Permanent monitoring systems in prestressed concrete bridges

— The case study of Leziria Bridge —
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0. Brisa Group

(d One of the largest tolled

motorway operators in the world

Concessions in the Netherlands

 The largest transport

infrastructure group in Portugal

Management of transport
infrastructures (roads and
railways)

O Investments in SHM

Sorraia Bridge (A13)
Leziria Bridge (A10)
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|:'!E.;_'I Fotografia: F. Figueiro f Foto Engenho
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1. The monitoring system : Overview

 Permanent monitoring system
(construction + operational life)

1 Monitoring project (as part of the
bridge project)

(1 = 400 sensors (10 different type
of sensors)
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1 3 different acquisition systems
(static, dynamic, optic)

[ > 10km cable length

(J sampling—rate up to 100 Hz

(J = 1 000 000 records / year

i) Fotografia: F. Pigueiro / Fote Engenho
hitp: f ferens fntoengenhoa.comf
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1. The monitoring system : Embedded sensors

(J Embedded sensors:
Strain gauges and temperature sensors

TEMPORART ACGUILITION NODES
INSERLEATION BEFORE THE CONCREIE POURING
Al

CONCRETE POURING IN THE MAIM BRIDGE NEAR OF PILLAR P2
{4HA M. S MAY 2007)

=
E
=

CONCRETE POURING

-

nummi ACGUISHON NODES - Y, "
P S . e
Federal Highway Research Institute (BASt), Bergisch Gladbach, Germany, 21st March, 2018 5




1. The monitoring system : External sensors

(d External sensors:
Accelerometers

EIMNAL SETUP FOR
EXTERM AL SENSORL

MECHANICAL PROTECTION OF THE
DISFLACEMENT TRASHDUCERS
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1. The monitoring system : External sensors

(d External sensors: J External sensors:
Accelerometers LVDTs
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1. The monitoring system : Cables and Acquisition Nodes

(J Cables and connections

BEFINITIVE CONRECTICNS
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1. The monitoring system : Labelling

[ Labelling: Acquisition Nodes O Labelling: External sensors
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1. The monitoring system : Waterproofing and sealing

1 Waterproofing 1 Sealing

=¥
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WATERPROOFNG DETAIL

SOUSA, H. FELIX, C.. BENTO, J., FIGUEIRAS, J. (2011) “Design and implementation of a monitoring system applied to a long-
span prestressed concrete bridge.”, Structural Concrete 12(2): 82-93,
http:/ /onlinelibrary.wiley.com/doi/10.1002/5uc0.201000014/ abstract
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1. The monitoring system : Performance after 12 years in operation

(J Good condition after 9 years of operation and without signs of

vandalism
External Connection o
Cables path Acquisition nodes

sSensors boxes
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1. The monitoring system : Performance after 12 years in operation

(J Good condition after 9 years of operation and without signs of
vandalism

(1 Overall, 93 % of the embedded sensors are operational,
although it is being done some work to recover up to 97 %.

Current status (in 2014) Current objective (in 2015)

aperational operational
83 % a7 %

not operational not operational
T % 3 %
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1. The monitoring system : Performance after 12 years in operation

(J Good condition after 9 years of operation and without signs of
vandalism

 Overall, 93 % of the embedded sensors are operational,
although it is being done some work to recover up to 97 %.

 Quality of the collected measurements vs. required maintenance

Location Best measurement stability Requiring particular maintenance

Embedded * Vibrating wire strain gauges * Fibre optic sensors

Pt100 thermometers

Fibre optic sensors

LVDTs e« LVDTs (corrosion)

Pt100 thermometers * Sonar altimeters

External

SOUSA, H. (2014) “Monitoring system of the Leziria Bridge — Limitations & Potentialities: Technical Report”, Client: BRISA Group,

TR
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1. The monitoring system : Measurements (since construction)
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1. The monitoring system : Measurements (since construction)

