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Abstract: The article presents a review of current achievements and selected results of material research in the field 
of strengthening orthotropic steel decks in steel bridges using a thin Ultra High Performance Concrete (UHPC) over-
lay to increase their load-bearing capacity and fatigue life. The review study confirmed a 40% to 80% reduction in 
stresses in the bridge deck structure. The authors’ experimental research focused on 70 mm thick UHPC overlays 
on two existing bridges with spans of 41 m and 292 m. It includes an assessment of the effect of the void content 
in the fresh concrete mix on the bulk density of hardened concrete, the increase in concrete strength over time, the 
effect of the number of freezing cycles on the Young's modulus of concrete and the strength of the UHPC-steel 
deck slab bond including the static slab deflections. The deflection of the bridge deck slab with the UHPC overlay 
in the three-point bending test was decreased by half, while the limit load values breaking the UHPC-steel bond 
zone using epoxy resin in the test plates were 150 kN and 162 kN. The presented results have important cognitive 
significance because they concern the tests of the UHPC overlay made on existing bridge structures.
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1. INTRODUCTION
Steel bridges, including cable-stayed bridges, are one of the 
most popular solutions for large-span bridges due to their 
relatively high strength and low self-weight. Due to the 
movement of various types of vehicles, they are subjected 
to cyclically varying dynamic loads, which, after years of 
intensive use lead to fatigue of steel structures. Further-
more, the significant increase in road traffic intensity and 
vehicle weight in recent decades compared to the designed 
loads leads to increased stress in the structural elements of 
many bridges, and consequently to the formation of cracks 
and scratches. Especially in the case of steel structures, 
even small, uncontrolled cracks or scratches can lead to 
limitations in planned operation or even an emergency 
condition of the bridge [1-3]. In such cases, immediate in-
tervention is necessary by repairing and strengthening the 
structural elements on which fatigue cracks have formed.
Many methods are commonly used to repair steel bridge 
structures [4], however, in recent years, Ultra High Per-
formance Concrete (UHPC) with a compressive strength 
above 115 MPa [5] has opened up new possibilities in this 
field. Therefore, UHPC material is currently starting to 
play an essential role in increasing the load-bearing ca-
pacity and durability of steel bridge structures. One inno-
vative solution is to strengthen an orthotropic steel deck 
in steel bridges by replacing the existing flexible asphalt 
pavement with a thin UHPC overlay, which, when bonded 
to the steel deck, improve load transfer and simultane-
ously serves as the road surface. This solution has many 
advantages over other traditional bridge strengthening 
methods. The use of a  thin, several-centimeter layer of 
UHPC significantly increases the strength parameters of 
the bridge decks with a relatively small thickness of the 
overlay. Therefore, it is possible to maintain the previous 
roadway grade line. Thanks to bonding with the steel slab, 
the UHPC layer takes over part of the stresses and simul-
taneously increases the fatigue life of the steel deck struc-
ture with relatively small additional weight on the girders 
[1], [6-10]. A further advantage of this technology is the 
possibility of carrying out construction works on a part 
of the bridge without the need to close it down [6]. This 
was confirmed, among others, on the Rheinbrücke Ma-
xau Bridge in Karlsruhe, Germany, with six lanes (three 
in each direction), where the UHPC strengthening process 
was carried out on three temporarily closed lanes in one 
direction, while the remaining traffic lanes were in use at 

