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Opening Note from the Chair

The COST Action TU1406 Workshop in Riga was very
successful, covering several topics related to quality control
framework (WG3), case studies (WG4) and guidelines /
standardization activities (WG5). Although very cold outside, the
Workshop was very “hot” in terms of the quality of the
discussion and the main outcomes which were achieved. There
were four Keynote presentations, covering the bridge
management activities in two International Partner Countries,
respectively, South Africa and Russia, focusing the other two
such problematic in the Baltics, namely, in Latvia and Estonia.
Other interesting presentations covered the multi objective
decision making on bridge management, the topic of scour and
how may we address it in quality control, the maintenance
scheduling for bridge stocks, the case study applications of
qguality control frameworks, and the liaison standardization
works with CEN, ISO and JCSS.

WG3, WG4 & WG5 workshop
23-24 November 2017

Prof. Jose Matos
Chair COST Action
TU 1406

Riga, Latvia



Opening Note from the Chair

The large number of participants in the Action, as well as
the excellent attendance in this Workshop, reinforces the
interest around Europe in the objectives of the Action. As
pointed out several times during the presentations and
discussions, it is of paramount importance the involvement
of academics as well as professionals working in the field
of roadway bridge assessment and management. The
meeting In Riga has been a key point to continue the
collaborative work between both parts, playing the Industry
Advisory Board an important role on that. In summary,
looking to the success of this Workshop, we may be
confident on the achievement of the required
standardization of the quality specifications for highway
bridges across Europe.

WG3, WG4 & WG5 workshop
23-24 November 2017

Prof. Jose Matos
Chair COST Action TU
1406

Riga, Latvia
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ACHIEVEMENTS OF BRIDGE
MANAGEMENT IN LATVIA

COST AcTioN TU 1406

WORKSHOP IN RIGA, SUSTAINABLE BRIDGE MANAGEMENT
(23-24.11.2017)

SJSC “Latvian State roads”
Bridge division
Bridge engineer - Roberts Auzins



Key points of presentation

1. Introduction:;

2. Statistics;
3. Bridge management in Latvia

e (General;
 Bridge management system — Latbrutus;

e Load model - LM3.



Introduction
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Bridge division:
Headquarters (Riga):
1. Head of division:

2. Two engineers;
3. Database analyst.

Regions:
In each of our 4 regions
one engineer.

Valdes prickésédétajs |
|
| |
— Valdes loceklis | — Valdes loceklis |
R | BivniecTbas parvalde Afffsfibas parvalde Celu parvaldisanas un
Gramatvedibas dala —— Siralagjas dala uzturésanas parvalde
leklija audita dala - Programmu plancganas dafa l £ dajs |
- N [ Uztureganas wraudzibas daja |
Projekiu kvalitdies audia daja | BOwRLML 033 AftTefibas instrumentu dala | [ Parvalditanas dala |
Persondla un kvalitites
vadias daa Ligumu dala [ Nekustamo Tpatumudala |
Komunikackas dala Finansu un W
Alrkraukl
Celu muzes Safiksmes organizacijas panie N uilasnodela |
parvalde Finangu vadibas dala S Aloksnes nod
Sabiksmes argarizacias Arajo sakanu dala Balw nedala
= planoganas dala = = Baj ala
— —— Informiacijas tehnolodiu daja e
| uzraudzitas daja | Juridiska dala ﬁ
| Saliksmes informacijas centrs | Administralva dala Daugavpils nodala
Lietvedibas un biroja vadibas Dobeles nodala
ik Gubenes nodala
Autocelu kompetences Jelgavas nocdla
genlrs akabpis nodala
Celu laboratorija Kuldigas nodaa
=
L dala Ludzas nodala
=
— Ogres nodala |
riechas vadibas un
nas dala Praiu nodala
- - Rézeknes nodala
Celu inspekcijas un
akspammsj;a Rigasnodala
[ Saldus nodala
[ Smiltenes nodala
Talsu nodala
Tukuma nodala
Valmieras nodala

| Ventspils nodala |




Statistics

1. We (LSR) are managing 971 bridges (including 14 pedestrian bridges)
and 882 big culverts (d>2m);

(there are no included municipality bridges/culverts, aprox. same amount);

2. Bridge distribution to road clases:

o Main roads (A) — 172 or 18% of bridges

o Regional roads (P) — 353 or 37% of bridges

o Local roads (V) — 434 or 45% of bridges
3. Bridge materials:

o Reinforced concrete — 94%

o Stell -4%

o Masonry - 1,5%

o Wood - 0,5%



Statistics

Length of bridges:

280
270

210 A 7 i s
200
190
180
170
161 158
160 i
2 * Bridge overall length — 420m;
130 * Longest span — 84m
o « Statical system:
o two continuous steel girders
so with concrete slab;
22 I 11 15 12 =
" s 8 n |

0-10m 10-20m 20-30m 30-40m 40-50m 50-60m GO-70m T0-80m &0-30m a0-10m > 100m

River over Lielupe (road A10):




Statistics

Age of bridges:
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Statistics

Financing™ in million EUR to bridge renovation and reconstruction:
*(not included road projects financed by EU)

23,36

20
14,97
15
10
886
5,47
5
413
375 403
28
2,19
. 1,96 1,96
1,81 152
0 [ |
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



Statistics

Bridge condition (medium-term planning):

A

1000 A
900 ~
800 -
700 A
600 -
500 ~
400 -
300
200 -
100

956

323 (34%)

458 (48%)

Performance

175 (18%)

2017

- bridges in good condition
(needs only maintenance)

- needs renovation

- needs reconstruction

Preventive Corrective
Maintenance Maintenance

g,
"oy

No Maintenance Replacement
ep Minimum acceptable

performance

»>

Time T



Bridge management in Latvia

General scheme of bridge management in Latvia:

Bridge design and construction:

Bridge operation and maintenance:

Planning

Designing

Construction

Renovation and reconstruction

Planning

Inventory
Inspection
Maintenance (LAU)

Bridge demolition

Latvian State roads — Bridge Division:

Priority and budget planning
Drawing up tender documents
Initial and following up jobs
Approvinginnovative and special
types of maintenance
Developing guidelines,
handbooks, manuals and reports
Developing standarts

BMS LatBrutus



Bridge management in Latvia

Handbooks:

TILTU DROSIBAS BARJERAS A i :
2017 TILTU HIDROIZOLACIJA UN

SEGUMS 2017

Handbooks can be found: http://lvceli.lv/uncategorized/rokasgramatas/



Bridge management in Latvia

Bridge management system — LatBrutus:

Bridge management system — LatBrutus

v v v
Handbooks: Software: Training program:
e Guidlines of bridge management ¢ Module of inventory e Use of computer
e Handbook of bridge inventory ¢ Module of inspection programs
e Handbook of bridge inspection ¢ Module of maintenance e Bridge inventory
¢ Handbok of bridge maintanance e Codes and system e [nspection of bridges
e User's guide for LatBrutus administration e Bridge maintenance

Timeline of LatBrutus:
» Developed from 1997-2002 in cooperation with Norwegian state roads;
« 2002 -2017 in use with no changes.



Bridge management in Latvia

Scheme of LatBrutus structure;

INSPECTION MODULE

Inspection Inspection Technical
plans programs condition
INVENTORY MODULE: \ Inspection /
* Generaldata
¢ Roaddata
* Construction data ADMINISTRATIVE MODULE
* loaddata
e Bridge elements Codes and Budget BCI
¢ Documents standarts plan
* Notes
MAINTENANCE MODULE
Archive data Maintenance Maintenance Completed
- plans o program maintenance

N o |



Bridge management in Latvia

LatBrutus — Inventory module (General data):

General info

Administrativ
e info

'@Tiltu datu kartina o ] |
I T P eI e =T a | oo ||
Rajons . Mozaukums Atrafands wista Statuss Tips sterials Garums  Bilwes
[Rijienss novars (0220 |Sedas tits [+/P017:28 823 ET  [Siutits [Selickams - stie | 34,16 [1960
Yisparejas \ Cela dati ] Konstrukcijas dati] Slodzes dati] Elementi ] Dakumenti ] Piezimes l
Administrésana Statuzs
Ketenaria: |47 |2utocelu titts

Ipasnieks: L=t

|Latvijas Satiksmes Ministrija

Rajons: |9R

[Rijienas novads

Atbildigais par uzt |9-N

L Walmisras nodala

Construction
info

Bivnieciha

Projekigtsjs: |Latdorautoprojekt 1959

=

—inspection—

date and

Generaluznsmajs: |almieras 9.CER Titta statuss Statusa piedkirianas gads
Uzraugs; v Zindms [ET  |[Eksplustacis tits EE levietat
BiGvEts: |1 S50 Cena: | | | | - izcdzEst
B U o R = e s 0
Tips Uznémejs nozaukums Gads  Cena alata
1 [Titt= klFia pastipringsans [peri pr Rty tifi by, 518, Tits [2012 | UEE S -
| | | | | S
levietot | izdzest |

Inventarjzéciiaz datu kvalitates kontrole
Savaksanaz datums  Savaca

Pirma red. datums PEdSias modif. dat. Parbaudia

2013-6-10

|J.Naufy 1998-08-30 2013-08-15




Bridge management in Latvia

LatBrutus — Inventory module (Construction data):

’@Tiltu datu kartina 1Ol x|
] S 1 1 e e ha | Beigt

Rajonz M. Mozaukums AtraZandz vieta Statusz Tips ateridls Garums  Blves

[Rucavas novads 0293 [Lijupes tits [+i811:41 B2 ET  |Siutits |Saliekams - stie | 11,36 [1963

COT Ib‘ll UL‘liU” Vispar&jas ] Celadati | Konstrukeijas dati lSc-dzes dati] Elermenti ] Dokt l Piezimes l
Konstrucias tips
Pamat Konstrucias tips aterila kods Statizka shéma Asis (no - W)
\\ e 3 |Siutits 13 |Saliekams - stiegrots 1 [Wienkarsi halstita sistems 1 2 . Ievietat
- | | | | - izdzEst
Laiduma Laiciuma
. oe
Span |nf0 ,_SIS ,7 Qarums [1m)
L misiile 1106 21 Jevietat pedsis 1 g ﬁf n-
- | evietot pEdEjS 1 faid taicium,
\ 2 |Lietuvas rob }| & Caurieles S
,7 IzdzEst pEdEja

