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1. Background to the project idea

» 2011-2013: Irish Rail - Bridge Scour Management
Programme

o Dea/elolpmen’r of methodology for bridge scour inspection for
Irish Rai

o Bridge Scour Inspections for various bridges
o Design of scour protection measures

» 2009-2014: Croatian Railways

o Bridge collapse on the Sava Riverin 2009
o Detailed inspections and recommendations

» 2009-2012: Irish Rail - Malahide Viaduct Relns’ro’remen’r

o Investigation of a root cause of bridge collapse
o Hydrology, Hydraulic, Morphology, Environment
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Statistic of bridge failures in USA o
(Biezma 2007)

» A 83% of all bridge collapses due to the natural causes.
» A 58% of failures due to bridge scour (flooding).

Distribution of Bridge Failure Types Failure Tyvpe Number of Failures Percentage

Hyvdraulics 1027 58%
Collision 224 13%
Overload 220 12%

Fire 52 3%
Earthquake 19 1%
Deterioration 116 7%

Other 111 6%

Total 1769 100%

B Hydraulics ™ Collision ®Overload ®Fire ™ Earthquake ® Deterioration m Other
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Why such a large sharee

» Bridge scouris complexissue (hydrology, hydraulics, sediments,
geotechnics, construction, materials).

» Floods are low probability / high consequence events.

» Standards for bridge scour inspections:

o Too little information (DANBRO = a single component) and no
requirements for river surveys (underwater inspections)

o Too much information (BA74/06 = requires foundation depth) to obtain
scour condition rating (foundation info on cca 20% IE bridges)

» In-house (asset owners) expertise on scour is low.
» AgQing infrastructure vs. climate change.
» Lower budgets for inspection, maintenance and management.
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What is a key element for scour safer
bridges?

» Efficient management of information! (our experience)
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Elements of efficient information
management

A. Process of information collection (bridge inspection)
o not too many, not too little

B. Quantitative rating

o less subjectivity, comparable

C. Proactive maintenance

o monitoring + flood early warning
D. Efficient storage and information connectivity (database)
E. Information presentation

o reporting, viewing, BIM
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2. BRIDGE SMS project details

» “Infelligent Bridge Assessment Maintenance and
Management System” is an EU Marie Curie FP7 project,
under the Industry Academia Partnerships and
Pathways (IAPP).

» Budget:. € 1.418.821

» Project por’rners
) v.’"’"\l Egzl:uy Council . '. e s
4 Comhairle Contae Charcai

de Por uga
arctis

> Suppor’nng msh’ruhons

nnnnnnnnnnnnnnn Tourism and Sport Universidade do Minho ’
Instituto de Educacs
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3. An overview of innovative concept

File
manager

Bridge
database

Reporting

Integration
with existing
systems

Financial
planning
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Key features

Repair and
maintenance

Inspection
management

Decision
support tool

nvironmental
monitoring

Structural \
health
monitoring
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A. New Standardised Inspection and

Evaluation of bridge scour

» Guidelines include
o Optimised structural inspection
o New scour inspection process

» Two types of bridge structures
o Level 1, simple structures
o Level 2, complex structures

» Two different Condition Rating
o Structural, STCR:0 to StCR:5
o Scour, SCCR:0 to ScCR:5

June 16, 2021
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B. New Mobile App for bridge inspection

» Structural and Scour
Inspection.

» Evaluation of
o Condition rating
o Maintenance costs
o Time to next inspection

» Photo documentation and
notes.

» Syncronisation with
database for storage and
Inspection Report.
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C. Flood and Scour Early Warning System

» A flood and scour forecasting
system.

» Magnitudes and locations of
floods up to 10-days in
advance.

» Operational and fully
automated forecasting system L—
for bridges in the Bandon River = e
catchment. "

» Delft-FEWS platform on 94 sub-
catchments.

» Proactive approach.

|
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D. New real-fime monitoring system

» Weather monitoring WILD
device (rain, tfemperature,
soil moisture).

» Water level monitoring BIRD
device.

o Atmel microcontrollers
o Telemetry

o SD card module
o RTC module
o IP67 certified casing
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E. Effective database and software™
platform

» The platform modules:
bridge inventory, inspection
module, maintenance,
monitoring, flood
forecasting and decision
support.