S How we know if the
© measurements are reliable
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2. The results : FE model for assessment and validation

iDIANA 9.3-81 : Univ. of Porto 14 APR 2011 11:39:53 deformada_temperatura_uniforme

Model: PT-MODEL_NEW_V4
LCL1: Load case 1

Nodal DTE....G RESDTX
Max/Min on model set:
Nax = .314E-2 Min =z B
Factor = .1BZES

TPN P1 P2 P3 P4 P5 PG p7 TPS
ey | SO I S | 1
(1 Numerical simulation throughout 1 Loading: Self-weight, prestressing

the bridge lifetime (construction + service)
[ Model validation through load test at

0 Complexity of the construction process the end of the bridge construction

(geometry, materials and time=history) [ Lifetime predictions based on a

(] Time—dependent effects (shrinkage model updating supported by the
and creep collected measurements

data-based finite element modelling.”, Journal of Bridge Engineering DOI:10.1061/(ASCE)BE.1943-5592 0000604
hitp://ascelibrary.org/doi/abs/10.1061 /(ASCE)BE.1943-5592.0000604

SOUSA, H.. A, BENTO, J., FIGUEIRAS, J. (2014) "Assessment and management of concrete bridges supported by monitoring
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2. The results : FE model for assessment and validation

d FE model:
- Geometry,
- Materials
- Boundaries

1 Loading
(construction phase

and operational life):

Self-weight
Prestressing
Traffic loads

1 Long—term effects:
- Shrinkage
- Creep
- Thermal effects

GEOMETRY
Al bridge length
Concrete elements + Embedded prestressing cables + External prestressing cables
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2. The results : FE model for assessment and validation

micro-strain

J MATERIALS (based on measurements performed in concrete prisms)
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2. The results : FE model for assessment and validation

J MATERIALS (based on measurements performed in concrete prisms)
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2. The results : Performance during the load test
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2. The results : Performance during the load test

O LOAD TEST co-18" co2s GO  co4s  cpss:
(performed at the end of construction) i o
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2. The results : Performance during the load test
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2. The results : Performance during the cantilever construction
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2. The results : Performance during the cantilever construction
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2. The results : Long—term performance (operational life)
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2. The results : Long—term performance (operational life)
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2. The results : Long—term performance (operational life)

U LONG-TERM
(bearing displacements)
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2. The results : FE model for assessment and validation

iDIANA 9.3-01 : Univ. of Porto 14 APR 2011 11:39:59 deformada_temperatura_uniforme

Model: PT-MODEL MEW V4
LC1: Load case 1

Hodal DTX....G RESDTH
Hax/Min on mode] set:
Hax = .314E-2 Min = @
Factor = .182E5

TPN P1 P2 P3 P4 P5 PG P7 TPS
 E— | S il e e —— —

[ Numerical simulation for extreme load [ Loading: Traffic loads.

event.s, I'; eflze%tlve traffic loads (1 Model validation through load test at
Cl 5. "N PNOES. the end of the bridge construction.
] Loads were calculated based on the

S oo curements. [ Lifetime predictions for the expected

, _ . maximum deflections due to extreme
U Elastic behavior and cracking checked. loads due to traffic

SOUSA, H., COSTA, B., HENRIQUES, A., BENTO, J., FIGUEIRAS, J. (2016) “Assessment of traffic load events and structural effects on
road bridges based on strain measurements’, Journal of Civil Engineering and Management DOL:10.3846/13923730.2014,897991.

http://dx.doi.org/10.3846,/13923730.2014.897991
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2. The results : Short—term performance (operational life)

O EXTREME LOADS (estimation based on strain measurements)
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2. The results : Short—term performance (operational life)

