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Abstract

This paper deals with the long-term monitoring of Haavistonjoki Bridge (2003-2011)
and Myllypuro Overpass (2008-2013). The monitoring yielded new information about
the behaviour of integral bridges. The temperature variations of the superstructure and
displacements of bridge abutments are explored and compared in this paper.

Both bridges showed that the displacements were uneven between abutments due
to thermal expansion and concrete shrinkage and creep. The most probable reason for
the uneven displacement was different soil properties between the bridge abutments.
This has been found to be one of the most important aspects when guidelines and
quality requirements are prepared for practical use.
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1 Introduction

It is well known that integral bridges have beneficial characteristics, such as reduced
maintenance costs due to the absence of expansion joints and bearings and reduced
material consumption of abutments. This is the reason why integral bridges are sub-
jected to a lot of interest. Consequently, there is need for research, state-of-the-art
documents and practical guidance.

This study collects and summarises the main observations and results about dis-
placements and thermal variations of long-term monitoring of the Haavistonjoki
Bridge and the Myllypuro Overpass. The research was conducted in Tampere Univer-
sity of Technology between 2003 and 2013. The project consisted of several parts,
including full-scale monitoring [1,2,4], numerical studies [3,4], brake load tests [4,5],
half-scale test-loadings [6] and design guidance [7].

Essentially, integral bridges are statically indeterminate frame structures in which
soil-structure interaction has a significant role. In such structures, restrained defor-
mations will cause additional forces in the structure. Restrained forces occur from
temperature load and concrete shrinkage and creep.

This paper focusses on longitudinal displacements arising from thermal variations,
creep and shrinkage of the superstructure of the integral bridge. The aim is to present



these findings and reach a conclusion on what can be made from monitoring the re-
sults.

2 Field test programmes

2.1  Haavistonjoki Bridge

Haavistonjoki Bridge is a slab bridge. It is located 60 km northeast from Tampere on
Highway 9. It has a total length of 51.2 m between the surfaces of the end screen; this
is referred to later as a thermal expansion length. The structural height of the slab is
0.86 m. The main dimensions are shown in Fig. 1.
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Fig. 1 Elevation of the Haavistonjoki Bridge [4]

Haavistonjoki Bridge was chosen for long-term monitoring because it had sufficient
total length and typical stub-type integral abutments where large-diameter 0.811-m
steel-concrete composite piles are monolithically connected to the superstructure.

A temperature measurement of the superstructure was done by temperature gauges
mounted on reinforcement before the casting of the concrete. The locations of the
temperature gauges are shown in Fig. 2.
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Fig. 2 Temperature gauges of the superstructure

Earth pressures and displacements of each end were measured with earth pressure
cells (EPC) and displacement gauges, which were anchored to the embankment a long
way from the abutment. The installation of EPCs, temperature gauges of the soil, the
gap measuring device (between the abutment and the embankment) and the anchoring
bar of the displacement gauge are shown in Fig. 3.

Fig. 3 The inétallation of EPCs, temperature gauges of the soil, the gap measuring device (be-
tween the abutment and the embankment) and the anchoring bar of the displacement gauge [4]

2.2 Myllypuro Overpass

The Myllypuro Overpass has a total length 70.0 m. The bridge is a continuous post-
tensioned beam-and-slab bridge. It is a semi-integral bridge because of the bearings at
the ends but has no expansion joint. The bridge has a skew angle of 19 degrees. A
layout of the Myllypuro Overpass is shown in Fig. 4.



Fig. 4 Layout of the Myllypuro Overpass

The locations of the temperature gauges in the superstructure and cross-section di-
mensions are shown in Fig. 5.
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Fig. 5 Temperature gauge locations in the superstructure and cross-section dimen-
sions of the Myllypuro Overpass

The locations of the temperature gauges were set so that the uniform temperature of
the superstructure was possible to approximate.

3 Temperature and displacement variations

3.1  General information about monitoring

The procedure used to obtain the uniform temperature of the cross-section from tem-
perature gauge measurements can be found from references [4,8]. The longitudinal
displacements of abutments were measured from each abutment.