0

- TzdzEst wisu

% Mormals tilts

geometrical data

—=_

Projekiéts slodze

Parametru koriggtana

Kopgarums: Kop&jaiz platums: Kopejais: laukums: Laidums nr:

| 136 o | 11,40 | 12950 1o | g
Garakais laidums: Brauktuves platums: Braukiuves laukums: Shpums:

| 11,06 m | 9,85 m | 112 m2 |

Lab&s ietwes platums: Kreizdz ietves platums: letviu laukums:

| Pl S 7 2

0 Grad




Bridge management in Latvia

LatBrutus — Inventory module (Bridge elements):

@Tiltu datu kartina =10 =l
substructure (3 e e B - e
. . jons Mr. Mozaukums Atrazands vieta Statuss Tips Materidls Garums  Blves
Superstructiul i (0770 [visdukts par Jaunclsines cel [WiS0S:22 100 ET  [Eiutits [Saliekams - stie [ 50,00 [1980
Vispr&jas l Cela onstrukcijas dati l Slodzes d=ki  Elementi \ Dokumenti I Piezimes l
Wirshidve " apakibdve " Cits [ Miss
Hods Apraksts DetalizEto elementu tips Elemertu apraksts Elemertu skaits Asiz
32 |si= 2 |T-sia | EN | -
separate ETR T 2 leprisks iziets(zaliekams) [ (1 n
elements |51 |Balstikia E  [Elasiind balstkia | [20 [1
62 |Suve 3 |Lieta slégta Suve | [ 1 B [
|63 |Sesa uz tita Kija 3 |Bitumena ar pilnu hidraizaldciu | N |4
|64 |Drenzza 1 |[Drendzano ki | |2 |1 [2
|BS |Elarjera 3 |9tieg|u margas | | 2 |1 |4
|BS |Elarjera 1 |Sardzes batjeras | | 2 |1 |4 - |
Materidls MWateridls apraksts
1 |pzelzshetons | Ievietot
Wirsmas apstrade Wirstnaz apstrade spraksts izdzEst
stru (_:tu r_aI 1 |Neapstradats |
materi al | nfo ‘/ Ajzzardziba Ajzzardziba apraksts
1 [z sizsardta |




Bridge management in Latvia

LatBrutus — Inventory module (Documents):

Project
documentation
archive data
special inspections

g Tilku datu kartina -0 x|
0 Y P T =5 - B
Rajons r. Nosaukums Atrafanas vieta Statuss Tips Iaterials Garums  Blves
[Fejienas novads 220 [Sedas tits [/P017:28,523 ET  [Siiutits [Saliekams - stie | 34,16 [1960

Vispargjas ] Cela dati l Konstrukcijas dati] Slodzes datil Elemnenti

) Piezimes l

Dokumenti N
leraksta tips Arhiva adrese Arhiva norade Piezimes
[s [citatipa dokumenti |Lad 9.nod | |proj.dok Latdorautoprojekt 1559 -
[8 |Projekta tehniska dokumert. [L+C 9.0 |Praj Sifrs 1-9-20 Arhiv Mr M-22 rekonst proj.dok Latdorautopr
.l | | | -
/)
Ievietok izdzEst |
Fotogr&fijas ‘ Ras&jums
1 2 AftEla Paraksts Formats lzméra(kb) Datums SkatkEls Apskath [
¢ |Lsidums |GIF | 703 [2011-05-28 -
5 |sEnskats |GIF | 778 [2013-06-02
¢ |s8nskats |GIF | 755 [2011-05-25
¢ |DalEi sabrucis istves apmales al |GIF | 733 [2005-09-19
¢ |letves bioki un margs |GIF | 756 [2011-05-28
o |virsskats |GiF | §20 [2011-05-25 |
Ievietok izdzEst |




Bridge management in Latvia

LatBrutus — Inspection module:

BCI -Bridge condition index:
(could be from 0-9,99)

BCI = Z(Di’l -Fy + DI, -F+....+DI, - F,)
DI — Demage index
DI = Fp¢ * Frype

Fpc— factor for combined code Degree

and consequence of demage (table)
Fype— factor for code type of damage (table)
F12_n—factor for each DI

Table for Fp values

'@Tilta inspekcija

Al vl «ls s 2|38 -

AkZimEt inspecgjamos kilkus |

i

=lalx|

Beigt

Rajons & Mosaukums Atrafands vieta Statuz Tilka tips Materials

Garums  Bives gads

Degree of Consequence of demage
demage C | T | M A
1 i 0,0412 | 0,0239
2 0,1022 - 0,065
3 i 0,1876 0,1261
4 . 0,3068 : 0,2115 . 0,0333
) ) Table for F,,,. values
| Npk | Kods Apraksts (demage description) Koef. (F...) |
| 1| 101 Grunts/uzb&ruma sésands 3,00
|2 102 Upes gultnes aizsprostojumi 2,50
3 I 103 Upes gultnes erozijafizskalojumi 4,00
4 104 Neatbilstoia notifizana/ novakiana 2,00
5 | 105 Aizséréjums 1,50
6 106 Mepietiekama caurteces kapacitate 2,00
7 107 Upes gultnes maina 2,50
8 | 108 Citi upes gultnes bojajumi 1,00

[Madonas novac (0197 [Kandls pie Ezernicku maja VAYDSE7.8,400  [ET  |Citi platgu titi [Selickams - stiegrots |12 [1959
Plénoéanal Izmaksas  Pezultati ‘ PELTiumi l Rernonkti l
Inspeke. rezultéts
Inzpeke. tips Inspeke. datums  Inspektors BCl Pigzimes par inspekciju leskaitht
|Galvena inspekeiia [10.06 2013 [ker Gode [105 | v, -
|alvend inspekeiia [01 07 2006 I MavcZuns |213 | -
il | 'l =
I 1 I al | ..
| | | | 2 C
Kalpodanas laiks: =0 Gads; (2009 Defta KL:  [10 Gads: |2013 Piez. KL: |B Jauns | izdzEsk |
Bojati elementi
Elemeriti Ass (no-Mdz) Bojgjums tips Boj&juma cElonis C T M AJ Bl Piezimes

LzbErums 1 4 |Upes gultnes erozijaizzkalojum |S§rmu iedarbha

I ]
’W |1_ |4_ |Dzelzsbetnna elementa sadrup: |Karboniz§cijas istekme ﬁ l_ l_ I_ Iﬁ ’7
’Zﬂ'nesi |1_ |4_ |Znis bunjjumi vai trdkums [rowirze no standarta / ’_ |3_ l_ I_ Iﬁ ’7
’W |1_ |4_ |&rmatiiras korozia |karbonizacjas istekme ’2_ I_ l_ I_ Iﬁ ’7
’W |1_ |4— |Térauda wiremas parklgjuma bo |Neatbilsto§a uzturééay l_ l_ ,2_ I_ Iﬁ ’7 -
I Cela Akkel
nces of d indicated: : —m=

gh-e da.mag-; affect t(l:JL: load cmi;:;c:;;':city 10 » E|El'i?:; tot | = |

T - damage affect the traffic safety

M - damage can affect maintenance costs Tevietok | izdzEst |

E - damage can influence the environment and aesthetics

The degree of damage shall be evaluated in such numerical scale:

1 - Minimal damage/defect — actions are not required;

2 - Average damage/defect — actions are required in time of 4- 10 years

3 - Serious damages/defects — actions are required in time of 1 — 3 years

4 - Critical damages/defects — urgent actions are required in terms till 1/2 year.




Bridge management in Latvia

LatBrutus — data from inspections:

Inspekcijas shéma

Galvena inspekcija

Tilta Nr. 908

Konstrukcijas tips : 59 Metila kopnes tilts

Atradands: a/c V304 Drustu stacija - Zoséni, 3,30km
Garums: 32,60m

D e m ag e Cod e Laidumu skaits :1 Pirmi ass 1 Pédgja ass 2
Izpildes inspekeijas Planotas inspekeijas
Izpildits (gads): 2017 Planots (gads):
Insp. tips: Galvena inspekcija Insp.tips: Calvena inspekeija
nti Asis Meérvieniba
Ma (no-lidz) Bojajuma tips Bojata Bojajuma célonis arbs Summa,
D f stavokli NT. Cena Eur Krant. EUR
g . c[TM[A
demage with I Tpes gulme 13 , , : , , ,
Smult:
2 z : 1- . .
consequence —- 12 Uzberums 14 | gy iy vegeraciia 2| 2 ||44 Neatbilstosa uzturesana $822 10.00 200’ | 200.00-
Smultsselénojum
2 grums 2= NP Al 5 I . N, o 5 .
Smilts, velons] .W egetacija 2| 2 44 Neatbilstosa uzturésana S8.22 10.00 20m’ 200.00
2 ~ -
21 Gala balsts 141 | e thilstoza tiriba 2| 1 |44 Neatbilstosa uzturesana $822 20,00 3m? 60.00-
D a Dzelzsbetons d‘ﬂg\
21 Ga sts 2 . . 5
c dg < 21 Gala balsts 216 Betona elementa neaﬂzm 2| 1 44 Neatbilsto3a uzturésana S822 2000 3m’ 60.00-
Dzelzsbetons
26 Gala siena 1- B B R . a :
\ Dzelzsbetons
2 siena 2-3 | 202 Betona elementa parvietoanas B| 2 [|62 Grunts spiediens . 3
L|_204 Plaisas betona elementi 2| 2 62 Grunts spiediens S 8428 600.00 2.5m 1500.00-
34 Klajs 1-3 ementa virsmas parklijuma sl o - . - 5 c
a 3 8.5 1 5m* 25.00-
Planas klatmes kizjd | bojajums 2| 2 [§44 Neatbilstosa uzturgsana S 857 3500 135m° 4725.00
37 Kopnes konstr. 13 | 306 Terauda elementa x’ﬁsm 3| 2 |44 Neatbilstoza uzturezana S842 35.00 160m® | 5600.00-
SARM | bojajums T~
314 TErauda elementa dalas trikums 3 144 Neatbilstosa uzturssana §$8.51 1.00 38gb. 38.00-
61 Balstiklas 1-1 B B R ; a :
Gumyja:
61 Balstiklas 2-3
Gumija:

908 —Gaujas tilts; V304; km 3,30.

