O EI _ P [
xperlmentalnl nalyza apeti

N |
Experimental Stress Analysis

Long-Time Monitoring of Thermal Actions on
a Prestressed Concrete Bridge Structure

Michal Polék,' Tomas Plachy >

Abstract: This paper describes the results of a long-term experiment, in which the
temperature changes in cross-section plane of the prestressed concrete box-girder
bridge (the 3™ type of a bridge supporting structure according to Eurocode 1 [2]) are
systematically observed in years 2005 - 2009. The obtained results are compared with
limit values prescribed in Eurocode 1 [2].
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1. Introduction

Absolute majority of important building structures are permanently exposed to the
climatic changes of air temperature, changes of insolation of their surfaces during
days and year periods. These changes cause time variable courses of temperature in
individual components, cross-sections and points of these structures. Changes in
temperature cause deformation of a structure. If we restrain these deformations, then
additional strains — thermal actions arise in the structure. In some cases, thermal
actions significantly affect ultimate and serviceability limit states of the structure.

This paper describes the results of along-term experiment, in which the
temperature changes in cross-section plane of the pre-stressed concrete box-girder
bridge are systematically observed in years 2005 - 2009. The obtained results are
compared with limit values prescribed in Eurocode 1 [2].

2. Brief description of the performed experiment

The 3" type of a bridge (according to 6.1.1 from Eurocode 1 [2]) was chosen for the
experiment - the prestressed concrete box-girder bridge at the 63™ km of the
motorway D1 over Zelivka reservoir. The motorway D1 crosses this valley in the
form of two bridges of identical construction, one for each traffic direction. Both
bridges consist of a pair of boxes (the boxes A to D from the left viewed from
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Prague). The experiment is performed only on the outside northeast box (on the box
A) of the left bridge used for the traffic from Brno to Prague.

The supporting structure of this bridge consists of a 3-span frame (54 m, 75 m
and 54 m). It was assembled of two rows of box type segments of a constant height
4.20 m and width of the upper slab 6.0 m (Fig. 1) which were mutually connected.
The total width of the supporting structure is thus 13.0 m.

A measuring line, which is installed on the bridge, consists of the measuring
device MS2+ from the firm Comet System and of the 16 temperature sensors of type
NIATG7/0. All the sensors are placed in a single cross-section of the box A in the
middle of the central span (Fig. 1). The bridge temperature changes are monitored
permanently, the temperature in the observed points of the box cross-section is
scanned every 15 minutes by trouble free activity of the measuring device.
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Fig. 1. Positions of the temperature sensors in the observed cross-section of the box A.

3. The main results of the performed experiment

In accordance with Eurocode 1 [2] the measured thermal field in the observed bridge
cross-section was decomposed in four basic temperature components:

- auniform temperature component AT,,

- atemperature component varying linearly in vertical direction ATy,

- atemperature component varying linearly in horizontal direction ATy,
- atemperature component varying non-linearly ATk.

The evaluation procedure with an approximation plane smoothing through
measured temperature data, which is in detail described in [1], was used.
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Evaluated year’s extreme values of basic components of thermal action and
their comparison with corresponding values prescribed in the Eurocode 1 [2] are
listed in Tab. 1, were ATy neat COrresponds to the stage of the bridge, when the upper
surface is warmer than the bottom surface and by ATy oo the upper surface is
colder than the bottom surface, ATy, min corresponds to the stage of the bridge, when
the surface of the inner sidewall is warmer than the external sidewall surface and by
ATwmzmax the surface of external sidewall is colder than the inner sidewall surface.

The course of the evaluated uniform temperature component AT, is presented in
Fig. 2 (year 2007) and in Fig. 3 (year 2009).

Table 1. The evaluated extreme values of the basic components of temperature loads AT, ATy, and
ATy, of years 2005 to 2009

AT, ATy ATy,
Te,min Te,max ATM heat ATM, cool Mll'l Max.
[°’Cl [°’C] [’C1 [ [’C [
Experiment 2005 - 29,1 -5,2 1,9 - -
Experiment 2006 -10,3 29,2  -5,0 33 22 22
Experiment 2007 -3,7 29,2 -5,2 2.9 -1,7 2,6
Experiment 2008 -3,5 26,7 -4,5 2,1 -1,8 23
Experiment 2009 -10,6 264 -4,5 2,9 -14 21
Code -Method1 -24 39,5 -6 5 -5 5
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Fig. 2. Course of the evaluated uniform component of temperature AT, on the bridge during
the year 2007.

