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Abstract: This paper presents the results of a recent field test carried out before the opening phases
of the Szapary motorway bridge across the Tisza River in central Hungary. The evaluation test was
based on static and dynamic load tests that provided information on deflection, stresses, and dynamic
mode shapes along the bridge. The structure has two large continuous independent steel box girders
that cover spans across the floodplain and river. Various configurations of truck loading applied up
to 6400 kN of loading on the deck. During the static tests, string potentiometers recorded deflections
at mid-span. Additionally, strain gauges enabled strain/stress measurements at the mid-point of
the longest span and directly above one support. Dynamic loadings showed variation in deflection
response due to vehicle speed, and ambient vibration testing led to determining vibration modes and
frequencies. A three-dimensional finite-element model produced similar deflections, stresses, and
modal behavior. Measured and modeled deflections and stresses indicated that the bridge performed
within design margins. The testing and analysis results will be part of a future program assessing
conditioned-based maintenance.

Keywords: structural health monitoring; box-girder bridge; load testing; deflection; dynamic loads

1. Introduction

Bridges are an important and costly part of any transportation infrastructure. Their
design and performance often dictate the capacity of an entire highway or railway segment.
During the design phase, conflicting goals may arise based on economy, capacity, durability,
aesthetics, and road performance. Many design alternatives are available to the bridge
engineer; however, this article focuses on a steel box girder design with multiple long spans
and modest clearance. The Szapdry bridge crosses the Tisza River and floodway north of
Szolnok, Hungary, as part of the new M4 motorway connecting Budapest to central Eastern
Hungary and Romania. The design is especially suited to the Tisza, where there are broad
floodways and significant changes in river level. The long spans reduce the number of piers
in the floodway, limiting the environmental footprint and flow obstruction and minimizing
costly foundation works. In the case of steel bridges, box girders were more suitable for
constructing long bridges with larger spans and wider decks.

The serviceability of long-span bridges will decrease over time; the primary source of
this decreasing function is the cyclic load on the girders caused by the vehicle loadings [1].
One parameter to determine bridge serviceability is the vertical deflection of the spans.
Many factors contribute to vertical deflection, including the stiffness of the main box beam,
vertical stiffness of the foundation systems, presence of expansion joints, and degree of
composite action with the concrete bridge deck [2—4]. The ideal testing system would
include locations throughout the bridge and evaluate each component independently,
i.e., the relative stiffness of the box beam and foundation system. That would require a
testing program that is quite complex, time-consuming, and costly. The next best option is
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to evaluate measurements by modeling the entire bridge [5]. Deflection measurement under
static and moving loads is essential for bridge design, function, and structural health [6,7].
The Szapary bridge was load-tested to demonstrate bridge safety to the public and assess
its performance under static and moving loads.

When bridge deflections exceed specified design limits, they may experience damage
or collapse, posing a severe threat to the public and likely causing significant economic
losses. Thus, the deflections should be within design limits (L/400) given by the Hungarian
annex [8] and in accordance with the AASHTO code (L/800) [9]. The project required
a proof load test, which involved applying loads that were greater than those used in
a diagnostic test [10]; several bridges have collapsed during such load tests including
the steel framework bridge over the Morava River near Ljubitschewo in Serbia, the road
bridge near Salez in Switzerland, and a suspension bridge in Maurin in France [11]. For
this reason, testing bridges is a critical task for structural engineers. Careful monitoring
enables the early detection of defective fractures, misalignments, and assembly errors,
reducing maintenance and repair costs and lowering the risk of bridge collapses or other
serious accidents [12-14].

Engineers often test bridges before they open to traffic. Fang et al. [15] conducted
40 different static field loading tests to examine the behavior of the Kao-Ping-His bridge,
the longest bridge in Taiwan. Wei-Xin et al. [16] implemented field static load tests and
numerical analyses on the Qingzhou cable-stayed bridge in Fuzhou, China. The deflection
results of both tests revealed that the bridge had linear characteristics, which indicates
that the bridge has an adequate load-carrying capacity. The analytical results agreed well
with the test results.