» The platform can be easily  gow -
integrated with other
systems. . |

» Web-based access =

June 16, 2021



lOoT

» Hardware development -
universal data logger

» Limitations:
» No budget for commercial solution

> INcT> knowledge / experience with
o)

» Control over development /
changes

» From 0 —> working solution:
» 3 prototype stages

June 16, 2021
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lOoT

» First prototype unit in the making

» based on Arduino Mega board
» 3D printed housing
» External battery module

» Too much wiring
» not waterproof (seals)
» |Insufficient battery
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lOoT

» Prototype unit 1 mounted at Quarry, Ireland
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lOoT

» Prototype unit 2 during development

» Custom and hand made
PCB

» Based on Atmega
microcontroller

» Less wiring

» First o’r’remfo’r.’ro make a
custom solution
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lOoT

» Prototype unit 3 during development

» After confirming that the hand
made PU2 was working

» PCB design was sent to a PCB
manufacturer for production

» Optimised power
consumption

» Optimised modules

June 16, 2021
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» Working prototype — data logger

» Characteristics:
» Based on Atmel microcontrollers

» Using GSM network for data
fransmission on servers

» Using SD card for data storage

» Internal clock for fime
management

» |IP67 protection

» PCB designed in-house /
professionally manufactured

» MQITT protocol

+r bridge”™
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» WILD - Weather Information
Logging Device

» Characteristics:

» AIr temperature measurement
» Air moisture measurement

» Soil moisture measurement

» Rainfallmeasurement

» 5V power source (smartphone
charger)

» Reserve battery for 10 days

+r bridge”™
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lOoT

» WILD mounted in a IP67 case
during testing (on the right is
the tfemperature/air moisture
sensor in its housing)

» |P6/ sealed connectors
(below)
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» WILD - Drinagh installation

Syrtem

| VXN %%
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» WILD — Quarry installation

WILD 2 - Quarry <
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lOoT

» BIRD - Bridge Information
Recording Device

» Characteristics:
» Water level measurement

» Ultrasonic sensor for water level
defection

» Contactless measurement
» Solar panel power management
» Accu battery for 30 days of work

+7 bridge”™
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» Prototype unit 1 during development

» First prototype

» Based on Arduino Mini board
» No 3G connectivity

» No SD card

» Proof of concept
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lOoT

» Prototype unit 2 during development

» Based on Atmega
microcontroller

» Hand wired

» Includes all the features of a
final product

» Includes 3 sonar sensors for
accuracy fesfing at Faculty of
Civil Engineering University of
Zagreb
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» Prototype unit 3 during development

» Board assembled after
PCB manufacturing
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lOoT

» Prototype unit 3 during development

» Assembled IP67 casing
containing:

» BIRD3 board
» Solar battery

» Solarregulator
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» BIRD — Bridge Information
Recording Device

gl L 1.
L/2 >
L/4 Cage with
i i telemetry
and solar
Maxsonar o panel
Conduit with cable
—& —< — <€ € —<¢ €
= \\\. //’/
Hl%h water Clamps for the conduit (every 1-1.5m)
LO\L: wate/
'T/'/——\—/
¥_
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» BIRD — Manch
i_\‘rlg’rollo’rion

)
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Platform

» Bridge SMS platform
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Platform -

» ARCHIBUS core
» Modules, functionalities, fechnologies

NMEHES - SignOut  Help
A ARCHIBUS | rome  sstnsn
e - rms NMEHES Sign Out Help.
L8 b” dge Master Applications Tasks~
I < ——
3D Navigator LT
Select a model O Model ##7 || v Elements by Component o
Brigge 10 Brigge Name g 1 _‘;x ificction Code Equipment Description Detoils
L ¥ CO1-Bridge Surface(1)
CO1-8rioge Surtace Wearing Surtace
¥ C02-Parapet(1)
C02-Parape Pacapet
| ¥ C03-Deck / Slab / Arch Barrel(2)
CO3-Deck / Stab / Afch Barret Deck Structure

Arch Barred Arch Barret

CO%-Deck / Slad =
v CO6-Walls(3
CO6-walis

COé-Walls

CO6-Walls

¥ C07-Abutments(2)

COT-ADuTments AD

COT-Abutments Abutment Foundation
¥ C08-Piers(4)

CO8-Prers

COB-Piers Pier Foundation
COo8-Pers Span

CO8-Plers Span

anchieus
Inspection History for Bridge L

bridge’™
June 16, 2021 /; "*J_
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Platform e
» Geographical hierarchy
» Infrastructure assets