the same time (Fig. 1). Another advantage of UHPC is its 
minimal volume of capillary pores. Thanks to this, there is 
no need to provide additional moisture insulation for the 
bridge deck slab. Laboratory tests also demonstrated min-
imal migration of Cl− ions, causing corrosion of the rein-
forcement and much slower penetration of carbon dioxide 
CO2 compared to regular concrete. As a result of the high 
density of UHPC, the risk of corrosion of the reinforce-
ment during the operation of bridges was significantly re-
duced. Studies show that the carbonation of UHPC three 
years after its placement was less than 2 mm, while in the 
case of regular concrete class C55/67 it reached more than 
6 mm [11]. Other significant advantages of UHPC are frost 
resistance, abrasion resistance, and resistance to de-icing 
salts. These are essential factors verifying the suitability 
of this material for use as a road surface. After six hours of 
immersion of a UHPC specimen in a 10%-calcium chlo-
ride solution, its penetration depth was only 0.1 cm. For 
comparison, in the case of regular concrete this value was 
2.3 mm, and for regular concrete with the use of hydro-
phobic agents it was less than 1 cm [11]. It should be em-
phasized, however, that one of the challenges associated 
with the use of UHPC material is the need to ensure very 
high precision in the selection of the quality and propor-
tions of concrete components due to the use of modern su-
perplasticizers. Even minor deviations in this respect can 
significantly deteriorate the mechanical properties of the 
concrete slab. It is also necessary to ensure the appropri-
ate course of the concreting process, because the UHPC 
mixture is susceptible to weather conditions and required 
appropriate technology for its laying. The conditions 
of transporting the concrete mixture to the construction 
site are also important [1], [7]. Another disadvantage is 
the unfavorable rheological parameters of UHPC. A low 
water-to-cement ratio causes a  reduction in the distance 
between the solid phase particles in the mixture and, as 
a result, a significant increase in viscosity, while a high 
cement content increases the flow limit. During the con-
crete setting process, it is necessary to maintain a constant 
temperature and air humidity. Due to the rapid course of 
hydration, efficient execution and proper concrete main-
tenance are necessary, otherwise, significant shrinkage 
cracks may appear [12]. Unfortunately, for UHPC, un-
like regular concretes included in standards, there are 
currently no appropriate standard guidelines. Hence, 
the use of such concretes requires, each time, obtaining 
technical approval or conducting trial tests [1, 9-10].



Roads and Bridges – Drogi i Mosty  25  (2026)  115 – 126 117

the structural elements of bridge decks, ranging from 40% 
to 80%, was demonstrated, which improves their fatigue 
life. Then, selected results of own material test of 70 mm-
thick UHPC overlays on two existing bridges with a span 
of 41  m and 292  m recently strengthened in Germany 
were analyzed and presented. One of the innovative solu-
tions of the presented system is the use of an additional 
bonding layer made of a special type of 2.5-3 mm thick 
epoxy resin sprinkled with 3/6 mm bauxite grit. This lay-
er further strengthens the bond at the contact of the steel 

The problems mentioned above still require in-depth anal-
ysis, however the numerous advantages of UHPC mean 
that it is currently increasingly used in bridge structures.
This paper discusses selected aspects of the technology of 
strengthening orthotropic steel decks in steel bridge struc-
tures using a thin UHPC overlay combined with the deck 
slab replacing the existing flexible asphalt pavement. 
A review of research on the effects of UHPC strengthen-
ing of several existing bridge structures in different coun-
tries was presented. A significant reduction in stresses in 

a)

c)

e)

b)

d)

f)

Fig. 1. Repair works on the Rheinbrücke Maxau Bridge in Karlsruhe in Germany: a) cleaned surface of the steel bridge deck, 
b) welding a steel plate over the cracks, c) arrangement of steel meshes with square mesh,d) mechanical placing of concrete 

by a specialist machine, e) curing of the UHPC, f) additional protection of the UHPC overlay with a special tent
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deck slab with a thin layer of UHPC with a thickness not 
exceeding 100 mm, achieving a  tear-off strength of this 
bond of at least 3.0 MPa and a shear strength higher than 
3.5 MPa [13]. Furthermore, for the first time, field tests 
verified the strengthening effect of a 70 mm-thick UHPC 
overlay on long-span steel bridges of about 300 m, reveal-
ing the interfacial bonding performance and deformation 
law of the composite steel-UHPC deck slab under long-
term loads. Among others, it was shown that the deflection 
of the bridge deck strengthened with the UHPC overlay 
is almost twice as small as before the strengthening. The 
presented research results have significant cognitive sig-
nificance and concern studies of the UHPC layer applied 
to the steel deck of existing full-scale bridge structures.