12




Bridge management in Latvia

LatBrutus — Some examples and clasification of defects:
(Demage code / Degree of demage - consequence / Demage couse)

214/3C /53 214/4C /53 209 /3C /59

712/ 3M

/13 or
B Al s



Bridge management in Latvia

BRIDGE LOADINGS: Scheme of 52t timber lorries:

7000 — 5300

305 320 — 1418 3548 —4
—se— 11436 233 204396
s v . v

Road traffic regulations in Latvia:
Without special permission:
* 40t for ordinary truck;
44t for ISO container truck;
o 52t for timber lorries™;

(18001 ] [(1598€]
3¢ 0 r

26000 25996
1]

Problem:
Real life; e

A lot of bridges are built in defferent times |
according different normatives and design
loads. No normative base to in-use bridges.

Aim:
To supplement normative regulations with

procedure how to evaluate load carrying
capacity of in-use bridges.




Bridge management in Latvia

BRIDGE LOADINGS - Load model LM3:

In bridge renovation projects we are recalculating
bridge bearing capacity to our self created load
model LM3 which represents everyday traffic loads.

Load model LM3 is based on: SRS MORELISEIR
o Standardized Soviet time projects;
o MK-279 «Celu satiksmes noteikumi»,

o MK-343 «Noteikumi par leilgabarita un
smagsvara parvadajumiemn,

o WIM data;
o Police data.

LM3 model summary can be found:



Bridge management in Latvia

BRIDGE LOADINGS - LM3 block scheme:

MelabvETgakais stEvoklis

-+ (‘RJF,JL %1 ODZE

SLODZES MODELIS (LM3)
Transpartdzsk|n masas sadalTjums pa nsfm (E= 52 1)
P2=13,5 p\_wu Famn s Fi=10,50

KONSTRUKCIU
GEOMETRITA

\/
PEe tipveida projekta

KONSTRUKCLIU

DROSTBAS, PARSLODZES,
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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TYPICAL BRIDGES IN SOUTH AFRICA
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BRIDGE MANAGEMENT IN SA

 Road & Rall operators are responsible for BMS
« Owners select and implement own systems
« Main bridge owners are:

— National Road Agency

— Transnet Freight Rall

— Provincial Governments

— Cities
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231 — 24th November 2017

SLIDE 42

Riga, Latvia



MANAGEMENT & PERFORMANCE ASSESSMENT OF BRIDGES IN SOUTH AFRICA | PILATE MOYO ET AL

BRIDGE MANAGEMENT IN SA

Republic of South Africa

e e ]

not yet chosen its provincial capital.

either Pietermaritzburg or Ulundi.

[ 100

i .
—-— Province boundary
5 e
@ Province capital

*Province boundaries are subject to change under
provisians of the South African Constitution.

** The KwaZulu/Natal provincial legislature has
Press reports indicate that the capital will be

Final province capitals are to be determined.
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WHY BMS IS IMPORTANT IN SA

e South Africa has a large stock of old bridges
— Majority built in the period 1950-1980
— Some more than 100years old
* Need to grow infrastructure base to support economy
« Cheaper to rehabllitate/retrofit existing structures
* Thus management and maintenance strategies required
 Allocation of funds on the basis of credible information

* For Government Depts, now a requirement through
‘Immovable Asset Management Act’ and ‘Public Finance
Management Act’
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STRUMAN BMS

« Used by most bridge owners in South Africa and Southern Africa

« Developed by the Council for Scientific and Industrial Research Built
Environment, SA

* Network level inspections

— Aim to identify bridges in most need of maintenance
Interventions

— Condition index and priority index
— Also provides indication of budget
* Project level inspections

— Detailed inspections to design & implement maintenance
Interventions

— Often involve NDT and testing
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STRUMAN BMS

« Early detection of defects, through prompt diagnosis of symptoms,
allows defects to be treated quickly, thus allowing meaningful
savings to be made on maintenance expenditure.

« All visible defects on structure are rated and quantified
» Defects are rated to place them in order of priority

« Rating should accurately represent the effect of the defect on the
structural integrity of the structure

» It should also represent the effect of the defect on safety of the
user and the serviceability of structure

« Survey should be systematic to ensure all defects are recorded
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STRUMAN BMS

l

21 basic bridge elements are inspected and evaluated. These are:

Surfacing/ballast
Deck drainage
10.Kerbs/sidewalks
11.Parapets & handrails

TU1406

1. Approach embankment 12.
2. Guardrails 13.
3. Waterway 14.
4. Embankment protection 15.
5. Abutment foundations 16.
6. Abutments 17.
7. Wing & retaining walls 18.
8.

S.

19.
20.
21.

Pier protection work
Pier foundations
Piers & Pylons
Bearings

Support drainage
Expansion joints
Longitudinal members
(decks & arches)
Transverse members
Deck slabs & arches
Miscellaneous
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DER rating system

D — DEGREE of defect
E — EXTENT of defect

R — RELEVANCY of defect

How bad or severe is the defect

How common is the defect on the
Inspection item being inspected

Considers the consequences of
defects with regard the safety of the
user and the structural integrity of the
structure

U — URGENCY to carry out the Provides a way of applying time limits

remedial work

on the repair requirements
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DER rating system
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Category X U 0 1 2 3 4
Degree/
e , N/A Unable To No Minor Fair Poor Severe

Severity (D) Inspect defect

Extent (E) Local > Local < General | General

:?I:)Ievancy Minimum Moderate Major Critical
Make Record ] ]

Urgency (U) | Safe Monitor | Routine <10yrs <5yrs ASAP
ms) |(R)

COST ACTION
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STRUMAN BMS

» The bridge inspector is not required to condition rate each and every
element

* Only elements with defects are rated i.t.o DER and then only the
most significant defect with the highest relevancy

« Time on site is reduced as one is only looking for defects and not
trying to estimate a condition rating for the structure
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INSPECTOR REQUIREMENTS

« Good understanding of structural behaviour
« Experienced (minimum of 5 years design experience)
« Trained in the use of the DER rating system

« Pay attention to detail
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INSPECTOR REQUIREMENTS
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INSPECTOR REQUIREMENTS

Assessment of Bridge Inspectors: Calibration Inspections

100
95

85
80
75
70
65
60
55
50 T T T T T

1 Bridge Condition Index — Average +2 SDEV -2 SDEV
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STRUMAN BMS

DER METHODOLGY DOCUMENTATION SOFTWARE

FHBRUMN o % STRUMAN BMS

STRUMAN
Bridge and Structures Brldge and Structures Management System

Management System
'

e b

Version 7.0.0 3) Access (mdo) OB

: () Orace 0B
System |Jsemname: e

Gystem password
Fie: = ]
pasé ance!
. 0% CE
(SlR cou&'ﬂg"”ggs :
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STRUMAN BMS

Prioritisation

* Required for maintenance, repair and rehabilitation activities on
structures in a network

« Structures with the greatest need for repair should be given the highest
priority
« Two major categories are used to prioritise structures
— Structural adequacy
— Functional index
« Structural adequacy is a function of D,E&R ratings
« Functional index is a function of the following
— Type of structure, Class of structure, Detour length, etc...
« Secondary to optimisation process
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STRUMAN BMS
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Notice the following:

 Thickness of slab 700mm
 Sag in deck edge — can even be seen on elevatlon
On site one could notice

3 mm joints in barrier had

closed up




Repairs done

OPI was No 52 out of 2 000

« A design check was done & deck
found to have only 30% of LL Capacity

« Strengthening not feasible
due to steel stressed beyond yield

« Could hear crunching of concrete
when vehicles crossed |

0
 Deck was demolished and replaced

* During demolition when deck haﬂ been demolished half way it
collapsed under own weight!!!

 Parapet formed an edge beam that supported the deck and live loads
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PROJECT LEVEL ASSESSMENT CASE
STUDY

 riveted steel railway bridge
« Renquired assessment for future loading
« Emphasis on fatigue assessment
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PROJECT - example

« Vibration based system identification

« Typical roving accelerometer set-up
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PROJECT LEVEL -example

U, Magnitude

+7.413-04

Y ODB: SPUpdated.odb  Abaqus/Standard 6.14-1 Sun Aug 09 21:30:17 South Africa Standard Time 2015
Step: Step-2
Mode 1: Value = 162.73 Freq= 2.0303 (cycles/time)

Primary Var: U, Magnitude
Defarmed Var- 11 Defarmatinn Seale Factr +3 44fe+00

z

Natural frequencies

Mode Theortical frequency (Hz) Measured frequency (Hz)
First lateral bending 2.03 2.00

mode

First lateral sway mode  2.56 2.50

First vertical bending 5.44 5.72

mode
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Model Validation

MANAGEMENT & PERFORMANCE ASSESSMENT OF BRIDGES IN SOUTH AFRICA | PILATE MOYO ET AL

-

o

o
T

k=
©
=
@
o
g2
=

TU1406

COST ACTION

L 1
15 20
Time(sec)

WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017
Riga, Latvia




MANAGEMENT & PERFORMANCE ASSESSMENT OF BRIDGES IN SOUTH AFRICA | PILATE MOYO ET AL

PROJECT - example

« Rainflow method used to count fatigue cycles
« BS5400 Part 10 was used for fatigue analysis
« Stress range based on stresses obtained from calibrated model

* Moving train load -speed 80km/h
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PROJECT - example

o>~
. L N N » aAw * e

LS 79 79 7922
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PROJECT -Example

-.---'-'-"'ﬂ.u
2 Ll “ll 1 nu |||| i lll[ TITRTLL I [ l ,

.Q . - —
'\‘ r,_:_. v - P 2

P10 P9
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PROJECT

« rail bearer and cross-girders found to be susceptible to fatigue
« Further fracture mechanics based assessments under way
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CONCLUSION

By having a Bridge Management System:

Structures are maintained at acceptable levels of service
Defects are identified timeously and repaired economically
Prioritisation(optimisation) of work (expenditure)

— Funds channelled to more important defects

— Expenditure reduced on less important defects
Improved control of expenditure by management
Accessibility of information

— Decision making easier (Impact of decisions)

— Detall of output depends on user

WG3, WG4 and WG5 WORKSHOP

231 — 24th November 2017

SLIDE 68

Riga, Latvia



|

TU1406

COST ACTION

ROBUSTNESS OF THE MAUT MODEL APPLIED TO
BRIDGE MAINTENANCE PLANNING

Zaharah Allah Bukhsh?, Irina Stipanovic!?, Sandra Skaric?, Giel Klanker3
lUniversity of Twente, Faculty of Engineering Technology, Enschede, The Netherlands
2Infra Plan Consulting Ltd., Zagreb, Croatia,
3Rijkswaterstaat Ministry of Infrastructure and the Environment, Utrecht, Netherlands



Robustness of MAUT | Allah Bukhsh et. al. 2017

Introduction

« A multi-objective decision support model is suggested for
maintenance planning based on multi-attribute utility theory

« The model considers multiple performance aspects quantified by
performance indicators

« A decision maker can state his preferences for each performance
indicators by assigning weights

* The purpose of this study was to determine the robustness of the
proposed model by conducting sensitivity analysis
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Overview of the process

NETWQORK LEVEL PERFORMANCE
ASSESSMENT

'

MATRIX WITH KPIs for the inventory of bridges

RELIABILITY AVAILABILITY ECONOMY ENVIRONMENT

!