AU ARCHIBUS 2y e o

Define
EIET A ARCHIBUS  wre s

Country Code

NMEHES < Sgnon Hep

Roads and Railways List [ Add New | © Map
1D: 10531 2180] 34 41428] AURSS]  <<Prev  Page2of 16 Next>> ’l’) e >
lect Locati Mo satetice romiarri
S iz i S
HU1 Central Hun 9 Save | Delete | @)
HUZ Transdanubi 4100326 Road L-4613-0 x\k
4100327 Road L-4613-33 e
HUS Great Plain i
4100328 Roaa L-4614-0 Co Gap
a1k0mand 4100328 Road L4614-16 .2~
b 1E01 Border, M 1 nnazy Roag L-4614-36 e /
4 IE02 Southerr 4100351 Road 461443 ,—/
b 16022 Dubl 4100332 Roas L4614-78 e A= = ( i
b IE022 Mid- 4100333 Road L-4615-0 // L0 X}\_ ; \ i
b IE023 Mid- $100334 Road L4615-27 L ( Road or Railway Save | Detete || Cancel | @
b 1024 Sour +100335 Road L-4616-0 )//,. = z
< E025 Sour 4100336 Foac Ltz ¢
4 € Counp 100337 Road L-4618-0 / Typer
Banr 110033 Road L-4619-0 / Railway
Bay 110055 Roag L-4620-0 / Subtype 10
4100340 Read L-4621-0 W I
CLON 4 00341 Ro3d 46219 e
COBE 4100342 Road L6220 @ / -
FERM 4100343 Road L-4622-19 \ Maintaining Agent
KINS/ 4100344 Road L4822-34 ]
MACF 4100345 Ro2d L-4623-0
MALL 4100346 Roaa 462324 Baisiony
MIDL 4100347 Road L4624-0
pasg 4100348 Roag 1462427
SKIBI 4100349 Road L-4624-50
| 4100350 Roag L462474
4 NoCi wa
4100351 Road L-4625-0 West Cork
4100352 Road L-4625-15 Byues';'es? and
chnolog
4100353 Road L-4626-0 Park o
BY 4100354 Road L-4626-5 8
[Bena) b
4100355 Road L-4626-27 B8l parrara
4100356 Road L-4627-0 +
= = Faxbridoe
4100357 Road L-4628-0 -
,,,,, - — Clonakilty
<<Prev Pagelofis Next>> Google Reenascreena Mo da 62018 Oooge | Temee ke | oeets meg e
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» Bridge inventory
» Structural / hydrological elements

@3 ARCH I BUS Home Applications

Add New Bridge

NMEHES ~ Sign Out  Help.

ARCHIBUS Home | Applications

View and Edit Bridges

sks ~

— e
il 1 || || cancet |
estioanary about né S— Bridge save || Detete |[ cancet | @
2 y Bridge List [‘dd New |[ Refresh | @ i} Stabiol Nsadiiid
Click on any field to show additional panels. Identification General Properties
Bridge ID: OF €% Bricge Name [Baxters Briage ] Lengnt
Bridge Infornarisge o Eridge Nome sridge 0 [ccaoizo0iee | Width
L Latiuge Bridge founded on solig rock? v
b Longituge Brid
2 . [ v
€C-L2019-001.00 Baxter's Bridge g caren
€C-L2051-001.00 Murragn Bridge =0y Bridge Carriagenay Skew [0
€C-L6063-001.00 Meslon Bridge Horddeny Skew angle of Approach Carriageway 1 [30
CCL867-00100 ansieers grigge Location Grapnie [Upload a document * Wicth of Approach Cariageway 1
CC-R567-007.00 Ardeanan Bridge Bridge Graphic [Upioad a doc it L
¢ J Skew angie of Approach Camiageway 2 [0
CC-R588-009.00 Enniskean Bridge

Orawing Name

CC-R595-001.00 Kennedy Bridge |

CC-R555-004.00 Knockane Bridge Vertical Clearance under the bricge
2 Dats
CCRE37-002.00 Manch Bridge e [ Vertcal Ciearance over Garriageway
Counery Coge [IEQ -
Please Enter [

_— Region Code [E02

Courny Coce

Width of Approach Cariageway 2 [587

Loag Capacity
Design Load |

m——————————— Load gistridution class
aycoos | ; o
M ——— ‘Assessment standards used

e cooe [paoTeRs BRIDE

Management Primary Passage
Owner [Cark County Coun ] Overbridge or Underbricge .
Haintaining Aumnority [CorCounyCoun | 8ridge Over Water [No_+
Designer | R030 3na Railway Code |