2. ACHIEVEMENTS AND DIFFICULTIES 
IN THE IMPLEMENTATION 
OF ORTHOTROPIC STEEL DECKS 
STRENGTHENING USING UHPC 
OVERLAY
Research on the use of UHPC material for bridge 
strengthening was conducted intensively in Denmark and 
the Netherlands since the 1990s. In 2003, in Rotterdam, 
the Netherlands, the first steel bridge, Calandbrug, along 
the A15 highway with a road surface of approx. 1,200 m2 
was strengthened on behalf of the local ministry Rijks-
waterstaat [6]. For this purpose, based on permission to 
use this system [14], a  thin UHPC layer, 4-5 mm thick, 
reinforced with steel mats with bars spaced 50 mm apart 
in both directions, was used. The compressive strength of 
the concrete was 95  MPa, and its flexural strength was 
9 MPa. The UHPC overlay was bonded with the steel slab 
with epoxy resin with a tensile strength above 3 MPa. At 
a  similar time, the reinforced concrete bridge Vilp Via-
duct, located along the E30 highway with a road surface 
of approx. 3,000 m2 was repaired in the Netherlands using 
the aforementioned UHPC system [7]. Then, in the years 
2005 to 2008, the largest steel Mordijkbrug Bridge in the 
Netherlands with a road surface of approx. 32,000 m2 was 
repaired and strengthened using a  UHPC overlay. For 
this purpose, a thin, 45 to 100 mm thick layer of concrete 
was made, reinforced with steel mesh weighing 24 kg/m2 

with 8 mm diameter rods and additionally with dispersed 
steel fibres in the amount of 5 kg/m2. It was shown that 
after strengthening the bridge orthotropic steel deck, its 
load-bearing capacity increased by approximately 40% [8]. 

The above-mentioned UHPC system was granted the Eu-
ropean patent No. 1623080 in 2003. Within the frame-
work of a special ministerial programme in 2003, a total 
of 14 bridges in the Netherlands were repaired using this 
discussed innovative method [6-7], [14-18].
Based on the positive Dutch experience, the German min-
istry responsible for road construction decided to test the 
UHPC strengthening system on a  relatively small steel 
bridge in Beimerstetten near Ulm city, Germany, as a pilot 
project [9-10]. After the repair of this bridge was complet-
ed in 2014, design work began on the repair of the much 
larger steel bridge Rheinbrücke Maxau near Karlsruhe, 
Germany, located on the B10 national road, with a road 
surface area of approx. 6,500 m² and a  span of 292 m. 
Construction works lasted from 2017 to 2020 [1],  [10]. 
In  2019, several large bridge structures were also suc-
cessfully strengthened using UHPC in China, e.g. [2-3], 
[19-22]. Table 1 shows selected examples of application 
and research results of orthotropic steel decks strength-
ening technology in steel bridge using a thin UHPC layer 
in various countries. Summarizing the literature review 
given in Table 1, based on the tests performed on select-
ed structures and numerical analyses, it can be stated that 
the strength parameters of the steel bridge structures in 
each case significantly improved after strengthening. In 
all cases, a  significant stress reduction was observed in 
the structural elements of the steel deck slab, reaching up 
to 80% [6-8], as well as in the deflections of the bridge 
spans, which confirms the effectiveness of the discussed 
strengthening processes.
Many years of experience in bridge strengthening, in-
cluding in the Netherlands and China, have shown that 
the weakest link of the strengthening system described 
above is the bond between the steel deck slab and the 
UHPC. Currently, the steel deck slab is connected to the 
UHPC layer using either bonding connectors, such as 
steel studs [3] , [6], [23], and/or chemicals, such as epoxy 
resins [24-27]. However, connecting steel studs are more 
commonly used due to their technological ease of fabri-
cation. In this case, achieving high strength of this type 
of connection requires a significant density of studs, i.e. 
even at a distance of 10-15 cm [3]. This, in turn, causes 
problems related to significant point stress concentration 
in the connection zones over the entire surface of the steel 
bridge deck. Another disadvantage of this type of connec-
tion is the relatively low fatigue strength of the joining 
studs themselves [28]. The epoxy resin bonding method 
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tests. Laboratory test results presented in the paper [31], 
conducted on steel-concrete composite beams bonded by 
steel shear studs and/or epoxy adhesives showed that the 
overall stiffness and load-bearing capacity of this type of 
composite structure is primarily due to interfacial bond-
ing interaction, which depends on the shear strength and 
stiffness of the bonding layer.