371



El
2
3
3

=

- I
32 e
E :Au"Mt JhuMu ' kT,
13 YA AR MR LA v

=

g A ) A

@ i \

= |5 f il Fin

g . I LAt A

s i VALY

50 A P

s . -
Wi -
2 [V 17
LN, ]
&

PREY 1
-10 1\”

-12 LI s S S LEN s S s s s e S S e L e e e e e
SRR R LR L L LR R E R T
ﬁﬁﬁﬁﬁ e R R e e g s ST s BT BT 7= = R gy e R g
S5E5cBEBHEE 58223328888 E88885553888588
e Ry T N el e T e e e == RY= ANy s 1= [y f= 1~ Iy = sy B ]
SECHAGCEZRE NI EEERAREInEI - EHEBENSE2RRER2

=]
&
@

Fig. 3. Course of the evaluated uniform component of temperature AT, on the bridge during
the year 2009.
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Fig. 4. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential heating ATwy, hea = -5,0 °C with the Method 1
a Method 2 prescribed in the Eurocode 1 — 19" July 2006 1:00.

Two methods for application of the differential temperature component in
vertical direction for bridges are described in Eurocode 1 [2], Method 1 presumes
the temperature component varying linearly ATy, , Method 2 prescribes the
temperature component varying non-linearly. In the national application document
from standard [2] in the article 2.8 there is prescribed that the method 2 should be
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applied in Czech Republic. The simplified method 1 can be applied for the bridges
of the 1 and the 3™ types in specific cases of the concrete project.
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Fig. 5. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential cooling ATwmy, coot- = +3,3 °C with the Method 1 a
Method 2 prescribed in the Eurocode 1 — 7™ February 2006 15:30.
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Fig. 6. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential heating ATy, pea. = -5,2 °C with the Method 1 a
Method 2 prescribed in the Eurocode 1 — 1* May 2007 20:30.
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In the Figs. 4 to 11, there is shown the comparison of the evaluated extreme
values ATy, of each year with the vertical linear differential thermal action
component (Method 1), with the vertical nonlinear differential thermal action
component (Method 2), that are prescribed by Eurocode 1 [2] for the investigated
bridge and with the measured values of temperature in the bridge cross-section in
the time instant of the extreme differential heating and cooling.
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Fig. 7. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential cooling ATwy, cool. = +2,9 °C with the Method 1 a
Method 2 prescribed in the Eurocode 1 — 1* January 2007 12:45.

T%E/‘/
-

\\IT

7]
/]

—DF - Ecposimcnt 8Ty

; [
1. +
r
7 U5l - Mpthod 2
I
I
’

Coordinate z[m|
=

L

—— Chitsxde wall
—— Trsicds wall P

!
20 e Ccls - st |
3,3 Z«rj ¥ | |
; 0 2 4 5 : 0 12 14
Temperature [°C]

.
£

Fig. 8. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential heating ATwy, nea. = -4,5 °C with the Method 1 a
Method 2 prescribed in the Eurocode 1 — 13" September 2008 20:30.
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Fig. 9. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential cooling ATwmy, coor. = 12,1 °C with the Method 1
a Method 2 prescribed in the Eurocode 1 — 1% December 2008 15:00.
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Fig. 10. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential heating ATwmy, near. = -4,5 °C with the Method 1
a Method 2 prescribed in the Eurocode 1 —24™ May 2009 0:00.
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Fig. 11. The comparison of the measured values of temperature in the cross-section in the time
instant of the evaluated extreme differential cooling ATwy, cool. = 12,9 °C with the Method 1
a Method 2 prescribed in the Eurocode 1 — 22" December 2009 15:15.

4. Conclusions

The main results of a long-term experiment, in which the temperature changes in
cross-section plane of the pre-stressed concrete box-girder bridge were
systematically observed in years 2005 — 2009, were presented in the paper. From the
results in Tab. 1, it is clear that the values prescribed in the Eurocode 1 [2] were not
exceeded in the years 2005 - 2009. From the Figs. 4 to 11, it is obvious that the
differences prescribed in the Eurocode 1 for the Method 2 do not correspond with the
measured real values and that the curve for the Method 1 is more apposite to the
measured course of the temperature on the observed bridge, in contrary to the regulation
of the NAD, which prescribes usage of the Method 2.
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