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1. The Basic Parameters of the Bridge Girder

The majority of Slovak highway bridges are made of standar-
dized “I” and “T” – shaped precast prestressed girders with cast-in
place concrete deck slab. The innovative features allow for spans
up to 38 m and increasing girder spacing up to 1680 mm. The girders
have a construction depth 1900 mm, with constant top and bottom
flange 800 mm wide. The girder’s cross section is shown in Fig. 1.
The MDP 38 girder has a combined prestressing. The girders are
pre-tensioned with 28 strands φ15.5 mm/1800 MPa with low relax-
ation (and 2 strands in top flange). The spacing between prestressing
strands is 50 mm. The post-tensioning is realised by three tendons
consistings of 4 strands φ15.5 mm (Ap � 141.5 mm2). Reinforce-
ment was realised using ordinary steel BS 500. The designed con-
crete strength class of girders is C 45/55.

The precast bridge superstructure is built by girder placing on
the abutments and next the cross beam and the cast-in-place rein-
forced concrete deck with a depth of 200 mm is cast.The com-
posite deck is designed from concrete strength class C 30/37. The
prestressed girder MDP 38 was designed according toSlovak design
code STN 73 1251 [1], CSN 73 6207 [5] and STN 73 6203 [4].
The FEM computer system “Nexis2” was applied to determine the
load effect to the shell-beam continual FE model. The material pro-
perties for the concrete cross-section model as well as the criteria
for the steel bar distance at the concrete cover were applied accord-
ing to the Europan standard STN EN 1992-1-1 for the design pre-
cedure.

2. Mechanical and Rheological Properties of Concrete 

The properties of concrete were evaluated in the preparation
stage with special care, since they have a decisive influence on the

structural properties of the girder. Another important feature is
the time development of the concrete compressive strength that
determines the time in which the prestressing force transfer into
the girder can be started. The prestress force in practice is imple-
mented in the time period from 15 to 48 hours after girder casting.
The criteria for the release of prestressing require the minimal com-
pressive strength, the modulus of elasticity and rheological prop-
erties of the young concrete. Therefore, the concrete properties in
time were analyzed. The measurements of concrete strength and
the modulus of elasticity were performed at concrete age of 26 –
36 – 48 – 186 hours (7.7 days), and 690 hours (28.7 days). The
specimens were tested in a curing room with temperature of 20 

 2 °C and relative humidity of 80%. Thecube compressive strengths
were measured on 150 � 150 � 150 mm specimens. Three speci-
mens were tested at different time and the average value was taken
to the next analysis. The modulus of elasticity of concrete was
measured on a specimen of 100 � 100 � 400 mm. The modulus
of elasticity was measured by static and dynamic testing. The total
20 concrete prisms were tested. Three prisms were used for mea-
surement of shrinkage. Fig. 2 shows time development of the con-
crete strength and the modulus of elasticity.

Starting cambers of the girder were calculated from real para-
meters of concrete at the important construction stage. Table 2
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Starting cambers of the girder in building phases Tab.1 

Phase
No.

Phase definition
Time

(hour)
ftest

(mm)
fmodel
(mm)

fcalc
(mm)

1.
Prestressing transfer to the

concrete
48 28.50 26.30 32.15

2.
Post-tensioning of added

strands
168 50.80 50.16 57.02
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compares the experimental and calculated values of the camber at
the pre and post- tensioning phases.

3. Static Load Test

The MDP 38 prestressed girder was tested using three-point
flexure set-up to determine a flexural cracking moment and a ulti-
mate moment capacity. The test setup is illustrated in Fig. 3. The
tested girder was supported by rubber bearings placed on concrete
panels (leff � 37.3 m). The load force was manually applied using
the prestressing compacting machine. The 60 � 60 � 30 mm

rubber pad was placed between the hydraulic jack “PAUL” and the
girder to create a distributed contact area. Concrete blocks over the
tested girder were used as a counterweight during the loading
process. Such non-traditional set-up was chosen to achieve a high
ultimate capacity of the hydraulic jack (4000 kN). The load was
applied incrementally step by step and monitored using a dyna-
mometer type PROSEQUE.

The prestressing force was recorded by four elastomagnetic
sensors, using PROJSTAR system PSS20. One sensor was located
on the top of the prestressing strand and three sensors were fixed
on bottom strands. The prestressing was controlled permanently
– after release of prestressing (2 days), after post-tensioning (7 days),
and before the static load test (14 days).

The concrete strain was controlled at the mid span using strain
gauges. Three strain gauges were installed on both sides of the
girder at the bottom, in the middle and at the top. Deformation
was measured using a vertical displacement transducer at the quarter
of span, at the mid of span, and close at the support. Possible set-
tlements of abutments were checked geodetically.

Basic mechanical properties of the concrete and prestressing
strands were verified before the static load test. The concrete spec-
imens reached the following vallues of the important parameters:
– The mean compressive strength fcm � 44.71 MPa.
– The mean tensile strength fctm � 2.23 MPa. 
– The mean modulus of elasticity Ec � 28989 MPa.

