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Summary

The “Railway Bridge” over the Vitava River connecting Vytont and Smichov in Prague carries two rail-
tracks and consists of a riveted steel structure, built in 1901, resting on two masonry piers in the river
and abutments in natural stone masonry. After more than 117 years of service, the riveted steel
structure is currently in bad visual condition. Since the railway service will increase in the future, the
technical performance of the “Railway Bridge” needs to be assessed.

The «Railway Bridge» is a protected heritage structure and belongs to the perimeter of the UNESCO
World Heritage Site of the historic center of Prague. For this reason, the «Railway Bridge» should be
preserved.

The present expertise has the objective to evaluate the technical performance of the «Railway Bridge»
based on information, data and investigations as provided by the Klokner Institute, SUDOP engineers
as well as own investigations and benchmarking with similar cases of bridges, in particular in
Switzerland.

The main conclusion of this expertise is that preservation of the existing «Railway Bridge» is technically
feasible while respecting current code provisions and allowing for a long future service duration:

— The structural and fatigue safety is verified for Line Class Model D4 (and tentatively also for UIC71
Load Model) provided that the riveted steel structure, in particular the structural members
showing severe corrosion damage, are restored and maintained in the future. Doubts regarding
insufficient remaining fatigue duration are not justified.

— The existing riveted structure has sufficient structural capacity in order to carry future train traffic
including higher trainloads and higher train frequencies. However, critical zones with severe
corrosion damage must be restored, and new corrosion protection painting is indispensable.

Based on these conclusions, it is recommended to estimate and update the cost for the restoration
project, in particular for repair of damaged structural members (without calling for replacement of
entire structural members), application of a new corrosion coating on the steel structure and the
renewal of the rail-track supporting system by installing a new fixed rail-track.
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1. Motivation and objectives

The railway bridge over the Vltava River connecting Vyton and Smichov in Prague is commonly called
the «Railway Bridge». This bridge carries two rail-tracks and consists of a riveted steel structure, built
in 1901, resting on two masonry piers in the river and abutments in natural stone masonry. After more
than 117 years of service, the riveted steel structure is currently in bad visual condition.

The owner of the «Railway Bridge» is SZDC (Sprava Zelezni¢ni dopravni cesty), the national Railway
Infrastructure Administration of the Czech Republic. Railway service will increase in the future, and it
is was recently decided to add a third railway line at this river crossing location.

The «Railway Bridge» is a protected heritage structure and belongs to the perimeter of the UNESCO
World Heritage Site of the historic center of Prague. For this reason, the «Railway Bridge» should be
preserved.

Photo showing the ”Railw_ay‘Bridge;’, downloaded from the internet.

Consequently, there is a need to investigate in detail the actual condition and the carrying capacity of
the bridge in view of future train service. The SUDOP Engineering Company and the Klokner Institute
have already assessed the condition and structural safety of the riveted steel structure. The main
finding of these studies is that the existing bridge can be repaired and strengthened to comply with
code requirements. The estimated cost is however exorbitant such that the replacement by a replica
structure was recommended. This recommendation led to some uneasiness, in particular among
persons defending patrimonial values.

Subsequently, the author of this report was mandated to investigate and evaluate the preservation of
the «Railway Bridge», including the following tasks:

1) review of the reports established by the SUDOP company and the Klokner Institute regarding the
current bridge condition, the calculated structural and fatigue safety of the riveted steel structure
as well as the proposed remedial measures

2) comparison and benchmarking with similar cases of riveted steel railway bridges (in Switzerland)

3) proposal of an intervention concept with the objective to maintain the original bridge structure as
far as possible, considering economic aspects and a long future service duration for future railway
service.

The author of this report met the responsible persons involved in this project at meetings at the
Klokner Institute on 21 of February 2019 and at the SZDC Offices on 22" of February. A site visit of
the bridge took place in the afternoon of February 21%. During these meetings, the author presented
preliminary results of his investigations. The present report comprises the results from the assessment
of current bridge condition and the feasibility study for the restoration of the bridge.
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2. Historic background and cultural values
2.1. Historic context

The «Railway Bridge» over the Vlatava River in Prague is part of the railway lines that were built in the
late 1860ies and early 1870ies during a period of economic boom. A first bridge was built and put in
operation in 1874. It was a single track railway bridge in riveted steel construction.

The first bridge was replaced in 1901 by the present double track «Railway Bridge» designed by the
engineer FrantiSek Prasil (1866-1925). The construction plans are signed by “Briider Prasil & Co.”.

FrantiSek Prasil also was the designer of two further significant heritage structures in Prague: the 64m
high Petfin Lookout Tower (1891) and the Industrial Palace at Vystavisté (1891).

2.2. Patrimonial values
The patrimonial values may be described according to four domains as follows:

Historic value: The parabolic lattice girder structure is typical for riveted steel bridge construction
during the era of riveted steel construction (from 1850 to 1950). When the bridge was built at the turn
from the 18™ to the 19" Century, riveted structures were optimized and made already their proof of
high engineering efficiency. The «Railway Bridge» is an important reference in the work of engineer
FrantiSek Prasil who is famous and the most important reference in Prague (and probably also in Czech
Republic) for riveted steel structures.

Aesthetics: The appearance of the bridge convinces by the rhythm drawn by the parabolas of the three
consecutive girders over the Vltava River as well as by the transparency of the filigree lattice girder
itself. The arrangement of diagonals and posts between the upper flange in parabolic shape and the
lower flange comprising the railway deck explicitly expresses the flow of forces in the structure.

The bridge structure is the result of purely technical requirements to carry the heavy trainloads. The
interrelation of the light steel structure with the massive river piers and abutments in natural stone
masonry provides visual stability by its contrast and enhances the visual lightness of the steel structure
making the riveted construction look filigree and bold. The riveted details, in particular the complex
joints between the diagonals and the flanges provide a characteristic expression.

The adding of lateral footbridges on both sides of the bridge, built as closely following repetitive
cantilevering corbel linked by an edge girder and a filigree railing is pragmatic and logic since it is
detailed in the same logic of lightweight construction as the railway bridge itself. The footbridges
provide an additional asset to the bridge.

The bridge’s slenderness and transparency visualize technical efficiency, timeless and with a strong
and undeniable reference to the era when the bridge was built.
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Relation to the surroundings: The «Railway Bridge» stands as one of the river crossings at a well visible
place within the inner town of Prague. The sober but dynamic swung line of the three consecutive
single span structures stands in a pleasant contrast to the urban landscape. The «Railway Bridge» is
often shown on photos with the Prague Castle in the background.

Socio-cultural value: The «Railway Bridge» is well accepted by the population of Prague. This is also
because of its easy accessibility by the lateral pedestrian bridge parts. The bridge is a popular object
and reference for individuals. It serves as photo setting for special occasions like weddings.

Overall, very high cultural values must be attributed to the «Railway Bridge». It may be considered as
a monument of the art of structural engineering in the context of construction of railway lines in
Europe and in Czech Republic in particular. The «Railway Bridge» is an important witness of the era
when it was built and it is certainly among the most important remaining riveted steel structures in
Czech Republic. It is also used as an “image” of Prague.

3. Requirements for preservation and future use of the bridge

The technical requirements for the preservation of the existing bridge include:

— Two rail-tracks for future railway traffic loading described by Line Class D4 (and possibly UIC Load
Model 71) including an increase in the number of train passages. Currently and in the past, Line
Class C3 was and still is applied for railway line operation.

— The distance between the two railways is 3.8m, which respects code provisions.

— Pedestrian bridge cantilevering on both sides of the railway structure is maintained, also the
existing width of walking surface.

— The future service duration of the bridge is as long as usually stipulated for a new bridge, i.e. 100
years.

— Lowest construction and user costs (i.e. minimal rail traffic restriction) during rehabilitation
intervention must be respected.

— The proportionality (i.e. cost — benefice balance) of future interventions for the maintenance of
the bridge shall be evaluated.

The requirements regarding patrimonial values include:

— the preservation of the riveted steel structure, in particular the main parabolic lattice girder
structure, in its original condition.

— original construction and building materials, including structural details, shall be preserved as far
as reasonably possible. If needed, singular rivets may be replaced by bolts. For repair, new steel
plates may be added to restore severely corroded local zones.

— Interventions to modify and strengthen the rail-track system are acceptable if done in a discrete
and non-invasive way, without notable modification of the bridge appearance.

4. Documentation and approach
The following project related documentation was available for the present study:

— Documents established in 2018 by SUDOP Praha structural engineers: Recalculation of riveted
structure, static and dynamic load test (monitoring), material tests, construction plans for
strengthening interventions
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— Expert Report “Assessment of the performance and diagnosis of the Vysehrad bridge” by the
Klokner Institute, dated 14 November 2018

— Expert Report by Prof. Josef Vican and coworkers, dated August 2018

— Construction plans from 1900 for the bridge construction and from 1969 for modifications of the
steel structure.

— Research reports on “Advanced methods for assessment of deteriorated steel structures” as part
of European COST action in 2016.

In addition, current codes for railway bridges and literature, in particular related to riveted steel
structures, were used in the present study.

The following paradigm is basic for the approach applied in the present investigation: “Any existing
structure can technically be rehabilitated, strengthened and modified to comply with the requirements
of its future use. The task of the structural engineer is to show how this is possible to the lowest cost
and in particular, whether the preservation of an existing structure is proportionate from the viewpoint
of intervention costs, economy and principles of sustainability. A built structure is not a living creature,
and thus there is no “end of life” or end of use of a structure because of age or condition.”

The structural engineering community and the construction industry generally not yet apply this
paradigm, although it is implemented in current codes related to existing structures, for example, in
Eurocode CEN/TC 250 M515 WG2.T1 “Assessment of Existing Structures” and in Switzerland the
Standards SIA 269 “Maintenance of existing structures”.

Consequently, principles and rules given in Eurocode CEN/TC 250 M515 WG2.T1 Assessment of Existing
Structures (Final Draft for Inquiry: April 2018) and in the Swiss Standard SIA 269 are applied explicitly
in the present investigation. Referring to the «Railway Bridge», this includes in particular:

— The verification of fatigue and structural safety is based on results from structural analyses using
railway traffic load models given in the relevant code.

— Updating, i.e. the process of supplementing existing knowledge with new information, will be
conducted to comply with specific site and traffic conditions.

— The results from calculations are complemented and updated by findings from the structural
measurements and monitoring campaign as described the corresponding report by SUDOP.

— Al currently available data and information from both measurements and calculations are
exploited, and their plausibility is discussed and evaluated.

— In case of intervention to enhance the structural behavior of the existing bridge structure, novel
engineering technologies including high performance building materials shall be used if they allow
for non-invasive intervention, i.e. without significant increase of the self-weight of the bridge
structure and without notable modification of the bridge appearance.

— Requirements of codes and technical conditions shall consider a balanced compliance with
economic and cultural requirements from the owner and the public.

This approach has been applied by the author, mandated by the Swiss railway companies and cultural
heritage authorities, on several railway bridges in Switzerland.

In the following two chapters, the condition and technical performance of the «Railway Bridge» are
assessed (Chapter 5) and methods of intervention are proposed and evaluated for the restoration of
the «Railway Bridge» (Chapter 6).
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5. Technical performance of the existing bridge structure
5.1. Main structural characteristics
The «Railway Bridge» consists of:

(1) the river bridge consisting of three consecutive single span and identical parabolic lattice girder
structures with a total length of 219m resting on two river piers and two abutments, as well as

(2) the approach bridge consisting of four consecutive single span full plate girder structures with a
total length of 80m followed by a series of masonry arches.

PRAHA HL. N, SMICHOV
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Fig. 5.1: Overview of the Railway Bridge.

The present investigation focuses on the parabolic lattice girder structure as the main part of the
«Railway Bridge». The full plate girder steel structures of the approach bridge have not been analyzed,
and it is thus implicitly assumed that similar results and findings would be obtained for the riveted
structures of the approach spans like for the river bridge.

Regarding the single parabolic lattice girder structure distinction is made throughout the report
between :

— the main lattice girder structure as the primary structure and
— the rail-track supporting structure consisting of the beam grillage composed of cross girders and

floor beams.
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Figure 5.2: a) Cross section at mid-span of the lattice girder with transverse frame and rail-track supporting
structure, b) rail-track supporting structure: floor beam to cross girder connection.
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Main lattice girder: The main lattice girder structure in riveted steel has a span of 70.0m and is 12.6m
high (Fig. 5.2a). It carries two rail-tracks with an axle spacing of 3.8m, which corresponds to today’s
requirements. The highest stresses in the lattice girder are obtained when both rail-tracks carry traffic
loads. Consequently, it may be expected that the structural safety verification at ULS (Ultimate Limit
State) of Type 2 (ultimate fracture resistance of structural members) is determinant for the lattice
girder. Regarding fatigue, the frequent loading case is when only one rail-track is carrying traffic loads.
Due to frame action of the cross section, stresses are distributed from the more loaded lattice girder
next to the train load to the second lattice girder, leading to relatively small stresses in the lattice
girders. Consequently, it may be expected that the fatigue safety verification at ULS Type 4 (fatigue) is
not critical.

Track supporting structure: The beam grillage is composed of cross girders and intermediate floor
beams that are arranged between the cross girders. The floor beams are carrying the wooden sleepers
with the rails.

Figure 5.2b shows the connection between the built-up floor beam and the cross girder: the web plate
of the floor beam is connected by means of two angles to the web plate of the cross girder. The flanges
of the floor beam is interrupted. Given that the flanges are not continuous, this induces tensile stresses
in the upper half of the rivets of the continuous riveting along the angle connection. Rivets subjected
to tensile stresses have low fatigue resistance, and thus, this detail must be considered as fatigue
vulnerable. The fact that no fatigue fracture of this detail occurred is an indication that the fatigue
stresses in this detail must be small.

Although this structural detail is common in open rail-track systems of riveted railway bridges, this
structural detail is also not optimal to resist horizontally acting breaking forces and nosing forces
(acting on the rails due to side motion of vehicles), which lead to out-of-plane bending of both the
cross girder and the floor beam.

Remarks:

— The riveted structure has bracing to resist against horizontal loading due to wind forces as well as
horizontal forces from train loading, i.e., breaking and nosing forces. It is known that the breaking
forces to be assumed according to codes are significantly higher than breaking forces measured
from real trains, and therefore, the load case of breaking needs special consideration.

— The following interventions were realized on the steel structure: In the year 1970 the upper
horizontal wind bracing and the portal bracing were replaced and modified. In 1987, horizontal
breaking bracing was added, and some floor beams were strengthened by adding a lamella on top
of the flange.

5.2 Characteristics of past and future railway traffic

Trainloads: In the past and at present, the railway service on the «Railway Bridge» is covered by Line
Class C3 (with allowable maximum loading of 200kN axle load and 72kN/m’ line load). In the future, an
increase of service loads may be expected. The next higher Line Class D4 (225kN, 80kN/m’) is therefore
assumed in the verification of structural and fatigue safety (see Chapters 5.5 and 5.6).