Summarizing, it can be concluded that joining UHPC to 
an orthotropic steel deck using epoxy resin can be very 
beneficial due to the favorable mechanical properties of 
this type of connection, ensuring good strength. There-
fore, Section 4  presents the results of own research on 
a modified connection of a steel deck and UHPC overlay 
using a special type of 2.5-3 mm thick epoxy resin sprin-
kled with 3/6 mm bauxite grit. This type of connection 
has already been used in the system to strengthen several 
existing steel bridges [9-10].

provides a more uniform bond between the steel slab and 
the UHPC and prevents uneven shear stress transfer [25] 
and stress concentrations caused by welding [26-27]. 
A comparison of the performance of steel slab and UHPC 
overlay connections using studs and epoxy resin was con-
ducted, among others, in the paper [29]. For this purpose, 
3.5 m long composite beams constructed using both types 
of connections were subjected to four-point bending. The 
results showed that the stiffness of the beams bonded with 
epoxy resin was on average 27% higher and the deforma-
tions were 5-15% lower than those bonded with studs. In 
turn, the studies presented in the paper [30] were conduct-
ed on a  full-scale composite bridge slab with a  span of 
8.5 m and included testing, among other, slip and pull-off 
at the steel-UHPC contact zone. Epoxy resin with quartz 
sand was used as the bond. The tests clearly demonstrated 
that this type of connection can effectively replace steel 
studs, as slip in the contact zone was negligible during the 

No. Bridge Country Span 
[m]

Overlay 
thickness [mm]

Construction 
year

Strengthening 
year

Evaluation of strengthening 
effectiveness in reducing stress and 

deflection of the steel deck slab
1 Calandbrug [6] Netherlands 343 20-30 1969 2003 stress reduction factor 4-5

2 Viaduct Wilp [7] Netherlands 75 50-70 1970 2003 stress reduction by 80% in the bridge 
deck and by 60% in the joint 

between the deck and the beam3 Viaduct Voorst [7] Netherlands 80 50-71 1958 2005

4 Moerdijkbrug [8] Netherlands 1000 45-100 1930 2005
stress reduction by 80% 

in the bridge deck5 Hagensteinbrug [8] Netherlands 740 60 1980 2005
6 Muiderbrug [15] Netherlands 310 50-70 1972 2010

7 Scharbergbrug [16] Netherlands 115 75 1973 2011 the problem of cyclically 
recurring cracks has disappeared

8 Beimerstetten 
Brücke [9] Germany 41 70 1963 2014 maximum deflection reduction by 50%

9 Kreekrakbrug 
[17-18] Netherlands 240 75 1974 2015 increase in the bridge’s 

durability by 30%
10 Fengxi Bridge [19] China 570 60-80 – 2016 stress reduction by 66-90%