Fig. 1 The longitudinal section and front view of the girder MDP 38

Fig. 2 The development ofmodulus of elasticity and 
the compressive strength
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The measured parameters of prestressing strands: 
– The minimum value of ultimate strength fp � 1851 MPa.
– The minimum value of yield strength fp0,2 � 1686 MPa.
– The modulus of elasticity Ep � 189 GPa.

Load steps of the structure were realised incrementally with
unloading steps at the level of the first visible bending crack and
the predicted Ultimate Limit State (ULS), see Table 2. After each
load increment, loading was stopped to record the deformation,
the concrete strain and to check any visible cracking. At the point
of the first visible crack, the loading was noted and all cracks were
mapped.

4. Numerical Analysis

The FE numerical analysis was performed to simulate the pre-
viously described bending test. The numerical model of the tested
girder was created in computing system ATENA 2D that allows

to perform a nonlinear finite element analysis of the prestressed
structures under static loads. The system enables to consider mate-
rial and geometrical nonlinearities of the concrete structure and
nonlinear solution principles. The constitutive relations are formu-
lated for the plane stress state. A smeared approach was used to
model the material properties for fixed cracks and the longitudinal
and transversal reinforcement. Prestressing strands are modelled
as discrete elements and for all reinforcement the bilinear stress-
strain relationship was used. The prestressing force applied to the
model was reduced considering the calculated prestress losses.
Concrete is represented by the material model SBETA with char-
acteristic values of the compressive strength and the modulus of
elasticity from the experimental testing. Perfect bond between the
concrete and reinforcement is assumed applying the smeared con-
cept.

Loading is applied by prescribing the vertical displacement at
the middle of the loading plate with constant increments of 0.1 mm.
The overall response is recorded at two monitoring points – loading
as the reaction at the top point and the deflection at the bottom
of the girder.

5. Some Results of the Static Test

Results of the FEM analysis were compared with results ob-
tained by experimental testing. The maximum value of the camber
along the longitudinal axis gained immediately after the pre- ten-
sioning phase (around 48 hours) was observed as well as the value
of camber after the post-tensioning phase (around 168 hours), see
Tab. 1. There can be seen a good coincidence between experimen-
tal and theoretical values of starting camber. The defined material
model of the girder well corresponded with real concrete parame-
ters.

The characteristic load vs. the midspan deformation of the
girder is shown in Tab. 2. As can be seen the predicted relation-
ship of strain courses in fibres of concrete cross-section and tension
force increments in the strands shows a good agreement with the
measured structural response, see Figs. 4, 5. The typical stiffness
reduction in load steps after cracking was not significant and the
short-term load response of that girder was almost linear.

Cracking of the girder during flexural test was propagated as
follows. The first visible crack was noted near the midspan at the
load level of 750 kN. Additional cracks developed along the span
as the load was increased. The real crack propagation in the ULS
is shown in Fig. 6. The critical crack width 0.2 mm was observed
on the load level around 1000 kN that means aproximately 82 %
of the exploitation of cross-section capacity. The recorded spacing
of cracks well coincided with calculated values in load steps.

6. Application

Nowadays, the precast prestressed bridge composed of MDP
38 girders, made in continuos structural system is the longest bridge

Fig. 3 The test seting up

Characteristic deflection during the load test Tab. 2 

a) moving load scheme ZZI according to Slovak standard STN 73 6203

Phase
No.

Phase definition
Load 

P (kN)
Experiment
fexp (mm)

Analysis
fmodel (mm)

1.
Self-weight of the bridge
deck

177.40 �15.86 �15.97

2.
Other self-weight and
permanent loada) 400.60 �44.42 �44.94

3.
Predicted cracking
moment

595.70 �75.47 �70.0

4. The first visible crack
750.00
794.20

�88.35
/

�89.87 
�95.86

5.
Ultimate girder bending
capacity

1183.2 �129.33 �156.06
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in Slovakia. Transportation and erection of these bridge girders
during construction of highway bridge 207, “Sverepec – Vrtizer”
is illustrated in Fig. 7.

7. Conclusion

The experimental analysis showed that the structural behav-
iour of the girder corresponded to the requirements of design
assumptions. The sufficient load carrying capacity was approved

Fig.4 Strain in compressed and tensioned fibres of concrete cross-section in leff /2

Fig. 5 Development of forces in observed strands in leff /2

Fig. 6 Crack propagation at the bottom flage 
in the middle cross-section

Fig. 7 Construction of the highway bridge 207
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and the manufactured girder can serve reliably and can be used in
practice. Neither a structural destruction nor the load on predicted
resistance level was reached. The performed FEM model well sim-
ulated the behaviour of real precast girder. Experimental and the-
oretical values of the starting camber, deformations (in leff/2, and
leff/4), concrete strains and forces in strands showed a good coin-
cidence. This kind of model can be used for development of other
commercial types of precast bridge girders in the future.
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