Train frequencies: According to the records, the number of past train passages and the planned train
operation in the future leads comprises more than 5 million train passages per track. This has the
following consequences for the verification of fatigue safety: Assuming that one train passage
produces at least one significant fatigue stress cycle in a fatigue relevant structural member and detail,
the fatigue safety has to be verified with respect to the fatigue endurance limit of riveted details.

5.3 Investigations of SUDOP Praha engineers and Klokner Institute

The available documents and reports comprise :
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detailed condition survey with precise determination of section reduction of critical elements and
zones due to corrosion.

material testing to determine resistance values for the two types of steel that were used to build
the steel structure. The obtained experimental values correspond to expected values of steel
available at the time of bridge construction.

load testing and monitoring campaign were performed during one week; strain readings due to
defined vehicle load passages were used to calibrate the model for structural analysis and to
establish dynamic properties. However, the monitoring results were not used to verify the fatigue
safety.

refined “re-calculation” of the riveted steel structure and verification of structural safety at ULS
(Type 2) and fatigue safety at FLS (Type 4) with respect to Load Models UIC71 and Line Class C3
was performed using a detailed 3D elastic model for structural analysis.

It may be noted that the available documentation is detailed and valuable, and the structural analysis
was rigorously conducted. This shows evidence of the high quality of the investigations undertaken so

far.

5.4 Current condition of the bridge

The current condition of the bridge has been recorded in detail (using photographs and drawings) in
the corresponding reports by SUDOP:

The corrosion protection coating is in very bad condition or non-existent. Several localized zones,
in particular those where humidity prevails, show significant reduction of cross section. Section
losses amount to: 12% for the bottom chord, 7% for the diagonals, 10% for the posts, and 4% for
the cross girders and floor beams.

The open rail-track has resisted to the railway traffic without considerable damage although this
type of rail-track is not optimal from a structural viewpoint (see Chapter 5.1) and known to be
maintenance intensive.

The natural stone masonry of the embankments and river piers show usual signs of deterioration,
however, limited in extent.

The overall condition of the bridge must be qualified as “bad” and “damaged”. There is an obvious and
urgent need for interventions to restore a good condition of the bridge.

5.5 Verification of structural safety (ULS Type 2)

(1) Introductory remarks:

The bridge is still in service although the riveted steel structure of the bridge shows significant
corrosion damage in localized zones, probably for many years already. This means that the
structural safety requirements must be fulfilled. The objective is thus to verify sufficient structural
safety.

The objective of ULS Type 2 verification is to show that the safety margin with respect to fracture
of structural members subjected to extreme loading conditions is sufficient. At ULS Type 2, the
ultimate resistance accounts for plastic deformation capacity of structural members in steel, which
in turn, influence sectional forces when localized plastic deformation occurs in critical sections.

Rail traffic loading is subdivided into loading situations with frequent occurrence, i.e. vertical
trainloads including possible dynamic effects, and extreme acting forces due rare events such as
extreme nosing and breaking forces or derailment.

9
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The verification of the structural safety at Ultimate Limit State (ULS) Type 2 of the riveted structure is
based on two different and independent verifications by means of calculations according to code
requirements:

— Verifications conducted by SUDOP Company with results provided in the Report 2E_1 4 012_2
“Re-calculation of the parabolic lattice girder bridge”.

— Verifications conducted at EPFL by Nikolai Martin as part of his Master thesis project (to be
submitted on June 21, 2019) under the guidance of the author.

(2) Verifications by SUDOP: assumptions

The railway load models UIC71 (with classification factor a.=1.0) and for Line Classes C3 and D4 were
assumed to calculate sectional forces using an elastic 3D model for structural analysis. Rigid
connections of the members of the lattice girder were modeled which leads to significant elastic
stresses due to “secondary” bending moments in members zones near nodes.

Both vertical traffic loading and extreme horizontal forces were combined. The load factor for
permanent loads of 1.20 was used for the verification. The load factor for traffic loads of 1.30 may be
considered as rather optimistic.

Effective cross sectional dimensions of structural members were used to calculate the ultimate
resistance of structural members with explicit consideration of cross section loss due to corrosion. The
ultimate resistance of structural members is based on an elastic limit stress criterion without
considering the deformation capacity of the present steel (as verified by means of material tests, see
SUDOP Report 2E_1 4 011_1 “Testing of steel”). On the other hand, a slightly optimistic resistance
coefficient of 1.05 was used.

The synthetized results of the verifications are presented in Table 5.1 in terms of percentage of use of
the ultimate resistance of the structural members; i.e. “utilized capacity” = design value of action effect
divided by the ultimate resistance of the element; i.e. a value higher than 100% means that structural
safety is not fulfilled. For comparison with results by EPFL, the degree of compliance n = 1/”utilized
capacity” is also given in Table 5.1.

(3) Verifications by EPFL: assumptions

The verifications by EPFL are based on three important basic assumptions related to the anticipated
restoration project:

— Original cross sectional dimensions of structural members were used to calculate ultimate
resistance since it was assumed that corrosion damaged sections will be restored.

— Sectional forces in the lattice girders were calculated assuming pin-jointed members, as stipulated
in the Swiss Standard SIA 269/3 «Existing steel structures”. This takes into account the significant
deformation capacity of steel beyond the elastic limit stress which cancels any secondary bending
stresses (due to the partial fixity in particular of diagonals and posts at their ends) at ULS.

— Improvement of the rail-track supporting system is anticipated. The strengthened rail-track
supporting system will be designed to resist extreme horizontal nosing and breaking forces. In
addition, constructive detail will be provided allowing to keep a derailed train close to the rails.

The railway load model for Line Class D4 was applied to calculate sectional forces using an elastic 3D
model for structural analysis. Since the effective dimensions of the structural members have been
determined and verified in detail, an updated load factor for permanent loads of 1.10 was used for the
verification. Load factor of 1.45 was used for rail traffic loads according to codes.

10
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Calculation method EE (Section Class 3) is in principle used to calculate design values of action effect
and resistance but localized plastification of critical cross sections is considered. A resistance
coefficient of ym1,updates = 1.16 (for sections) and Ymz,updatea = 1.38 (for joints) for the mild steel was
applied respecting provisions of the Swiss Standard SIA 269/3.

(4) Results and discussion:

Table 5.1 presents the results in terms of “degree of compliance” for each type of structural member.

Rd ,updated

The degree of compliance: n = expresses structural safety following the Swiss Standard SIA

d,updated

269 “Maintenance of existing structures”, with R,  jeq and E being respectively the updated

d,updated
design values for resistance and action effect. For n>1.0, the structural safety is fulfilled. In addition,
the n-value explicitly indicates quantitative value of reserve or lack in structural resistance.

Table 5.1: Structural safety verification at ULS (Type 2: ultimate resistance): Results obtained by SUDOP using
UIC71 Load Model and EPFL using Line Class D4 Load Model for railway loading.

SUDOP (UIC71) EPFL (D4)
Structural member “utilized degree of degree of
capacity” compliance n compliance n
Lattice Girder
Upper flange 78% 1.29 1.35
Lower flange 109% 0.92 1.42
Diagonal D7 (mid-span) 85% 1.18 2.08
Diagonal D2 (near support) 101% 0.99 1.16
Posts 117% 0.85 217
Track supporting structure
Cross girder 146% 0.68 1.61
Floor beam 133% 0.75 1.16

Structural safety is not verified according to SUDOP calculations while EPFL results show reserves in
structural capacity at ULS (Type 2). This discrepancy may only be explained partly by differences in
assumptions applied in the calculations such as:

- Different load model: the UIC71 Load Model is about 11% heavier than Line Class D4 load model
used by EPFL.

- Load factor for permanent loads of 1.20 as taken by SUDOP is 9% higher than the updated load
factor for permanent loads of 1.10 used by EPFL. On the other hand, lower load factor of 1.30 was
applied by SUDOP for rail traffic loads compared to EPFL with 1.45.

- Cross sections reduced up to 12% were considered by SUDOP accounting for loss of sectional
dimensions due to corrosion while EPFL assumed restoration of the original cross section.

Actually, assumptions regarding the modeling of the riveted structure and the ultimate resistance of
structural members as well as the combination of loads influence the results more significantly:

- Tensile bottom chord of the lattice girder: the structural model by SUDOP considers partial fixity
of the diagonals and posts. This induces significant “secondary” moments in the tension chord and
in the diagonals and posts. These “secondary” moments lead to high concentrated stresses
reaching the yield stress at single locations at extreme fibers of cross sections. Reaching the yield
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stress is then taken as the criterion to determine ultimate resistance, i.e. no plastic deformation of
cross sections was considered by SUDOP.

However, “secondary moments” and localized stress concentrations disappear when some plastic
deformation of the steel is accounted for at the ultimate limit state. Considering plastic
deformation provides a significantly higher ultimate resistance of critical cross sections. The
material tests revealed significant ductility of the present steel. Consequently, the approach
considering plastic deformation has been applied by EPFL.

- Diagonals and posts of the lattice girder: Again, significant “secondary” moments leading to high
localized stresses appear due to the structural model by SUDOP while EPFL calculations allow for
plastic deformation and thus redistribution of stresses in the diagonals and posts resulting in a
lower uniform stress value in the cross sections of these members.

- Cross girder: The combination of vertical loads and breaking forces in the SUDOP calculations leads
to significant out-of-plane bending of the cross girders leading to high stresses. The cross girders
were not designed to resist high out-of-plane bending due to high breaking forces imposed by
codes. Consequently, increasing the stiffness of the rail-track system would reduce or eliminate
these out-of-plane bending effect. In the EPFL calculations, modification of the rail-track
supporting system according to the proposal in Chapter 6.3 has been anticipated, i.e. cross girders
have sufficient ultimate resistance for vertical train loads only. (Remark: The EPFL calculations
showed that when neglecting the breaking force, the degree of conformity n increases from 0.74
(for combination of both vertical loads and breaking forces) to 1.69 for vertical loads only.)

- Floor beams: Similarly, combination of vertical loads and horizontally acting lateral nosing forces
lead to significant out-of-plane bending and thus to the low degree of conformity calculated by
SUDORP. (In addition, load eccentricity of 83mm with respect to the axis of the two floor beams has
been assumed, which influences unfavorably calculated stresses.) Again, nosing forces will be
taken by the new rail-track supporting system, and the floor beam has sufficient structural
resistance.

Overall, the differences in the results between the verifications of SUDOP and EPFL can largely be
attributed to basic assumptions. SUDOP considered the original riveted structure to resist against loads
and forces as imposed by current codes. EPFL also applied current code provisions but anticipates
indispensable improvements of the original structure in view of its future use, i.e. the renewed rail-
track supporting system (as described in Chapter 6.3) will allow to largely take the high breaking and
nosing forces imposed by codes, thus reducing out-of-plane stresses in the floor beams, cross girders
and posts. In addition, the structural model of EPFL assumes redistribution of stresses in nodes and
members of the lattice girder taking account of the ductility of the steel at ultimate limit state.

In conclusion, the EPFL results reveal sufficient structural capacity of the riveted steel structure for Line
Class D4. The shown degrees of conformity indicate that the riveted structure has sufficient structural
capacity to resist even the UIC71 Load Model (which is valid for the design of new bridge structures).

5.6 Verification of the fatigue safety (ULS Type 4)
5.6.1 Approach

The number of trains and axle loads of past and future railway traffic is higher than 5 million as already
mentioned in Chapter 5.2. The service duration coupled to the forecast of train frequencies implies
necessarily a very high number of fatigue stress cycles. Therefore, it is indispensable to verify that
fatigue stresses during the past and future service duration are lower than the fatigue endurance limit.
This implies that any fatigue damage calculation (using Palmgren-Miner Rule or other methods) is not
relevant.
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In the following, the fatigue safety at Fatigue Limit State (FLS) is verified with respect to the fatigue
endurance limit using both:

— results from re-calculation using fatigue load models as given by codes
— data from the conducted load testing and monitoring campaign.

It has to be shown that the maximum fatigue stress range due to past and future trainloads is smaller
than the stress level describing the fatigue endurance limit. According to codes, the fatigue category
for riveted details is 71 or 80 depending on the given riveted detail, and the corresponding fatigue
endurance limits are respectively 51MPa and 58MPa.

5.6.2 Calculation of fatigue stresses using load models as given by codes

Remark: It is well known that fatigue stresses calculated using fatigue load models from codes, are
significantly higher than effective stresses in the structure. This is explained by the rather pronounced
conservatism inherent in load models imposed by codes.

Fatigue loading using UIC71 and Line Class C3 Load Models were applied by both SUDOP and EPFL. The
calculated fatigue stress ranges were similar, which indicates that both models applied for structural
analysis are similar. The calculated maximum stress ranges in fatigue relevant members (i.e. bottom
chord and tensile diagonals of the lattice girder, cross girder, floor beam) were in the range of 45 to 55
MPa. These stress values are close but lower than the fatigue endurance limit of riveted steel details.

5.6.3 Analysis of measurements from load testing and monitoring campaign

Precise determination of fatigue stresses is of utmost importance before any more or less sophisticated
method of fatigue damage analysis is conducted. This is because the fatigue duration (number of
fatigue cycles) depends on the fatigue stress following a power function (with the power of 5).
Consequently, direct in-situ measurement of fatigue relevant stresses is necessary to consolidate
fatigue safety verifications and comparison with calculations using fatigue load models from codes.

SUDOP Report 2E_1 4 011_2 “Static and dynamic load tests” (dated 30.7.2017) describes the
measurements from load testing and monitoring campaign conducted from May 11, 2017 to May 28,
2017. Strain values using strain gauges have been recorded on fatigue relevant elements of the riveted
steel structure and translated into stress values. The stress histories of operating trains have been
monitored during 7 days including mostly passenger trains but also single freight trains. Measured
stress ranges have been deduced by means of the Rainflow Method to obtain spectra of stress ranges.

The two vehicles used in single and tandem composition for static and dynamic load testing had axle
loads of 193kN (axle spacing of 2’000mm) and 188kN (axle spacing of 2'400) according to Figure 5.3.
This loading led to stress histories shown in Figure 5.4:

380 1430
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Fig. 5.3: Load testing using two locomotives in tandem composition.

13



The «Railway Bridge» in Prague — Preservation: Feasibility study Prof. Dr. Eugen Brihwiler

Stress history in the bottom chord: in the floor beam:
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Figure 5.4: Tensile stress histories in the bottom chord of the lattice girder and in one floor beam, due to the
passage of tandem vehicles at 60km/h speed (dynamic load case DZS5).

These stress histories provide the following information:

— In the bottom chord, the passage of vehicles in tandem composition produced one significant
fatigue relevant stress cycle with a maximum stress range of about 22 MPa. This is typical for
members of the main girder of a bridge structure; the number of significant fatigue cycles is equal
to the number of trains.

— In the floor beam, each pair of axles of the vehicles produces one significant stress cycle of a
maximum stress range of about 23MPa. This is typical for elements of the track supporting
structure where each pair of axles induces a fatigue relevant stress cycle.

— There is no notable amplification due to dynamic effects of the maximum static stress value.
Anyway, dynamic effects are included in the measured values and need thus no specific
consideration.

These measurements give a strong indication that the fatigue stresses in the riveted structure were
never higher than the fatigue endurance limit of 51MPa and 58MPa for respectively fatigue categories
of 71 and 80.

