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Abstract: Traffic barriers represent one of the basic road safety features. There are several types
of traffic barriers based on the material from which they are made of and their location. Bridge
structures are usually fitted with steel barriers. A steel barrier is, in fact, a relatively complex system
linking individual steel elements, which, as a whole, has to meet the requirements given by normative
regulations. In order for the steel barriers to fulfill their function and prevent the catastrophic
consequences of traffic accidents, it is absolutely necessary to ensure their correct installation on
the bridge structure. It seemed until recently that carrying out quality inspections of steel barriers
installation, i.e., their anchoring into the concrete ledges, was a relatively complicated time- and
money-consuming process, and that is why inspections of the correct anchoring installation in new
or existing barriers were not carried out as standard. This paper thoroughly describes in detail the
non-destructive ultrasonic pulse method, with which the anchoring of steel barriers on selected
bridge structures is being checked. From the measurements and statistical evaluation of the results,
it is apparent that carrying out inspections of the anchoring of these road safety features should be
considered routine, and at the same time, the inspection of anchoring quality should be required by
law in order to ensure the safety of road traffic.
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1. Introduction

In recent years, it was observed in the Czech Republic (CR) and Slovakia that, in car accidents
on road bridge structures, there was relatively high material damage and sometimes also serious
injuries to the passengers. In a mere visual assessment of the state of bridge steel barriers after traffic
accidents, it was apparent that the technological procedure of the installation of bridge barriers was
not observed; i.e., the anchoring depth of steel barrier posts in the concrete bridge ledge was not
observed. It was proven that the longitudinal barriers have an important impact on the severity of
consequences of traffic accidents on roads—provided, however, that they are correctly installed [1,2].
In some publications, it is possible to find cases where checking the installation of bridge barriers was
required retrospectively, because traffic accidents usually have tragic consequences precisely on those
stretches of roads. We tested several diagnostic methods which we used to assess the anchoring of
barriers [3,4].

On the basis of this experience, greater attention started to be paid to the construction of individual
structures, and investors started to request more complex checks of the individual steps of installation
of bridge barriers by contractors. Due to there being several examples of cases in which a violation of
technological discipline was proven, with the respective consequences, it is apparent that suppliers and
contractors are paying greater attention to the installation of barriers. Unfortunately, the verification
of the method of anchoring has not been upheld in legislation yet. A problem is also posed by the
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fact that, out of dozens of the assessed structures selected randomly in the CR and Slovakia, a lack of
technological discipline was proven mostly in old bridge structures or in structures that are not found
on main roads.

As has already been mentioned, there are several types of barriers: Concrete, steel, rope, and
steel–wood. In the CR, for example, the Ministry of Transport has approved approximately 35 types
of steel barriers by several manufacturers with a retention level of H1–H3 [5]. These barriers differ
from each other by their shape and the dimensions of individual components. They are selected on
the basis of economic aspects and the time needed for their installation. It is taken for granted that
all these barriers are certified and must withstand the minimum values of load given in the technical
specifications of the Ministry of Transport [6], and the steel must comply with the requirements of
the ČSN EN 10025 [7]. The main purpose of this road protection element is to hold and redirect an
uncontrolled vehicle while ensuring adequate safety for the passengers in the vehicle as well as other
road users [5,8]. The anchoring of these steel bridge barriers is particularly important, as they have to
bear 1.5 times the plastic load capacity of the barrier posts, which is based on the characteristic value
of the material yield strength [5]. The location of the steel anchors is given by the data sheet of the
manufacturer of the given barrier, which prescribes precisely the minimum depth of anchoring. The
biggest problems in the installation of steel anchors into the bridge structure include drilling into the
reinforcement of the concrete ledge or the insufficient quality of tools. These facts can lead to time
pressures during implementation and thus to non-compliance with this technological requirement.

The present construction practice and experience of workers for contracted companies support the
presumption that the existing legislation does not always require anchoring quality inspections during
the implementation of a structure, which results in the fact that this lack of discipline still occurs when
structures are built. The temporarily-used way of verifying the sufficiency of the depth of anchoring is
based on a destructive method—the extraction of the steel bolt—which is relatively expensive and is
only done on a very small number of representative samples [9].