11 Rheinbrücke 
Maxau [1, 10] Germany 292 70 1966 2019 maximum deflection reduction by 25%

12 Fochen West 
Bridge [2] China 115 45 2013 2019 stress reduction by 70%

13 Box girder 
Bridge [20] China 231 70 2014 2020 stress reduction by 75%

14 Foshan Bridge [21] China 215 50 – 2021 stress reduction by 42-63%

15 Yichang Yangtze 
River Bridge [22] China 960 75 2001 2021 maximum deflection 

reduction by 31-62%

16 Junshan Yangtze 
River Bridge [3] China 460 75 – 2022 stress reduction by 40%, 

maximum deflection reduction by 30%

Table 1. Summary of the effects of strengthening orthotropic steel decks with a thin overlay of UHPC in selected steel bridges
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Fig.  2 shows a  general sketch and cross-section of the 
orthotropic steel deck strengthened with a 70 mm-thick 
UHPC overlay.

3. STAGES OF TECHNOLOGY FOR 
STRENGTHENING ORTHOTROPIC 
STEEL DECKS WITH A THIN UHPC 
OVERLAY
To strengthen the orthotropic steel deck slab with UHPC, 
the asphalt surface layer is first removed to expose the 
steel bridge deck (Fig.  1a). Then, any damage to the 
steel structure is repaired, e.g.  by cleaning of corrosion 
products and repairing the cracks in deck plate (Fig. 1b). 
A bonding layer made of a special 2.5-3 mm thick epoxy 
resin sprinkled with bauxite grit of fraction 3/6 mm is ap-
plied [32]. Then, the reinforcing meshes are laid and at-
tached to the bridge deck using welded steel studs spaced 
every 120 cm along and across the steel deck (Fig. 1c), 
and the UHPC material is poured. The system uses a spe-
cial crushed aggregate with a 2/5 mm fraction from Nor-
wegian granite to produce UHPC. With the appropriate 
composition of the concrete mix with such aggregate, it is 
possible to obtain UHPC with a compressive strength of 
up to 140 MPa under construction conditions. As part of 
the bridge deck strengthening technology implemented in 
the Netherlands and Germany, the concretes used were re-
inforced with steel meshes and dispersed micro-reinforce-
ment in the form of short inorganic and steel fibers with 
a diameter of 0.40 mm and a  length of 12.5 mm in the 
amount of 85 kg/m³ of concrete [5]. Moreover, adding 0.3 
to 0.6% of polypropylene fibres to the concrete mixture is 
intended to increase resistance to internal pressure in the 
event of fire and prevent sudden damage to the structure 
due to a rapid increase in the concrete temperature [12]. 
After 24  hours from concreting, the concrete surface is 
sandblasted to obtain the required adhesion of the epoxy 
resin surface with the appropriate aggregate.

Concrete is laid using specially designed machines 
adapted to the dimensions of the concreted bridge sec-
tions (Fig.  1d). A  critical task when laying a  thin layer 
of UHPC is its maximum compaction, which guarantees 
the planned very high adhesion to the steel plate. Imme-
diately after the concrete is compacted and smoothed, its 
surface is protected with liquid foils based on artificial 
wax or polyethylene foil (Fig.  1e). The concrete curing 
process takes place in specially prepared tents, which 
maintain a  constant temperature and protect the freshly 
laid concrete mix from weather conditions such as rain, 
snow, or wind (Fig. 1f).

Concrete

Epoxy 
resina)

b)

Orthotropic 
steel plate

Reinforcement
Dimensions [mm]

7032
20

18
12

Reinforcement mesh 
with square mesh dimensions

70 mm thick 
UHPC overlay

Epoxy resin sprinkled with bauxite 
grit of 3/6 mm fraction

12 mm thick bridge deck

Fig. 2. Sketch of the strengthening structure of the steel deck 
plate with UHPC: a) cross-section [32], b) general view [33]