An early study by Hassan et al. [17] evaluated the behavior of the North Halawa Valley
viaduct on the island of Oahu, HI, USA, under numerous static truck-loading combinations.
They reported that load testing is a crucial starting point for structural monitoring and
bridge repair. In addition, the load test results verified the structure’s suitability in the
short term while predicting its potential long-term performance.

Galati et al. [18] conducted a series of static, dynamic field load tests of the A6102
Lexington Bridge in Hardin, MO, USA. They compared their measurements with AASHTO
LRFD bridge design calculations and their finite element model (FEM). Their results
revealed that the bridge would be safe for service, as the field tests produced lower de-
flection values than the results of the AASHTO analysis. Similar findings were found
by Wang et al. [19] after comparing the complex Pingnan Xiangsizhou bridge deflection
results produced by the non-destructive load tests and numerical simulation, followed
by an evaluation of the bridge’s fundamental characteristics in order to ensure that the
structure was up to standard.

The Szczercowska bridge required testing before the structure reinforcement to better
assess the benefits of strengthening the bridge structure. The tests and numerical mod-
eling results showed that the bridge has sufficient strength reliability, as the field tests
always underestimate the results of the finite element modeling analysis [19]. According
to Zheng et al.’s [20] analysis, the experimental deflection values were higher than the
theoretical results as the material exhibited less rigid behavior at the time of the test; thus,
the bridge structural stiffness was different from what theoretical calculations predicted,
and there was insufficient safety reserve.

Typically, engineers and designers perform several checks and tests throughout the
construction phase of complex structures like the steel box bridge in this study. The final
testing phase may require more exhaustive static and dynamic tests [21,22]. According to
Sun et al. [23], the dynamic vehicle loading test evaluates the load-carrying capacity of a
bridge better than the analysis. The moving trucks used to load the bridge are typically
modeled numerically as additional masses. They are, in fact, complex dynamic systems
that may have significant effects when interacting with the bridge.

More recently, researchers have investigated how moving vehicles interact dynami-
cally with bridges, focusing primarily on how the characteristics of the road and moving
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vehicles affect the bridge dynamics [24-26]. The stress and deflection values increase
with increasing vehicle load and velocity, making these two factors the most important in
determining girder deflections [27]. According to the literature review, trucks weighing
more than 20 tons and traveling at speeds ranging from 10 to 80 km/h are commonly used
in field testing [28,29].

Numerical models rely on full-scale tests under traffic [30] for validation. Several
model validation studies describe the process of direct measurements under static and
moving loads, such as strains, displacements, and accelerations [15,31]; or derived from
acceleration records, such as natural frequencies and mode shapes [22,28,32].

The load tests aim to understand better the bridge response to static and dynamic
loadings and calibrate the initial FEM model. The measured data provides an initial
database for future health monitoring of the new structure. Future condition evaluations
will then compare their assessment to the initial conditions. In their studies, Sousa et al. [33]
stated that vertical deflection is related to bridge performance under short-term and long-
term observations.

This paper reports a recent investigation as the initial step in the structural health
behavior of a continuous long-span box girder bridge with a main span that extends to
148 m in Hungary. The field load tests of the Szapary bridge performed before its opening
will be summarized. The geometry of the bridge and the truck’s position will be considered
throughout the comparison to accurately reflect the actual field conditions. As a primary
goal, the study will follow the load testing process to validate our numerical model and
provide a baseline for further numerical studies of what-if structural health situations. Our
future goal is to determine the feasibility of structural health monitoring by measuring
response to dynamic loads.