One of the diagnostic methods which is used widely both in mechanical engineering and in civil
engineering is the ultrasonic method of testing [10–13]. There are several ultrasonic methods, and
each of them is suitable for a different purpose. Mechanical engineering very often uses the ultrasonic
pulse method by which it is possible to measure steel elements, their length or potentially their inner
inhomogeneities, etc. This method has also proved very useful in the building industry, where it
is used, for example, for checking welds, measuring the thickness of steel sheets, or measuring the
length of steel bolts [14,15]. The method is purely non-destructive, and its biggest advantages are its
repeatability of testing, the fact that it is not time-consuming, and its economic viability. On the basis
of the first laboratory tests made, we proposed and developed a method of checking the anchoring
depth, which was subsequently applied on-site.

2. Technological Procedure of the Installation of Anchors

Steel traffic barriers consist of a relatively complicated system of elements and joints. On roads,
it is possible to come across various types of traffic barriers with varying levels of retention. The
technological procedure of barrier installation must be certified by a competent authority and must
include detailed steps for correct installation. In fact, it is possible to say that the basic principle of the
installation of bridge barriers—i.e., their anchoring into a concrete ledge—consists of drilling holes
with a sufficient depth as prescribed by the manufacturer, at given distances. One of the most frequent
problems that can be encountered during traffic barrier installation is drilling into the reinforcement of
the concrete ledge. In this case, it is necessary to drill through the steel rods in the concrete ledge in
order to observe the depth of the drill. This necessity is often ignored; for example, due to inappropriate
technology for drilling or due to the absence of suitable equipment. After drilling, the hole must be
sufficiently cleaned so that impurities do not decrease the efficiency of the steel anchors, which also
holds true for chemical and mechanical anchors. The requirements for the installation of anchors
are more specific; the most frequent methods of anchoring include mechanical anchors (bracing),



Safety 2020, 6, 2 3 of 9

chemical anchors (glued), and an anchoring device being placed into the steel reinforcement of the
future bridge concrete ledge. In the case of the third option, observing the depth of anchoring is
almost certain. Although this is the most cost-effective way of anchoring bridge barriers, the first
two methods are used more often. The principle of mechanical anchors consists in the activation of
anchor—opening the steel ring after its placement into the drill hole, which ensures its cohesiveness
with concrete. In the case of chemical anchors, chemical glue is applied into a cleaned drill hole, into
which anchor bolt is subsequently placed [16]. Chemical anchors are cut to the required length from the
steel rods which are one meter long. When anchors are prepared manually, the prescribed total length
of anchors is not always observed, which may be impossible to distinguish in visual examination of
the anchors installation.

Concrete ledges are designed as sloping to prevent water retention on the structure and increase
in the degradation of concrete. To flatten the plate of barrier posts, base materials are used, which
flatten out the prescribed 1.5% transverse gradient of the ledge. The height of the base material is
specified in the data sheets for the given type of barriers. Unfortunately, when a greater amount of
the base material than necessary is used, the length of the anchor above the concrete ledge can often
be almost doubled. In the case of chemical anchors, which are cut on-site, these shortcomings can be
compensated for by a greater total length of the anchor.

3. Methodology of Ultrasonic Testing

In the building industry, two basic ultrasonic testing methods are used most frequently. The oldest
and simplest of them is the passage method, the main feature of which is the measurement of passing
acoustic pressure, or determining the time of ultrasonic waves passage through the environment
examined. Two probes, one of which transmits ultrasonic pulses and the other of which receives them,
are placed on the opposite sides of the environment examined, preferably coaxially. This method is
used e.g., for an evaluation of the uniformity of concrete or for a determination of its elasticity modulus
on the basis of the knowledge of the length of measuring base and of the determined velocity of passage
of the ultrasonic wave. Its limitation is the necessity to measure by two probes, which can sometimes
be a problem in the diagnosis of building structures. Another method is the pulse rebound method.
The principle of the pulse method consists in transmitting pulses which are captured and represented
by means of the so-called A-scan. The rebounded pulses return either to the same electroacoustic
converter or to the receiving converter. Electrical signals created by the impact of ultrasonic pulses
are amplified and brought to the vertical deflecting system of the display either directly or after their
rectification and filtration. Filtration enables a clearer and more uncluttered representation on the
screen but some details get lost. This method gives information about the size of the reflecting surface
according to the height of the rebounded pulse (echo pulse). Apart from that, it is possible to determine
the depth of the reflecting surface or the velocity of ultrasonic wave propagation from the time of echo
pulse passage, and it is possible to estimate the character of the reflecting surface from the shape of
the received echo pulses. The method is suitable for measuring elements embedded into concrete
which can be approached from one side only. The input parameter is the knowledge of the velocity of
ultrasonic wave propagation through the material tested.

