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Abstract

This article presents guidelines developed by the Research Institute of Roads and Bridges for estimating
the loss of the load capacity and determining the time between failures of steel road bridges resulting from
corrosion. Mathematical relationships which enable the determination of load capacity and durability of
bridge structures were discussed. Reduction coefficients required to calculate the percentage decrease of the
load bearing capacity of the corroded structure and reduction coefficients that are significant in determining
the degree to which lifespan of the structure is shortened were defined. Mathematical algorithms of
presented method made it possible to obtain information, that are necessary for further maintenance and
possible modernization of the bridge in Wisla.
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Streszczenie

W artykule przedstawiono wytyczne opracowane przez Instytut Badawczy Drogi Mostow dotyczace szacowania
utraty nosnosci oraz okreslania czasu bezawaryjnej pracy stalowych, drogowych obiektow mostowych
zuwzglednieniem zjawiska korozji. Omoéwiono zaleznosci matematyczne pozwalajace na wyznaczenie nosnoci
i trwalogci konstrukeji mostowych. Scharakteryzowano wspolezynniki redukeyjne niezbedne do obliczenia
procentowego spadku nosnosci skorodowanej konstrukeji oraz istotne wspolezynniki zmniejszajace pozwalajace
na okreslenie czasu bezawaryjnej pracy konstrukeji. Algorytmy matematyczne przedstawionej metody pozwolity
na uzyskanie danych, ktore sa niezbedne do dalszego utrzymania oraz ewentualnej modernizacji mostu w Wigle.

Stowa kluczowe: korozja, stalowe dzwigary gléwne obiektow mostowych, utrata nosnosci konstrukcji mostowych, czas
bezawaryjnej pracy konstrukcji




1. Introduction

Technical inspections are very important in the context of bridge maintenance. Technical
inspections, maintenance and servicing of bridges need to be performed in order to determine
safety risks to users, to maintain the appropriate technical condition and esthetic design of the
bridge, to prevent deterioration of the mechanical properties and ensure the efficiency of the
durability of bridge structures. The system of inspection of road and bridge structures include:
ongoing reviews, annual fundamental reviews, extended reviews every five years and detailed
reviews. To analyse the percentage loss of the load capacity of steel girders and determine
the time between structural failures due to corrosion, it is necessary to carry out a detailed
inspection. Detailed inspections and visual inspection of all elements of construction and
execution of basic measurements and tests provide data and information which is necessary
for analysing the capacity and durability of the steel girders of the bridge structure. The
detailed review report of the technical condition of the bridge on the Wisla (shared by the
Management for Provincial Roads in Katowice) allowed for calculations according to the
method of the Research Institute of Roads and Bridges (IBDiM). Calculations made using the
method of the Road and Bridge Research Institute provided results that are complementary
to detailed inspection and additional information on the load bearing capacity (strength
of the structure, the stress and loss of material) and durability of structural steel elements.
Calculations can help to provide the methods necessary for the modernisation of the bridge
or can help in choosing the corrosion protection of structures. In addition, the results of
calculations enable the determination of the time between failures of all bridge structures due
to corrosion and this results of calculations also enables the identification of strategies that
will ensure the ongoing safe use of the bridge structure [1].

2. An analytical approach to assessing the load capacity of a bridge structure
which has been damaged by corrosion

The decrease in structural load bearing capacity related to the reduction of the cross-
sectional area of a steel member is caused by the corrosive loss of steel. The loss of material
in the solid-web girder cross-section is calculated by measuring the thickness reduction of
the cross-section in the upper and lower flanges of the girders and their webs. Measurement
of the corrosion loss in bridge members and decks in the form of a steel orthotropic plate is
taken considering the width of the deck subpanel defined in accordance with PN-EN 1993-
2:2010 standard [2]. When the load bearing capacity reduction of corroded structure is being
calculated the corrosion phenomena should be taken into account as it is often developed
in the orthotropic plate longitudinal and transversal stiffeners. The reduction measurement
is taken when the u, - reduction coefficient is applied. Estimating the loss resulting from
the undesirable influence of corrosion on the thickness of the cross-sections subjected to
bending moments consists of measuring the extent of the identified calibration distance
(Fig. 1), where, according to the structural analysis, there is the maximum stress. The result



of the measurement is the smallest value of the cavity in the 25 mm measuring points, which
they must be cleaned of corrosion products on the circuit of the element [3-6]. Corrosion
phenomenon changes the cross-sectional geometry which is why the second moment of area
and indicators of the corroded cross-sectional resistance should be calculated taking into
account another position of the neutral axis of a steel profile. In accordance with the method
recommended by the Road and Bridge Research Institute, it is important to determine the
corrosion value of the i-th bridge girder — this is calculated relative to the upper and lower
fibres of the cross-section with formulas [3]:
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where:
Wiy W, — is the corrosive girder parameter i;
w, I/Vig . — is the flexural resistance indicator (elastic section modulus) of a corroded
- - girder i to the upper and lower fibre, [m?];
w, Wig_mm —is the flexural resistance indicator (elastic section modulus) of a corrosion-

free girder i to the upper and lower fibre, [m?].