Multi-objective optimization for
maintenance ranking of bridge
inventory
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Multi-attribute utility theory

« Ultility theory provides a measure to consider stakeholders’
preferences

« The main advantage is its consideration of uncertainty

 Utility function reduce the guantitative values of different attributes
into 0-1, thus enabling comparison

« The mathematical formulation of MAUT is

Ulx) = k1 Ulxy) + k2 Ulx)+ ... kn Ufxn)

Uigp =A—Bre™
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Case Study

« The objective is to rank the bridges alternatives considering four
performance aspects

— Reliability (KPI — bridge condition index)
— Economy (KPI — maintenance cost only)
— Environment ( KPI — environmental cost)
— Availability (KPI — User delay cost)

Where the maintenance cost , environmental cost and user delay
cost can be minimized while reliability is maximized

« These objectives are conflicting in nature e.g. to minimize delay
cost, the owner cost will increase

« Therefore, a tradeoff among objectives need to be made
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Case Study

« Data of 22 bridges from Rijkswaterstaat was used for this purpose

« The owner cost, BCI, environmental and user delay cost for each
bridge was calculated

« The single utility function of each attribute is computed by following

formula o
(=)

Uigp =A—B*e™

where A & B are scaling constant
RT is risk tolerance

The detail calculation procedure of attributes and MAUT application can be found in (Allah Bukhsh et.
al., 2017)
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Single utility function — Owner cost
. Expected value =—22—1000 when
. Certainty Equivalent <= e
o=o050 299
EV = 0.5 # 1000 + 0.5 * 200 = 400

Risk Neutral, if EV = CE (Linear shaped)

Risk Attitude = ¢ Risk Avoiding, if EV >= CE (Concave shaped)

Fisk vt Risk Taking, if EV < CE (Convaxr shaped)
\

Risk averse
e

Risk taking

Utility

SLIDE 75

Values of attribute
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Single utility function — Owner cost

. Expected value —222—1000 | \vhen
_ _ _ p = 1.00
- Certainty Equivalent < o2
o—o0s0 20

EV = 0.5 * 1000 + 0.5 * 200 = 600

1.000
0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100

0.000
0 200 400 600 800 1000 1200

CE =400
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Multi-objective optimization

Bridges with assigned ranks —Risk neutral, equal weights

m_ - delay _--m--
re. Condition cost Cost cost U(Agg. Cond U(mMcC U(En. Cost Additive Rank

21
14
4
18

8
13
11

15
7
22
3
12
6
19
17

Bridge 1 3.1050 144.8192 0.8888 39.7001 0.9444 0.9812 0.8506 0.9330 0.944
Bridge 2 1.8877 126.4059 0.2050 27.5019 0.2884 0.9623 0.3406 0.8172 0.293
Bridge 3 2.2086 115.6748 0.5749 25.5664 0.5810 0.9437 0.6984 0.7877 0.583
Bridge 4 3.1263 161.8502 1.1132 13.6378 0.9486 0.9902 0.9137 0.4804 0.947
Bridge 5 2.0000 68.1613 0.5303 12.4031 0.4064 0.6709 0.6679 0.4309 0.408
% 2.1236 149.2116 0.2289 47.8949 & 0.9841 &%&-
33559 1967584 07081 57.7852 09976
Bridge 8 2.4152 88.5989 1.2491 13.1125 0.7097 0.8459 0.9401 0.4599 0.710
Bridge 9 2.2194 45.8212 1.2567 35.8932 0.5888 0.2467 0.9414 0.9069 0.590
Bridge 10 2.3390 115.9342 0.4336 30.8020 0.6666 0.9443 0.5917 0.8590 0.668
% 2.4152 39.4222 0.2321 12.6881 % 0.0451 %%&_
34595 1385160 18516 121170 09761
Bridge 13 1.9191 38.1395 0.0302 7.9905 0.3232 -0.0013 0.0542 0.2141 0.321
Bridge 14 2.1767 84.8880 1.0453 14.4218 0.5576 0.8231 0.8975 0.5095 0.559
Bridge 15 2.4323 46.8888 0.0028 4.5877 0.7187 0.2759 -0.0005 -0.0066 0.712
Bridge 16 1.6713 175.3344 0.6841 28.5078 0.0000 0.9942 0.7624 0.8310 0.009
Bridge 17 3.1746 209.3322 0.3864 55.2544 0.9577 0.9987 0.5488 0.9888 0.957
Bridge 18 2.2969 158.8862 0.2161 51.0398 0.6407 0.9890 0.3556 0.9792 0.642
Bridge 19 2.5810 65.9050 0.0958 8.7947 0.7886 0.6422 0.1735 0.2589 0.784
Bridge 20 1.9598 62.2164 0.4247 22.8345 0.3663 0.5898 0.5839 0.7384 0.369
Bridge 21 2.0216 84.8215 0.2768 25.7017 0.4270 0.8226 0.4321 0.7899 0.430
Bridge 22 2.3402 152.5967 0.2672 42.9085 0.6673 0.9860 0.4206 0.9500 0.668
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Multi-objective optimization

Bridges with assigned ranks —Risk neutral, equal weights

25
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Sensitivity analysis

There are two subjective measures
— Risk attitude of a decision maker
— Weights assigned to each attribute

We analyzed the effect of different risk attitude on bridge ranking
while weights kept constant to 0.5

We also analyzed the different weights assigned to four attributes to
check effect on their result

The developed MAUT tool was used for this purpose
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Robustness of MAUT =Risk attitude

B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22

o

o

|

20 =

T

2222

25

m Risk Avoiding  m Risk Neutral Risk Taking

16

« There is very minor difference in bridges ranks see B7, B13, B22, and B2

» Risk avoiding attitude ranks bridges higher than risk taking see B2, B

WG3, WG4 and WG5 WORKSHOP
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Robustness of MAUT —Weights

* We conducted single attribute analysis using the excel

— The weights of only one attribute is changed while all the other
attributes’ weight were kept at 0.5

Weights 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Attributes
Condition Index B7 B12 B12 B12 B12 B12 B12 B12 B12
Maintenance Cost B7 B7 B7 B7 B7 B7 B7 B7 B17
Environmental cost Bl2 B12 B12 B12 B12 B12 B12 Bl12 B12
User delay cost B7 B7 B7 B7 B7 B7 B7 B7 B7

— The overall ranking doesn’t change considerably
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Robustness of MAUT | Allah Bukhsh et. al. 2017

Robustness of MAUT —Weights

* We conducted two-way attribute analysis using the excel

— The weights of maintenance cost and condition index was
changed in two-way analysis

MC 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
CI

0.10 Bridge 7  Bridge 7 Bridge 7  Bridge 7 Bridge 7 Bridge7  Bridge7  Bridge 7
0.20 Bridge 7  Bridge 7 Bridge 7  Bridge 7 Bridge 7  Bridge 7  Bridge 7

0.30 Bridge 7  Bridge 7 Bridge 7  Bridge 7 Bridge 7  Bridge 7

0.40 Bridge 7  Bridge 7 Bridge 7  Bridge 7 Bridge 7

0.50 Bridge 7  Bridge 7 Bridge 7  Bridge 7

0.60 Bridge 7  Bridge 7 Bridge 7

0.70 Bridge 7  Bridge 7

0.80 Bridge 7

0.90
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Robustness of MAUT | Allah Bukhsh et. al. 2017

Conclusion

« The model supports the ranking of bridge inventory in a robust way,
meaning that change of weights and risk doesn't significantly effect
the overall ranking

* Instead of considering only one attribute, the model can consider
number of attributes, translate them into utility values.

« The model incorporates the uncertainty and implements decision
makers’ preferences

« With the developed tool, large inventory of bridges can be ranked in
only few seconds
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Bridge 1
Bridge 2
Bridge 3
Bridge 4
Bridge 5
Bridge 6
Bridge 7
Bridge 8
Bridge 9
Bridge 10
Bridge 11
Bridge 12
Bridge 13
Bridge 14
Bridge 15
Bridge 16
Bridge 17
Bridge 18
Bridge 19
Bridge 20
Bridge 21

Bridge 22

gore. Condition

Maintenance | Environmental

144.8192
126.4059

115.6748
161.8502
68.1613
149.2116
196.7584
88.5989
45.8212
115.9342
39.4222
138.5160
38.1395
84.8880
46.8888
175.3344
209.3322
158.8862
65.9050
62.2164
84.8215

152.5967

User delay

39.7001
27.5019

25.5664
13.6378
12.4031
47.8949
57.7852
13.1125
35.8932
30.8020
12.6881
12.1170
7.9905
14.4218
4.5877
28.5078
55.2544
51.0398
8.7947
22.8345
25.7017

42.9085




»

TU1406

COST ACTION
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exposed to local scour

Nikola Tanasic — Faculty of Civil Engineering, University of Belgrade, Serbia
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

OUTLINE

 Approach in the Work Group 3
 Key data for consideration of flood impact in BM
« Failure modes and vulnerable zones

 Assessment of the reliability class
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Approach in the WG3

« WGI1 survey review = no systematic and comprehensive assessment
of vulnerabilty to flooding — mostly visual inspection!