The ultrasonic rebound method was chosen to assess the anchoring length of steel anchors
embedded into concrete. At first, laboratory tests were carried out, in which the selected ultrasonic
devices and thickness gauges were tested and their sensitivity and accurateness were assessed.

The ultrasonic devices and thickness gauges were tested with and without A-scans [17]. For
each of the total of 4 devices assessed, the sensitivity of measurement and especially the range were
determined. In the laboratory tests it was proven that all the devices used measured the total lengths
of the tested anchors reliably. Anchors with artificial defects, which are easily detectable by ultrasonic
measurements, were also tested. These measurements were taken by means of direct ultrasonic probes
with frequencies of 2 MHz, 5 MHz, and 10 MHz, which were selected as the most suitable for on-site
measurements. Ultrasonic pulses are transmitted in the so-called narrow signal beam and it is possible
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to test steel anchors of lower diameters (6 mm, 8 mm) with a length of up to 500 mm. During calibration
it was necessary to manually set the value of velocity with which the ultrasonic pulse propagates in
steel. This value is determined according to ČSN EN 14127 at v = 5920 m/s ± 30 m/s [18]. Due to
the heterogeneity of the steel material from which steel bolts anchoring the barrier posts are made
and due to the method of treatment, this value can vary for different types of bolts, which can cause
certain inaccuracies in measurement. That is why it is useful, before testing the embedded anchors, to
calibrate the device on the same type of steel bolts as the one that will be assessed on the bridge ledge.
The inaccuracy of measurement caused, among other things, by various steel materials, can amount
to ±1 cm.

4. Testing on the Selected Bridge Structures

Traffic accidents that occurred on the roads in the CR and Slovakia in recent years highlighted
the described problem of the installation of retention systems, particularly on bridge structures. The
selected bridge structures were diagnosed by means of ultrasonic pulse method. The measurement
was carried out by means of the following devices: Zenotip+ by Proceq Switzeland [19] and SONIC
1200HR by STAVELY INSTRUMENTS INC. The method of calibration of the US device with an A-scan
is shown in Figure 1. The velocity of US wave propagation is set on the basis of the knowledge of the
precise total length of the anchor. Further the strength of the transmitted pulse and the range are set in
such a manner that it could be possible to observe also the second echo pulses. The correct setting of an
ultrasonic device allows for assessing the total length of the steel anchor with an accuracy of 0.01 mm.
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Figure 1. Setting and calibrating the US of the instrument.

The calibration and setting of the device were carried out before the individual measurements on
the bridge structures. The assessment was performed on the anchoring systems for traffic barriers of
the following types:

• Type A: One-side barrier JSPAM-2/H1, 2 ×M16, min. depth of a drill hole for chemical anchor
min. 160 mm.

• Type B: Handrail barrier ZSKLS-I/H2, 2 ×M24, min. depth of a drill hole for chemical anchor min.
190 mm.

• Type C: Handrail barrier ZSKLS/H2, 2 ×M24 + 2 ×M16, M24 with a min. depth of anchoring of
min. 190 mm, for M16 with a min. depth of anchoring of 160 mm.

To achieve a better acoustic coupling between the ultrasonic probe which transmits and receives
the ultrasonic pulse, we used an inert gel provided by the manufacturer of the ultrasonic thickness
gauges. Some of the tested barriers were affected by corrosion and that is why it was necessary to
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apply a surface treatment so that corrosion and impurities could not affect the passage of ultrasonic
pulse through the steel anchor and thus distort the measurement results. Subsequently, the gel was
applied and the measurement taken. Then we measured the length of the steel anchor protruding over
the concrete ledge with an accuracy of 1 mm. After the subtraction of these two values, we obtained
the length of the anchor in the concrete ledge, i.e., the actual depth of anchoring. This value was then
compared with the values prescribed in the applicable Technical specifications.