2. Testing the Szapary Bridge on the Tisza River in Hungary
2.1. Description of the Szapdry Bridge

Hungary’s new M4 Tisza motorway bridge is a continuous seven-span box-girder bridge.
It measures 756 m overall, with span lengths of (96 + 120 + 148 + 120 + 96 + 96 + 80) m, re-
spectively, as shown in Figure 1a. The 148 m span of the bridge over the Tisza River is the
longest in Hungary for this type of design. The bridge consists of two separated trapezoidal
single-box girders supporting two traffic directions (Figure 1b). The girder’s top slab extends
13.815 m wide and cantilevers 3.309 m and 2.886 m along the outer and inner edges. The base
flange is 5.50 m wide. The height of the box girder ranges from 4.60 m to 4.412 m on the right
and left sides (Figure 1c).

Figure 1. The bridge on the Tisza River: during construction: (a) aerial view; (b) lateral viaduct view;
(c) steel box section view.
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The trapezoidal deck consists of plate girders with 12-50 mm thicknesses. Longitudinal
stiffeners and crossbeams support it in perpendicular directions. The main girders span
the box’s upper section to support the deck (see Figure 1c). The longitudinal stiffeners
are U-shaped sections spaced 600 mm on the top, 1100 mm on the bottom, and 221mm
and 229 mm on the sides. Transverse stiffeners are I-shaped sections placed at 4000 mm
intervals. In addition, steel diaphragm sections stiffen the structure above each support.
The orthotropic steel deck connects to the junction with trusses type HEA220, each 8000 mm,
and assists in providing lateral stability to the girders. Welding these elements increases
durability, eases inspection, and improves aesthetic quality. The following sections concisely
describe the measurement results, their interpretation, and conclusions.

2.2. Experimental Program

In this study, load testing and monitoring of the bridge provided information on its
response under static and moving loads. Specifically, the measurements provided vertical
deflection of the bridge deck at mid-span and other critical locations. The test involved
placing the trucks in various positions and measuring the resulting deflections at the
mid-span locations along all the bridge’s seven spans.

Testing started with static tests, wherein up to 16,400 kN (5-axle) trucks loaded
the deck. The field test configuration appears in Figure 2, and tables presented below
detailed results showing the testing order. The test was performed on the right track of
the Tisza bridge.

Figure 2. Bridge Truck loading test in 2 x 2 configuration.

Following the static loading, one pair of trucks (total 800 kN), running side by side,
drove the length of the bridge at constant speeds from 10 to 90 km/h. The moving load
tests provided data on stiffness and vibration response. In addition, the testing program
measured the bridge response to ambient excitation using acceleration-time records, and
the bridge modal parameter results will appear in a forthcoming paper.

Measurement of Deflections and Stresses

The vertical deflection measurements occurred on each of the seven segments at
mid-span, delivering 14 continuous readings. Deflection and strain gauge positions
marked high and low sides appear in Figure 3a. High refers to the side of the deck near
the bridge centerline where the elevation was slightly higher due to the slight inclination
for deck drainage.
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Figure 3. Measurement of deflections: (a) plan of the test measurement; (b,c) measurement instrument.

A rotary resistance meter fastened to the loaded bridge provided measurements with
its reference cable anchored to the ground surface. The error of the device remained well
below 0.5% full scale. The error translated to less than 1 mm for the range of measurements
performed during the load tests. The longest loaded span used the adjacent unloaded span
as a stable reference point since river traffic made anchors problematic. Additionally, the
deck inclination was measured to produce a pair of deflections similar to the other spans.
Optical leveling provided an additional deflection check along the loaded and unloaded
bridges. The deflection of foundation piers was negligible.

Twelve longitudinal and two transverse locations measured strain continuously
throughout testing. The gauges measured longitudinal stresses in the main girder across
two sections: above the third support and in the middle of the longest span. Three-gauge
locations provided readings at the top and three at the bottom plates, with one on the
bridge’s axis and two near the spines (Figure 3a). One pair of gauges measured transverse
strain on the upper girder of the cross-section (Figure 3a). The testing was conducted during
overcast weather conditions with a slight temperature variation of 2 °C, which had no
significant impact on the measurement readings. The strain gauges primarily contributed
to relative changes between loaded and unloaded conditions for static and dynamic tests.