« RAMSSH€EEP — 4 KPIs are applied:

— o Es E—m
—_— ——~~
—

-~ Reliability = probability of failure™ ~ N
/ » Snapshot assessment

"\ Safety = loss of life and limb )
S o \(not related to structural failure) _ -

\~ -

=S ==
e o o o - -

Planning phase 2 - Maintenance

: Availability = traffic interruption due to maintenance activities :
-
| €conomy = costs over time for maintenance activities :
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Key data for consideration of flood impact in BM

« Three groups of data:
— Exposure to a flooding magnitude
— Resistance of a bridge
— Consequences of a failure

« Arisk based approach

|| — Aflood magnitude + scenario | VULNERABILITY'

[
» Local scour at substructures (e.g. at a pier)

— Loss of life & limb + increase travel time&distance

|
|
I [
I [
— Resistance of a bridge to the related soli removal | :
[
: |
I [
|
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Key data for the reliability assessment

» Vulnerability based approach

— Flood magnitude (+scenario)

e Local scour at substructures Scope of the
COST WG3

— Resistance of bridge to soli removal

— Loss of life & limb + increase of travel time&distance

N

Failure
modes

Probability of failure

KPI
RELIABILITY

WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017 SLIDE 89

Riga, Latvia



Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Failure modes & vulnerability zones

Hazard scenario e.g. pier affected by local scour

Failure mode

— Combined resistance of a soil-bridge system

lastic
p]nng_e\ detailing in a mam girder

F——3 e T r——— iy e ———
s i T B LW St | A I
Y [~ bearing at — N T — ~ Dbearingat
I an adjacent support fixed joint at a\l-TT plastic / flood water level @" adjacent suppor
I a pier top I' hinge \.I_
A —_ - rotation of a pier || ‘ = soil profile
i — M, — detailing prior to flood™>~_—_ |||
??% ,
i Soil = 2
[

,&l\i ffiﬁgatmn
]
I-' ] L —

£, OV
\_A_l ¢~ ) VULNERABLE ZONES cover J Gl

I e
| A A . . .
-kinematic mechanism

1 soil

— Vulnerable zones = segments of a bridge which have a key role in

resistance i.e. affect the probability of failure
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Reliability assessment

|

Semi-Quantitative approach

Reliability class is assessed via Exposure class and Resistance
class

Exposure class: account for the threat of a certain flooding
scenario/magnitude and the related local scour potential

Resistance class: account for diverse bridge types, their
characteristic FMs and information update on condition in the
vulnerable zones Exposure class

1 . : ; . | Resistance class

TU1406 WG3, WG4 and WG5 WORKSHOP
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Exposure class

« Four classes (1is low exposure, 4 is high)

 Adopted flooding magnitude e.g. 100-year flood
— 1st class: Substructure is not in the floodplain
— 2nd class: Substructure is in contact with water

— 3rd class: Soil erosion takes place*
(* based on a methodology to indirectly evaluate scour e.g.
approaching velocity of flow > critical particle velocity)

— 4th class: Site conditions that can excabrate scour
(debris/ice potential, constrictions...) and/or history of flooding
events
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Resistance class

Bridge type/properties vs. failure modes

Bridge Attention Resistancetoa  Failure

element failure mode Mode

Affected Inadequate detailing Structure 1

substructure  or condition governed

Bearing/joint at Soil governed

the top of the  Inadequate detailing (low 5 .
affected or condition superstructure

substructure effect)

Bearings/joints Horizontal : .

at othegr] J displacement free or Combined soil- 3

. bridge resistance
substructures  restrained g

v

Main girder  Detailing gr?frjgzlrrlsgsizlr:(_:e 3

Main girder Detailing Failure safe 4

Pier

related
washed away !
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Resistance class

 Five classes (1is high resistance, 5is low)
— Innitial class is subject to bridge type&failure mode
 An example — bridges with shallow foundations
— 1st class: Fail safe e.g FM4 / Countermeasures in good condition
— 2nd class: Frame bridge, single span (e.g. FM3)
— 3rd class: Multiple span, fixed joints at the pier top (e.g. FM3)
— 4th class: Multiple simple beams (e.g. FM2)

— bth class: Any bridge type with design flaw at substructures (FM1)
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Unknown data and transistion between classes

« Surveying is not an viable option

— Unknown foundations = adopt the resistance class related to
bridge with shallow foundations

— Unknown soil cover = +1 to the resistance class (i.e. lower
resistance)

« Deterioration of elements in vulnerable zones
— Resistance class update in accordance with failure modes
 Update on the soil cover

— Indirect local scour evalaution

WG3, WG4 and WG5 WORKSHOP
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Reliability class assessment

Reliability class

Transition to a higher resistance class

high 3 Ls<0.5S, three and more consecutive flooding events
2 medium 4 0.5S,>Ls>S, two consecutive flooding events
3 low 5 L.>S, one flooding event
4 very low *Ls = Indirectly evaluated local scour depth
5 critical *Sc = Soil cover is measured from the foundation level; for deep foundations
it is the maximum height of soil cover at pile for a pile buckling failure mode
Exposure class
Constriction of
flow/Debris or Ice 4
........... potential
V > Ve 3 ]
£,1
-------------------------------- =g
Substructure in a ) g o !
floodplain c 3 *
-
"""""""""""""""""""" F=Scl
Substructure not in a L & ¢
floodplain = !
1 2 3 4 5
Examples of initial resistance Ea) Any bridge a) Frame single span{ a) Multiple span, a) Multiple single | a) Foundation design
class (subject to bridge gsystem, fail safe bridges fixed joint at the pier | span, pinned joint at error '
type/static system) ib) Any bridge top the pier top
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isystem,
icountermeasures in
igood condition
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Conclusion

« Semi-quantitative, practical approach account for:

— Soil erodibility (applied in the US)
— Indirect local scour estimation (US, NZ, AUS, CAN, IND)

o - sl
. N
‘~ Failure modes_s Novel !

~-———_—

» Effects of structure detrioration on reliability

 Possible upgrade to a full quantitative approach

More detailed differentiation
between reliability thresholds
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Assessment of Reliability for Bridges Exposed to local scour | Tanasic N. & Hajdin R.

Thank you for the attention !
Have areliable journey !
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INTRODUCTION

Roadway infrastructure asset management aims to define the
optimal maintenance strategies required to keep assets at a
desired performance level.

Performance levels are usually assessed with the so-called
performance indicators (PIs) representing an gbjective metric
wherewith a rational ranking of maintenance interventions can

be derived.

Pls can be defined at different levels (i.e. component, system and
network level) and can be qualitative or quantitative based.

Technical indicators are usually considered also for making
deterioration forecasts and thus define probable future deterioration
scenarios for an infrastructural asset.

Given a certain damage condition, a bridge owner can define the
optimal restoration strategy to be carried out for extending the
service life of an aged structure.



INTRODUCTION

In some cases, more than one solution can be developed, thus
evidencing the need of identifying the best option. Hence, the selection
of the best solution needs a set of indicators to be assessed and
then compared for rationally support a choice.

However, when realizing a restoration intervention, the execution of the
different work phases implies a series of social, environmental and
economic consequences that often are the most impacting in the
decision making process.

Non-technical Pls are often expressed with different metrics, so within
the framework of a sustainable Quality Control (QC) plan there is the
need to quantify with the same metric different performance
indicators, to be able mparin lternativ lution n

identifving the optimal one, i.e. the one characterized by the lowest

impact.



INTRODUCTION

At system level, the selection is usually made with a multi-objective
optimization though multi-criteria decision-making (MCDM) or
analytical hierarchy process (AHP).

However, such kind of approaches are not able to clearly quantify in
economic terms the environmental and social impacts associated
with the adoption of a specific decision, since often points of the
radar chart present dimensionless values that provide limited
iInformation about such impacts.

Hence, it is fundamental to identify potential correlation models

between different types of indicators, and frving to express the
outcomes in monetary terms. In the following, a description of a
purely cost-based system level approach and the use of a novel

network level indicator called Financial Benefit Indicator (FBI) is
described in detall.




SYSTEM LEVEL ANALYSIS PROPOSAL

« The goal at system level is to identify the pest retrofit solution for
and individual bridge among alternative options (including also

the do nothing solution) based on the assessment of technical and
non-technical Pls.

* Results are clearly conditional to the deterioration state detected
or forecasted with a deterioration model.

« A Markov chain deterioration model is adopted considering as
technical Pl a condition state CS ranging from 1 (best state) to 5
(worst state).

« The deterioration model allows defining a condition state
probability vector CSP(t) at a generic future time instant t on the
basis of the actual condition state probability vector CSP(ty).

« Three possible decisions: DO NOTHING, MUST REHABILITATE,
COULD REABILITATE.



SYSTEM LEVEL ANALYSIS PROPOSAL

« The proposed system level analysis proposal. The safety goal can

be expressed in terms of condition state probability threshold.

Deterioration
State fo

Y

CSP(t)

—>

Safety
criterion

CS=C53 15
lower than 30%

CS=CS41s
higher than 10%

CS=C541s
lower than 10%
but CS= CS3 1s
higher than 30%

Action

Must
rehabilitate

Could
rehabilitate

Impact

—> Do Nothing ——>  Nocosis

— 3 |dentification ——

of the
possible
alternative
rehabilitation
sirategies

Indicator

Identification
of the best
rehabilitation
strategy

Cror vs.
durability

Min Cror

”IMax durability




SYSTEM LEVEL ANALYSIS PROPOSAL

« If a “do nothing” strategy is followed, any cost is sustained
whereas the deterioration state remain unchanged and will be
subject to worsening as soon as time will pass.

Deterioration
State fo

Y

CSP(t)

Safety
criterion

CS=C531s
lower than 30%

Action Impact

—> Do Nothing ——> Nocosis

Indicator

Identification
of the best
rehabilitation
strategy




SYSTEM LEVEL ANALYSIS PROPOSAL

« If an urgent rehabilitation is required (CS > CS4 higher than
10%), it is necessary to identify the best rehabilitation solution to

be implemented among a set of alternative ones.

Deterioration
State fo

Y

CSP(t)

—>

Safety
criterion

CS=C541s
higher than 10%

Action

Must
rehabilitate

Impact

Identification
of the
possible
alternative
rehabilitation
strategies

Indicator

Identification
of the best
rehabilitation
strategy

Cror vs.
durability

Min Cror

“Max durability




SYSTEM LEVEL ANALYSIS PROPOSAL

Usually owners take only into account the direct cost to perform the
rehabilitation and its durability, whereas the development of a
sustainable QC (Quality Control) plan requires involving also indirect
costs like those associated with non-technical indicators in the
decision making process. In this regard, it iIs necessary to assume
suitable consequence functions for monetizing technical but also
environmental and social impacts associated with the execution of
each alternative rehabilitation strategy.

In addition, it is crucial to estimate for each rehabilitation strategy an
effective time duration (i.e. quantifying its durability). Durability can
be viewed as the time span from the execution of the
rehabilitation to the time instant in which the safety criterion is
not again fulfilled.