The spectra of fatigue stress ranges deduced from the monitoring during 7 days on all fatigue relevant
members, show single events at stress ranges between 15MPa and 25MPa while most stress ranges
were smaller than 15MPa. Although the monitoring campaign was over a short period of only 7 days,
it may be reliably deduced that fatigue relevant members of the riveted steel structures never
experienced a stress range close to the fatigue endurance limit since it can be excluded that train loads
more than 2 times heavier than the monitored ones ever passed over the bridge.

It is known that on lightweight steel structures with regular traffic like in the present case of a riveted
railway structure, already short monitoring duration provides reliable results, i.e. longer monitoring
duration would not change notably the stress ranges but only increase the number of recorded events
of fatigue stress ranges.

Overall, it can be concluded that the riveted structure virtually has no fatigue damage and can
therefore be used for a next long service duration and complying with higher train loads (like Line Class
D4) provided that good condition of the structure is restored and that bridge maintenance will be
performed accordingly.

5.7 Evaluation of serviceability based on deflection measurements

Maximum values of deflection of the main lattice girder due to the locomotives used for load testing
on one track are in the range of about 10 to 12mm. For estimation of the serviceability limit state, it

14



The «Railway Bridge» in Prague — Preservation: Feasibility study Prof. Dr. Eugen Brihwiler

should be assumed that there are simultaneous trainloads on both tracks and that higher trainloads
than the measured ones could occur.

Hence, the maximum deflection value under service conditions may be estimated to be 25 to 30mm
that corresponds to a deflection to span ratio of about 1 / 2’500. This value is about 3 times smaller
than requirements for deflection according to codes, i.e., 1 / 800. This reveals and confirms the high
stiffness of the riveted steel structure.

In addition, the measured Eigenfrequencies and dynamic modes are in expected ranges and indicate
normal structural behavior.

6. Intervention concept for the restoration
6.1. Conceptual idea and basic requirements

Based on the structural performance investigated in Chapter 5, the conceptual idea of the restoration
project for the «Railway Bridge» consists in the integral rehabilitation and repair of the existing bridge
including the renewal of the rail-track system.

The main technical requirement of utilization is structural capacity allowing for Line Class D4 (or
eventually UIC71 Load Model) for unlimited number of trains allowing for modern and unrestricted
train service for a long future service life (more than 80 years).

There are four main types of intervention summarized in the following table and discussed hereafter.

Element: Intervention: Remarks:

1. Rail-track Renewal by adding a fixed track in R- | optional, but highly
UHPFRC or in steel recommended

2. Riveted steel structure | Repair of severely corroded zones mandatory, urgent

Application of new corrosion
protection coating

3. Bearings Rehabilitation and repair mandatory
4. Piers and abutments Rehabilitation of natural stone | mandatory
masonry

Rehabilitation of pier foundations (in
the river)

The costs for these interventions shall be estimated in a next step and compared with costs of the
bridge replacement project. Such a cost comparison between variants shall include the evaluation of
the proportionality, i.e. the cost — benefit analysis of each variant in terms of construction costs and
economy. When evaluating the economic efficiency of these variants, maintenance expenditure in the
past and its effect on the current condition of the riveted steel structure needs to be considered
accordingly.

In analogy with other similar cases where the existing bridge has been restored (instead of being
replaced), it may be expected that the intervention cost for the restoration of the existing “Railway
Bridge” may be significantly lower than the cost for integral bridge replacement.
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6.2. Repair and corrosion protection of the riveted steel structure

Repair of corrosion damaged riveted steel elements is known since the beginning of riveted steel
structures in the 19" Century. Methods, techniques and materials have evolved over the decades. In
the present case, in order to repair the corrosion damaged zones, the following methods may be
applied:

— In caserivets need to be removed or are missing, they are replaced by bolts. Riveted joints may be
strengthened by replacing rivets by post-tensioned bolts.

— Voids between plates and due to corrosion are filled with epoxy resin for sealing, in particular to
(1) preclude the ingress of air and moisture which would lead to further corrosion and (2) provide
a smooth, level surface on to which a new steel elements can be fitted.

— Interfaces and gaps between plates are sealed with a (single component) polyurethane sealant or
mastic.

— Flanges and webs showing localized corrosion damage with significant section reduction or full loss
of a part of the section are repaired using cover plates in steel bolted to the element to restore the
original section. Sometimes filler or packer plates are needed for adjustments. Alternatively, glued
carbon fiber lamellas may provide the same effect as steel plates.

The bridge bearings are in satisfactory condition. New corrosion protection coating of the massive steel
parts and maintenance works of the mobile parts is required.

Corrosion protection coating is reinstalled on the overall surface of the steel structure using
conventional techniques including:

1) sandblasting of the whole steel structure inside a tight tent allowing for complete collection of all
residual products,

2) disposal of the residual products that most likely contain lead based paint (mineral red), and
3) application of several layers of protection coating.

6.3. Renewal of the rail-track by a fixed slab in UHPFRC

In order to achieve a reliable railway system and to prevent disruptions, the rail-track must be robust
and in good condition. Also, limiting rail-track maintenance is important. Preventing corrosion
protection maintenance is another important aspect. The traditional deck design consisting of cross
girders and two longitudinal floor beams with bridge sleepers on top of them is known to require a lot
of track maintenance; it also produces significant noise.

Consequently, in view of a long future service duration, it is recommended to complement the present
open rail-track system with a fixed track. The main reason for this recommendation is that the current
joint detail between the cross girder and the floor beam is not optimally designed for fatigue loading.
In addition, the new fixed track system may provide noise reduction that is likely to become an
additional requirement in the future.

Fixed track systems are relatively light and less invasive. Several fixed track systems made their proof
in the railway domain. In the present case, it is proposed to use the “Edilon Track System” for
continuous embedment of the rails (using Corkelast) in a channel-like trough (Fig. 6.1a). This trough is
built in R-UHPFRC (UHPFRC incorporating steel reinforcement bars and post-tensioning strands) or in
welded steel construction to limit self-weight. The Edilon Track System has the main advantage that
the elevation of the rail can be kept almost unchanged such that no, often costly, corrections due to
higher rail-track positions are necessary. In addition, the support structure is relatively light such that
the increase in self-weight of the structure is small and within the reserves of structural resistance.
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The new decks is continuous over the cross girders and therefore strengthens the floor beams at their
connections with the cross girders (Fig. 6.1b-d). This reduces stresses at the connections, and thus, the
fatigue issue at the connection between floor beam and cross girder is decisively mitigated.
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Figure 6.1: Edilon Track System and conceptual design of the trough in R-UHPFRC acting in composite action with
the floor beam.

The proposed new fixed track system comprises the following characteristics and installation
procedure:

— The support structure is realized as precast elements in R-UHPFRC and contains rebars in the main
force transmitting transverse direction underneath the rail; the existing small space between the
rail bottom line and the cross girder upper edge remains minimal. The trough accommodating for
placing the rail according to the Edilon System is spared out in the UHPFRC mass. A steel base plate
with two rows of shear studs is inserted in the precast element. In addition, a continuous rib for
derailment protection is provided.

—  Prior to mounting the precast UHPFRC trough elements, the top flange of the floor beam is adapted
by bolting a new steel plate (wider than the existing top flange) on top of the top flange. In this
way, a smooth level surface is obtained for placing the precast element.

— Afterwards, the precast UHPFRC elements with full width and of about 2m length are placed next
to each other and in the precise position. The transverse contact surface between two elements is
provided with epoxy resin film in order to seal the joint and to enhance transfer of shear forces
between two elements. In addition, mortise and tenon joints (shear keys) are realized to ease the
mounting of the elements and to guarantee the transfer of shear forces through the joint.
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— After the installation of the precast elements next to each other and application of the epoxy resin
glue, the elements are pressed together by two post-tensioning monostrands in order to
guarantee a tight fit between the elements.

— Thereafter, two longitudinal welds that connect the transition plate with the base plate of the
precast element finally achieve the composite action between the support structure in UHPFRC
and the floor beam.

Remark: Placing a trough with ballast on top of the cross girder — floor beam grillage system is not
feasible because of the added high self-weight and the significant increase in track system height and
thus elevation of the rails. This would call for costly corrections of (1) the rail-track geometry adjacent
to the bridge and (2) the portal frames of the bridge to comply with the required clearance.

6.4 Rehabilitation of piers and abutments in natural stone masonry

Rehabilitation works of the natural stone masonry are conventional and include repairs of joints (in
particular restoring the finishing joints close to the surface). In addition, it may be needed to replace
single stone blocks that are cracked or show missing parts.

Rehabilitation works can be subdivided into works above and below the water level. The protection
against scour of the pier foundation (consisting of timber piles) may be improved by placing additional
rock blocks.

Remark: The main load resisting part of a bridge pier in natural stone masonry is the circumferential
wall. Usually, there are cavities inside the piers, in the space circumscribed by the outer wall. These
cavities do not need to be injected.

7. Conclusions and Recommendations

The condition and technical performance of the «Railway Bridge» in Prague, a riveted steel structure
from 1901, resting on piers and abutments in natural stone masonry, has been investigated. The
expertise relies on information, data and investigations provided by the Klokner Institute, SUDOP
engineers as well as own investigations and benchmarking with similar cases of bridges, in particular
in Switzerland.

The main conclusion is that preservation of the existing «Railway Bridge» is technically feasible while
respecting current code provisions and allowing for a long future service duration:

— The structural safety at ULS Type 2 (ultimate resistance) and the fatigue safety at ULS Type 4 are
verified for Line Class Model D4 (and tentatively also for UIC71 Load Model) provided that the
riveted steel structure, in particular the members with severe corrosion damage, are restored and
maintained in the future.

— Doubts regarding insufficient remaining fatigue duration are not justified. The fatigue relevant
elements of the riveted main lattice girder are subjected to low fatigue stresses below the fatigue
endurance limit such that it may be concluded that the riveted structure can be considered
undamaged in terms of fatigue.

— The existing riveted structure has sufficient structural capacity in order to carry future train traffic
including higher trainloads and higher train frequencies, without calling for systematic
strengthening of most structural members. However, critical zones with severe corrosion damage
must be repaired, and new corrosion protection painting is indispensable.

Preservation of the existing bridge implies some modifications, in particular related to the rail-track
supporting system. These interventions will be of minor visual impact on the bridge aesthetics, and
thus the restored bridge most likely will be still compatible with cultural values.
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Based on these conclusions, it is recommended to estimate and update the cost for the following
mandatory works:

— repair of damaged structural members: it is crucial to limit the cost for the repair of damaged
structural members; effective and durable repair methods need to be implemented without calling
for replacement of entire structural members. Such methods have been applied in similar cases.

— application of a new corrosion coating on the steel structure and maintenance of bearings

— rehabilitation of the natural stone masonry of the piers and abutments and consolidation of the
foundations.

In addition, it is highly recommended to improve the rail-track supporting system by installing a new
fixed track (in R-UHPFRC or steel construction) using the Edilon Track System.

General recommendation:

«Stakeholder» Management and Communication of the restoration project will be important since this
approach is still perceived by the public and the profession as being of minor technical value and
related to high costs. Arguments for the communication of the restoration project are:

Novel engineering methods and technologies allow to:

— exploit the potential of a structure, i.e. to “get more out of the existing structure” while respecting
the structural safety and serviceability requirements imposed by standards

— preserve cultural values and add value to existing infrastructure and resources in use,

while respecting cost constraints and economy and fulfilling the requirements arising from its use.

The following stakeholders take advantage from the restoration project:

— citizens because of preservation of city landscape

— train users and pedestrians because of less restrictions

— tourists because of maintaining the attractiveness of the UNESCO World Cultural Heritage Site, and

— the structural engineering community who is stating an example of modern structural engineering
that respects socio-economic and cultural requirements.

Epilogue : Construction of a new bridge for the third railway line

Recently, it was decided to build a third railway line and thus a new single track bridge nearby the
“Railway Bridge”. In the context of the present study, this calls for the following remarks:

- Construction of a new single track bridge prior to the restoration of the “Railway Bridge” would
have the advantage to simplify the restoration of the existing bridge because one track on the
original double-track bridge could be taken out of service during the rehabilitation works while the
new bridge would take the second railway track.

- Given the sensitive context, it is highly recommended to conduct a bridge design competition.

- Avreplica lattice girder structure in modern steel construction of same dimensions like the existing
bridge does probably not lead to a satisfactory bridge design with respect to patrimonial values.
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- A possible design principle for the new single-track bridge could be a slender continuous girder of

constant height supported by inclined V-struts (Fig. 7.1) and a trough cross-section in steel or post-
tensioned UHPFRC, with a fixed track to limit self-weight.
Such a design would call for modern advanced bridge technology to be technically efficient and
pleasant from an aesthetic viewpoint. For compatibility with cultural heritage requirements, the
new structure needs to subordinate to the existing bridge while providing nevertheless an
attractive “ensemble”. Similar bridge design has recently been realized in Switzerland?.

Ne%4%%

N\

Figure 7.1: Proposal for a design principle for a new single track railway bridge next to the “Railway Bridge”.

2 https://www.rhb.ch/fr/company/projects-dossiers/second-hinterrhein-bridge-reichenau
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1. Identifika€ni udaje

Objednatel: Sprava Zelezni¢ni dopravni cesty, statni organizace
Stavebni sprava zapad
se sidlem: Sokolovska 1955/278, 190 00 Praha 9

IC: IC 70994234
DIC : CZ70994234

Zhotovitel: CVUT v Praze, Fakulta stavebni
se sidlem: Thakurova 7/2077, 166 29 Praha 6

jednajici: prof. Ing Jifi Maca, CSc.

IC: 68407700

DIC : CZ68407700

Zapsany: Zivnostensky list: Obvodni tfad méstské Gasti Praha 6, spis. zn.
Z0/11315/2008/Rec/2

2. ldentifika¢ni udaje stavby

Nazev stavby: "Rekonstrukce zelezni¢nich mosti pod Vysehradem" (Stavba 2)
usek v ramci Rekonstrukce trati Praha hl. n. (mimo) - Praha-Smichov (v¢.)
Misto stavby: Zelezni¢ni trat’ 0201 Praha hl. n. — Praha-Smichov
Kraj: HI. mésto Praha
Katastralni izemi: k.0. VySehrad, k.a. Smichov

Obce s rozsitenou piisobnosti: Hl. m. Praha
3. Zakladni cile fesSeni projektu

Hlavnim cilem akce bylo ovéfeni, zda je mozné ocistit povrch jednotlivych profili v mife
potiebné pro aplikaci ochrannych (v tomto ptipadé konzervacnich) natérovych systémi. Déle
pak odhadnuti celkovych nékladl na pfedipravu povrchu pied aplikaci této formy protikorozni
ochrany.