5. Evaluation

The quality check of steel barrier anchoring was performed on approximately 2000 steel anchors.
The results were processed into a table and statistically evaluated. The statistical evaluation was done
by means of box diagrams, which allow for the assessment of symmetry and variability of the data set
(measured values) and of the existence of outliers or extreme values. It gives information about:

- The highest (maximum) value;
- the lowest (minimum) value;
- the range of values between the highest and the lowest value; and
- median.

The median is a value for which it is true that 50% of values are above, and 50% of values are
below this value. The area of the 50% of middle values is called an interquartile range. Sometimes the
box diagram is supplemented with the extreme values and outliers. They are usually marked with an
asterisk or a cross. In the statistical evaluation, however, these values are not considered because they
would deform the graph itself. From the statistical point of view, they are considered as wrong values
which occurred for various reasons, e.g., due to a sudden change of conditions, measurement error, or
inexplicable deviation.

Table 1 summarizes the total numbers of checked anchors on the selected bridge structures.
Considering the fact that these were relatively long bridge structures, anchors were checked at random.
For the sake of clarity, the table shows the total number of barrier posts and the number of checked
posts for each type of anchoring—A, B, C.

Table 1. Cumulative assessment for individual types of anchoring.

Type of
Anchoring

Total
Number
of Posts

Total
Number of

Anchors

The
Number of

Checked
Posts

The
Number of

Checked
Anchors

Number of
Unsatisfactory

Anchors

Number of
Unsatisfactory
Anchors in %

A 910 1820 286 578 338 58%
B 1256 2512 422 1174 406 35%
C 221 692 64 248 57 17%

The following graphs show the measured values of anchoring lengths for the given anchoring
systems obtained on 18 selected bridge structures. At first, we made a statistical evaluation by means
of box diagrams for the type A anchoring, where the minimum anchoring depth, according to the
applicable standards, is 160 mm. It is apparent from this graph that more than 50% of the measured
values do not correspond with this minimum value, Figure 2, which is also apparent from Table 1. In
the following histogram in Figure 3 it is possible to see a relatively large dispersion of the measured
values. The lowest values measured ranged around up to approximately 70 mm.
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Figure 4 shows the evaluation of the anchoring length for the type B anchoring system from
60 checked structures. A significant spread of values is apparent at first sight. The median value equals
192.3 mm, i.e., 50% of the measured values are lower. At the same time, it is possible to conclude that
there is a large number of outliers which can distort the statistical evaluation—these values are not
considered for analysis. For this reason, two types of graphic representation were chosen.

In Figure 5 it is possible to see that the highest number of the measured values of anchoring depth
ranged from 180 mm to 200 mm. Although the deviations from the prescribed minimum anchoring
length could be regarded as not too high, the assessment performed proved that the technological
procedure of the installation was not observed. According to Table 1, 35% of the cases measured do not
comply with the technological procedure, which is a relatively large number considering the number
of anchors checked.
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For the type C anchoring system, where the barrier posts are anchored by two steel bolts M16
and by two bolts M24, only a histogram was used. This type of anchoring was found in 6 bridge
structures only, therefore the statistical evaluation of compliance with the anchoring length may not be
as important as in the previous cases. Nevertheless, it is possible to say that approximately 17% of the
evaluated anchors did not correspond with the prescribed anchoring lengths, Figure 6.
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Dopravy ČR: Praha, Czech Republic, 2015. Available online: http://www.pjpk.cz/data/USR_001_2_8_TP/TP_
114a.pdf (accessed on 21 December 2019).

6. Technické kvalitativní podmínky staveb pozemních komunikací: Kapitola 19 ocelové mosty a konstrukce.
Pjpk.Cz Politika Jakosti Pozemních Komunikací Praha: Ministerstvo Dopravy ČR. 2015. Available online:
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