2.3. Tests Interpretation through Numerical Modeling

In her investigations, Gouda [34] demonstrated that FEM modeling could predict
the linear structural response of such bridges with high accuracy. A finite-element model
of the Szapary bridge superstructure was developed in Midas Civil [35] to provide an
interpretation of the main results of the experimental tests. The analysis also offered insight
into the effects of load placement on bridge deflection.

Concerning the bridge, the deck consisted of straight elastic beam elements with
variable cross-sections representing steel stiffeners, cross beams, and diaphragms. Truss
elements with uniform cross-sections modeled truss members. End restraint conditions
duplicated field conditions. Plate elements having different thicknesses and located in the
midplane of the slabs simulated the orthotropic deck slabs, as shown in Figure 4b. Elastic
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links represented the stability of the elements with rollers and pinned constraints providing
boundary support. The constraints allowed horizontal translation in the transverse direc-
tion. Rigid links (Figure 4a) attached the trusses to the deck. The connections are between
plate elements and trusses at the bottom and top of the deck. This procedure guaranteed
rotational continuity.

Transverse
Stiffeners

Truss
(HEA220)

(b)

Figure 4. Finite element model of the Szapary bridge: (a) Details of the FE model; (b) Arrangement
of bridge cross-sections: along support, Sec A-A, Sec B-B, as marked in (a).

All components represented field conditions with identical geometries and materials.
The model consisted of 16,329 plates, 21,336 beams, and 196 truss elements, connecting
23,759 nodes. A perspective view of a model section appears in Figure 4.

Material properties used for all elements are S355 grade steel (EN 1993-2) [36], with
Young’s modulus of 210,000 MPa (N/mm?), Poisson’s ratio of 0.3, and a weight density
value of 76.98 kN/m?3. All beam member sections represented identical field members in
the as-built structure based on measurements from the geometrical survey. Permanent
loads (structural self-weight) act on the bridge everywhere, while variable loads represent
the positions of traffic (loaded trucks for testing). Detailed truck data appears in Figure 5,
and the loading patterns for the static and dynamic tests.
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Figure 5. Design truck: (a) elevation and total applied axle loads; (b) plan view.

3. Field Tests and FEM Model: Results and Discussions

Comparing the FEM deflections due to static and moving load to measured deflec-
tions will validate the bridge model and define the bridge’s global behavior. The proper
modeling approach for this study provides results necessary in determining the existence
of systematic errors. Therefore, the fundamental knowledge and information for the
modeling should be adequately understood and applied correctly to ensure accurate
and quality data [37].

3.1. Bridge Deflection under Static Loadings

As mentioned before, the longitudinal arrangements of the load combinations and
deflection results appear in the following sections. Tables 1-4 summarize the static
loading case arrangements where every colored rectangle represents a 15 m space for
a 400 kN truck. The blued curve represents measured vertical deflections interpolated
between the mid-span and each pier. The red curve represents deflections at every 4 m
along the bridge model.

Table 1. Longitudinal arrangements of load configuration 01.

Span1 Span 2 Span 3 Span 4 Span 5 Span6 | Span?7
96 m 120 m 148 m 120 m 96 m 96 m 80 m
6db 8 db 10 db 8 db 6db 6 db 5db
Case 2 Lip
Case 3 > S

Table 2. Longitudinal arrangement of load configuration 02.

Span1 Span 2 Span 3 Span 4 Span5 | Span6 | Span7
96 m 120 m 148 m 120 m 96 m 96 m 80 m
6 db 8 db 10 db 8 db 6 db 6 db 5db

s [T [B[TI>
Goee | [ MR ]
Case 7 * #
Case 8 | * ]

Case 9 * #
ot T
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Table 3. Longitudinal arrangement of load configuration 03.