4. SELECTED RESULTS OF CONCRETE 
TESTS AND BONDING PROPERTIES 
ON THE EXAMPLE OF UHPC OVERLAYS
To determine the effectiveness of strengthening a  steel 
bridge deck with a thin layer of UHPC, some experimen-
tal tests were carried out on the steel bridge in Beimer-
stetten, Germany  [13]. The design of strengthening this 
bridge assumed the use of concrete with a  guaranteed 
minimum strength of 105  MPa. The concrete mixture 
was tested in the construction materials laboratory of the 
Hochschule für Technik in Stuttgart, Germany. This con-
crete had the following composition: 1) special compos-
ite cement Binder N, 2) quartz sand, 3) basalt aggregate 
called Basalt gravel Hyperit-Splitt, and 4) short steel fi-
bres with a diameter of 0.4 mm and a length of 12.5 mm. 
The concrete was produced with a water-to-cement ratio 
of 0.35 ± 0.02 [32]. Laboratory tests showed that to obtain 
the required parameters of the mixture, the compaction in-
dex of fresh concrete should be in the range of 1.10-1.15 
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while after 56 days it was on average 116  MPa in the 
case of the Beimerstetten Bridge deck strengthening and 
118 MPa in the case of the Rheinbrücke Maxau Bridge 
deck in Karlsruhe. The increase in concrete strength over 
time based on cubic specimens taken during the concret-
ing of both bridges in Beimerstetten and Karlsruhe is 
shown in Fig. 4. In the case of the Beimerstetten Bridge, 
three specimens were tested, denoted as BA1-BA3, while 
in the case of the Rheinbrücke Maxau Bridge, four speci-
mens were tested, denoted as KA1-KA4. To ensure com-
parability of the result data, all specimens were kept under 
standard curing conditions, i.e. air temperature 20 ± 2℃ 
and humidity of at least 95%. These tests were performed 
after 1, 2, 3, 7, 28, 56, and 90 days after concreting.

according to the standard method EN 12350-4 [34] 
with a bulk density of 2600-2650 kg/m3 and air content 
below 2.0%.
The effect of the voids content in the fresh concrete mix 
on the bulk density of hardened concrete was investigated 
on 20 specimens of the same mix proportion, tested in 
4 groups (5 specimens per group) to obtain average val-
ues. The results are presented in Fig. 3. As can be seen, 
more than a two-fold increase in the volume of voids from 
0.9% to 2.0% resulted in only about a 1.5% decrease in 
concrete density.
In such conditions, the required nominal concrete com-
pressive strength of 105 MPa was confirmed after 28 days, 
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deck of the Rheinbrücke Maxau Bridge (KA1-KA4) [11] and Beimerstetten Bridge (BA1-BA3)
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modulus due to freezing of UHPC specimens, especially 
between the 14th and 28th cycle, where a decrease of this 
parameter by as much as 14.3% was noted (Fig. 6). The 
observed phenomenon is related to microcracks and pore 
enlargement leading to degradation of the UHPC materi-
al structure as a result of internal stresses weakening the 
cement matrix from freezing water increasing its volume 
in the pores. The cyclic change in compressive and tensile 
stresses of the cement matrix is also significant, which in 
turn promotes weakening of the adhesion of fibers to the 
matrix and further propagation of microcracks [35].

The subsequent results of material tests of six UHPC 
specimens taken from the overlay at different locations 
on the bridge deck of the Rheinbrücke Maxau Bridge are 
presented in Fig. 5. Under laboratory conditions, average 
values of concrete bulk density of 2.57 kg/dm3, breaking 
load of 2566 kN, and compressive strength of 115.4 MPa 
were determined. The obtained results were consistent 
with the design assumptions.
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bridge deck of the Rheinbrücke Maxau Bridge in Karlsruhe