V experimentalnim programu oc€isténi (otryskani povrchu) byly vybrany koncepce obvyklé pro
predupravu ocelovych povrcha pro aplikaci ochrannych natérti — tj. otryskani s uzitim pisku
(,,piskovani®), nebo s uzitim ocelové drti jako abraziva. Experimentdlni program pocital
s aplikaci vysokotlakého vodniho paprsku s uZitim radialni (rotacni) a ptimé (demoliéni) trysky
vedeni vodniho proudu.
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Akce byla provedena v tymu Fakulty stavebni, Fakulty strojni a Kloknerova ustavu CVUT
Vv Praze.
Tryskani se zaméfilo na tyto detaily:

- pruchozi $térbina v diagondle

- nepruchozi §térbina v diagonale

- neprichozi §térbina uvnitf diagonaly s t€zkym piistupem,

- Stérbina nad dolnim pasem

Uvedené detaily jsou zobrazeny na nasledujicich obrazcich.

Obr. 1 Pohled na zZeleznicni most pod VySehradem v dobé realizace experimentii s otryskdavanim profilii
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Obr. 2 Typicky detail — priichozi Stérbina v diagondle

A
&

Obr. 3 Typicky detail — nepriichozi Stérbina v diagondle, s podkorodovanym pripadné odpryskanym natérovym
systemem
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Obr. 5 Typicky detail —stérbina nad dolnim pasem
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4. Program a ¢asovy rozvrh praci
Ctvrtek 11.7. — 9:00 - 17:00

- Zahajeni praci v 9.00

-V pribéhu dne postupné tryskani vodnim paprskem, piskem a ocelovou drti
-V pribéhu dne zkouSeni fréz, pil a dalSich mechanickych néstroj.

- Ukonceni do 17.00

Patek 12.7. - 9:00 — 13:00

- Mgfeni zbytkového profilu metodou Phased Array a ultrazvukem.
- Ukonceni cca 13:00

5. Specifikace polohy provadéni

Veskeré ¢innosti byly provadény na poli ¢. 1 vpravo, v prostoru nad naplavkou, na pravém
nosniku, kde dnes probiha jeho rekonstrukce a je uzavien vetejnosti. Konkrétné jde 0 2,3 a 5
piihradu. Poloha zkusebnich mist je patrna na nasledujici fotografii a vykresech.

-

Obr. 6 Pohled na zkoumanou oblast se specifikaci rozsahu podlah a vyznacenim cisténych mist
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Obr. 7 Podélny rez polem 1 se specifikaci polohy cisteni

Zamérné byly jako cile Cisténi (otryskavani) vybirany Stérbiny v diagonalnim vedeni profild
(priichozi 1 nepriichozi), které jsou hojn€ zaneseny shluky precipitati koroznich produktd,
spadu prachu a biologickych necistot (exkrementy ptactva).

Vybirany byly pfedev§im velmi Spatné dostupné Stérbiny v diagonalach pod trovni vedeni
kolejisté s nepriichozim a i s prichozim vedenim Stérbiny.
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Obr. 8 Pricny ez polem 1 se specifikaci polohy ¢isténi
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6. Tryskani vodnim paprskem

Tryskéani vodnim paprskem bylo aplikovano spolecnosti Bintana s.r.o. Jako prvni pfeduprava
povrchu bylo pouzito tryskani vodnim paprskem o tlaku az 2500 bar, ke kterému byl vyuzit
stroj Falch. Vysokotlaky vodni paprsek je nejuniverzalnéjsi metodou pro piipravu betonového
podkladu. Pfi tryskani se vyuzivaji demoli¢ni trysky, které maji na vystupu pouze jednu trysku
s riznymi pruméry. Dale se pouzivaji rotujici trysky, které maji na svém vystupu obvykle tii az
Sest naklonénych trysek pro maximalni Gcinek tryskaciho prostfedku. Vodni paprsek ma vsak
mnohem S$irsi vyuziti jak ve stavebnictvi, tak v riznych odvétvich primyslu. Tato metoda je
vhodna 1 k odstranovani starych natéri. Hodnoceni stupné ptipravy ocelovych povrchii touto
metodou definuje norma CSN EN ISO 8501-4:2006 Priprava ocelovych povrchii pred
nanesenim ndtérovych hmot a obdobnych vyrobkii - Vizudlni vyhodnoceni cistoty povrchu -
Cast 4: Vychozi stav povrchu, stupné piipravy a bleskové koroze po vysokotlakém tryskdni
vodou. V této normé jsou uvedeny slovni popisy a fotografické ptiklady moznych vychozich
povrcht a vysledného stupné predupravy dosazeného tryskanim vodou.

Vychozi stav povrchu testovanych ploch odpovidd dle CSN EN ISO 8501-4:2006
oznaceni DC C. Tento stupenn oznacuje povrch, na kterém je néatérovy systém degradovan
vV rozsahu odpovidajicim stupni Ri 5 dle CSN EN ISO 4628-3:2016 nebo zcela degradovan jak
je znazornéno v CSN EN ISO 8501-1:2007 (stupeti zarezavéni C).

Jednotlivé stupné vzhledu povrchu po oc€isténi jsou normou popsany nasledovneé:
Wa 1 — Lehké otryskéani paprskem o vysokém tlaku

Pfi prohlizeni bez zvétSeni musi byt povrch bez viditelnych stop oleje a mastnoty,
neptilnavych nebo poskozenych natérii, nepfilnavé rzi nebo ostatnich cizich latek. VSechny
zbytky zne€isténi musi byt rozptyleny nahodné a musi byt pevné ptilnavé.

Wa 2 — Diikladné otryskani paprskem o vysokém tlaku

Pti prohlizeni bez zvétSeni musi byt povrch bez viditelnych stop oleje, mastnoty a necistot
a vétsiny rzi, predchozich natéri a ostatnich cizich latek. VSechny zbytky znecisténi musi byt
rozptyleny nahodn€é a mohou obsahovat pevné pfilnavé povlaky, pevné ptilnavé cizi latky
a stiny po dfive se vyskytujici rzi.

Wa 3 — Velmi dikladné otryskéani paprskem o vysokém tlaku

Pti prohlidce bez zvétSeni musi byt povrch bez vSech viditelnych stop koroze, oleje, mastnoty,
necistot, predchozich natérti a kromé lehkych stop, bez vSech cizich latek. Pokud byl ptivodni

natér neporusen, mize povrch vykazovat barevné zmény. Sedé nebo hnédocerné zbarveni v
mistech dilkové koroze nebo zkorodované oceli nelze dalsim otryskanim vodou odstranit.
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Obr. 9 Vlevo: Ukdzka rotacni trysky pro tryskdani vodnim paprskem, vpravo: ukdzka demoliéni trysky s vodnim
paprskem o sile az 2500 bar

6.1. ZkuSebni misto 1
6.1.1. Popis mista pred tryskanim

Pro prvni misto zkuSebniho tryskani vodnim paprskem byla zvolena neprichodna $térbina na
diagonale ocelového prvku konstrukce.

Tabulka 1: Tryskdani vodnim paprskem: Pracovni parametry a pouzité zarizeni — zkuSebni misto ¢. 1
Tlak vodniho paprsku [bar] | 2300
Typ pouzité trysky rotacni
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Obr. 11 Zvolené zkusSebni misto ¢. 1 — po tryskani
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Obr. 12 Zvolené zkusebni misto ¢. 1 — po tryskani

D0 ¢

Obr. 13 Zvolené zkusebni misto ¢. 1 — po tryskani, fotografie porizené pomoci priimyslového videoskopu IPLEX
G Lite

Pfi odstraiiovani koroznich produktli a usazenin ze Stérbin se jasn¢ ukazalo, Ze v mistech
precipitatl se objevuje vyznamna forma lokalizovaného korozniho poSkozeni. Korozni
poskozeni oslabuje tloustku plochych profilti az o 50 % (pfedevsim v mistech nepriichozich
Stérbin). Atmosféricka forma korozniho poSkozeni je zde stimulovdna mechanizmem koroze
pod tsadami, dale pak jest¢ mechanizmem ¢innosti ¢lanku s diferen¢ni aeraci.
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Obr. 14 Porovndni rozdilnych tlousték dolniho profilu nepriibézné Stérbiny mezi profily po odstranéni
koroznich produktit a usad

6.1.2. Utinnost pouzité metody — zkuSebni misto &. 1

Dle fotografii je patrné, ze pfi pouziti dané metody dochézelo k lehkému ocisténi ploch a
Stérbiny od starych natérovych systémi a neulpélych koroznich produkti. Pfi pouziti dané
metody, dané trysky a tlaku bylo docileno priichodu celé Stérbiny, avSak nebyl odstranén
zékladni sutikovy natér. Z potizenych fotografii pomoci videoskopu IPLEX G Lite jsou patrné
korozni produkty ve vétsi hloubce $térbiny. Dle slovniho popisu stupné piipravy povrchu a
fotografickych piikladt uvedenych v CSN EN ISO 8501-4 Ize otryskanou plochu klasifikovat
stupném Wa 1.

6.2. ZkusSebni misto 2

Pro druhé misto zkusebniho tryskani vodnim paprskem byla zvolena spodni $térbina mezi
ocelovymi prvky pod pochozimi plechy konstrukce.

Tabulka 2: Tryskdani vodnim paprskem: Pracovni parametry a pouzité zarizeni — zkuSebni misto ¢.2

Tlak vodniho paprsku [bar] | 2300
Typ pouzité trysky rotacni
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Obr. 15 Zvolené zkusebni misto ¢.2 — Zleva: Pied tryskanim

Obr. 16 Zvolené zkusebni misto ¢&.2 — Zleva: Pred tryskanim s rotacni tryskou
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DO09707/1 - 10 07E . s S Bires .

Obr. 18 Zvolené zkusebni misto ¢.2 — po tryskdni, fotografie porizené pomoci priumyslového videoskopu IPLEX
G Lite
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Obr. 19 Porovnani rozdilnych tlousték dolniho profilu nepriibézné Stérbiny (II) mezi profily po odstranéni
koroznich produktit a usad

6.2.1. Utinnost pouZité metody — zkuSebni misto &. 2

Dle fotografii je patrné, Ze pfi pouziti dané metody dochazelo k lehkému ocisténi ploch
a Stérbiny od starych natérovych systému a neulpélych koroznich produktd. Z fotografii je
parné ocCiSténi Stérbiny aZ na zékladni material, avSak jen pfi spravném natoceni trysky a sméru
proudéni vodniho paprsku kolmo na tryskany povrch. Stény stérbiny byly jen lehce ocistény.
Z fotografii je zde patrnd pevné ulpéla oxidicka vrstva. Pti pouZiti tryskani vodnim paprskem
této Stérbiny je zfejmé, Ze i thel natoceni trysky zvysuje ucinnost pouzité metody pro kvalitni
ocisténi daného materidlu od starych natérovych systémd, ale 1 od pevné ulpélych koroznich
produktt. Vyrazné kvalitngjsiho a otryskaného povrchu bylo dosazeno do hloubky $térbiny
zhruba 140 mm. Otryskané plochy ocelové konstrukce, zkusebniho mista ¢.2, je mozné dle
CSN EN ISO 8501-4 tedy hodnotit stupni Wa2,5 az Wal. Z provedeného experimentu je
zfejmé, Ze pro dosazeni stupné Wa 2,5 je podstatna intenzita vodniho proudu v daném misté a
doba procesu.

6.3. ZkusSebni misto 3

Ttetim zkuSebnim misto tryskani vodnim paprskem byla zvolena bo¢ni Stérbina na
diagondle mezi ocelovymi prvky pasnic ocelové konstrukce. Pouziti tfi poloh tryskani (kolmo
a pod thlem k tryskanému povrchu).

Tabulka 3 Tryskani vodnim paprskem: Pracovni parametry a pouzité zaiizeni — zkuSebni misto ¢.3

Tlak vodniho paprsku [bar] | 2300
Typ pouZzité trysky Demoli¢ni
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Obr. 21 Zvolené zkusebni misto ¢.3 — Pred tryskanim - pFistup

Obr. 22 Zvolené zkusebni misto ¢.3 — Po tryskani
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Obr. 23 Zvolené zkusebni misto ¢.3 — Po tryskani, fotografie porizené pomoci primyslového videoskopu IPLEX
G Lite

6.3.1. U&innost pouZité metody — zkusebni misto &. 3

Pti pouziti demoli¢ni trysky dochéazelo k vyraznéjsimu otryskani stén ocelovych pésnic
uvniti $térbiny (fotografie potizené pomoci primyslového videoskopu IPLEX G Lite) nez
Vv ptedchozim pfipadé€, tedy pouziti rotaéni trysky. K vyraznéjsi ucinnosti pomohla nejenom
pouzita demoli¢ni tryska, ale i zména poloh samotného tryskéani. Pouzitim demoli¢ni trysky lze
Vv piipad¢ uzkych Stérbin Iépe orientovat vodni paprsek vici tryskané plose. Timto je docileno
zvySeni intenzity procesu a lze dosdhnout vyssiho stupné Cistoty v krat§im case. Opét jako u
pfedchozich zkuSebnich mist je kvalita pfedapravy povrchu zévisld na vzdalenosti a orientaci
predupravované plochy od usti trysky a tedy stupen predipravy povrchu jednotlivych ploch je
od Wa 2,5 poWal.

7. Tryskani piskem

Zuvodni Casti experimentalniho programu (tj. ovéfovani ucinnosti vysokotlakého vodniho
paprsku) je rovnéz ziejmé, ze vysokotlaky vodni paprsek neni schopen vytvofit na oc¢isténém
povrchu dostateény kotvici profil. Proto byla o€i§téna mista podrobena otryskanim s abrazivem
na piskové bazi.

Pneumaticke (tlakovzdusné) tryskani ptredstavuje technologii ptfedipravy povrchu, pii
které je pomoci stlaceného vzduchu unaseno abrazivo (tryskaci material), které je urychleno
Vv trysce a nasledné vysokou rychlosti vrhano na povrch. Pii dopadu jednotlivych zrn abraziva
se z povrchu uvoliuji ulpélé necistoty, korozni produkty a soucasné dochazi k plastickym
deformacim otryskavaného predmétu. Uginek tryskani je dan kinetickou energii, jejiz hodnota
zavisi na rychlosti, hmotnosti a thlu dopadu abraziva. Abraziva pouZivana pro tryskani
ocelovych konstrukci se d€li na obla (granulaty) a ostrohrannd (drt).

Pro tryskani byl pouzit kiemicity pisek o velikosti zrna 0,8 aZ 1,2 mm, tento tryskaci
prostiedek se pouziva do tlaku 0,3 MPa. Pted aplikaci natérového systému, by mélo byt
dosazeno stupné &istoty minimalné P Sa 2,5 dle CSN EN ISO 8501-2:1998 Priprava ocelovych
povrchii pred nanesenim ndaterovych hmot a obdobnych vyrobkii - Vizudlni vyhodnoceni cistoty
povrchu - Cdst 2: Stupné pFipravy diive natieného ocelového podkladu po mistnim odstranéni
predchozich povlakii.

Pro hodnoceni stupné ptedupravy ploch kombinaci metod — tryskdnim vodnim
paprskem a naslednym pneumatickym tryskanim lze vysledny stupen cistoty klasifikovat dle
CSN EN ISO 8501-1:2007 Piiprava ocelovych povrchii pred nanesenim ndtérovych hmot a
obdobnych vyrobkii - Vizudlni vyhodnoceni cistoty povrchu - Cast 1: Stupné zarezavéni a stupné
pripravy ocelového podkladu bez poviaku a ocelového podkladu po uplném odstraneni
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predchozich povlakii. V tomto ptipad€é by mélo byt pted aplikaci natérovych hmot dosazeno
stupné predipravy minimalné Sa 2,5 (pficemz vychozi stav povrchu by se odvijel pfedev§im
od stupné dulkové koroze — tedy C Sa 2,5 nebo D Sa 2,5).