SYSTEM LEVEL ANALYSIS PROPOSAL

| Ly all ixed | 1 thei

budaget income for maintenance interventions, that have to be
first used for the bridges that not fulfill the safety criterion (CS > CS4

IS higher than 10%), and in case of monetary surplus can be used
for implementing such further possible rehabilitations.

Supposing to have an asset of n bridges that at t; are characterized
by different deterioration states (i.e. n CSP(ty) vectors). A subset of r
structures is not fulfilling the safety criterion and for them the owner
has to implement the “MUST REHABILITATE” action, whereas
another subset of s bridges is in good condition and, therefore, the
‘DO NOTHING” action is followed.

The remaining n-(r+s) structures are characterized by an
iIntermediate deterioration level, involving a possible, but not urgent
rehabilitation (i.e. “COULD REHABILITATE" action).



SYSTEM LEVEL ANALYSIS PROPOSAL

« If a possible but not urgent rehabilitation condition characterizes a
bridge (CS > CS4 lower than 10% but CS > CS3 higher than 30%), it
IS necessary to quantify its financial benefit via the FBI calculation.

Deterioration
State fo

Y

CSP(t)

Safety
criterion

CS=C541s
lower than 10%
but CS=CS3 15
higher than 30%

Action

Could
rehabilitate

Impact

of the
possible
alternative
rehabilitation
strategies

! Identification :

Indicator

Identification
of the best
rehabilitation

strategy

Cror vs.
durability

Min Cror

“Max durability




SYSTEM LEVEL ANALYSIS PROPOSAL

The FBI (Financial Benefit Indicator), which is representative of the
financial benefit (i.e. saved anticipated future impacts) associated
with the decision of performing now a rehabilitation (even if not
urgently needed), with respect to the execution of that intervention in
a future year when the safety criterion will not be satisfied).

The time interval that is still available before the rehabilitation
must be performed, At,y, has to be estimated with a deterioration
model for the existing bridge. At that time maintenance costs have to
be estimated. Then, maintenance costs have to be estimated also
for the case in which a rehabilitation is performed now.

The ratio between maintenance costs without/with the
Implementation of a rehabilitation is the EBI, i.e. an indicator of the
avoided maintenance costs at Absar years due to the
“anticipated” execution at fo Of @ not urgently needed
rehabilitation strategy.



ILLUSTRATIVE EXAMPLE

« An lllustrative application of the cost-based system level decision
process flow is presented, considering a two-span prestressing
concrete bridge with deck area of 600 m2 (10 m width and 30 m + 30
m length) and a frame pier.

« The replacement unit cost has been assumed equal to 800 €/m2,
leading to a total absolute replacement cost value of 480000 €.

« A Markov chain deterioration model for the bridge Is assumed
considering a set of @ ¢4ising SOjOUrn time expected values.

Expected sojourn time 01, 023 034 045
0 [years] [years] [years] [years]

19

Existing

10

16

14

10

Rehabilitation strategy A

14

19

16

11

Rehabilitation strategy B

10

16

12

7

« Three different initial condition state probability vectors.




ILLUSTRATIVE EXAMPLE

« Three different initial condition state probability vectors.
CSP1(t;)=[0.5 0.34 0.15 0.01 0]

Safety criteriaCS>CS4 = 0.01 (<10%), CS>CS3 = 0.16 (<30%)

—100%

DO NOTHING £ s

80% - []

[%

CSi(t

70%

0%

50%

40%

30%

20%

10%

0% - At LT e

BCS1 OCs2 OCS3 BCS4 MCS5 Time since t, [\[EEI’S]



ILLUSTRATIVE EXAMPLE

« Three different initial condition state probability vectors.

CSP2(t,) =[0.13 0.27 0.39 0.17 0.04]

Safety criteria CS>CS4 = 0.21 (<10%), CS>CS3 = 0.60 (<30%)

MUST
REHABILITATE 8

i(t) [%]

100%
90%
80%
70%
60%

50%

40% T4

30%
20%
10%

0%

BCS1

ocs2

ocs3

BCS4

HCS5

Time since t, [years]



A COST-BASED QUALITY CONTROL PLAN FOR A SUSTAINABLE BRIDGE MAINTENANCE| MARIANO ANGELO ZANINI ET AL

ILLUSTRATIVE EXAMPLE

. Two aIternatlve rehabilitation strategies (A B).

>
csi(t) [%]

\ll—\omﬁmcrl_gq" Fnzo—rs

R BCS1 0CS2 UCS3 WCS4 WCSS Time since f, [years] BCS1 OCS2 ©CS3 CS4 MCSS Time since t, [years]

I« Two Gantts (C,D) for a total of 4 alternatives, for each cost estimates.

9 Xi/CS) Xzl | X322 xz3 | xz4 | X35 -
X7EX 4 A&X(CO) 0 0.03 008 | 028 1 S oAsC
a Ninenex(CS) 0 001 | 010 | 015 | 04 = DASD
Xr0%,1A&x(CS) 0 0.02 013 | 080 | 13 U 08 ABSC
y Xtex pa&a(CS) 0 0.03 0.08 0.28 1 XB&D
L XeNe pa&a(CS) 0 0.04 0.15 0.24 0.5 bi
Xsox pwaea(CS) 0 0.05 0.20 11 1.9 '
XX 1B&x(CS) 0 0.02 0.05 0.20 1
a XeNg uB&x(CS) 0 0.01 0.10 | 0.15 0.4 04 1
t Xz0X #B&x(CS) 0 0.02 013 | 080 | 13
X1ExX 2 5&A(CS) 0 0.02 0.05 | 0.20 1
Vv Xeneubea(CS) 0 004 | 015 | 024 | 05 02
Xrox.uB&a(CS) 0 0.05 0.20 1.1 1.9
. Rehabilitation strategy # | CroTu-{t) | Crot.(fo) | CroT,u+6(t0) " ‘ ‘
I A&X 0.384 0.454 0.524 0 02 04 06 08 1
A&A 0.515 0.612 0.708 Dimensionless durability
a B&X 0.359 0.426 0.493
B&A 0.490 0.584 0.677
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ILLUSTRATIVE EXAMPLE

« Three different initial condition state probability vectors.
CSP3(ty) =[0.27 0.42 0.28 0.03 0.00]

Safety criteria CS>CS4 = 0.03 (<10%), CS>CS3 = 0.31 (<30%)

—100%

COULD
REHABILITATE

90%

"

Csi(t) [%

80%
70% H
60%
50%

40%

30%

20%

10%

BCS1 OCs2 OCS3 ECS4 EmCsS Time since t, [years]



ILLUSTRATIVE EXAMPLE

« Mean, meantsigma total cost curves over time for the existing
bridge and A&C rehabilitation.
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ILLUSTRATIVE EXAMPLE

« Mean, meantsigma FBI (Financial Benefit Indicator) for a Aty; = 4
years.

+ mean FBl

« mean+/-sigma FBI

0.4
0.3
0.2

0.1

0 10 20 30 40 50 &0 70 80 20 100
Afsaf



CONCLUSIONS

The FBI 4, FBl, 510 and FBI .. values are plotted as a function of

At evidencing the values for the specific case under analysis with
At s Of 4 years, respectively equal to 0.257,0.218 and 0.296.

TINS5 B s I et Gl

anticipated future costs) of 0.257 replacement units, equwalent to
an absolute value of 123360€.

« Such absolute benefit will be compared with FBlyw values
obtained for all the bridges of an asset in a “COULD
REHABILITATE” situation, thus defining the priority ranking based
on a FBI,;, metric.
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BRIDGE QUALITY APPRAISAL METHODOLOGY: APPLICATION IN THE STRIMONAS BRIDGE CASE STUDY | DIMOSTHENIS KIFOKERIS ET AL

GENERAL ADVANTAGES IN THE USE OF PlIs

« To-the-point expression and measurement of crucial bridge quality
performance aspects (e.g. sustainability, serviceabllity, and safety)

« Measurement diversity — applicable data obtained in various ways
(e.g. field measurements, laboratory experiments, and expert input)

« Aiding in decision-making for lifecycle provision, along with current
guality assessment

« Ultilization of existent lessons-learned from PIs’ implementation in
project management

WG3, WG4 and WG5 WORKSHOP
23rd — 24th November 2017 SLIDE 122

Riga, Latvia



BRIDGE QUALITY APPRAISAL METHODOLOGY: APPLICATION IN THE STRIMONAS BRIDGE CASE STUDY | DIMOSTHENIS KIFOKERIS ET AL

DRAWBACKS IN THE USE OF PIs FOR
BRIDGE QC

* No correlation of measured PI values with their benchmark values
of conventional and best achievable performance. Such
correlation could allow a deeper understanding of:

— The nature of the Pls
— The PIs’ context within quality performance aspects (KPIs)

— The ways of improving KPIs

« Relative ambiguity of deliverables, due to the PIs’ diversity
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HOW THE PRESENTED METHODOLOGY
AIMS TO ALLEVIATE SUCH DRAWBACKS

* By incorporating benchmark Pl values

« By producing concise quality performance values for the KPIs, the
components, and the whole bridge (system level)

* By monitoring the intermediate procedural levels through a clear
step-by-step methodological structure
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METHODOLOGY ASPECTS

The methodology combines:

« The research findings of TU1406 WG1 regarding:

— The PIs, clustered into: — The KPIs:
o General defects o Avalilability
o Material properties o Costs
o Equipment condition o Durability
o Structural geometry changes o Environment
o Bearing capacity o Health
o Structural integrity and joints defects o Maintainability
o Design and construction sequence attributes o Politics
o Dynamic behavior o Rating/inspection
o Auxiliary characteristics o Reliability
o Component cost and importance o Safety
o Security
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METHODOLOGY ASPECTS

« Real PIs’ values obtainment (e.g. through field measurements,
observations etc.)