Another interesting aspect was the study of the effect of 
frost resistance on the functional properties of the used 
UHPC material. It was shown that the average abrasion 
of concrete specimens after 28  freeze-thaw cycles was 
34.6 g/m2. Another important relationship was also found, 
i.e. a significant reduction in Young’s elastic deformability 
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In the frame of the present study, to test the strength of 
the bond between the UHPC and the steel bridge deck 
slab, five months after the concrete was poured, two test 
plates of dimensions 2.5 × 0.35  m – plate No.  S1, and 
2.5 × 0.4  m – plate No.  S2, which were cut out of the 
Beimerstetten Bridge (Fig. 7), were subjected to a three-
point bending test. The bonding was achieved by apply-
ing a type bonding layer, consisting of a 2.5-3 mm thick 
epoxy resin adhesive layer and a 3-6 mm grain size cal-
cined bauxite aggregate. Static loading was applied using 
hydraulic cylinders with an increasing vertical load in the 
middle of the plate. For this purpose, the test plates were 
freely supported on two supports located at a spacing of 
2 m. The load was applied in the middle of the plate span 
and increased by 5 kN every 30 s (thus, the rate of increase 
was 10 kN/min). During these periods, the deflections of 
the plates were recorded at mid-span using the Pontos op-
tical measuring system simultaneously at points located 
on the steel plate, within the bond, and the UHPC overlay 
at three zones, i.e. near the bond, at reinforcement, and on 
the compression zone (Fig. 7). In this way, it was possible 
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deflection depending on the applied force measured every 
1 min. As can be seen, in the case of both test plates, the 
greatest deflection was less than 16 mm and about two 
times smaller compared to the deflection of the steel 
plate without strengthening, i.e. covered with asphalt 
pavement. In this case, the deflection reached a value of 
29 mm. Moreover, the increase in deflection of test plates 
No. S1 and S2 as a  result of a gradual increase in load 
is linear throughout the entire load range. Until the limit 
breaking load was reached, no relative displacements of 
the individual layers of the composite structure, i.e. the 
steel plate, bonding zone, and the UHPC overlay, were 
observed. The failure mechanism was observed to consist 
solely of shearing detachment of the resin from the steel 
plate, while no significant cracks, i.e. exceeding 0.05 mm, 
were observed in the concrete slab under a 200× micro-
scope. Therefore, it was confirmed that the bonding of the 
UHPC overlay with the steel bridge deck is the weakest 
element of the discussed strengthening technology.

to monitor any relative horizontal and vertical displace-
ments between the UHPC overlay and the steel bridge 
slab. The tests were performed at an air temperature of 
20°C and a relative humidity of 50% to 60%.

The test was carried out until the adhesion between 
the UHPC and the steel plate was broken, which oc-
curred at a  load of 150  kN ± 1  kN and a  deflection of 
15.5 mm ± 0.5 mm – plate No. S1 and 162 kN ± 1 kN and 
a  deflection of 15.1  mm ± 0.5  mm – plate No.  S2. The 
higher limit load and lower deflection of plate No.  S2 
was related to its greater width. The  experimentally ob-
tained values of the limit load breaking the UHPC-steel 
bond corresponded to 428.6  kN and 405.0  kN, respec-
tively, and the ultimate bending moment to 214.2 kNm 
and 202.5 kNm in relation to a one-meter-wide plate. For 
the steel deck slab covered with an asphalt surface, the 
limit load value was 228.8 kN, and the ultimate bending 
moment was 114.5  kNm [10]. Fig. 8 shows the plate’s 

a) b)

Fig. 7. Strength test of the bond between the UHPC and the steel deck plate from the Beimerstetten Bridge: 
a) test stand prepared for the test, b) test plate after the destructive test
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Fig. 8. Dependence of the static deflection of test plates No. S1 and S2 on the applied load 
in the strength test of the bond between UHPC and the steel deck plate
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5. CONCLUSIONS
The presented research results confirm the possibility of 
effectively strengthening orthotropic steel decks in steel 
bridges with a thin layer of UHPC. Based on the laborato-
ry tests, the following conclusions were drawn:
1.	A specially designed composition of the concrete mix 

allowed for achieving high compressive strength of 
the UHPC forming a  thin overlay that also served as 
the road surface on the bridge, which exceeded the up-
per class limit of the European standard EN 206 [36] 
for regular concrete C100/115. The experimental tests 
confirmed that the required strength of 105 MPa was 
achieved already 28  days after concreting, while the 
target value for all tested samples was on average 
116 MPa for the Beimerstetten Bridge and 118 MPa for 
the Rheinbrücke Maxau Bridge (Fig. 4).