Popis jednotlivych stupiiti &istoty povrchu dle CSN EN ISO 8501-1:2007:

Sa 1 — Lehké otryskani

Pti prohliZeni bez zvétSeni musi byt povrch prosty viditelnych olejil, mastnoty a necistot, mélo
ptilnavych okuji, rzi, natért a cizich latek

Sa 2 — Dikladné otryskani

Pti prohlizeni bez zvétseni musi byt povrch prosty viditelnych olejli, mastnoty a necistot a musi
byt odstranéna také vétSina okuji, rzi, natérii a cizich latek. VSechny zbyvajici ne€istoty musi
byt pevné prilnavé.

Sa 2,5 — Velmi dikladné otryskani

Pti prohliZeni bez zvétSeni musi byt povrch prosty viditelnych oleji, mastnoty a necistot, okuji,
rzi, natéri a cizich latek. VSechny zbyvajici stopy necistot musi vykazovat pouze lehké
zabarveni ve form¢ skvrn nebo pruhd.

Sa 3 — Otryskani az na vizualné Cisty povrch

Pti prohlizeni bez zvétSeni musi byt povrch prosty viditelnych olejti, mastnoty a necistot, okuji,
rzi, natéra a cizich latek. Povrch musi mit jednotny kovovy vzhled.

Obr. 24 Zvolené zkusebni misto ¢.4 — Tryskani ocelové konstrukce pomoct kiremicitého pisku
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Obr. 25 Ukdzka tryskani pomoci kifemicitého pisku

7.1. ZkuSebni misto 4

Pro zkusebni misto ¢. 4 byla zvolena kombinace tryskani pomoci vodniho paprsku a
kiemicitého pisku. Jako zkuSebni misto ¢. 4 bylo zvolené stejné misto jako v piipadé
zkuSebniho mista ¢. 3. Po aplikaci tryskdni pomoci vodniho paprsku nasledovalo tryskani
kfemicitym piskem.

Tabulka 5: Tryskdani vodnim paprskem: Pracovni parametry a pouZité zarizeni — zkuSebni misto ¢.4

Tlak vodniho paprsku [bar] | 2300
Typ pouzité trysky Demoli¢ni

Obr. 26 Nepriibézna Stérbina zanesend koroznimi produkty a dalSimi necistotami (IV — nepritbézna)
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Obr. 27 Nepriibézna Stérbina zanesend koroznimi produkty a dalsimi necistotami, tryskani vodnim paprskem a
piskem

Obr. 28 Zvolené zkusebni misto ¢.4 — Vlevo: tryskani ocelové konstrukce pomoci vodniho poprsku, vpravo:
nasledné tryskani pomoci kiremicitého pisku (po predupraveé stérbiny)

A1 0 /N 2 BTl -

Obr. 29 Zvolené zkusSebni misto ¢.4 — fotografie porizené pomoci priumyslového videoskopu IPLEX G Lite
7.1.1. Utinnost pouzité metody — zkuSebni misto &. 4

Pii kombinaci tryskani pomoci vodniho paprsku a kiemiciteho pisku bylo dosazeno
ptijatelnych vysledki z hlediska cistoty povrchu dle CSN EN ISO 8501-1 a drsnosti, ktera je
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zakladnim ptedpokladem pro pfilnavost natérovych systémi. V tomto ptipadé€ slouzi vodni
paprsek Kk odstranéni hrubych necistot, koroznich produktli a starych natéra z povrchu
ocelovych pasnic uvnitt Stérbin. Nasledné tryskdni pomoci kiemicit¢ho pisku zarucuje
ptijatelnou Cistotu a kotvici profil pro aplikaci natérové hmoty. Z ptiloZzenych snimk je patrné,
7e lze dosahnout stupné ¢istoty dle CSN EN ISO 8501-1 a 8501-2 Sa 2,5 az Sa 3.

71.2. ZKkuSebni misto 5

Pro zkuSebni misto ¢. 5 byla zvolena ptediprava pomoci samotného tryskani
kiemicitym piskem. Bylo vybrdno zkuSebni misto na diagonale naproti zkuSebnimu mistu €. 4.
Stérbina prichozi.

Obr. 30 Zvolené zkusebni misto ¢.5 pied tryskanim
R e e
P

Obr. 31 Zvolené zkusebni misto ¢.5 — Vlevo: pred tryskanim, vpravo: po tryskani pomoci kiemicitého pisku
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Obr. 32 Zvolené zkusebni misto ¢.5 — ZkuSebni misto ¢. 5 po tryskani (fotografie porizené pomoci priimyslového
videoskopu IPLEX G Lite)

7.2.1. Ut&innost pouZité metody — zkuebni misto &. 5

Pii pouzZiti metody tryskani pomoci kiemicitého pisku v dostupnych mistech od
kolejisté bylo dosazeno kompletniho vyc€isténi celé pruchozi Stérbiny. V tomto ptipad¢ bylo
tryskano v riiznych tihlech. Cistota povrchu odpovida stupni istoty Sa 2,5 az Sa 3 dle CSN ISO
8501-1, coz je odpovidajici stupen Cistoty pro naslednou aplikaci natérové hmoty. Dale je
potieba zdlraznit, ze pii tryskdni byla dodrzena vysoka peclivost pro piedipravu povrchu
zkuSebniho mista €. 5, ktera koresponduje s Casovou narocnosti celého procesu piedipravy
povrchu ocelovych prvki konstrukce.

7.3. ZkuSebni misto 6

Pro zkuSebni misto ¢. 6 byla zvolena pfediprava pomoci samotného tryskani
kfemicitym piskem. Bylo vybrano té¢Zce dostupné zkuSebni misto na diagonale ocelovych prvka
konstrukce. Priichozi Stérbina.

Obr. 33 Zvolené zkusebni misto ¢.6 — Vlevo: pred tryskanim, vpravo: po tryskani pomoci kiemicitého pisku
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Obr. 34 Zvolené zkusebni misto ¢.6 — po tryskani (fotografie porizené pomoci priimyslového videoskopu IPLEX
G Lite)

7.3.1. Utinnost pouzité metody — zku3ebni misto &. 6

V tomto ptipadé bylo dosazeno odpovidajici Cistoty a drsnosti povrchu do vzdalenosti
zhruba 230 mm na pésnici, lehce dostupné diky uhlu tryskéni. V nékterych mistech bylo
dosazeno oc¢isténi Stérbiny na celé ploSe pasnice. Na protilehlé stran¢ s tézkou dostupnosti bylo
dosazeno ocisténi povrchu do vzdélenosti zhruba 120 mm od okraje povrchu Stérbiny. Tento
pripad ukazuje, ze na tézko dostupnych mistech je problematické dosdhnout dokonalé
lehce pristupnych ploch. Z hlediska stupné ptedipravy povrchu lze klasifikovat vétSinu
otryskanych ploch stupném P Sa 3 a P Sa 2,5. Mista, kde jiz nebylo mozné vlivem ztizeného
piistupu provést dikladné tryskani, odpovidaji stupni P Sa 2 dle CSN EN ISO 8501-2:1994.

1.4, ZkusSebni misto 7

Pro zkuSebni misto ¢. 7 byla vybréna téZce dostupnd Stérbina na diagonale ocelovych
prvkil konstrukce. Bylo provedeno tryskani pomoci kiemicitého pisku.

Obr. 35 Zvolené zkusebni misto ¢.7 — Vlevo: pred tryskanim, vpravo: po tryskani pomoci kiemicitého pisku
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Obr. 36 Zvolené zkusebni misto ¢.7 —po tryskani pomoct kiremicitého pisku

Obr. 37 Zvolené zkusebni misto ¢.7 — po tryskdani pomoci kiemicitého pisku (fotografie porizené pomoci
prumyslového videoskopu IPLEX G Lite)

7.4.1. U&innost pouZité metody — zkuSebni misto &. 7

V piipadé tryskani té¢Zce dostupnych §térbin jsou z fotografii po provedené pieduprave
patrnd nedotryskand mista. Dosazeni kvalitni ptedupravy, ocisténi a drsnosti povrchu pied
aplikaci natérovych systému je velice obtizné v tézce dostupnych Stérbinach.

7.5. ZKkuSebni misto 8

Pro zkuSebni misto byla vybrana pomérné lehce dostupna Stérbina ocelovych prvki,
piistupnd od kolejiste.
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Obr. 39 Zvolené zkuSebni misto ¢.8 — tryskani
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Obr. 40 Zvolené zkusebni misto ¢.8 — po tryskdni pomoci kifemicitého pisku (fotografie porizené pomoci
prumyslového videoskopu IPLEX G Lite)

7.5.1. Utinnost pouzité metody — zku3ebni misto &. 7

V ptipadé tryskani pomoci kiemicitého pisku v dostupném zkusebnim misté ¢. 8 bylo
dosazeno k témé&f uplnému vycisténi $térbiny. Dany povrch odpovidal poZzadované Cistoté a
drsnosti pfedupraveného materialu pro naslednou aplikaci natérové hmoty (tedy min. P Sa 2,5
dle CSN EN ISO 8501-2).

7.6. ZkuSebni misto 20

Pro toto zkuSebni misto byla vybrdna vétSi €ast ocelové konstrukce. Bylo provedeno
otryskani ze vSech stran nosného prvku pomoci kiemicitého pisku. Toto misto bylo vybrano
jako zkuSebni pole pro ovéieni provedeni kombinace ptedipravy povrchu na ploSe ocelovych
prvkd, tedy lehce dostupnych ploch, tak i v t€Zko dostupnych mistech (Stérbiny).

i £

Obr. 41 Zvolené zkusebni misto ¢.20 — pred tryskanim pomoci kiremicitého pisku
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Obr. 42 Zvolené zkusebni misto ¢.20 — po tryskdani pomoci kiemicitého pisku
7.6.1. U&innost pouZité metody — zku$ebni misto & 20

Provedeni prediipravy zkuSebniho mista ¢. 20 bylo provedeno v souladu poZzadavky pro
naslednou aplikaci natérovych hmot. Na piedupravenych plochach bylo dosazeno
pozadovaného kotviciho profilu, tak i odpovidajici &istoty povrchu (Sa 2,5) dle CSN EN ISO
8501-1. Stérbiny na tomto prvku ocelové konstrukce byly dostateéné upraveny.
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8. Tryskani kovovym abrazivem

Princip této technologie tryskani pomoci ocelového abraziva je totozny jako v ptipadé
tryskéni pomoci kiemicitého pisku. V tomto ptipadé je otryskani povrchu dosazeno pfi pouZiti
ocelového abraziva o velikosti ¢astic 0,8 az 1,6 mm. Toto abrazivo zarucuje pfi spravném
pouziti odpovidajici kotvici profil a &istotu povrchu (minimalng Sa 2,5 dle CSN ISO 8501-1)
pro naslednou aplikaci natérovych systémt. Vyhoda kovového abraziva oproti kiemennému
pisku spociva piedevS§im v moznosti jeho vicenasobného pouziti a ve vyssi hmotnosti, tedy i
moznosti dosazeni vyssi kinetické energie a tim zvySeni Uc¢innosti tryskaciho procesu a
dosazeni vétsi drsnosti kotviciho profilu.

8.1. ZkuSebni misto 9

Pro zkuSebni misto ¢. 9 byla vybrana lehce dostupnd Stérbina ocelovych prvka
konstrukce na diagonale. Byla vybrana neprichozi $térbina.

2 £ 5
3 s

Obr. 43 Zvolené zkusebni misto ¢.9 — pred tryskanim

Obr. 44 Zvolené zkusebni misto ¢.9 po tryskdni pomoci ocelového abraziva
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Obr. 45 Zvolené zkusebni misto ¢.9 — po tryskdni pomoci ocelového abraziva
8.1.1. Utinnost pouZité metody — zkuSebni misto ¢&. 9

V ptipadé tryskani pomoci ocelového abraziva bylo dosazeno témét dokonalého
vycisténi zkuSebni Stérbiny €. 9. Z fotografii je patrné otryskani i dna Stérbiny na stupen Cistoty
min. Sa 2,5 dle CSN EN ISO 8501-1. U stén ocelovych prvki térbin bylo dosazeno kvalitni
predupravy povrchu. Na nékterych mistech mimo uhel trysky (proudu vzduchu a tryskaciho
prostiedku) nebylo dosazeno pozadovaného stupné &istoty povrchu (pfiblizné Sa 2 dle CSN EN
ISO 8501-1). Pifi upozornéni na tato mista, bylo provedeno pietryskédni a nasledny povrch
odpovidal pozadované kvalité pro aplikaci natérového systému.

8.2. ZkuSebni misto 11

Jako zkusebni misto ¢. 11 bylo vybrano misto na diagonale ocelovych prvku. Jednalo
se o pomérn¢ Sirokou a dobfe dostupnou Stérbinu (viz. fotodokumentace). Byla vybrana
prichozi Stérbina.

Obr. 46 Zvolené zkusebni misto ¢.11 — Vievo: pred tryskanim, vpravo.: po tryskdani pomoci ocelového abraziva
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Obr. 47 Zvolené zkusebni misto ¢.11 — Vlevo: po tryskdni pomoci ocelového abraziva

8.2.1. Utinnost pouZité metody — zkuSebni misto &. 11

Vzhledem k dostupnosti §térbiny zkuSebniho mista ¢. 11 bylo dosazeno ke kompletnimu
zprichodnéni Stérbiny. Boky a stény ocelovych prvki byly dostatecné predupraveny pro
aplikaci natérovych systémi. Na n€kterych mistech byly nalezeny drobné nedostatky ve formé
stind a zbytkll oxidickych vrstev, které by musely byt pied aplikaci NS znovu otryskany.
Pievaznou vétsinu ploch viak Ize klasifikovat stupném piedupravy P Sa 2,5 az P Sa 3 dle CSN
EN ISO 8501-2.
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9. Mechanické ¢isténi
Pro mechanickou predupravu stérbin byly pouzity tyto metody:
1) Pifedtprava pomoci vhodnych vrtakti do kovu. Upnuti pomoci systému SDS-Plus.
Pouziti vrtaciho kladiva Makita HR140DWYE1 Aku, 12 V, 1,5 Ah, 1 J.
2) Protazeni $térbin a odstranéni neulpélé oxidické vrstvy a starych natérovych systému

pomoci pily Milwaukee M18 BSX-402C Heavy Duty savlova pila.
3) Rezani koroznich produktti pomoci fezného kotouce, Makita GA9020

Cilem téchto metod bylo zajisténi odpovidajiciho vycisténi, popt. piedcCiSténi
jednotlivych $térbin a zarucit tak moznost mechanicky provést predupravu téchto tézko
dostupnych mist.

9.1. Pieduprava pomoci vhodnych vrtaki do kovu

Pro tuto metodu bylo vybrano misto s dobrou dostupnosti a vysokou mirou degradace
zakladniho materidlu. ZkuSebni misto ¢. 23.