« EXxpert input solicitation methods:

— Interviews (for the obtainment of Pls’ benchmark values of
conventional and best practice)

— Questionnaire survey with Likert-scale questions (for the
Importance rating of Pls, KPIs, and bridge components)

 The AHP (Analytical Hierarchy Process), and an appropriate AHP
results consolidation methodology

 The SB (Sustainable Building) methodology (with adaptations and
modifications)
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METHODOLOGY STRUCTURE

1. k(k={1,2,...,n}) experts rate the importance of the g Pls
(g={1,2,...1}) connected to each of the h KPIs (h={1,2,...m}) using a
5-point Likert scale (1: not important, to 5: very important)

2. Processing of each of the k experts’ input via the Row Geometric
Mean Method (RGMM) variation of the AHP, to calculate Wp|gh’k
(the relative weight of the g PI corresponding to the hth KPI

according to the k" expert):

1 ,, (calculation of the priority values 1,

g g

fa ZEXp{gjzlln(Akhu)}:(ﬂ A of the square pairwise comparison
matrix A )
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METHODOLOGY STRUCTURE

IFkh i

P =5 (normalization of priority values)
Zrkh,i
=1
25, In(A, ) —In( Py (Geometric Consistency Index of the
GClI = - normalized priority values)

(9-D(g-2)

If GCI < 0.31 (for g = 3), < 0.35 (for g = 4), or <0.37 (for g > 4),
then

PI K pkh N
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METHODOLOGY STRUCTURE

3. Weighted aggregation of all Wp|gh’k for all n experts, to obtain the
final weights WF,Igh (the weights of each one of the g Pls related to
the ht" KPI according to all experts). This is done via the Weighted
Geometric Mean Method (WGMM) and the Eigenvector Method
(EVM) variation of the AHP:

i
Ch _e 2ht n(Amij)

i Xp g
thlelgh,k

(WGMM elements of the consolidated matrix C,)

Amax—g _ _
CR=
2.76991 —4.3513—g (consistency check of the max eigenvector)
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METHODOLOGY STRUCTURE

If CR = 0.10, and having calculated the priority vectors S, ;, then

WPIgh =S,

4. Robustness check of the consolidated results through the
consensus indicator S*:[0,1] (the threshold is S* 2 0.65):

S*:[(llexp(Hﬂ))_exp(Hamin)/exp(Hymax)]/|:1_exp(Hamin)/exp(H?’maX):|
where

H =Ei IZ (—=Pg IN(Py)) (Shannon alpha entropy)

k=1g=1

WG3, WG4 and WG5 WORKSHOP
23rd — 24th November 2017 SLIDE 130

Riga, Latvia



BRIDGE QUALITY APPRAISAL METHODOLOGY: APPLICATION IN THE STRIMONAS BRIDGE CASE STUDY | DIMOSTHENIS KIFOKERIS ET AL

METHODOLOGY STRUCTURE

H, = S (P, InB,) (Shannon gamma entropy, with p, =}i Pyc)
k=1 g:l
H,=H -H, (Shannon betta entropy)

c c 1 i
= max max — H
M | +Coy _1In[| +Cpa — ] ( 1) —1In(l +Cpy —1} (min Hz)

1 1 n+c..—
H = I—n - - |n e max
o = )( C., +| —1] [cmax +1 —1] ( l+c . —

for c . =9, due to the 5-point Likert scale
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METHODOLOGY STRUCTURE

Repeating of steps 1-4 to calculate WKF,Ihu (namely, the relative

weights of the h KPIs corresponding to the ut" bridge component,

where u={1,2,...,v}), and (W (namely, the relative weights of the

comp,

u components connected to the bridge at the system level)

Obtainment of the real value Pgh , conventional practice value P,.,

and best practice value P,,, for the g Pl connected to the ht" KPI

P.—P.
Normalization of the Pl values in [0,1]: P = h___on
Pgh B I:)gh*
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METHODOLOGY STRUCTURE

8.

Derivation of the calibrated normalized values

following rules:

— If PP™>1.2, then PF™*=1.2
— If PP™ <-0.2, then P™*=-0.2
— If P,=P,.=P;

" then Pp™*=1

— If Py #P,. =Py , then PPm*=0

— In any other case, Py™*=P™
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METHODOLOGY STRUCTURE

9. Calculation of the quality performance of the ht" KPI related to the

uth component:

|
. norm <
QKPIhu - gz—lwp'gh ) Pgh

10. Calculation of the quality performance of the uth component:

m
Qcompu = hZ::lWKPIhu 'QKPth

11. Calculation of the quality performance of the whole bridge at
the system level:

v
Qbridge - uZ:chompu ) Qcompu
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

- Located at coordinates 40°48'4"N, 23°51'20"E
* Intersects the Greek part of the Strimonas river

« Part of the 670-km-long Egnatia Motorway designed, constructed
and operated by Egnatia Odos S.A.
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

« Constructed in 1987

* Length: 240 m

« Pavement’s width (including the sidewalks): 12 m (two traffic lanes)

« Eight 30-m-long spans

« Deck comprises from five precast prestressed concrete T beams

* Founded on the Strimonas’ riverbed with multi-column piers through
piles

« Upon piers, deck is simply supported through NB1 elastomeric
bearings

« Elastomeric expansion joints of the T50 type

« |dentiflied components: abutments, piers, superstructure, safety
railings, sidewalks, pavement, and drainage system
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

 |dentity of the questionnaire survey among Egnatia Odos S.A.
experts, conducted for the importance ratings

Table 1. Identity of the questionnaire survey

Respondents' attributes Percentage (%)
Researcher 33.3
Owner 33.3
External partner 33.3
Respondents' expertise Percentage (%)
Maintenance 100
Analytical research 66.7
Experimental research 33.3
Design 33.3
Years of experience* Percentage (%)
[5-10] 66.7
[15 - 20] 33.3

*Intervals are determined based on the actual
values reported by the respondents in the survey
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APPLICATION IN THE STRIMONAS BRIDGE

Table 2. Identified and discretized P7s for the Strimonas Bridge

CASE STUDY
Identified Pls D E H M P R N Ap S S g

U R
X X X X

o
»
@
@
» O

Approach slab settlement
Asphalt pavement cracking

Asphalt pavement wearing and tearing

X X X X|>»7©

Asphalt pavement wheel tracking/undulation

Bearings deformation

X X X X X X

Bearings displacement

X X X X X X X| »
X X X X X X X
X X X X X X X

X

Carbonation depth
Carrying capacity factor
Chloride content

x
x

Concrete cover (insufficient)

x
X X X X X X X
X X X X X X X
X X X X X X X

Condition rating

X X X X

Corrosion (overall)
Corrosion related to prestressing steel
Corrosion stains related to protective coating

X X X X
x
X X X X X X

Corrosion related to reinforcement steel
PY I d e n t i fi e d an d Crack length (component-specific causes)
Crack orientation (component-specific causes)

Crack spacing (component-specific causes)

X X X X X X X X
X X X X X X X X

Crack width (component-specific causes) X X X

d i S C reti Z e d P I S Cracks related to origin (e.g. due to settlement)

Damping

x

X X X X X X X X X X X X
x

X X X X X X X

X X X X
x

Deterioration of protective coatings X

for the e C

Frequency
Grouting deficiency X X X X X X

. Inadequate clearance and accessibility X
r I I I l 0 n aS Insufficient height of railing (safety barrier) X X
X

Joint deterioration

x
x X
X X X X X X X X X X X

X
x
x X X X X X X X X X X X
X X X X X X X X X X X X X X

x
x
x

Loss of section X X

Bridge i

Pitted corrosion X

X X X X X
x
X X X X
X

Priority repair ranking X X X
Probability of failure X

Remaining service life X X

X X X X X X
X X

X X X X

Sag/deformation/denivelation X X X
Settlement X X X

Sum of costs for repair of individual damages X

Water penetrability X X X X
Waterproofing deterioration/loss X X X

X X X X X X X X X X X X

X X X X X X X X X X X X

X X X X X X X X X X X X
X X X X X X X X X

Note: A = Availability; C = Costs; D = Durability; E = Environment; H = Health; | = Inspection/rating; M = Maintainability;
P = Politics; R = Reliability; S = Safety; Se = Security; AB = Abutments; Pl = Piers; SU = Superstructure; SR = Safety railings;

Sl = Sidewalks; PA = Pavement; DS = Drainage system
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

« Example of the obtained triplets of the PI values (Pls expressing the
KPI1 “Durability” in relation to the bridge’s superstructure)

Table 3. All values of the Pls expressing KPI "Durability"” in relation to Strimonas Bridge's superstructure

Pls Measurement units Py Pgw Py PYO™y  PROM™
Carbonation depth Carbonation depth (mm) 8 10 5 0.40 0.40
Chloride content Chloride content (%) 0.08 0.08 0,04 0 0
Concrete cover (insufficient) Affected area (%) 20 5 0 -3 -0.20
Corrosion (prestressing steel) Affected area (%) 10 1 0 -9 -0.20
Corrosion (reinforcement steel) Affected area (%) 15 1 0 -14 -0.20
Crack width (shrinkage) Width (mm) 0.05 0.20 0 0.75 0.75
Crack width (longitudinal) Width (mm) 050 0.20 0 -1.50 -0.20
Grouting deficiency Percentage of strands 10 5 0 -1 -0.20
Pitted corrosion Affected area (%) 15 5 0 -2 -0.20
Remaining service life Number of years 15 28 48 -0.65 -0.20
Water penetrability Affected area (%) 100 10 0 -9 -0.20
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

« Component quality performance scores, component relative
weights, and final bridge quality performance score

Table 4. Quality performance of the Strimonas Bridge's
components and system

Component Notation Qcomou Wcomou Qbridoe
Abutment Qaput 0.112 0.171 )
Pier Qpier 0.071 0.218
Superstructure Qsuper 0.120 0.218
Safety rail Qsrail 0.650 0.101 0.281
Sidewalk Qside 0.627 0.087
Pavement Qpave 0.897 0.087
Drainage system Qg 0.189 0.119
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

« Spider graph depicting components’ quality scores, relative weights,
total scores (products of the individual quality scores and the relative
weights), and percentile participation in the final bridge quality score

Abutment

Drainage system _ Pier —Component quality score

—— Component weighted
significance

——Component total score

Pavement Superstructure

—Component total
participation in Qbridge
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

« Position of the final bridge quality performance score in the
suggested methodology’s rating scale

Table 5. Q4 and proposed quality bridge performance rating scale

Qi Rating Characterization Interval
CAT Excellent (innovation) (Qurigge> 1:00) ...
...... A .......0Good (bestpractice) | (0.75 = Qurigge = 1.00)
B Adequate (050 < Qpuigge < 0.75)
0,281 C Acceptable (common practice) (0.25 < Qpyigge < 0.50)
oD POOT i (000 < Quigge < 025).
E Very poor (Qbridoe < OOO)
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APPLICATION IN THE STRIMONAS BRIDGE
CASE STUDY

