elements of the guardrail (mm).
Fig. 3 shows the side of the accident photographed during the recovery operations of the vehicle. Using a drawing soft-
ware, part of the guardrail that had collapsed was virtually reconstructed in its original location. With the letters B, C, D the
three support posts involved in the impact are indicated. The braking points show how the vehicle impacted on the guardrail
with the right front side almost at the support post indicated by the letter C.

The dynamics of the impact are reconstructed in a qualitative manner in Figs. 4 and 5. Fig. 4a shows the approach of the
vehicle to the guardrail when the driver realises that he is no longer able to control the vehicle at the bend and starts to brake
abruptly.

The two thick lines in the figure represent the traces of braking in the same position that can be deduced from Fig. 3. The
violent braking causes the loss of grip between the wheels and the asphalt with the subsequent loss of manoeuvrability of
Fig. 3. Virtual reconstruction of the guardrail and assessment of the point of first impact.
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the vehicle that is launched against the guardrail (Fig. 4b). The impact between the vehicle and the guardrail occurred close
to the support post C, a few centimetres to the right of the same (Fig. 4c).

The sudden impact probably caused an immediate local deformation of the guardrail. Given the close position of the
impact to post C, the guardrail initially offered a resistance according to the strength of the post, dissipating only a small
quantity of kinetic energy of the vehicle. Fig. 5a shows the probable configuration of the guardrail system – vehicle at this
moment. As the resistance offered by the post it is only a small part of the global resistance of the guardrail, the base of the
post C soon reached the condition of collapse, probably when the other structural parts had still not undergone deformation
in order to be able to intervene with a ‘‘rope’’ mechanism.

Having still almost entirely its kinetic energy, the vehicle continues on its way veering off the roadway and deforming the
W-beam of the guardrail about 1 m in transversal direction. The main belt of the guardrail undergoes a large deformation,
resisting in deformed position through an action of axial compression provided from the BC, and a tensile force, provided
from the side CD (Fig. 5b). Such resistant mechanism is the main resistant mechanism of the guardrail that can only occur
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under great deformations and it is evidenced by the plastic deformation found on the W-beam of the guardrail after the
accident.

Fig. 6 shows plastic deformations present on the main W-beam of the guardrail after the collision. The figure on the left
shows the segment BC, that is the segment on the left hand side of the point of impact. Such part shows a clear sinusoidal
deformation that suggests the absence, at the time of collapse, of an axial tensile force. The segment on the right hand side
instead appears in different conditions (the CD segment can be seen in Fig. 6 on the right) that seems to be rectilinear, as if
during the collapse it had been only subject to strong traction force.



Fig. 6. Plastic deformations or deteriorations present on the main bend. On the left part BC, on the right part CD.
The strong traction present in the CD segment of the W-beam of the guardrail caused the collapse of the bolted joint in D
due to plate bearing failure. Fig. 7 on the left shows traces of bearing action on the W-beam of the CD part. It should be noted
how the fixing holes of bolts, initially of 2 cm in diameter measured up to 5 or 6 cm. Fig. 7 on the right shows the joint of the
W-beam on the right of the CD segment and not directly involved in the collision. It should be noted that two years after the
accident a bolt, that had wedged into the plate during the collapse of the joint, is still visible.

Moving the plasticized steel at the side of the bolt, the bearing action caused strong axial traction in the bolts of the joint
that has caused the failure of the bolts due to the loss of the lock nut. The guardrail, devoid of the resistant action of the D
joint, opened up as shown in Fig. 5c causing the vehicle to jump off the road and the subsequent impact against the slope of a
mountain.

Afterwards the guardrail revolves around a power pole located near the B point and remains suspended from the joint in
B. Since there is no evidence of other plastic deformations, it is excluded that the vehicle, in its fall trajectory, had struck the
power pole.

Virtually elaborating some images, we are able to reconstruct in Fig. 8 the deformation of the guardrail and the qualitative
position of the vehicle at the time of the collapse of joint D.