Span1 Span 2 Span 3 Span 4 Span 5 Span6 | Span?7
96 m 120 m 148 m 120 m 96 m 96 m 80 m
6 db 8db 10 db 8db 6 db 6 db 5db
NN EEEEREREEERREE SN
Casell\\\l\ \HP& HHH'N‘I‘\[F‘ [ [T
Case 12 | i [T 111 11 mERREE = N
Case 13 RN - EEE N S

Table 4. Longitudinal arrangement of load configuration 04.

Span1 Span 2 Span 3 Span 4 Span5 | Span6 | Span7
96 m 120 m 148 m 120 m 96 m 96 m 80 m
6 db 8 db 10 db 8 db 6db | 6db | 5db
T \ T

Case 14 |y T NEEEA ‘

Lase b T [TTITh S —

S I

Lage 1 NI CERNEEEE AR AR

(a) Load Configuration 01 (LC1)

The LC1 load cases followed the sequence shown in Table 1. The deck deflection
measurements were taken during load cases 1, 2, 3 and 4. Figure 6 shows the vertical
deflection predictions and calculations graphs for two loaded lanes at span 3 (Case 1,2),
spans 2 and 4 (Case 3) and spans 5 and 7 (Case 5). Note the different vertical scales
for deflection. As expected from Cases 1 and 2, the girder deflections increase as the
truckload number increases in the center of the span. Therefore, the backspan upward
deflections (the same graph, spans 2 and 4) also increase. From load cases 04 and 05,
a critical upward deflection between the loaded spans appears, equal to 75% of the
maximum deflection for case 03 and 63% for case 04. Note that upward deflection means
moment reversal that may harm the plate deck. An example of the Case 2 field test and
analytical results appears in Figure 7.

200 200
Case 1 SEG Case 3

~ 100 100
:
2 5 0
_5 0 100 200\ 300/ 400 500 600 700 800 800
S -100 -100
[}
o=
& -200 -200

200 100
— Case 2 Case 4
é 0 50 P~
g 0 200 400 600 800 0
5 -200 0 200 400 600 800
9 -50
T
A -400 -100

Length (m) Length (m)

Figure 6. Comparison LC 1 of experimental tests (blue) with numerical analyses (red).
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Z-DIRECTION
9.94006 x 10'
6.53026 x 10"
3.12052 x 10"
0.00000 x 10°

-3.69902 x 10'
-7.10879 x 10’
-1.05186 x 10°
-1.39283 x 10°
- 1.73381 x 10°
- 2.07479 x 10°
- 241576 x 10?
- 275674 x 10°

SCALEFACTOR=
5.4847 x 10'

(b)

Figure 7. Load case 02 with 16 trucks: (a) load test; (b) vertical deflection result by FEM.

(b) Load Configuration 02 (LC2)

LC2 creates strong negative bending at the supports. Eight trucks apply load on
one side (typically) and eight on the other. The loadings progress along the bridge deck
at each support location, as shown in Table 2. The support sections are critical locations
that require test loading. Figure 8 reveals that deflections occur only locally. Note the
changing vertical scales again. For every case, except 07 and 08, spans adjacent to the load
deflect slightly, and those farther away very little. Case 07 produces a lower deflection of
span 4 than span 3 due to the different span lengths. The figure shows noticeable upward
deflections in span 2 for this loading. Case 08 yields a more significant deflection in span
4 and less deflection in span 5 compared with the symmetrical loadings in LC-2. Loading
on span 4 consists of 10 trucks, while on span 5, 6 trucks. While the 10-truck load dominates
the deflection shape, the 6-truck loading attenuates deflection in span 5. Another effect
from Case 08 is significant upward deflection in span 3, the longest span.