The monitoring devices and gauges have a limited service life. The results are
shown from the periods where results were reliable. To accommodate this, all time
series of the results are not equal, and there are breaks during the monitoring.

3.2  Haavistonjoki Bridge

Ambient temperature T, and uniform temperature Ty from the measurements of Haa-
vistonjoki Bridge are shown in Fig. 6.
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Fig. 6 Ambient and uniform temperature during the period of 10.10.2003-26.1.2011
(4]

T, ranged from -364 to +30.3°C, and Ty ranged from
-24.8 to 29.3°C. Values of 0.02 and 0.98 fractiles of the Ty have been determined in
the period of 1959-2007, and the values were -30.2...28.3°C [4,8]. These values cor-
respond very well with values -30.9...4+29.1°C obtained from SFS-EN 1991-1-5 [9].

The longitudinal displacements of the bridge abutments, Ar; and Ats, were meas-
ured with displacement gauges and manual measurements during surveys in order to
proof the results. The results of the longitudinal displacements are shown in Fig. 7.
The front signs are set so that positive value equals the displacement of the end screen
to be against the embankment.
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Fig. 7 Longitudinal displacements of abutments during the period of 10.10.2003-
26.1.2011 [4]



The range of a Ar4 has been -12...6 mm related to the launching of the monitoring on
10.10.2003. And the range of a Aty has been -4...8 mm. These results show that the
longitudinal displacements of abutments are not equal. The Ar; and Ars do not in-
crease with the same rate. There is also global longitudinal displacement of the bridge
superstructure because the trends of the Ar; and the Ar4 are separating. Further, the
shrinkage of the superstructure may be estimated from Fig. 7 to be around 4 mm in
the measurement period. This equals 0.1 %o shrinkage strain. It should be noted that
measurement started on 10.10.2003, and the casting of the superstructure was com-
pleted already on 27.4.2003.

The Ars is shown as a function of total bridge length change, AL = Ari+Ats, in Fig.
8.
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Fig. 8 A1y as a function of A during 10.10.2003-10.10.2010

If A would equal Ars, the measurements in Fig. 8 would follow the black line. Fig. 8
shows clearly that the relation between Ars and Ay varied a lot during the monitoring
period.

When the bridge was at its shortest, the Ar4 was -12.8 mm and the Ap was -14.3
mm, which means that the Ars was 90 % of the Ar. When the bridge was at its longest,
the values were 3.0 and 11.7 mm, respectively, and the Ars was 26 % of the Ar. The
regression of all values led to a result of the Ar4 being 62 % of the Ar. If an additional
offset of -4...+3 mm is given for the Ars, all the results are within the boundaries.
This offset has increased from 2003 to 2010, which indicates that the bridge super-
structure undergoes global longitudinal displacements.

3.3  Myllypuro Overpass

Ambient temperature T, and uniform temperature Ty from the measurements of the
Myllypuro Overpass are shown in Fig. 9.
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Fig. 9 Ambient Ta and uniform temperature Ty during the period of 13.11.2008-
10.6.2013

Ty ranged from -17.2 to 30.4°C. It should be noted that during the monitoring period
the winter seasons were relatively warm and the coldest periods are not included in
the data.

The longitudinal displacements of the bridge abutments, Ar; and A3, were meas-
ured with displacement gauges. The Ar; ranged from -16 to 5 mm related to the
launching of the monitoring on 13.11.2008. And the Ar; had ranged from -11 to 6
mm. These results show that the longitudinal displacements of abutments are not
equal, but they are still closer than in Haavistonjoki Bridge.

The change of bridge length, Ap = Ar;+Ar3, and Ty are shown in Fig. 10.
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Fig. 10 AL and Ty during the period of 13.11.2008-10.6.2013

Total shortening due to the creep and shrinkage has been 16 mm during the 4.5-
year period. This equals 0.24 %o shortening strain of the superstructure. The super-
structure is post-tensioned, with creep having an effect on the shortening. It should be



noted that measurement started on 13.11.2008, and the casting of the superstructure
was completed already on 24.9.2008.