Obr. 48 Zvolené zkusebni misto ¢.23 — Mechanicky prreduprava Stérbin pomoci vrtaciho kladiva a vrtaku do
kovu — pri provaddeni cisténi

Obr. 49 Zvolené zkusebni misto ¢.23 — Mechanicky prrediprava Stérbin pomoci vrtaciho kladiva a vrtaku do
kovu — po provedeni cisténi
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Tato metoda mechanické predtpravy je vhodna pouze pro dobie dostupna mista s mensi
Sitkou pasnic. V ptipad¢ provrtavani dlouhych Stérbin by mohlo dochazet k Spatné manipulaci
svrtacim kladivem a velkym odporem daného materidlu. V neposledni fadé¢ je nutné
poznamenat nutnost dal§i ptedipravy pro zajisténi odpovidajici Cistoty povrchu a dosazeni
kotviciho profilu, napt. lehkym tryskdnim kiemicitym piskem ¢i ocelovym abrazivem.

9.2. Preduprava pomoci mechanického protazeni Stérbin

Pomoci této metody bylo docileno drobného odstranéni koroznich produktt z oblasti
Stérbin. V piipadé jejiho mozného pouziti by se musela kombinovat s dal§imi typy
efektivnéjsich prediprav povrchu ocelovych konstrukci. ZkuSebni misto ¢ 24. Tato preduprava
je pro naslednou aplikaci a sloZzitost ocelové konstrukce nedostatecna.

= T
S A !

Obr. 50 Zvolené zkusebni misto ¢.23 — Mechanicky prreduprava Stérbin pomoci vrtaciho kladiva a vrtaku do
kovu — po provedeni cisténi

Obr. 51 Zvolené zkusSebni misto ¢.24 — Mechanicky preduprava protazenim §térbin pomoci pily ocasky
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9.3. Mechanicka predidprava pomoci Fezného kotouce

Rezani pomoci fezného kotoude uprostied §térbin, pomoci Makita GA9020, je vhodné
pro odstranéni korozni produktt Sirokych Stérbin, av§ak pouze do urcité hloubky §térbiny. Pro
naslednou aplikaci natérovych systémii by musela nasledovat dalsi, efektivnéjsi pfediprava
povrchu ocelové konstrukce. Zvolené zkusebni misto ¢.25.

Obr. 53 Zvolené zkusebni misto ¢.25 — Mechanickd preduprava pomoci rezného kotouce — po aplikaci
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10. Méreni drsnosti povrchu po vybranych predupravach

Drsnost povrchu byla métena pomoci ruéniho drsnoméru Mitutoyo SJ-201P. Pro méfeni
drsnosti byl pouzity digitalni drsnomér Mitutoyo SJ — 201P. Toto méfeni bylo provedeno pro
zajisténi vhodného kotviciho profilu pro nasledné aplikace natérovych hmot.

Parametry drsnoméru:

- zdvih snimace az 350 um

- posuv ramene az 12,5 mm

- nejmensi Cut-off od 0,25 mm.
Parametry drsnosti:

Ra [pum] — primérna aritmetickd uchylka hodnoceného povrchu

Ry [um] — nejvétsi vyska profilu (dle JIS B 0031 a JIS B 0601 (1994))

Rz [um] — vy$ka nerovnosti profilu z deseti bodéi (CSN 01 4450 (1980), CSN ISO 4287
-1(1984))

Rq [um] — praméma kvadraticka tichylka posuzovaného profilu (CSN EN ISO 4287
(1999)) [15]

Cut-off (lambda c; Lc):

- Jedna se o oznaceni filtru pro oddéleni drsnosti a vInitosti. Dle normy jsou doporucené
hodnoty tabulkou dle EN 1SO 3274.

10.1. Porovnani jednotlivych metod tryskani

Pro kazdou metodu tryskani bylo zvoleno kontrolni misto, kde bylo provedeno samotné
méteni drsnosti pomoci drsnoméru Mitutoyo SJ-201P.

Tabulka 4: Sledované veliciny drsnosti povrchu pro vybrané metody tryskani

Metody tryskani a pouZité abrazivo
Si,ee(:iogi’;;é p\;;:‘isltleik Kiemicity pisek Ocelové abrazivo
Ac 0,8 2,5 2,5
Ra [um] 8,578 14,467 30,176
Rq [pum] 10,690 18,118 24,391
Rz [um] 47,353 90,140 141,58

Z hlediska optimalniho kotviciho profilu pro naslednou aplikaci natérovych systémd,
bylo dosaZeno nejvyssi drsnosti v piipade pouziti ocelového abraziva, dale kiemicitého pisku a
nasledné vodniho paprsku.

11. Stanoveni tloustky ocelovych prvka po tryskani

V ramci diagnostického prizkumu bylo provedeno stanoveni tloustky ocelovych prvki
po otryskani pomoci ultrazvukového tloustkoméru Olympus 38 DL Plus osazené¢ho sondou
Olympus D791 — 5 MHz. Méfeni bylo provedeno za ucelem stanoveni maximalni a minimalni
hodnoty tloustky na plose zkuSebniho mista pro stanoveni rozsahu korozniho napadeni
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konstrukce respektive charakteru korozniho napadeni a ubytku za dobu expozice. Poloha a
vysledky méteni jsou uvedeny v tabulce 5.

V tabulce uvedena redukce tloustky neni vztazend na vychozi hodnotu tloustky ocelové
konstrukce, ale na nejvyssi naméienou v blizkosti lokalniho minima (skute¢né redukce tloust’ky

je tedy vyssi).

Tabulka 5: Tloustky ocelovych prvkii po otryskani

Naméiené Naméfené Redukce
Zkusebni misto | Poloha plochy maximum minimum tloustky
[mm] [mm] [%]
5,49 3,66 33,3
8 5,03 3,80 24,4
4,36 2,62 39,9
11 s 1252 6,06 51,6
11 vnitini 13,35 5,26 60,6
20 vnéjsi 13,68 13,60 0,58
vngjsi 8,30 4,43 46,6
vnitini 8,30 4,27 48,5
10 vnitini 5,89
9 5,69 3,45 39,36
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12. Méreni zbytkové tloust’ky metodou PA

Kontrola metodou Phased Array byla provedena na mistech, jehoz povrch byl pfipraven
metodou otryskani materidlu. Skeny na jednotlivych mistech jsou dlouhé 150 mm a zacinaji od
zéavitu. Na kazdém mist¢ jsou provedeny 2 skeny, aby se pokryla co mozné nejvétsi skenovana
plocha materialu. Na kazdém skenu je vyznaceno misto, kde je zjisténa nejmensi zbytkova
tloustka materialu.

schéma méreni:

Zacatek skenu Sken ¢.2 Sken ¢&.1 kontrolované
misto ¢.1

12.1. Kontrolované misto ¢.1:

Horni strana traverzy:

; !r' H:-'-Iljlﬂl

2 sken ?ﬁ.

W

a
-
-

1

1 3

I |
-
I-

H
wn
2
@D
5
il

_.l—-
I_l—«

CESKE VYSOKE UCENI TECHNICKE V PRAZE, Fakulta stavebni 37
w Katedra ocelovych a dievénych konstrukci, Thakurova 7, 166 29 Praha 6



Experimentalni ovéreni metod tryskani a odstranéni koroze na mosté pod VySehradem

Zavérecéna zprava

Nejmensi namétena zbytkova tloust’ka materidlu je 5,3 mm (kolecko). Nejhors$i oblast zasazena
korozi je oznacena ¢tvercem (20-60 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 5,3 az 7,2 mm. Nejvétsi tloustka materialu je 10,7 mm.

Vybrané misto s nejmensi zbytkovou tlouStkou materialu 5,3 mm.

Spodni strana traverzy:

! -*l‘ L] :-l'I‘

L 1] ]

1 sken

Nejmensi namétena zbytkova tloustka materialu je 4,5 mm (koleCko). Nejhorsi oblast zasazena
korozi je oznaena ¢tvercem (10-60 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 4,5 az 7,8 mm. Nejvétsi tloustka materialu je 11,9 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 4,5 mm.
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Fotodokumentace kontrolovaného mista ¢.1

12.2. Kontrolované misto ¢.2:

Vnéjsi strana traverzy:

2 sken

Nejmensi namétfena zbytkova tloustka materidlu je 10,3 mm (koleCko). Nejhorsi oblast
zasazena korozi je oznaena Ctvercem (0-50 mm od zacatku skenovani), kde se tloustka
materialu pohybuje v rozmezi 10,3 az 12,6 mm. Nejvétsi tloust’ka materialu je 16,8 mm.
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 10,3 mm.
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1tez min. 11,3 mm 6 ez min. 12,5 mm
2 ez min. 10,8 mm 7 ez min. 12,5 mm
3fez min. 10,5 mm 8 fez min. 12,6 mm
4 fez min. 10,9 mm 9fez min. 13,1 mm
5fez min. 11,1 mm 10 fez min. 12,5 mm

V tabulce jsou uvedeny minimalni zbytkové tloutky vybranych fez (B-scantl). Rezy jsou od

sebe vzdaleny cca 5 mm. 1 fez zacina cca 5 mm od kraje zkouSené¢ho mista.

Vnitini strana traverzy:

Nejmensi namétena zbytkova tloust’ka materidlu je 6,8 mm (kolecko). Nejhors$i oblast zasazené
korozi je oznacena Ctvercem (15-70 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 6,8 az 10,8 mm. Nejvétsi tloustka materialu je 16,3 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materialu 7,2 mm.
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1 sken

1 fez min. 7,7 mm 6 fez min. 9,2 mm
2 fez min. 7,5 mm 7 tez min. 8,5 mm
3fez min. 7,5 mm 8 fez min. 8,7 mm
4 fez min. 6,9 mm 9 fez min. 9,1 mm
5tez min. 7,2 mm 10 fez min. 8,9 mm

V tabulce jsou uvedeny minimalni zbytkové tloustky vybranych fezi (B-scantl). Rezy jsou od

sebe vzdaleny cca 5 mm. 1 fez za¢ina cca 5 mm od kraje zkouseného mista.
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Fotodokumentace kontrolovaného mista ¢.2

12.3. Kontrolované misto ¢.3:
Horni strana traverzy:

SR 3. T s

e o E T

Nejmensi naméfena zbytkova tloust’ka materialu je 6,6 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznaCena ¢tvercem (40-150 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 6,6 az 8.2 mm. Nejvétsi tloustka materialu je 10,3 mm.
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 6,6 mm.

Spodni strana traverzy:

Nejmensi naméfena zbytkova tloustka materialu je 4,3 mm (kolecko). Nejhorsi oblast zasaZzena
korozi je oznacena ¢tvercem (60-150 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 4,3 az 7,2 mm. Nejvétsi tloustka materialu je 10,1 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 4,3 mm.
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Fotodokumentace kontrolovaného mista ¢.3
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12.4. Kontrolované misto ¢.4:

Horni strana traverzy:

2 sken

Nejmensi naméfena zbytkova tloust’ka materialu je 8,9 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznafena Ctvercem (0-80 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 8,9 az 10,5 mm. Nejvétsi tloust’ka materialu je 14,2 mm.
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 8,9 mm.

Spodni strana traverzy:

Nejmensi namétena zbytkova tloustka materialu je 9,9 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznaena ¢tvercem (0-70 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 9,9 az 11,3 mm. Nejvétsi tloust’ka materialu je 15,3 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materialu 9,9 mm.
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Fotodokumentace kontrolovaného mista ¢.4

12.5. Kontrolované misto ¢.5:

Horni strana traverzy:

2 sken

Nejmensi namétend zbytkova tloust’ka materidlu je 8,0 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznaena ¢tvercem (40-70 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 8,0 az 9,2 mm. Nejvétsi tloustka materialu je 10,6 mm.
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 8,0 mm.

Spodni strana traverzy:

o) Al

Nejmensi naméfena zbytkova tloustka materialu je 9,7 mm (kolecko). Nejhorsi oblast zasaZzena
korozi je oznaena ¢tvercem (20-120 mm od zaéatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 9,7 az 10,5 mm. Nejvétsi tloust’ka materialu je 12,8 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 9,7 mm.
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Fotodokumentace kontrolovaného mista ¢.5

12.6. Kontrolované misto ¢.6:

Vnéjsi strana traverzy:

Nejmensi naméfena zbytkova tloustka materialu je 8,3 mm (kolecko). Nejhorsi oblast zasaZzena
korozi je oznafena ¢tvercem (0-60 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 8,3 az 12,5 mm. Nejvétsi tloustka materialu je 16,8 mm.
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 8,3 mm.
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1 fez min. 9,3 mm 6 fez min. 10,9 mm
2 fez min. 9,5 mm 7 tez min. 11,3 mm
3 fez min. 9,0 mm 8 fez min. 11,7 mm
4 tez min. 8,6 mm 9 tez min. 10,9 mm
5fez min. 8,5 mm 10 fez min. 10,6 mm

V tabulce jsou uvedeny minimalni zbytkové tloudtky vybranych feztl (B-scantl). Rezy jsou od
sebe vzdaleny cca 5 mm. 1 fez zaCina cca 5 mm od kraje zkouseného mista.

§ o4

Vnitini strana traverzy:

Nejmensi naméfena zbytkova tloustka materialu je 9,4 mm (kolecko). Nejhorsi oblast zasaZzena
korozi je oznafena ¢tvercem (0-50 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 9,4 az 11 mm. Nejvétsi tloustka materialu je 15,5 mm.

-
- " ——————. |
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 9,4 mm.
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1 fez min. 11,4 mm 6 fez min. 9,5 mm
2 fez min. 10,5 mm 7 fez min. 10,4 mm
3 fez min. 10,5 mm 8 fez min. 10,4 mm
4 tez min. 9,9 mm 9 tez min. 10,2 mm
5 fez min. 9,6 mm 10 fez min. 10,4 mm

V tabulce jsou uvedeny minimalni zbytkové tloutky vybranych fezti (B-scantl). Rezy jsou od

sebe vzdaleny cca 5 mm. 1 fez zafind cca 5 mm od kraje zkouseného mista.
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Fotodokumentace kontrolovaného mista ¢.6

12.7. Kontrolované misto C.7:

Horni strana traverzy:
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Nejmensi namétena zbytkova tloustka materidlu je 5,7 mm (kolecko). Nejhors$i oblast zasazené
korozi je oznacena ctvercem (50-110 mm od zacatku skenovani), kde se tloustka materidlu
pohybuje v rozmezi 5,7 az 7,4 mm. Nejvétsi tloustka materialu je 9,6 mm.
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Vybrané misto s nejmensi zbytkovou tloust’kou materialu 5,7 mm.