From the reconstruction of Fig. 8 two important information can be inferred. Even by offering a little strength, the guard-
rail post positioned in C contributed to the vehicle braking. In fact, if the pole in C had had a zero resistance, the local defor-
mation of the guardrail in C would have been different and it would not have shown the change of curvature that is evident
in Fig. 8. Moreover, considering unimportant the axial plastic deformation present in the guardrail and knowing the distance
between the two support poles, from Fig. 8 it is possible to deduce that at the moment of the collapse of the joint in D the
guardrail showed a central shift of about 1 m.
4. Quantitative assessment of the dynamics of the impact

Based on the evidence presented in the previous section, we are now addressing the quantitative reconstruction of the
dynamics of the impact. Through this evaluation we aim to estimate the speed of the vehicle at the entrance to the bend
as well as the ultimate strength of the guardrail. In order to obtain this evaluation we can use different methods. For instance
it is possible to model the impact through a finite element software in non-linear dynamics and to proceed to identify, solv-
ing an inverse problem, the resistances, the damage, and the other variables of interest on the basis of known data [2,10].
However, analysis of this kind introduces much uncertainty in modelling [31] that cannot be easily managed, especially if
Fig. 7. Detail of the collapse due to plate bearing stress in the D joint. On the left the part of joint belonging to the CD segment, on the right the part of joint
that remained in situ.



Fig. 8. Qualitative reconstruction of the position of the vehicle and of the plastic deformation of the guardrail at the time of collapse of joint D.
the analysis is performed years after the accident and many information have been lost. In forensic environment, we are pre-
ferred not to introduce complex numerical modelling but to reconstruct the dynamics of the accident through a backwards
step-by-step process, using simple and well-established physical laws and reducing the use of numerical modelling. As such,
the dynamic of the accident is reconstructed through the following guidelines.

We indicate with V6 the moving speed of the vehicle at the entrance to the bend when the driver notices the danger and
stops accelerating to start to brake. The action is not instantaneous but requires a certain time interval that depends mainly
on the conditions of physical and mental alertness of the driver. In this period of time (generally between 0.5 and 2 s) the
vehicle undergoes a decrease in speed due to the braking action of the engine. Then the speed passes from value V6 to V5.
Subsequently the energy action of braking changes the speed from value V5 to value V3 in a time interval in which the wheels
leave signs of braking on the asphalt. The value V3 is therefore the speed of first impact on the guardrail. The vehicle impacts
with the front side close to the support post C causing its collapse. The energy required to break the post leads in a further
decrease of speed from V3 to V2. At this point the guardrail becomes considerably deformed (about 1 m of transversal dis-
placement) and the vehicle brakes until collapse of the D node due to the bearing failure of the bolted joint. At this point
the vehicle still has a non-zero speed, that we indicate with V1, and this is the cause of the jumping of the vehicle off of
the road. Finally, the vehicle impacts on the ground and annuls its own speed. Through a backward reconstruction, all speeds
indicated will be assessed.

4.1. Speed assessment V1

The vehicle was found in the bed of the river below the bridge at about 30 m far from the point of impact on the guardrail.
This distance was covered by the vehicle in part by an air trajectory and in part by slipping down the slope of the mountain.
On the basis of testimonies and surveys, carried out immediately after finding the vehicle, the point of impact of the vehicle
was estimated with the side of the mountain at a horizontal distance of approximately 10 m from the point of impact on the
barrier. The topographic surveys point to a difference in altitude between these two points of about 9.8 m. Assuming that the
vehicle jumped off from the road with a zero vertical speed and assuming that there had not been any loss of energy during
the fall trajectory, the time required for the vehicle to impact on the ground can be estimated as:
t ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2 � DY

g

s
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 � 9:8
9:806

r
¼ 1:41 s ð1Þ
in which with DY is indicated the vertical distance covered and with g the acceleration of gravity. Since the vehicle has
covered in this fall a horizontal distance of approximately 10 m, the jump speed from the road can be estimated as:
V1 ¼
DX
t
¼ 10

1:41
¼ 7:1 m=s ¼ 25:6 km=h ð2Þ
where DX indicates the horizontal distance covered during the fall trajectory. The speed V1 represents the residual speed of
the vehicle after the collapse of the guardrail.

4.2. Speed assessment V2

To assess speed V2 it is necessary to consider the braking action exerted by the guardrail during the impact with the vehi-
cle. During this phase the support pole C broke at its basis and the braking action was only given by the deformation in large



movements of the W-beam. The decrease of speed of the vehicle resulting from this braking action can be estimated accord-
ing to the well knew Impulse-Momentum Theorem synthetised by Eq. (3):
F � DT ¼ M � DV ð3Þ
in which F is a force applied to a mass body M for a time DT and DV which represents the variation of speed over time. In the
case analysed, force F is represented by the force of the impact, that is the force that the barrier transmits to the impacting
vehicle. Such force cannot be greater than the value that causes the guardrail collapse. Based on the geometric configuration
of collapse that can be inferred in Fig. 7 it is possible to determine, through a simple numerical static field, the relationship
existing between the force of impact F and the axial action of joint D that causes breakage of the joint (Fig. 9).