2.	It was shown that the strength of the epoxy resin con-
nection zone of the UHPC overlay with the orthotropic 
steel plate corresponds to the values of the ultimate load 
and bending moment obtained in the three-point bend-
ing test for two test samples which were 428.6 kN/m 
and 405.0 kN/m, and 214.2 kNm/m and 202.5 kNm/m 
(per linear meter of the plate width), respectively.

3.	The greatest deflection of the tested steel deck plates 
strengthened with a  thin UHPC layer did not exceed 
16 mm and was almost twice smaller than the deflections 
before strengthening with a maximum value of 29 mm.

4.	As a result of the very high tightness of the UHPC lay-
er, the installation of additional insulation protecting 
against the penetration of moisture, gases, chlorides, 
etc. is unnecessary.

5.	The UHPC material has a high frost resistance, and its abra-
sion resistance after 28 freeze-thaw cycles is 34.6 g/m2, 
which is very beneficial in serving as a road surface.

In summary, it should be emphasized that the construction 
works within the discussed technology of strengthening 
steel bridge decks with the UHPC system can be carried 
out on a  selected part of the bridge without completely 
closing it down, which makes it a very attractive solution 
for important bridges with high traffic volumes.
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Wybrane aspekty wzmacniania cienką warstwą UHPC 
stalowych pomostów ortotropowych w mostach stalowych

Słowa kluczowe: �efektywność wiązania, most stalowy, stalowy pomost ortotropowy, warstwa UHPC, 
wzmocnienie.

Streszczenie: W artykule przedstawiono przegląd aktualnych osiągnięć oraz wybrane wyniki własnych ba-
dań materiałowych w zakresie wzmacniania stalowych pomostów ortotropowych w mostach za pomocą 
cienkiej nakładki z  betonu ultrawysokowytrzymałościowego (UHPC). Celem zastosowania tej technologii 
było zwiększenie nośności oraz trwałości zmęczeniowej konstrukcji. Badania wykonane przez innych auto-
rów wykazały, że zastosowanie nakładki UHPC pozwala na redukcję naprężeń w płycie pomostowej w za-
kresie od 40% do 80%. Przedstawione natomiast w  artykule badania własne autorów dotyczą nakładek 
UHPC o grubości 70 mm, zastosowanych na dwóch istniejących mostach o rozpiętościach 41 m i 292 m. 
Zakres opisanych w  pracy badań obejmował ocenę wpływu porowatości świeżej mieszanki betonowej 
na gęstość objętościową stwardniałego betonu, analizę przyrostu wytrzymałości betonu w czasie, określe-
nie wpływu liczby cykli zamrażania na moduł Younga oraz badanie wytrzymałości połączenia płyty UHPC 
z płytą pomostową stalową, w tym także analizę ugięć statycznych. W badaniu trzypunktowego zginania 
ugięcie płyty pomostowej z nakładką UHPC zmniejszyło się o około 50%. Wartości obciążeń granicznych, 
powodujących zniszczenie strefy połączenia UHPC ze stalą przy zastosowaniu żywicy epoksydowej, wy-
niosły odpowiednio 405 kN i 428 kN dla płyty o szerokości jednego metra. Uzyskane wyniki mają istotne 
znaczenie poznawcze, gdyż dotyczą badań wytrzymałościowych nakładek UHPC wykonanych na istnieją-
cych obiektach mostowych.