Spodni strana traverzy:

Nejmensi naméfena zbytkova tloustka materialu je 2,8 mm (kolecko). Nejhorsi oblast zasaZzena
korozi je oznaCena Ctvercem (60-150 mm od zacatku skenovani), kde se tloustka materidlu
pohybuje v rozmezi 3,1 az 6,8 mm. Nejvétsi tloustka materialu je 11,3 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 2,8 mm.
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Fotodokumentace kontrolovaného mista ¢.7

12.8. Kontrolované misto ¢.8:
Horni strana traverzy:
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Nejmensi namétend zbytkova tloust’ka materidlu je 6,1 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznaCena Ctvercem (20-120 mm od zacatku skenovani), kde se tloustka materidlu
pohybuje v rozmezi 6,1 az 7,5 mm. Nejvétsi tloustka materialu je 11,9 mm.
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Zavérecéna zprava

Vybrané misto s nejmensi zbytkovou tlouStkou materialu 6,1 mm.

Spodni strana traverzy:

w
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Nejmensi namétena zbytkova tloustka materialu je 6,2 mm (kole¢ko). Nejhorsi oblast zasazena
korozi je oznacena ¢tvercem (20-120 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 6,2 az 7,8 mm. Nejvétsi tloustka materialu je 11,2 mm.

Vybrané misto s nejmensi zbytkovou tloustkou materialu 6,2 mm.
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Fotodokumentace kontrolovaného mista ¢.8

12.9. Kontrolované misto ¢.9:

Horni strana traverzy:
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Nejmensi namétena zbytkova tloust’ka materidlu je 5,9 mm (kolecko). Nejhors$i oblast zasazené
korozi je oznacena Ctvercem (10-70, 90-120 mm od zacatku skenovani), kde se tloustka
materialu pohybuje v rozmezi 5,9 az 7,2 mm. Nejvétsi tloustka materialu je 10,1 mm
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 5,9 mm.

Spodni strana traverzy:

Nejmensi namétena zbytkova tloustka materialu je 5,3 mm (kolec¢ko). Nejhorsi oblast zasazena
korozi je oznacena ctvercem (10-120 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 5,3 az 8,5 mm. Nejvétsi tloustka materialu je 10,4 mm

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 5,3 mm.
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Fotodokumentace kontrolovaného mista ¢.9

12.10. Kontrolované misto ¢.10:

Horni strana traverzy:

a0 |

Nejmensi naméfena zbytkova tloustka materialu je 4,0 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznacena ¢tvercem (40-140 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 4,0 az 6,8 mm. Nejvétsi tloustka materialu je 10,7 mm
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Vybrané misto s nejmensi zbytkovou tloustkou materialu 4,0 mm.

Spodni strana traverzy:

Nejmensi namétena zbytkova tloustka materidlu je 6,7 mm (kolecko). Nejhorsi oblast zasaZzend
korozi je oznaCena Ctvercem (60-150 mm od zacatku skenovani), kde se tloustka materidlu
pohybuje v rozmezi 6,7 az 10,5 mm. Nejvétsi tloust’ka materialu je 12,2 mm

Vybrané misto s nejmensi zbytkovou tloustkou materidlu 6,7 mm.
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Fotodokumentace kontrolovaného mista ¢.10

12.11. Kontrolované misto ¢.11:

Vnéjsi strana traverzy:

Nejmensi namétena zbytkova tloustka materidlu je 4,4 mm (kolecko). Nejhors$i oblast zasazené
korozi je oznacena ctvercem (10-100 mm od zacatku skenovani), kde se tloustka materidlu
pohybuje v rozmezi 4,4 az 10,6 mm. Nejvétsi tloust’ka materialu je 15,1 mm
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Vybrané misto s nejmensi zbytkovou tlouStkou materialu 4,7 mm.
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1 fez min. 4,5 mm 6 fez min. 5,5 mm
2 fez min. 5,2 mm 7 fez min. 5,5 mm
3 fez min. 5,4 mm 8 fez min. 5,5 mm
4 fez min. 6,0 mm 9fez min. 5,4 mm
5 fez min. 5,9 mm 10 fez min. 5,9 mm

V tabulce jsou uvedeny minimalni zbytkové tloudtky vybranych feztl (B-scantl). Rezy jsou od
sebe vzdaleny cca 5 mm. 1 fez zacina cca 5 mm od kraje zkouSeného mista.

Vnitini strana traverzy:

Nejmensi namétena zbytkova tloustka materialu je 5,1 mm (kolecko). Nejhorsi oblast zasazena
korozi je oznacena Ctvercem (10-80 mm od zacatku skenovani), kde se tloustka materialu
pohybuje v rozmezi 5,1 az 10,2 mm. Nejvétsi tloust’ka materialu je 14,3 mm

Vybrané misto s nejmensi zbytkovou tloustkou materialu 5,1 mm.
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1 fez min. 6,4 mm 6 fez min. 6,6 mm
2 fez min. 7,1 mm 7 fez min. 7,3 mm
3 fez min. 6,5 mm 8 fez min. 7,5 mm
4 fez min. 7,4 mm 9tez min. 8,0 mm
5 fez min. 7,6 mm 10 fez min. 8,3 mm

V tabulce jsou uvedeny minimalni zbytkové tloustky vybranych fezti (B-scantl). Rezy jsou od
sebe vzdaleny cca 5 mm. 1 fez za¢ina cca 5 mm od kraje zkouseného mista.
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Fotodokumentace kontrolovaného mista ¢.11

L S

Souhrn z naméfenych hodnot na jednotlivych kontrolovanych mistech:

Kontrolo Min. Max. Pram. Prim. Piivodni Oblast

vané tloust’ka | tloustka | tloust’ka — tloust’ka | nominalni zvySené

misto ¢. (mm) (mm) PA sken —Kkorozni | tloust’ka koroze
prizkum
SUDOP
1 — spodni 4,5 10,4 - - 10-60 mm
2 — vnéjsi 10,3 15,3 10,9 (78%) 8 (57%) 14 0-50 mm
2 — vnitini 6,8 14,8 8,1 (58%) 8 (57%) 14 15-70 mm
3 — horni 6,6 8,8 - - 40-150 mm
3 — spodni 4,3 8,6 - - 60-150 mm
4 — horni 8,9 12,7 - - 12 0-80 mm
4 — spodni 9,9 13,8 - - 12 0-70 mm
5 — horni 8,0 9,1 - - 12 40-70 mm
5 — spodni 9,7 11,3 - - 12 20-120 mm
6 — vnéjsi 8,3 15,3 10,0 (71%) 8 (57%) 14 0-60 mm
6 — vniti'ni 94 14,0 10,3 (73%) 8 (57%) 14 0-50 mm
7 — horni 5,7 8,1 - - 50-110 mm
7 — spodni 2,8 9,8 - - 60-150 mm
8 — horni 6,1 10,3 - - 20-120 mm
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8 — spodni 6,2 9,7 - - 9 20-120 mm
9 — horni 59 8,6 - - 9 10-70/90-
120 mm
9 — spodni 53 8,9 - - 9 10-120 mm
10 — horni 4,0 9,2 - - 9 40-140 mm
10 - 6,7 10,7 9 60-150 mm
spodni
11 - 4.4 13,6 5,4 (45%) 5,4 (45%) 12 10-100 mm
vnéjsi
11 - 51 12,7 7,3 (61%) 5,4 (45%) 12 10-80 m
vnitini

Pozn: Maximdlni hodnoty v misté natéru byly opraveny o zdanlivou tl. barvy, minimdlni hodnoty
jsou v otryskanych mistech.

Hodnoty mensi jak 5 mm jsou v tabulce ozna¢eny ¢ervené. Nejmensi naméfena hodnota
je 2,8 mm a je na kontrolovaném misté ¢.7 povrch spodni.
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13.

Zaver

Z provedenych experimentélnich postupii prediiprav povrchu a stérbin ocelové konstrukce bylo
zjisténo nekolik zavéri:

1)

2)

3)

4)

Preduprava vodnim paprskem je vhodnd pro odstranéni delaminovanych natérovych
systémti a nesoudrznych koroznich produkt. V piipadé tryskani pomoci vodniho
paprsku je nutné stfidat jednotlivé polohy a hly tryskani pro dokonalé odstranéni vyse
zminénych necistot ve Stérbindch, coz plati 1 pro dalsi metody. Velkou vyhodou této
metody je Casova nendroCnost celého procesu piedupravy oproti jinym, bézné
pouzivanym pifedupravam. Samotnd pieduprava pomoci vysokotlakého vodniho
paprsku v oblasti $térbin vSak nezarucuje kompletni odstranéni piedchozi protikorozni
ochrany ve form¢ natérovych systému s dobrou adhezi v téchto Stérbinach. Dale tato
pfediprava neni vhodna pro silnou degradaci povrchu materidlii z toho divodu, ze
nebude dodrzena odpovidajici Cistota povrchu pied aplikaci natérovych systémii dle
CSN ISO 8501-1, tedy alesponi Sa 2,5. Dale bylo zji§téno, Ze tato metoda predupravy
neposkytuje dostate¢nou drsnost povrchu pro naslednou aplikaci natérovych systému
(viz. Tabulka 4). Jako ucinngjsi se jevilo pouziti demoli¢ni trysky pii maximalnim tlaku
(2500 bar), diky které bylo v nékterych castech Stérbin provedeno otryskéni az na
zakladni material ocelové konstrukce. Tryska s radialnim transportem vodniho paprsku
je podstatné méng tc¢inna.

V ptipad¢ upravy trysky by mohlo byt docileno zvyseni G€innosti samotné predupravy
pro tyto aplikace. Dal§im omezenim je nutnost 100% zachytu odpadni vody z divodu
zachyceni nebezpecnych latek obsazenych v ptivodnich natérech.

Tryskani vodnim paprskem a piskem je casov€ znacné narocné. Je tieba piestavovat
tryskaci hlavici, tryskat ze 2 a vice poloh pro dosaZeni poZadované kvality. Pokud
uvazime, ze na otryskani mista 20 o délce 0,5 m bylo tfeba cca 22 minut, tak na 1 m
délky celého prutu je tfeba cca 1,5 h tryskani (celkem voda i pisek). Celkova délka pruth
hlavnich nosniki je 3600 m, potom na jejich otryskani je tfeba 450 pracovnich dni. Pti
pouziti 3 tryskacli, 7 mésicich v roce s pfijatelnymi klimatickymi podminkami pro
aplikaci PKO (ta musi byt aplikovana neprodlené po otryskani, do zaschnuti nelze dale
tryskat, za pozadované vlhkosti, bez dest€) bude jen tryskani hlavnich nosniki
samotné trvat 1 rok. K tomu natér bude trvat taktéZ 1-2 roky, pficemzZ obé Cinnosti
nelze provadét soucasné (budou Casové navazovat v kratkych intervalech — otryskani
Casti a nasledna ochrana zakladnim natérem PKO v jednom dni). Tryskani i PKO je
tieba provadét za vylouc¢eného provozu, jednak kvili trakei, jednak i kvili vzniklému
rozptylu, je nerealné uvazovat se zaplachtovanim v poloviné mostu.

Pii pouZiti mechanickych pifediprav, tedy lehkého tryskani kiemicitym piskem a
tryskani pomoci kovového abraziva bylo dosazeno v mnoha ptipadech ptiznivého stavu
povrchu. V nékterych zkusebnich mistech bylo dosazeno odpovidajici Cistoty a drsnosti
povrchu pro aplikaci natérového systému. Odpovidajici kvality predipravy $térbin bylo
dosaZzeno zejména u té&ch s mensi hloubkou, nebot’ v ptipadé¢ hlubokych S$térbin
dochdzelo k vyraznému rozptylu abraziva o stény ocelovych prvki konstrukce.

Mechanicka pteduprava pomoci ru¢nich elektrickych nastrojii by byla vhodna jen
Vv piipad¢ mensi velikosti a sloZitosti konstrukce, zejména k odstranéni delaminovanych
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natérovych systému a koroznich produktii. Pro naslednou aplikaci natérovych systému
by bylo zapottebi pouzit dalsi strojni ptredupravy povrchu, zejména k odstranéni
zbylych koroznich produktt, ulpélych natérovych hmot atd.

5) Jako nejvyhodnéjsi soucasna piediprava $térbin a povrchu této ocelové konstrukce pro
odpovidajici kvalitu, jakost povrchu a néaslednou aplikaci natérovych systému se jevi
jako nejvhodnéjsi kombinace tryskani pomoci vysokotlakého vodniho paprsku a
nasledné predupravy tryskanim kifemicitym piskem ¢i ocelovou drti. S ohledem na
slozitost konstrukce je nutné provést danou predipravu s dostatecnou peclivosti pred
samotnou aplikaci natérovych systémi. V tomto piipadé¢ by bylo nutné zajistit
kvalifikovany inspekéni dozor, ktery by dohlizel na odpovidajici kvalitu provadéni
samotné PKO dle TePf.

6) V piipadé pouziti téchto metod preduprav by bylo nutné zajistit kompletni zakryti
spodni ¢asti konstrukce unosného i pro jimani tryskaci vody se zpétnou filtraci
v disledku padajiciho abraziva, koroznich produkti a zbytka natérovych hmot
(v€etné zdkladniho sufikové natérové hmoty s obsahem Pb) do feky Vltavy.

7) Dalsim tkolem bude zajisténi pozadované protikorozni ochrany ocisténych ploch,
nebot’ je velice obtizné aplikovat rovnomérnou vrstvu natérové hmoty do uzkych stérbin
a tim docilit pozadované bariérové ochrany.

8) Z pohledu korozniho oslabeni je ziejmé, Zze po odstranéni koroznich produktt a usad
Z neprubéznych S$térbin v diagondldch je ziejma silnd forma lokalizovaného
korozniho poskozeni. Ubytek materialu na plochych profilech ve §térbiné v oblasti
sty¢nikového plechu na sledovanych mistech dosahuje az 70% ptvodni tloustky, tedy
zbytkova tloustka 30 % z puvodni tloustky (zjisténé minimum 2,8 mm). Zjisténa
oslabeni z hlediska jejich primérné hodnoty ptiblizné odpovidaji koroznimu prizkumu
SUDOPu.

V Praze dne 9.8.2019

Ing. Jan Kudlacek, Ph.D. Ll

Ing. Michal Zoubek Qs R S

Ing. Jakub Svoboda ) s g
Radek Pokorny : /7 /

Ing. Petr Pokorny, Ph.D. >3 Nk

doc. Ing. Pavel Ryjacek, Ph.D. &%
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removal methods on the Vysehrad Bridge
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Prof. Dr. Eugen Brihwiler

Lausanne, Switzerland, August 29, 2019

MEMORANDUM - Evaluation of the Report: Experimental verification of blasting and
corrosion removal methods on the VySehrad Bridge by doc. Ing. Pavel Ryjacek, Ph.D., Faculty
of Civil Engineering CTU in Prague (Principal investigator)

Several methods of corrosion coating removal and surface preparation have been investigated
including high-pressure water jetting, sand blasting, mechanical removal and combined methods. The
methods were applied in zones showing significant corrosion damage. The required quality of the steel
surfaces (before application of the new corrosion protection coating) for the present bridge structure
is Sa 2 % according to the standards in the domain.

The results reveal the following findings:

— As expected, sand blasting is the most efficient method leading to least or no abrasion while
obtaining the required Sa 2 % surface quality. Actually, this is current state-of-practice in the
domain. Methods like high-pressure water jetting may be useful to clean slots from dirt but the
required surface quality Sa 2 % is not obtained. Consequently, water jetting may only complement
the sand blasting in order to accelerate the works, as also mentioned in the report. However,
mechanical methods should not be used as they damage the steel.