Roaaside | The whole of the camriageway is located on the bridge (two-lane road or four-ane road)
Direction
Direction of Chainage
Annual Average Dally Tratfc |
Percentage, light vehicles

Percentage, heavy venicles |

Bridge Crossing Passages List Refresh || Add New | @
Overbiage or Underbridge Passage Tpe Passage 1D
v v [x]
Waterbody 1
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» Inspections module
» Requests / Surveys / Inspection history

‘ (@3 ARCHIBUS | rome | spplearons  rose- ’

View and Edit Bridges

Bridge List | Refresh | () Element | save |[ Detete | Refresh || Add New | @

Briage 1D: O €I AUl Bridge Code C 15-001,

Brigge ID Bridge Name ComponentiD o1 Element Type 1D Element Type Nome ‘
a | - = a

00_TEST NMEHES = Sgnout Help
€CL201500100 C@) ARCHIBUS Home Applications  Tasks »
Rt View and Edit Inspections ada

CC-LE063-001.00 —
Inspections List [ Add New || Refresh | & Inspection

CC-L8667-001.00
CCRsar.00700 | CUCKOn any field to show cdditional panels.

CC-R588-009.00
CC-R595-001.00 Flow

ccrsmomn EILAS Tempersure ] G|

Component L o Date assigned Date Complited |

Companent Supervisor” [InspA1 Approve Satus | Reviewed v

Inspection ID" [p Bridge ID* [CC

Inspection 1D Inspector 1D [inspAd ] vieather |
|

Equipment Required |

Component 1D Inspection Status | Requested v

Elements List
Bridge Code: CIl )
Element 1D

1 Wearing Surface Gridge Surtace
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» Monitoring data

Applications  Tasks =

(@ ARCHIBUS

WILD - Informations from sensors

Average Air Temprerature by IMEI Report | =] ]| Min. Value - Last 7 Days =
. A g o
. 40 35 F 3 5 § 100 < 103
o 30.13 ﬁzg g h 8 8 sn% E s IEs s
: 285 e ms WM w7 um | L] - 0k Lok |3 ot 71—t —F —_
= & I T & 2 ¥ ¢ # # & 7 & & o
& E] 8 £ § $ § $ & $
S < S £ ¥ & & & 2 9
0 - L £ B ALl ¢ | | 2 5 5 5 § & & & § & &
2016-08-09 2016-08-10 2016-08-11 2016-08-12 2016-08-13 2016-08-14 2016:08-15 Date et
feis I Hoisture Ground Temp. ir Hoisture Air [ wisture Ground Temp. Air
Last 7 Days AL data from Last 24 hours [xs]5 @
°
2 100 . 006 S Counter Date Time Air Temperature Moisture Ground Mofsture Rain
2 [ ] - 8 a 00d & [x]
. = S0 g 0.02 1 1
z 0 e 3 e = 1032 2000-01-01 002358.0000000 2460 4360 000 0.00
2 ol b 2 s 2 o o=
: ; 1,740 2000-01-01 011431.0000000 2250 5450 59,0 0.00
g & £ £ £ £ g . o B
g & £ & £ ¢ ¢ 1,741 2000-01-01 0129:42.0000000 2250 54.20 79.00 00
§ £ S s 3 S $
& ¥ & & 1,742 2000-01-01 0144350.0000000 2260 54.20 8100 0.00
Date 1,743 2000-01-01 0159550000000 2530 s52.10 8100 0.00
1,744 2000-01-01 02:15:07.0000000 2550 51.20 000 0.00
> I vcisture Groumd WM AF 1,745 2000-01-01 02227:13.0000000 2550 50.70 000 080
woisture air [ Rein Gauge 1746 2000-01-01 02:4224.0000000 2350 50.60 000 1340
1,747 2000-01-01 2520 44.00 5800 000
1,748 2000-01-01 2490 4370 5100 0.00
Last 24 Hrs = e
- 1,749 2000-01-01 11:56:39.0000000 2400 4480 4700 000
2 -] 03 § 1,750 2000-01-01 12:11:50.0000000 2400 4530 7400 0.00
:I | | Fas g [gf *E 1,751 2000-01-01 12:27:00.0000000 2400 4550 7500 0.0
+ : - r LI # 3 o 1,752 2000-01-01 12:42:08.0000000 2280 4700 8400 0.0
s S S $ $ e
§ $ $ $ 1,753 2000-01-01 1257170000000 2240 4780 7500 00
Q@D § s §§ § 1,754 2000-01-01 13:12:25.0000000 2220 4210 83.00 000
& K )4 & F 1,755 2000-01-01 1327:33.0000000 2210 4340 8300 00
& £ s g’ ’;,f 1,756 2000-01-01 13:42:42.0000000 2200 48.60 69.00 000
1,757 2000-01-01 1357:50.0000000 2160 4830 7500 000
oty 272 2016-08-09 15:46:09.0000000 2560 6370 100 0.00
T Pe— — 273 2016-08-09 16:01:19.0000000 2580 6330 100 000
274 2016-08-09 16:16:27.0000000 2600 6360 100 0.00
Maisture Air I rain Gauge
Not all records are shown.
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» Forecasting
» FEWS