O ASSESSMENT OF THE BRIDGE BEHAVIOR

Safety level for the Serviceability Limit Sates

. Characteristic Vertical displacement (mm)
Return period Safety level
g load (tons) Project Predicted '
| day 211 44.8 1.23
7 days 198 ) 439 1.25
. 55%
28 days |88 43.1 1.27
365 days 166 41.7 1.32
* Valne determined for the charactenstic combination of actions, with a lower limit of 1./1200.
Obs. : deflections and concrete stresses checked
TPN P1 P2 P3 P4 P5 PB P7

TPS
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2. The results : Reference values for the measurements in 2030

( PREDICTIONS FOR THE END OF THE OPERATIONAL LIFE (100 years)
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2. The results : Reference values for the measurements in 2030

 PREDICTIONS FOR THE END OF THE OPERATIONAL LIFE (100 years)

Bearing displacements and rotations

=400 -~ e =100
B " EC?2 fitted models *
B " EC2 models ®
=300 - 75
E
g -200 -5 “:'E
g =
- §
A w
o -100 - 25 B
[=
0 4- P el SN s el k D
100 25
= e w - ol [
T o o o o o
= = a)
s 8 & g g &
o o

Federal Highway Research Institute (BASt), Bergisch Gladbach, Germany, 21st March, 2018



2. The results : Reference values for the measurements in 2030

 PREDICTIONS FOR THE END OF THE OPERATIONAL LIFE (100 years)

Concrete deformations
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2. The results : Measurements and FE results

100 100 - s 100
4 | : :
o 0 0l 0
B -100 <100 100 4
- . E
= ‘*é‘ -200 4 2 .200 #_-;_L 200 -
14 2 . = : = !
[ E 300 | § <300 E )
[72) . 8
2 400 A0 4 400 4
|
®) . . ; co-3 CO-25
(&) o -500 CO-4i -500 CO-4S
| = numerical model - —nurrerical modal = numencal model
£00 — 500 00 —
1206 Q2T o407 Q50T aroT 12106 o7 04T o507 QFor 12708 D27 0407 0507 7T
i ol "3 CUR-PTNPY
WCA  LEF LED LG4 LOS LDe Lo n | ! W13
10 i—'PHI"I'—!--*H:ﬂ‘ - i} ' o Lot Lcz LG LG4 % Led 40 E i CUR-FIF2 E,me
- sl y = | _ ! |
("2} £ . S ; £ 301
1] St b & a W} | o
- E 5 | | = S l %
e ] | E. K v d—._..l-j—_'_ 10 | |
o i R N |
1 = : = 1 i
o 8 o ,
] = [¢] i }
- - o At 1§ 8 7 i = <103 L4 L2 LE3 LG4 LEA
& Dl 7 ‘—“{.-"" - Lt B 7 : - = —— T e i
d A e T 1 1|
o PR Mﬂ"é-pm 7 20 | apy POFR 20 |
= WEIFT Do PaPs i a5 1 -0 :
=17 831 986 1000 Wl 102 o7 8. 040 1000 g7 g .46 1000
200 210 100
- == —
: bl e T n :
| =1Ll e
2I (1] . o . 400 4
’ ! 200 |
& ™ g ™! gxo
— = : =3 ' = : Co-3l
= 400 4 E 400 | =400 -
é P £ ] £ 500
{ % 1 'E ] nadfarenania
w 500 1 500 1 800 | — EC2
n- : maoasuramants | P PR 700 = EC? ldled
O T — ECE £00 - — EC) [rerma—"— satvica
| — ECI filled ; — EC1 fifted -800 4 shase pram
1000 1 -1000 T e
1208 1007 OBOE 08409 04M0 02117 1211 12006 1007 OBME OBOS 04M0 020911 12411 12)06 1007 OQB/OE 0802 o410 02111 12
tima tirma time

Federal Highway Research Institute (BASt), Bergisch Gladbach, Germany, 21st March, 2018



2. The results : Measurements and FE results

* How all this information can be
. delivered to the bridge owner
P,
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3. The next generation of asset management supported by SHM

(J Dedicated data processing tools towards asset management
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