— Itis possible to clean the slots and other small openings between two plates, but it is (probably)
difficult to obtain the Sa 2 % quality. (Remark: Yet, the obtained surface roughness on the closely
spaced steel plates should be sufficient for good adherence of coating.)

— The trial tests allow to estimate the time needed to conduct surface preparation before applying
the anti-corrosion coating. Depending on the time available to do the works, the number of sand
blasting equipment needs to be determined. This is a matter of logistics on the construction site.

— The investigations confirm that the section losses due to corrosion are similar to the estimations
conducted by SUDOP engineers in their reports. Most section losses in particular zones showing
significant damage, are between 5 and 10% with a maximum section loss of 12%. Locally, measured
section losses are larger than 50% but this local section loss has to be related to the total cross
section of the composed riveted members.

As an overall conclusion, the report confirms that the required painting removal and surface treatment
of quality Sa 2 % of the surfaces of the steel members is obtained using state-of-practice technologies.
Obviously, state-of-practice airtight encasing by means of an air-tight tent is necessary to protect the
environment. See Appendix.

Repair techniques to restore local section losses were not within the scope of the investigations.
Therefore, it is recommended to investigate these repair techniques in more detail for the present
cases of severe local damage.

Remark: The structural and fatigue safety margins are sufficient to accept the present member section
losses of up to 10 — 12%. Therefore, it is justified that the Railway Bridge is in service without any load
restriction.

Nevertheless, these significant local corrosion damage shall be repaired locally just prior to the
application of the new corrosion protection coating, f.ex. by additional plates and strips that bridge
the local zone showing significant section loss. The present local corrosion damages do not justify the
replacement of an entire member. (Full replacement of entire members would be too invasive and
very costly.)



APPENDIX: Personal visit of anti-corrosion coating works on the Railway Bridge over the Rhine
River at Eglisau of the Swiss Federal Railways on 14 August 2019:

b RN

GRS

Overview: sand blasting foIIwea by appIication of coating is performed in four stages. Works are

performed in the air-tight tent (actually, a low under-pressure is maintained in the tent). The residues
from sand blasting are transported to the tent under the first masonry arch and separated into lead
based particles (that need special treatment for disposal) and other particles (mostly sand) that can be
used again for sand blasting).

Left photo: Look into the air-tight tent under the first arch where the residues from sandblasting are
treated. Right photo: one of several air quality measurement sensors.

Photos of the condition of coating before removal: overall, the corrosion protection is still effective on
surfaces. However, locally corrosion is visible but the section loss is still negligible.



General view of the first treatment phase with the new dark coating (anthracite color); right photo
shows a slot between two closely spaced plates: the surfaces in the slot were sandblasted and coated
(painted) with a special spray valve; the surfaces are entirely coated. Remark: these slots should not
be filled with some mastic since it is possible to clean and paint even closely spaced surfaces !
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Uvod

Vyzkumna zprava se zabyvad hodnocenim stavu protikorozni ochrany (dale jen PKO) a detail( $térbin ocelové
konstrukce mostu SO 201 v km 59,129; Volary — Cerny Kiiz (v blizkosti osady Dobra na Sumavé) po jednom roce
expozice od kompletni rekonstrukce. Mistni Setfeni za Ucelem zhodnoceni stavu konstrukce probéhlo dne 22. 7.
2019.

Stavebni objekt SO 201 predstavuje ocelovou nytovanou prihradovou konstrukci mostu pres rfeku Tepla Vitava v
Narodnim parku Sumava. Délka premosténi ¢ini cca 51,7 m. Konstrukéni provedeni ocelové konstrukce je Feseno
pomoci dvou hlavnich pfihradovych nosnik( s dolni prvkovou mostovkou.

Vzhledem ke stafi ocelové konstrukce, stavu PKO a koroznimu poskozeni nékterych prvkd byla provedena v obdobi
od 8.8.2018 do 24.9.2018 kompletni rekonstrukce mostu véetné zhotoveni nové PKO spolecnosti STRABAG Rail a.s.

Obr. 1 — Stav ocelové konstrukce pred rekonstrukci (vlevo), stav v den mistniho Setfeni 22. 7. 2019 (vpravo)
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Vychozi stav PKO ocelové konstrukce

Povlaky OK mostu pfed rekonstrukci vykazovaly stav odpovidajici jejich stafi, agresivité korozniho prostredi
a specifickému koroznimu namahani jednotlivych detaild OK vlivem konstrukéniho FeSeni. Z hlediska vad a
poskozeni protikorozni ochrany se jednalo o nasleduijici:

- delaminace a praskani povlakd,

- podkorodovani,

- kfidovani,

- ztrata adheze a soudrznosti,

- ztrata elasticity.

U ocelové konstrukce vlivem téchto vad PKO v kombinaci s korozni agresivitou prostfedi doslo ke koroznimu
napadeni zakladniho materidlu a misty i k nezanedbatelnym Ubytkdm tloustky nékterych prvkd. Zjisténé korozni
napadeni ocelové konstrukce Ize pfevazné charakterizovat:

- rovhomeérna koroze,

- ddlkova koroze,

- §térbinova koroze.

Stav ocelové konstrukce a PKO pred rekonstrukci je patrny z obrazku 2.

Pro prodlouzeni zivotnosti OK mostu a zabezpeceni bezpecného provozu na trati bylo provedeni rekonstrukce véetné
zhotoveni kompletni nové protikorozni ochrany zcela nezbytné.

Obr. 2 —Stav PKO ocelové konstrukce pred rekonstrukci
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Odstranéni plvodni PKO

Z hlediska rozsahu pos$kozeni plvodnich natéri byl zvolen postup kompletniho odstranéni PKO a jeji nahrazeni
novym natérovym systémem. Odstranéni plvodnich natérl bylo provedeno pneumatickym tryskanim ocelovou drti
GL 25 pfedevsim z dlivodu vytvoreni kotevniho profilu a odpovidajiciho stupné pfedupravy povrchu ale i z divodu
pozadavku na recyklaci abraziva a odpadu z tryskani vzhledem umisténi konstrukce v lokalité Narodniho parku
Sumava. Z tohoto diivodu byla konstrukce mostu zaplachtovana. Preduprava jednotlivych poli spogivala v jejich
otryskani s naslednym odsatim pouzitého abraziva a vzniklého odpadu ze zadrznych plachet, provedeni recyklace
abraziva a odseparovani odpadu. Poslednim krokem pfedupravy povrchu byl ofuk konstrukce stlatenym vzduchem
za ucelem odstranéni nedistot (prach, abrazivo,...). Pouzity systém pro pfedupravu povrchu je patrny z obrazku 3.

Obr. 3 — Technické vybaveni pro odstranéni pdvodni PKO

Preddprava povrchu

Pfeduprava povrchu pfed aplikaci zakladni natérové hmoty byla provadéna pomoci pneumatického tryskani
ocelovou drti GL25. Vzhledem k technologickym omezenim zvoleného systému odstranéni puvodni PKO, tedy
nutnosti po urcité dobé& odsévat z konstrukce abrazivo a odpad z tryskani postupovali prace pfevazné ve sledu —
odstranéni plvodni PKO — pfeduprava povrchu (+ oprava nedotryskanich mist) — aplikace zakladniho natéru.
Nutnost odstranéni produkt vzniklych pfi tryskani pfed aplikaci zakladniho natéru mnohdy neumoziiovala aplikaci
NH do 4 hodin po otryskani (dle pozadavku predpisu SZDC S5/4). Prace na predupravé probihaly s ohledem na
klimatické podminky a technologicka omezeni. Tryskanim bylo dosahovano stupné piedupravy povrchu dle CSN EN
ISO 8501-1 — Sa 2,5 a drsnosti povrchu dle CSN EN ISO 8503-1 10a (Rugotes No 3), ekv. segment 3 (mistné 4) dle
ISO komparétoru. Vyskyt prachovych &astic na povrchu konstrukce byl kontrolovan dle normy CSN EN 1SO 8502-3
pomoci adhezni pasky. Stav povrchu po otryskani a provadéné zkousky kvality pfedupravy povrchu ilustruji fotografie
na obrazku 4.
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Obr. 4 — Preduprava povrchu ocelové konstrukce mostu SO201

Soucasny stav PKO

Aplikace natérli byla provadéna bezvzduchym (vysokotlakym) stfikanim a pasovymi natéry stétci. Provedené natéry
jsou bez vyznamnych vad typu puchyfd, ste€enin, zavoj, porozita ¢i delaminace. PKO je celistva tloustky celého NS
pouze lokalné klesaji pod povolené minimum pro zesileny natér (min. 340 um) avSak pfi plvodnim planu pro
protikorozni ochranu nosné konstrukce mostu min. 280 um minimalni hodnoty neklesaji pod toto povolené minimum.
Maximalni

hodnoty dle TP byly lokalné pifekroceny, ovSem z pohledu 3xNDFT jen nepatrné. S ohledem na zplsob zhotoveni
PKO konstrukce Ize za rizikova mista PKO povazovat pouze $térbiny u vyztuzi ocelové konstrukce, jelikoz zde bylo
problematické a misty i nemozné tyto Stérbiny pfedupravit tryskdnim na poZadovanou &istotu povrchu dle ISO 8501-
1 a byla zde i obtizna aplikace natérového systému stiikanim. V téchto Stérbinach je zeslabena (lokalné i zadna)
PKO mostni ocelové konstrukce. Neprlichozi $térbiny, u kterych hrozilo pfimé zatékani a zadrZovani vody, byly
zatmeleny. Stav $térbin po jednom roce od realizace nové PKO je pfedmétem této zpravy. Komentované fotografie
stavu §térbin pfed, v pribéhu a po realizaci dila je uveden v tabulkach nize.

—_— — USTAV STROJIRENSKE TECHNOLOGIE



W FAKULTA CVUT v Praze, Fakulta strojni, Ustav strojirenské technologie, Technicka 4, 166 07, Praha 6 - Dejvice

STROJNI T 244 352 629 F 224310292 E 12133@fs.cvut.cz W u12133.fsid.cvut.cz
C€VUT V PRAZE

Tabulka 1: Stav neprtchozich $térbin ocelové konstrukce mostu SO 201
Vychozi stav S prubéhu pfedupravy povrchu

o
Nepriichozi §térbina zaplnéna koroznimi produkty
a nedistotami.
Stav po otryskani

Neprichozi §térbina po otryskani

Stav po aplikaci zakladniho natéru

Detail neprichozi $térbiny po otryskani. Viditelné
korozni produkty v nepfistupnych mistech pro pouZitou Vzhled konstrukce po aplikaci zakladniho natéru
technologii pfedupravy povrchu.
Stav po zatmeleni a aplikaci mezivrstvy

Stav po 1 roce expozice

Bez znamek degradace PKO ¢&i korozniho napadel'

Stérbina vytmelena a pietfena natéry OK
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Tabulka 2: Stav pruchozich Stérbin v diagonalach ocelové konstrukce mostu SO 201

Vychozi stav

— 'AI,/' s -

Prichozi stérbina v diagonalach pred pfedupravou
povrchu

Priichozi §térbina v diagonalach po otryskani

Detail Stérbiny po otryskani

Detail Stérbiny po otryskani

Detail Stérbiny (viditelné mapy zakladniho sufikového
natéru vlivem nedotryskani)

Stav po 1 roce expozice

Prachozi stérbiny netmeleny

Bez znamek degradace PKO, korozni produkty
v mistech kde nebyla provedena aplikace NH vlivem
ztizeného pfistupu
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Tabulka 3: Stav pruchozich $térbin ve stojinach ocelové konstrukce mostu SO 201

Vychozi stav

Stav stav po otryskani

Prichozi stérbina v diagonalach pfed pfedupravou
povrchu

Priichozi $térbina stojiny

Detail Stérbiny po otryskani

Detail Stérbiny po aplikaci NS

Stav po otryskani konstrukce na stupen Sa 2,5

Detail étérbihy, nedokonalé osetreni pldchy natérem
(viditelny Eerveny zakladni natér)

Detail Stérbiny po aplikaci NS

Stav po 1 roce expozice

Prachozi stérbiny netmeleny

Bez znamek degradace PKO, korozni produkty
v mistech kde nebyla provedena aplikace NH vlivem
ztizeného pfistupu
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Hodnoceni stavu Stérbin po 1 roce expozice

Z vysledk( mistniho Setfeni a fotodokumentace je patrné, Ze v pfipadé neprichozich §térbin byl zvolen vhodny typ
tmelu, ktery spliiuje poZadavky na elasticitu, adhezi a kompatibilitu s pouzitym natérovym systém. Na konstrukci
nebyla pozorovana zadna mista, kde by dochazelo k nezadouci degradaci tmelu ¢&i defektim PKO zplsobenym
chovanim ¢i povahou tmelu.

U prlichozich $térbin, které nebyly tmeleny, je patrné Zze mista, ktera nebylo mozné pouzitou pfedupravou povrchu
zbavit koroznich produktd a starych natér(i a nasledné opatfit natéry jsou nechranéna a dale vystavena pusobeni
atmosféry (viz fotografie nize).

Plochy dobfe pfistupné, tj. takové, kde bylo mozné pouZitou technologii tryskanim realizovat kvalitni pfedupravu
povrchu a aplikovat kompletni NS nejevi jakékoliv zndmky degradace PKO ¢&i ocelové konstrukce.

Lze tedy konstatovat, ze je zpusob a kvalita vyc€isténi obtizné pristupnych Uzkych Stérbin v pfipadé kompletni
rekonstrukce zdsadni pro spolehlivou, trvanlivou a funkéni protikorozni ochranu ocelové konstrukce.

Vzhled tmelenych nepriachozich $térbin:

[,
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Zaver

Z provedeného experiment preduprav povrchu stérbin a jejich nasledné aplikace utésnéni bylo zjisténo nékolik
zaveérl:

e Pro aplikaci tmelu je nutna kvalitni pfeduprava povrchu tryskanim, ktera zabezpeci dokonalé odstranéni
koroznich produktl a pavodnich natér(i. Dale nutnou podminkou je také zajisténi vhodné kompatibility
pouzitého tmelu s pouzitym natérovych systémem.

e Aplikaci tmelu je nutné provadét az po aplikaci zakladni natérové hmoty a poté dodrzet predepsany
systém protikorozni ochrany.

e V pfipadé neprlchozich stérbin byl zvolen vhodny typ tmelu, ktery splfiuje poZzadavky na elasticitu, adhezi a
kompatibilitu s pouzitym natérovym systém.

e U prachozich stérbin, které nebyly tmeleny, je po roce expozice v daném prostredi patrné mirné rovnomérné
korozni napadeni. Toto napadeni bylo zplisobeno nedokonalou aplikaci natérového systému (jeho absenci).
Pro uzké stérbiny je nutné, aby byla i v téchto mistech aplikovana vhodna protikorozni ochrana.

e Pro ovéreni vySe zminénych zavérl bude nutna kontrola po dal$im roce expozice.

prazednes. 5. 2019 (ESKE VYSOKE UCMTELWU&E’V?WE
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