(¢) Load Configuration 03 (LC3)

Load configuration 03 creates torsional deflections by alternating lanes in successive
spans. The arrangement of trucks forces a downward twist on the loaded edge and an
upward twist on neighboring spans in the same lane. The twist increases further due to
the loads applied on neighboring spans but in the other lane, as shown in Table 3. Figure 9
shows the results of a typical torsional truck loading. There was a significant difference
between the measured and analytical results in the loaded area because the number of
loaded spans has increased compared to the other load cases. Differences in torsional
stiffness, loading location, and measurement may account for the variance between mea-
sured and calculated deflections. Deflection estimates appear slightly overestimated in
case 12 (red circle). In the backspan of case 13 (red circle), which represents 54 % of the
maximum deflection, these deflections are also due to the torsional effect. An example of
this effect appears in Figure 10.
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100 100
’g Case 5 Case 8
50
& s .
g 0
5 0 200 00 [ 600 800
Q 0 _
% 0 400 600 goo °
A
-50 -100
40
_ 50 Case 9
g Case 6 20
) 0 0
_g 0 0 400 600 8o 50 200 400 600 800
o _
= =0 -40
o
-60
-100
100
—_ 40
g Case 7 Case 10
g/ 50 20
o
S 0 0 ,
9 0 200 600 800 0 200 400 690 800
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Length (m) Length (m)
Figure 8. Comparison LC 2 of experimental tests (blue) with numerical analyses (red).
100 0
/é\ Case 11 Case 13
g 50 20 /—\
o
S 0 0
5 0 00 4 600 800 0 200 400 6 800
% -50 -20
@)
-100 —40
Length (m) Length (m)
50 —

b)) Case 12

800
-50

Deflection (mm)

-100

Length (m)

Figure 9. Comparison LC 2 of experimental tests (blue graphs) with numerical analyses (red graphs).

Torsion in bridge deck

Figure 10. Load case 11, deflections due to torsional loading.
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(d) Load Configuration 04 (LC4)

The one-side loadings arrangement appears in Table 4. Figure 11 shows the resulting
deck deflections caused by these loads, a significant vertical deflection appears only in the
third span, and this is due to the number of trucks (8 trucks) compared to the other spans
(4 trucks). For the other spans (4 trucks), a lower deflection is noticeable, representing
1/3 of the maximum deflection for load cases 14, 15 and 17 and 1/6 for case 16.

100 100

= Case 14 Casel6
E 0 50
&
o 0 0
8 0 200 400 600 800 0 200 400 600 80¢
5 -50 -50
=
5 -100 —100
o)

150 -150

40

g 100 Case 15 Casel?7

50 20
E
o 0 0
2 0 200 400 600 800 0 200 00 60 800
B _50 -20
<]
% -100 _40
A

-150 -60

Length (m) Length (m)

Figure 11. Comparison LC 1 of experimental tests (blue graphs) with numerical analyses (red graphs).

3.1.1. Discussion of Static Deflection Results

There were 17 load tests subject to the weight of various operational trucks. The
measured and computed deflections along the bridge appear in graphs. Based on the
comparison figures above, the computed deflections in the relevant places and situations
are considerably not different from the real state. Observations confirmed that the supports
did not settle during the load test, and a visual inspection of the bridges showed no other
noticeable damage.

Static load configuration 3, an alternating lane loading case, was found to be a critical
design loading position for the box girder bridge due to the possibility of a torsional effect.
Furthermore, in static load tests 3 and 4, the large spacing between the loaded spans
produces an adverse upward deflection. In general, most of the test cases revealed that
the viaduct behaved elastically, with deformations proportional to the applied truck loads
and with negligible residual displacements (significantly below an average of 15 mm of the
elastic deformation).

For the approval of the constructed bridge, the Hungarian national authority annex [8]
allows an error range of no more than 20% between the maximum remaining elastic
deformation and maximum detected deformation for steel bridge structures. From Table 5,
the results show an average error between 1-21%. These differences may occur because of
the deck stiffness variation caused by the non-modeled secondary elements (guard rails
and pavement layers); thus, the tested bridge meets the authority requirements.