Fig. 9 shows the numerical model used in which the W-beam is modelled with beam finite elements and the stiffness of
the guardrail posts are modelled with equivalent elastic springs. At the point of application of the force, springs have not
been inserted because the guardrail post C is considered broken. The numerical model indicates that if the impacting force
has a value equal to 1, the axial action in the joint D is 0.79.

Using the geometries shown in Fig. 1 the axial action in the CD segment that causes the collapse of the guardrail is esti-
mated to be 115,540 N (assessed by adding the bearing strength of bolts in the W-beam, the shear strength of the bolts in the
handrail and tensile strength of a secondary element present in the joint), thus an estimation of the impacting force F is
obtained equal to 146,000 N. The Impulse-Momentum Theorem now allows evaluation of the variation of speed experienced
by the vehicle. Introducing an appropriate correction factor K, Eq. (3) provides:
DV ¼ K � F � DT
M

ð4Þ
The Impulse-Momentum Theorem provides the variation in speed of a body with mass M subject to a force F, constant for a
period interval of DT. In the case analysed the force F is not constant, but changes from an initial minimum value to a final
maximum value. The minimum initial value is the value of the force that causes the break of the guardrail post C while the
maximum final value corresponds to the value that leads to the collapse the structural system. Since in the moments prior to
collapse the steel is plasticised, the maximum force applied will be, even if for a short period, constant over time. It is rea-
sonable, therefore, to assume that the correction coefficient K has a value of between 0.5 and 1 and as such a value equal to 2/
3 was used.

With regard to the time interval DT to be used in Eq. (4), a value equal to 0.15 s was estimated which is reasonably the
time required by the vehicle to move transversely of about 1 m at the speed considered. Taking into account that the impact-
ing vehicle has a mass M equal to 1350 kg, the following is obtained:
DV ¼ 2
3
� 146; 000 � 0:15

1350
¼ 10:8 m=s ¼ 38:9 km=h ð5Þ
Since the vehicle has a residual speed (after collapse of the barrier) equal to 7.1 m/s, the speed of impact V2 is:
V2 ¼ 7:1þ 10:8 ¼ 17:9 m=s ¼ 64:4 km=h ð6Þ
This value represents the speed that the vehicle has during the impact, before significant deformation of the guardrail
takes place and after the collapse of the guardrail post C.
Force F

TensionCompression

Guardrail posts
W-beam

Fig. 9. Numerical model and axial stresses in the guardrail.



4.3. Speed assessment V3

To evaluate the speed of the vehicle before the collapse of the guardrail post C, it is necessary to use a second numerical
model. In this case the guardrail is assumed to be not deformed (Fig. 10) and the guardrail post C is modelled using elastic
springs similar to the other support posts. In order to model a serious state of corrosion at the base of the guardrail post, the
design thickness (3.5 mm) is evenly reduced to 1 mm. If the impacting force has a value of 1, the numerical model provides,
on the guardrail post C, a force equal to 0.1 in a longitudinal direction and 0.5 in a transversal direction.

By performing an assessment through biaxial bending formulas, it is estimated that for an impacting force of 753 N the
collapse of the guardrail post is obtained. At this point, using again the Impulse-Momentum Theorem, the decrement of
speed during the collapse of the guardrail post C is assessed as:
DV ¼ K � F � DT
M

¼ 2
3

753� 0:015
1350

¼ 0:056 m=s ð7Þ
Therefore, the speed of impact on the guardrail V3 is:
V3 ¼ 17:9þ 0:056 ¼ 18:0 m=s ¼ 64:8 km=h: ð8Þ
4.4. Speed assessment V6

The speed with which the driver entered the bend will undoubtedly be greater than the speed of impact on the barrier
estimated in the previous section, due to the loss of speed due to braking. The action of braking can be divided into two parts:
the braking action due to sliding friction that occurs when the wheels of the vehicle are locked and that due to rolling friction
(that occurs before the wheels lock). Assuming a friction coefficient of f = 0.50 (rubber – asphalt in humid conditions)
through an energy balance it is possible to estimate the speed of the vehicle at the time of starting of sliding friction:
1
2
�M � V2

3 þM � g � f � s ¼ 1
2
�M � V2

4 ð9Þ

V4 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
V2

3 þ 2 � g � f � s
q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
18:02 þ 2 � 9:806 � 0:85 � 12:30

q
¼ 21:1 m=s ¼ 76:0 km=h ð10Þ
in which g is the gravitational acceleration (9.806 m/s2) and s is the length of braking that can be deduced from the marks on
the asphalt (12.30 m).