For further calculations, the minimum value of each corrosive parameters , should be
applied.In addition, the cross-sectional areas of the corroded web of girders and transverse
stiffeners located at the support points should be determined and then, according to the
formula (3),they should be compared with the areas of uncorroded cross-sections. For further
analysis assumes the smallest value of the parameter a, the most corroded girders [3-4].
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where:
a. - isthe corrosive parameter of the cross-section in the support i;
A —isthearea of the corroded cross-section in the support i,[m*];
A~ —isthe area of the not corroded cross-section in the support i,[m?].

i_nom

The next stage is to select reduction coeflicients which are characterised by susceptibility
to changes with regard to the geometry and strength of the cross-sections of the steel elements
of the bridge structures. The load capacity of a structure depends on the degree of corrosion
of each girder and their interaction when the service load is being transferred. The presented
analytical method describes seven dependencies to which the Road and Bridge Research
Institute developed reduction coefficients. Of equal importance are: the number of main
girders (u,); the spacing of main girders in their cross-section (u,);deck type (u 3) stransversal
bracing type (u,);transversal bracing concentration along the structure length excluding




support bracing (us) ; degree of corrosion in transversal bracing (u 6) ; corrosion degree in
transversal stiffeners orthotropic plate longitudinal (u,). The chosen coefficients enable the
identification of the percentage of decrease of the load capacity of a steel road bridge structure
(S,,) due to the bending moment with particular consideration to corrosion [3]:
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where:
S, — is the load capacity decrease due to the bending moment, [%];
Wy W, = is the corrosion parameters of the girderi=1,..., k;
u, — is the reduction coefficientj = 1,..., n;
k — is the number of girders.

To determine the ultimate loss of the structural load bearing capacity caused by corrosion,
the load decrease associated with the support’s reaction needs to be determined (S,) [3]
— this is achieved using the formula:

SP={1—ai-Huj}'100% (5)
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where:
S, —is the load capacity decrease due to the support reaction, [%];
a_ —is the corrosion parameter of the most corroded girder i;
u. - is the reduction coefficients j = I,..., 1, .

Formulas (4) and (S) enable the identification of a decrease to the total load capacity
of a bridge with solid web steel girders (SU) resulting from the destructive phenomenon of
corrosion [ 3], which is described with the formula (6):

S, =max{S,,,S, } (6)

where:
S, —is theload capacity decrease of the solid web girder due to corrosion phenomenon, [%].
An analytical approach to assessing the durability of a bridge structure which has been
damaged by corrosion
Estimation of the impact of corrosion on the durability of bridge structures requires,
above all, the analysis of the object and determining the type and extent of corrosion on the
construction. It is important to determine the location of corrosion on the surface of the load
bearing capacity steel elements because irregular distribution of corroded elements and the
resulting decreases in the mass of the material in cross-sections of the bearing elements causes
concentration of stresses. Variable tensions intensify the corrosion process, which accelerates



the fatigue of structural material. In the method developed by the Road and Bridge Research
Institute, the reduction coefficients of durability and mathematical formulas are used - this
enables thelifetime ofa corroded bridge to be determined [3, 7, 8]. To determine the reduction
coeflicients, it is necessary to analyse technical and material data relating to the steel-concrete
bridge structure, because reduction coefficients are related to: the level of aggressiveness of
the environment (S ); bridge location; type of corrosion in the load capacity structure (K,);
the technical condition of bridge drainage system (T, ), dilatation system (T) and insulation
system (T)). The appropriate selection of reduction coefficients enables calculation of the
degree to which the lifespan of the constriction has been shortened by corrosion (S,) [3]:
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where:
S, — is the degree of shortening of the lifespan of the construction;

K,S, T, T, T, -isthereduction coefficients.