Table 5. The maximum error between the maximum calculated and measured deflections.

Cases 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MaxError 1430 2506 2357 278 048 656 7.10 1542 058 382 273 7.73 253 1499 1012 1642 433
(o) . . . . . . . . . ) } i . . . . :
Ma(’f,;f;mr 878 11.88 21.04 485 1.14 1636 1327 2050 2.06 1468 434 1878 12.40 18.08 18.19 20.09 12.21

3.1.2. Deflection Limit Check

The deflection limit check applies to the center of the span. The critical value of
maximum displacement is more significant than (L /400) according to the National Annex
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e-UT 07.01.12 [8], as presented in Equation (1). Bridge engineers commonly use this limit to
evaluate the serviceability of the bridge. Here L is the span length: 96, 120, 148, 120, 96, 96
and 80 m, respectively. So, the calculated allowed deflection is, L /400 = 240, 300, 370, 300,
240, 240 and 200 mm for each span. The maximum displacements of the mid-spans under
static vehicle load appear in Figure 12 and fall within the serviceability deflection limit. In
conclusion, the bridge fulfills the standard’s serviceability requirement.

DZ g15 miDAS) & DZ g1 (Field test) < L/400, 1)
W L/400 (UT.07.01.12) m Midas m Field Test

400
350
g
E 300
=}
2 250
3
E 200
£ 150
g N
'g 100
2 5 ‘ .

0
1 2 3 1 5 6 7

Spans

Figure 12. Maximum mid-span deflections of the bridge.

3.2. Bridge Deflection under Dynamic Loadings

A linear time history analysis predicted the moving load effect on the model; the
results of the dynamic deflection responses at the midpoint of the first three spans appear
in Figures 13 and 14. The applied loads in the model matched the test trucks” weight
and velocity.

(a) Experimental deflection at center of first span

g 0
% 30 1 50 60 70 80 % 100
S-10
g ——30km/h
T ——50 km/h
35 ——70 km/h
——90 km/h

Time (s)
(b) Experimental deflection at center of second span

(mm)

P 50 60 70 80 20 100
S-10
E ——30 km/h
T ——50 km/h
0 ——70 km/h
——90 km/h
—40
Time (s)

(c) Experimental deflection at center of third span

——30 km/h
—50 km/h
——70 km/h
—90 km/h

Time (s)

Figure 13. Recorded data of dynamic deflection under moving trucks.
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(a) Analytical deflection at center of first span

30 40 50 60 70 80 % 100

——30 km/h
50 km/h
——70 km/h
——90km/h

deflection (mm)

Time (s)

(b) Analytical deflection at center of second span

40 50 60 70 80 90 100

30 km/h
——50 km/h
——70 km/h
——90km/h

deflection (mm)

Time (s)

(c) Analytical deflection at center of third span

70 80 90 100
30 km/h
——50 km/h
—70 km/h
——90km/h

Time (s)

Figure 14. FEM results of dynamic deflection under moving trucks.

As can be seen above, the differences between the recorded and calculated dynamic
deflections of the deck along the longitudinal axis under dynamic loadings for different
speeds agree closely, with some residual deflections reaching an average of 12 mm at the
longest span. These differences may be caused by the truck FE-Model simulated using
constantly moving nodal loads without considering the truck’s dynamic properties. In
addition, there is no significant variation between the maximum amplitudes of deflection
that occur at the midpoint of the seven spans.

When the trucks travel at a speed of 30 km/h, the dynamic deflection curves tend to
fluctuate more across most of the bridge spans. However, the amplitude of the variability
is relatively low. In contrast, at a speed of 90 km/h, the fluctuation of the deflection curve
is less pronounced, but the amplitude of the variation is significantly higher. The cause of
this behavior is the resonant frequencies of the dynamic system that consists of the moving
trucks and the bridge.