[T CHPS - Alaska-Pacific Rever Farecast Center (Stand slane)

Platform

:
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BRIDGE INVENTORY

Bridge Inventory

Mobile app

» Inspections application
» Connection to the platform (RESTful api

INSPECTION INVENTORY

EDITBRIDGE

BRIDGE OVERVIEW  BRIDGE QUESTIONNAIRE GENERAL BRIDGE INFORMATION STRUCTURAL INVENTORY  S(

Bridge Name:
bridge

Sounly

County Cork

PP etz Duer Water?

Mg Agent

Yes Cork County Council
Lattuts nirestcturs Latel
51.876404 L4234

Longitute Stueure

-8.470124 €C-14234-999.99
Region

Munster

Bridge Elevation Image

Bricge structure identification

LIST OF BRIDGES

LIST OF BRIDGES MAP OF BRIDGES

o~ NORTHERN
“trgne IRELAND  oBelfact

R Isle of
i o Lo
° cpundalk
Drogheda
o> i Dublin
Galway. 8
o
Ireland
Evis Caiton
Limerick Kilkenny [
3 2
bris 4
A T
Tralee BRIDGE-1548628527430(1 waterford o
Dingie S -
: Kitamey
Newquiy
Penzance = i
Go: gle Celtic Sea

2019 Google - Map data 2010 Google




June 16, 2021

Mobile app

» Inventory / Inspections module
» Structural
» Scour

00

° oy e L1 Scour Inspection

PHOTO DOCUMENTATION COMPONENT INFO MAINTENANCE COST SCOUR SUMMARY
L1 Structural Inspection

COMPONENT INFO STRUCTURAL SUMMARY Component

Element State

River bed material

5] L]

Wearing Surface

p-2

Debris accumulation
potential

Arch Barrel

a 8 \ o

B 7. eaSms
B Embankment fill state
Spandrel wall A D P
=] L]
8 %\ o0 S ——

Scour state at the

bridge
D|P a o

Protection state at the

bridge A
2 e
Scour state away from
the bridge A
a L ]

Protection state away
from the bridge A

=] o

Abutment

| a X o

{
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» Summary / Report
» Bridge questionnaire

L1 Structural Inspection

COMPONENT INFO STRUCTURAL SUMMARY

Element State

5]

Mobile app

Wearing Surface a3 A
Arch Barrel B
Spandrel Wall B
Abutment B

Structural Condition Rating

1

Element Primary Type
Wearing Surface

Bridge ° Bridge Structural Seour
iew Questionnaire Information Inventory Inventory
CO1  Bridge Surface
1 Wearing Surface

Bridge

and

ADD ELEMENT MATERIALS ADD ELEMENT ATTRIBUTES DELETE ELEMENT

Matel

| ID Material Type

MO01.06 Primary

Material Name

Dense bitumen
macadam

Type Name

Wearing Surface

Time To Next Inspection

Structural Maintenance Cost

225.0€

COMPLETE STRUCTURAL INSPECTION

June 16, 2021

Attribute Name Value
Width Of Carriageway m 5
€03 Deck / Slab / Arch Barrel
€06  Walls
C07  Abutments

ADD ELEMENT
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THANK YOU FOR YOUR ATTENTION!

Hrvoje Solman, Arctis, Zagreb

Prof. Damir Bekic¢, Faculty of Civil Engineering, University
of Zagreb,
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