By assuming 80 % relative humidity, the relative amount of shrinkage and creep
during the monitoring period would be 55 % and 82 %, respectively, of the final val-
ues according to EN 1992-1-1 [10]. The cross-section is rather massive, and it leads to
0.25 %o final shrinkage and a creep factor of 1.4. The prestress level of the cross-
section is 5 MPa, while the design concrete strength was C35/45. With this data, the
total shortening strain would be 0.29%o according to EN 1992-1-1. This means that
predictions of standard fit very well to this case. Similar findings to bridge cross-
sections have been done in reference [11].

The At is shown as a function of the Ap in Fig. 11a, and the Ar; is shown as a
function of the Ars in Fig. 11b.

[+

= 4 ‘,é T 7 - 13/11/12 r
£ A £ 7
r % £ 7
<0 Ep Vi 13/11/11
r 2 /
)7, ‘ 4
| I 13/11/10
4 -4 A
B0 4
V7 Al
8 S I13/11/09
P it Vi
-8 0 8 -16 -12 -8 -4 0 4
—_—
—®— Measurement d48h A [mm] ——= [ ] Measurement d48h Ars [mm]
- Ary = AL 50% Ary = Ars
Arq = Arax(11/9)
Ary=Ar3/2-2.5

Fig. 11a/b Longitudinal displacements of abutments during the period of 13.11.2008-
10.6.2013

If Ari would equal Ars, the measurements in Fig. 11a and Fig. 11b would follow the
blue line and red line, respectively. The spans of the superstructure were unequal, and
the relation of the spans is 11/9. The pier is monolithically connected to the super-
structure, which forms longitudinal stiffness for the superstructure and affects to loca-
tion of centre of thermal movements.

During the first part of the monitoring period, the relation of Ar; and Ar; was
roughly 11/9 when the bridge superstructure was contracted. During the last part of
the monitoring period, Ar; was doubled compared to Ar; when the bridge superstruc-
ture was contracted.

During the periods when the superstructure was the most expanded, the displace-
ments of abutments were rather close to each other.



3.4 Results and discussion

Haavistonjoki Bridge. When the superstructure contracts, the earth pressure against
the end screen decreases. When that happens, the contribution of the embankment to
the end screen’s longitudinal stiffness and to the integral bridge’s superstructure de-
creases. Consequently, the stiffness of the laterally loaded pile and bridge superstruc-
ture dominates the longitudinal stiffnesses and thereby also the relation of the bridge
abutments’ displacements. Haavistonjoki Bridge behaves the most symmetrically
when the bridge has the maximum expansion on account of the embankment’s contri-
bution to the longitudinal stiffness of the end screen to the superstructure being high.

Myllypuro Overpass. The displacements of the abutments were the most equal when
the superstructure was at maximum expansion, like in Haavistonjoki Bridge. During
the most contracted stage, the ratio of the rate of the abutments’ displacements was
double.

Structural behaviour based on monitoring. The following schematic model ex-
plains the monitoring results. The scheme is based on a layout of the Myllypuro
Overpass.

Fig. 12 Schematic model for estimating abutment displacements

The development of the displacements is highly affected by the soil properties of the
embankment. The earth-pressure development was not shown in the monitoring re-
sults, but it has a significant effect on the longitudinal stiffness of abutments, and
hence it will have uneven displacements of the integral bridge abutments.

The relation of abutments’ longitudinal stiffnesses resulting from embankment soil
varies along the different stages of what the bridge and embankment undergo.

4 Conclusions

The following conclusions may be drawn based on the monitoring results:
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— Uneven displacements of the integral bridge abutments:

o are highly influenced by soil-structure interaction at abutments

o depend on the displacement stage of the abutments

o result from different soil properties at abutments

— Different soil properties between abutment fills will lead that abutments have
different displacements:

o This will also cause a need to have a design method for substructures
monolithically connected to superstructures which are in the vicini-
ty of the centre of thermal movements

o This should be considered in design guidance

— The temperature range for the concrete superstructure seems to be at the right
level in EN 1991-1-5
— Shrinkage and creep values of EN 1992-1-1 fitted well to a case compared in
this study
Further research is needed in order to evaluate uncertainties of embankment soil lon-
gitudinal stiffness so that an adequate level during construction can be obtained and
design models can be calibrated.
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