Dynamic Amplification Factor

According to Eurocode 1 [38], the dynamic amplification factor ¢ (DAF), calculated
by Equation (2), is the quotient between the dynamic and static response. It is included in
traffic load models and depends on several parameters and actions. Eurocode limits ¢ to a
maximum value of 1.7.

DZ4

yn max

P max = DZer: s+ ® max(Field test, Midas) <17 ()
static max

DAF was difficult to assess since the static loading configurations differed signifi-
cantly from the dynamic loads (8-10 trucks vs. 2 trucks). The alternative here substitutes
the 10 km/h test for static conditions. Figure 15 shows that the maximum DAF value
is about 1.21 for the field test at 90 km/h on span 5. All test results and computations
produced values much less than 1.7, so the bridge works within the appropriate limits
with an elastic behavior.
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Figure 15. Dynamic amplification factor DAF as a function of truck speed.

4. Stresses in the Steel-Box Deck

During the static load tests, embedded strain gauges recorded stresses in the top and
bottom bridge deck panels. A comparison of the longitudinal stresses to the finite element
model is presented in Table 6 for the first 10 static loadings in the middle of the longest
span and one of its supports, respectively (negative values indicate compression).

Table 6. Stress variations from static load cases.

Stress Variations (N/mm?)

Load Cases Middle Top Plate Middle Bottom Plate Middle Top Plate Middle Bottom Plate
Midspan Midspan Near Support Near Support
Measured  Analytical | Measured  Analytical | Measured  Analytical | Measured  Analytical

1 —25.6 —25.1 35.4 37.3 12.2 14 —14.8 —16.2
2 —46.4 —46.9 69.2 71.7 324 32.3 —33.5 —37.6
3 13.9 13.7 —20.9 —20.9 11.3 11.9 —9.5 —15.7
4 0.2 —1.4 2.5 2 2.7 1 —0.3 -1.2
5 2 3 —3.5 —4.6 4.3 6.1 —4.1 -79
6 —6.3 —10.4 9.6 13.3 26.6 29.1 —25.7 —29.4
7 —10.7 —11.8 15.9 17.4 6 6.5 —6.1 —7.5
8 5.1 4.6 -77 —6.7 —3.5 -3.3 3.9 3.9
9 —0.9 —0.6 0.8 0.9 0.2 0.4 —0.3 —0.5
10 0.2 0.2 —0.3 —0.2 —0.2 —0.1 0.3 0.1

Table 6 shows that the measured stresses are similar to those calculated. The magnitude
of the deviations is generally small since the changes in stiffness due to pavement layers
may cause variations. The trends are very similar and show an acceptable variation.

5. Conclusions

The Szapéry Bridge is one of Hungary’s longest bridges constructed with steel
box girders. A comprehensive FEM of the bridge was modeled and calibrated to the
proof load test measurements to demonstrate the bridge’s serviceability before opening
to the traffic. Based on the results obtained from the calibrated model, the following
conclusions were derived:

o  The finite-element model sufficiently represented the bridge field behavior and accu-
rately estimated the deck deflection. This model can serve as a baseline for the as-built
conditions of the structure and a starting point for the long-term monitoring of the
Szapary bridge.
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o  On the basis of the deflection comparison, the method proposed in this paper can be
used for reliability and safety assessment of the bridge’s state under different loads.
The information is more direct when compared to working exclusively with compo-
nents and structural database. When combined with inspection and maintenance, it
will provide valuable information on the bridge’s condition over time.

e  The structural load-carrying capacity fulfilled the requirements of the original de-
sign. It confirmed an appropriate response for serviceability since the experimental
deflections align well with the computed values according to the design provisions.

e However, critical load arrangements could damage the long-term bridge service-
ability. Thus, designers should consider the many possible load combinations when
evaluating deflections.

e  For the box girder bridge design, multiple truck loading arrangements must account
for any possible torsional action and damage that may occur.
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