The next step is to determine the B coeflicient related to the road class and the age of
the analysed bridge (W). It is also obligatory to the projected life span of the bridge(T ).
According to the Polish procedure developed by the Road and Bridge Research Institute, these
parameters (S, B, Wand T ) are used to determine the time between failures of the structure
due to corrosion (T), during which corrosion proceeds with a probability of about 90% [3]:

Te:Tm'ST'B_W (8)

where:

T - isthe time between failures of structure due to corrosion, [years];
T - is the projected lifespan of the bridge structure, [years];

S, —is the degree of shortening of the lifespan of the construction;

B - isreduction coefficient;

W - is the age of the analysed bridge structure, [years].

Analysis of the load capacity and durability of the steel girders of the bridge structure in Wisla.

The triple-span beam bridge shown below was analysed. This bridge is located in Wisla
and is situated over the Mailnka steam (Fig. 1). This bridge is part of the inter-regional road
DW942 managed by the Management for Provincial Roads in Katowice.

The load capacity structure of this bridge is made up of steel beams comprising a rolled
profile connected to a concrete slab. In the cross-section, there are four IN340 girders
spaced every 1.80m. The bridgeheads and pillars of the bridge are reinforced concrete, solid-
wall structures. Additional elements of the bridge are steel safety barriers, the road surface
comprised of asphalt concrete, and the bridge drainage system [9].

Based on an analysis of the detailed review report of the technical condition of the bridge
on the Wisla [9] and the local detailed inspection of this bridge (Fig. 2 a-d), the values of




Fig. 2. a) Support of the extreme girder on the bridge abutment with corroded top and bottom flange;
b) The corroded steel girder is supported by bridge pillar; c) Corrosion of the connection between the cross
beam and the main girder; d) Corroded drain pipe which forms part of the drainage system (photo by authors)

the reduction coefficients to the bearing capacity and durability of the analyzed object were
taken into account and Tables 1 and 2 were developed. These values defined the percentage
structural load bearing capacity decrease due to corrosion and the time between failures of
the structure due to corrosion.




Table 1. Data for the bearing capacity of the bridge in Wisla

Reduction coefficient of load capacity

u, u, u, u, u u,
0.98 1.10 1.00 1.00 0.95 0.98
Load capacity decrease due to the bending moment S, 7.36%
Load capacity decrease due to the support reaction S, 1.04%
Load capacity decrease of the solid web girder due to corrosion S, 7.36%
Table 2. Data for the durability of the bridge in Wisla
Reduction coefficient of durability
S, K, T, T T, B w
0.98 0.923 0.98 0.90 - 0.96 54
Degree of shortening time between failures of structure S, 0.850
Time between failures of structure due to corrosion T 27 years

The analysis of the bridge in Wisla showed that the higher value takes the value of the
load bearing capacity due to the bending moment than the value of the load bearing capacity
due to the support reaction. The load bearing capacity decrease of the solid web girder due
to corrosion was 7.36%.The load capacity decrease of the bridge structure and time between
failures of the structure due to corrosion depended on the type of corrosion located on the
surface of girders. Additionally, the aggressiveness of the environment had the greatest impact
on the durability of the bridge structure. The preceding analysis has shown that the time
between failures of structure due to corrosion until this calculation was 27 years. This can
only be good news for the functional longevity of this bridge. However, this method does
not take into account the ongoing corrosion of the structure. The amount of corrosion very
dynamically rises from year to year. The amount of corrosion products is increasing year by
year due to the air pollution, the aggressive environment in which the bridge is located and
the concentration and amount of salt used for the winter maintenance of roads. The corroded
girders are damaged above the ultimate limit state and their durability has consequently been
compromised. Therefore, this method allows estimation of the load bearing capacity and
durability only with regard to the current state of the bridge structure.

3. Conclusion

The analytical method of estimating the effect of corrosion on the percentage loss in
load bearing capacity and the time between failures of the bridge operation allows for easy
and rapid determination of important parameters related to the strength and durability of
steel bridge girders taking into account the destructive corrosion process. The use of this
method is justified though the opportunity it presents to extend the functional longevity of
the structure. The results of such an analysis constitute a valuable addition to the detailed




reports of technical inspections of steel-concrete bridge structures. The results of this analysis
enabled the determination of the approximate date for modernisation of the bridge and the
development of a plan for renovation and technical improvement. This approach enables the
identification of the loss of load capacity of bridges and the time between structural failures
— this allows the formulation of optimal construction schedules for possible bridge are
constructions. The preceding analysis document that the bridge located in Wisla does not
require repair and reconstruction prior to the next detailed review. However, the technical
condition of the bridge in Wisla should be monitored accurately during the ongoing reviews.
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