Assuming that the rolling friction took place for a short fraction of time (0.2 s) the speed of the vehicle at the start of brak-
ing can be estimated as:
V5 ¼ V4 þ tv � ðg � fv þ dmÞ ¼ 21:1þ 0:2 � ð9:806 � 0:55þ 1Þ ¼ 22:4 m=s ¼ 80:6 km=h ð11Þ
where a coefficient of rolling friction (fv) equal to a 0.55 has been assumed while braking action of the engine (dm) was
assumed to be 1 m/s2.

To this speed, a further increase must be added, due to the braking action of the engine that occurred between the time in
which the driver removed his feet from the accelerator and the time when he started to brake. Such time interval (tp),
depends on the reactive capabilities of the driver. Depending on the data available from the forensic survey, a reaction time
of 2 s is estimated. The initial speed of the vehicle, entering the bend, and before braking is thus evaluated as:
V6 ¼ V5 þ tp � dm ¼ 22:4þ 2 � 1 ¼ 24:4 m=s ¼ 87:8 km=h ð12Þ
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Fig. 11 shows the values of speed evaluated in these sections. As can be seen from the diagram, the vehicle is subject to
two significant decreases of speed: the first one during the abrupt braking and the second due to the resistant mechanism of
the W-beam. In terms of reduction of speed the contribution guardrail post C is negligible.

5. Quantitative estimation of the dynamics of the impact in conditions of absence of deterioration

In the previous section the variation of speed of the vehicle during collision with the guardrail was evaluated, assuming
that the guardrail post was affected by a conventional deterioration (reduction of thickness from 3.5 mm to 1.0 mm evenly
on the section). The same evaluations can be referred to a guardrail in perfect conditions of service (thickness of the guardrail
post C equal to the design thickness of 3.5 mm). Considering the same hypotheses assumed in the previous section and start-
ing from a speed of 87.8 km/h a speed of exit from the road of 25.2 km/h can be obtained against the 25.6 km/h estimated
with the guardrail post in deteriorated conditions. The influence of the state of deterioration at the base of the guardrail post
C is thus minimal, not influencing the dynamics of the accident or the mode of collapse of the guardrail.

6. Evaluation of resistance that the guardrail should have had to stop the vehicle

Based on the previous evaluations, it is finally possible to estimate the resistance that the bolted joint should have had to
stop the vehicle on the road. Considering the speed of impact V3 of 17.9 m/s and assuming a zero speed of the vehicle at the
time of collapse of the joint due to bearing action, the Impulse-Momentum Theorem provides a force of impact of:
Fig. 12.
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greater than the estimation of the force that caused the collapse of the barrier (approximately 150,000 N). The histogram of
Fig. 12 compares the contributions to the resistance offered by various resistant mechanisms during the impact. The histo-
gram on the left refers to the barrier with the guardrail post conventionally deteriorated (thickness of 1 mm) while the his-
togram on the right refers to the design situation (thickness of 3.5 mm).

From the comparison of Fig. 12, the resistance offered by the support post C in design conditions (absence of deteriora-
tion) can be quantified as 6% of the total resistance of the guardrail. In conditions of conventional assumed deterioration, the
resistance of the support post C contributes 1%. Therefore, the conventional deterioration assumed caused a loss of only 5%
on the total resistance of the guardrail.

7. Conclusions

In this work we have analysed the collapse behaviour of a guardrail with signs of corrosion at the base of a support post. It
was necessary to study this subject, after a vehicle veered off a road leading to the collapse of the guardrail. Through recon-
struction of the dynamics of the impact, the speed of the vehicle was estimated of approximately 87.8 km/h over a stretch of
road where the mandatory speed limit is 30 km/h. The driver therefore lost control at a very narrow bend just before a
bridge, impacting violently against the guardrail. The barrier reacted to the force of the veering vehicle with a remarkable
transversal action but collapsed due to the violence of the collision thus showing a failure due to the bearing action in
the joint. The collapse of the guardrail post, swept away from the vehicle, took place almost immediately. Based on the esti-
mations presented, the resistance of the support post played an absolutely marginal role to the global resistance of the
guardrail (approximately 6%). The conventional corrosion assumed at the base of the post led to a reduction of 5% of global
resistance of the guardrail. In absence of corrosion at the base of the post, the same would in any case have collapsed and the
dynamics of the accident would not have changed (the car would have jumped off the road at 25.2 km/h instead of 25.6 km/
h). The level of corrosion noted on site was thus insufficient to cause a loss of functionality of the guardrail, and this was
because the guardrail was still able to perform its function of restraint, deforming in significant displacements until collapse
due to bearing stress.
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