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...bridges are stronger than we think...

Load effects are less than in
the codes!

Despite being deteriorated,
bridges are likely safe, but...

... how to prove their actual
safety?




ZAG BRIDGE ASSESSMENT SCHOOL

strain based, 30 yrs, USA, traffic load focused

capacity dead load
OD. Rd — Vp- GD
V.G . DAF

Rating Factor =

traffic load

... highly based on Bridge Weigh-in-Motion system



Bridge Weigh-in-Motion system (B-WIM)

Turning bridges into scales for moving traffic.
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Axle load & spacing, Influence line, GDF, DAF, SHM extentions




Dynamic amplification factor (DAF)

— Measured signal — Filtered signal
—— Dynamic component

Stotal

DAF =

Sstatic
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Figure 6. The histogram of cut-off frequencies and its associated Gaussian dis-

Figure 5. Example of filtering with different cut-off frequencies (a) and the
tribution for site SI05.

minimised function (b).
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DETAILS ARE

IMPORTANT




SEISMIC RESISTANCE

INADEQUATE DETAILS

ZAG

6616

confinemnet
anti-buckling




CYCLIC TEST OF RECTANGULAR RC COLUM

sistem za
raznos obtezbe




CYCLIC TEST OF RECTANGULAR COLUMNS =

STD/135 STD/90
;‘ Phase Rotation
# Amplitude [%]
10 4.0
11 5.2
12 6.4
13 7.6

14 8.8




CYCLIC TEST OF RECTANGULAR COLUMNS =

Different details
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MICRO MODELLING OF CONCRETE CONFINEMENET fbn

Arch effect Areas of poorly
o 45° supported bars




CASE STUDIES




Tomacevo case study
Built in 1982

Seven-span continuous post-tensioned double-T section
superstructure

Two parallel
structure

Cast in place

Minor rehabilitatio:
in 1990 and 2018
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Sensor disposition (B-WIM + SHM)

SIDE VIEW ALONG UPSTREAM EDGE WITH SENSOR DISPOSITION: SPANS 56 & 57
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Calibration vehicle passages
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Extracted influence lines (from B-WIM)
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Measured modal parameters
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Finite element (FE) model
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Finite element model updating (FEMU)

* Finite element (FE) models
are updated to match the
and
responses.
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EDMF results

ACC-based approach
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Validation of Updated FE model

« up to 50% stiffness increase of the main girders
- updated boundary conditions (free - fixed)
- displacement prediction: IL-based > Acc-based

Habs max (N = 3) = —1.16
f&MAC-based FEMU (abs max=—1.48)
Strain IL-based FEMU (abs max=—1.22)

Initial FE model (abs max=—1.58)
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Take away

Define your GOAL'S

Execute proactive
management activities.

Use relevant data to
extract vital information
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  R > G                                         R 𝒂 𝒕 𝒊 𝒏 𝒈   F 𝒂 𝒄 𝒕 𝒐 𝒓   =     𝛷 .  R d −  𝛾 D .  G D   𝛾 L .  G L . D A F


  𝑫 𝑨 𝑭 =    𝑺  𝒕 𝒐 𝒕 𝒂 𝒍   𝑺  𝒔 𝒕 𝒂 𝒕 𝒊 𝒄


   𝜃  N C = 7 , 5 %


   𝜃  N C = 6 , 9 %


   𝜮  𝐀 𝐂 𝐂 = 𝟏 𝟒


   𝜮  𝐒 𝐓 𝐑 𝐀 𝐈 𝐍 = 𝟐


   𝜮  𝐃 𝐈 𝐒 𝐏 𝐋 = 𝟐


   𝜮  𝐓 𝐄 𝐌 𝐏 = 𝟐


  𝜮 = 𝟕 𝟐


  ( 𝟐   𝐍 𝐈 𝐆 𝐇 𝐓 𝐒 )