*  Quriage = 0.281 translates into a “C” rating and marginally

“Acceptable” quality performance

» Critical were the very low score and very high significance of the
piers

e Strimonas Bridge's sufficiency rating by E.O. S.A.: SR = 0.49 (worst
component condition rating is that of the piers (CR, = 0.333))

* By qualitatively comparing Qg4 With SR, and Q;, = 0.071 with
CI:epier’

conservative in its quality appraisal

it is clear that the presented methodology is much more

 However, direct comparison may not be suitable, as the criteria, the
scales, and the composition rules of the rating methods are
generally not similar

WG3, WG4 and WG5 WORKSHOP
23rd — 24th November 2017 SLIDE 143

Riga, Latvia



BRIDGE QUALITY APPRAISAL METHODOLOGY: APPLICATION IN THE STRIMONAS BRIDGE CASE STUDY | DIMOSTHENIS KIFOKERIS ET AL

CONCLUSIONS

General:

» The presented bridge quality appraisal methodology offers a clear
step-by-step computational framework

» Deliverables: intermediate Pl, KPl and component quality scores,
and the final bridge quality score at the system level

» Highly customizable, allowing for the explicit weight assignment and
Pls’ identification and discretization

« Thus far, the only bridge quality appraisal methodology where PIs’
measured values are correlated with their benchmark values of
conventional and best achievable performance

« Solicited subjective expert input limited to the methodology’s initial
weighting procedures and only needed once per case study (except
special or severe cases)

WG3, WG4 and WG5 WORKSHOP
23rd — 24th November 2017 SLIDE 144

Riga, Latvia



BRIDGE QUALITY APPRAISAL METHODOLOGY: APPLICATION IN THE STRIMONAS BRIDGE CASE STUDY | DIMOSTHENIS KIFOKERIS ET AL

CONCLUSIONS

Regarding the Strimonas Bridge case study:

« The methodology’s final bridge quality score indicates a marginally
acceptable, almost poor bridge condition

* In accordance to the official SR provided by Egnatia Odos S.A., also
Indicating a marginally deficient bridge (0.49 < 0.50)

« The present methodology’s score is more conservative than SR and
even the bridge’s structural condition rating (SCR) applied by
Egnatia Odos S.A., which is equal to the worst component CR (in
the present case, CR,)

« More case studies, even featuring radically different bridge
typologies, should be carried out, for the further calibration of the
presented methodology
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1.- INTRODUCTION

Sl Deusto bridge is located in Bilbao (Basque

Country), in the North of Spain. It was built in 1936

and joins the Bilbao centre with the Deusto district.

It is next to the Deusto University, Iberdrola tower
and Guggenheim museum.
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« Deusto bridge is composed
of 27 spans.

 The length is 522 m.

« The layout is considerably
rectilinear, except in the
area of the centre of Bilbao,
where it draws a slight

curve.
i 27 26 25 24 23 22 21 201918171615 1413 12 _ 11 1098 7 654 32 1
< Z< v 'J
Bilbao Side Movable Deusto Side
section

TU1406 WG3, WG4 and WG5 WORKSHOP

‘ 2630 ARTIEN 231 — 24th November 2017 SLIDE 151
Riga, Latvia



DEUSTO BRIDGE. STUDY AND DIAGNOSIS FOR REHABILITATION | IGNACIO PINERO ET AL

2.- The HISTORY of the BRIDGE

Investigation to reconstruct the history of the bridge:

l

Documentary search in the archives of the Port Authority of Bilbao,
the Provincial Council of Vizcaya and the Bilbao City Council.
Selection, recovery and reproduction of the documents for the project
file.

Search for information in other sources, such as publications and
companies that have worked on the bridge, etc.

Analysis of recovered documentation. Reconstruction of the history
of the bridge, from its original project to the last performances on it.
|dentification of updated project bases (regulations, technical
instructions, etc.).

Identification of the documents (drawings) that define the current
theoretical state of the bridge: foundation, structure, opening and
closing mechanisms, electrical installation and affected services.
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The origin of the bridge

The development of the bridge project began
in the mid-1920s of the last century.

In 1924, it was ratified the opinion of the
municipal architect of Bilbao on the priority of
a bridge linking Deusto with the Bilbao
expansion district.

The idea of a movable span over the river
matured on a previous trip from Bastida to the
United States, where he visited the city of
Chicago and its movable bridges.

TU1406 WG3, WG4 and WG5 WORKSHOP

SLIDE 153

‘ COST ACTION 231 — 24th November 2017
Riga, Latvia




DEUSTO BRIDGE. STUDY AND DIAGNOSIS FOR REHABILITATION | IGNACIO PINERO ET AL

- ~ 3 = -= =g R X g s
= ez 3 B ) i e = B =

Photographs of the construction of the movable section.
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Bridge after its explosion before the imminent

Movable section at an advanced stage of : .
arrival of Franco’s troops.

construction.
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3.- DESCRIPTION OF THE BRIDGE

« It consists of 27 spans, with a length of 522 m.

« Span number 11: movable section

« Spans 1to 10 and 12 to 20: Reinforced concrete
« Spans 21 to 27: Steel structure

&

=
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Movable Section. Span number 11: Description of the Bridge

« Crosses over theriver.
« ltis abascule-rolling drawbridge, with a nether counterweight.

* The two leaves of the bridge swing until reaching an angle of 70° on the
horizontal.

« The main beams of each leaf are lattice beams, with variable edge, built with
riveted steel sections.
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_ Description of the Bridge
Movable Section. Span number 11.:

It is made up of two identical leaves
whose flown parts, in each one of them,
has a length of 25 meters, being the total
of the roadway of 32.2 m.

Each steel leaf is made up of two main
beams, which are of lattice in the flown
bR | part and full web in the running surface
17 S | and counterweight.
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_ Description of the Bridge
Movable Section. Span number 11.:

The support piers of the movable span are made of reinforced concrete and

consist of a simple column-shaft with cutwater. They can be visited and the lifting
machinery of the movable leaves can be seen.
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Description of the Bridge
Rest of spans:

 They are also called access viaducts.

 The type of decks are based on piers / abutment, with lights
approximately between 11 and 25 m.

 The platform width is 25 m (15 m of road and 5 m for sidewalks).
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Span 1 to 10 and 12 to 20 Description of the Bridge

 Reinforced concrete deck is made of rectangular beams,
iIntermediate sleepers and supports, and slab floor.

« 18 open piers are built in reinforced concrete consisting of columns
with a pier cap
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Span 21 to 27 Description of the Bridge

 Deck is made of beams and sleepers of riveted steel structure, and wrought is
made of steel beam and reinforced concrete slab.

« The 6 open piers are built in riveted steel structure based on columns with a pier
cap.
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4. Works carried out |
Topographic survey

Objective: Define the geometry (planimetry and altimetry) of the bridge and
of the racks of the elevation mechanism of the bridge.

) 4

» Topographic bases outside the bridge in UTM coordinate.

« Taquimetric survey of the bridge plant and the surrounding vials.
« Development of the longitudinal profile of the bridge.

« Geometric definition of some mechanisms of the movable section.
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4. Works carried out |
Topographic survey

RESULT OF TOPOGRAPHICAL SURVEY:

It was certified that the analyzed documentation corresponded to the
current configuration of the bridge.
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4. \Works carried out Whole structure inspection

Objective: Detect possible damages or pathologies in the structure and its
auxiliary elements.

) 4

Inspection: beams, deck, piers, abutments and bearings. Inspection of
the movable section.

Inspection sheets: Sketch of the element + damages (situation and
extension).

Inspection of caskets to observe the state of the drainage system.
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4. Works carried out Whole structure inspection

_\‘

Visual inspection

Drainage system

Auxiliary resources
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4. \Works carried out

Whole structure inspection

Inspection sheets of different elements of the bridge
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4. Works carried out Whole structure inspection
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4. \Works carried out Whole structure inspection

RESULT OF THE INSPECTION:

The status of the access viaducts was considered "good", requiring small
actions of cleaning, maintenance and replacement of the drainage system.

Critical pathologies were found in the movable section. Some of them,
required urgent action to avoid a degradation of the security level of the
bridge.

It appeared that in the previous 10-15 years the maintenance of the
movable span had been tight.

Most of the pathologies found had their origin in the lack, or in the total
ineffectiveness, of the drainage system.
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4. Works carried out Steel and coating of paint tests

Objective: Determine the state of the coating paint and the possible loss of
section of the structural steel elements.

A4

Span 11 (movable section) and spans 21 to 27: Steel structure.

Tests to determine the remaining thickness of steel and paint thickness
(before and during repair).

Paint adhesion tests (before and during repair).

Visual inspection of the coating (during repair).
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4. Works carried out Steel and coating of paint tests
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4. Works carried out Steel and coating of paint tests

RESULT OF STEEL AND PAINT TESTING:

The tests gave satisfactory results.

In the visual inspection carried out during the repair, aesthetic defects were
observed: detachments, brush marks and dirt in the paint layer.
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4. Works carried out Vibrations measurements in deck

Objective: Quantify the vibrations generated in the movable section as a
result of vehicle traffic.

) 4

e Measurements of vibrations in the deck of the movable section, close to
the lateral joints and the central joint.

« Spectral data of continuous vibration, using triaxial technology.
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4. Works carried out Vibrations measurements in deck
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4. Works carried out Vibrations measurements in deck

RESULT OF VIBRATION MEASURES:

There was a high level of vibration in the movable compartment.
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4. Works carried out Study of the concrete structure’s
durability

Objective: Determine the condition of the concrete and the reinforcements
of the access viaducts.

) 4

v Realization of trial pits in the concrete, in areas where cracking existed.
v’ Tests for the determination of carbonation depth.

v’ Tests for the determination of the chloride profile.
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4. Works carried out Study of the concrete structure’s
durability
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4. \Works carried out

Study of the concrete structure’s
durability
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4. Works carried out Study of the concrete structure’s
durability

RESULT OF THE CONCRETE DURABILITY STUDY:

The armor of the beams of the deck was in good condition, with a slight
superficial corrosion.

The craks in the beams were superficial and coincided with the position of
the brackets.

In two of the tests the carbonation depth was greater than the coating of the
reinforcements, resulting in corrosion in those areas.

The chloride content was, in all the samples analyzed, lower than the
maximum admissible value.
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Conclusions

. The Inspection carried out on the structure made it possible
tasks necessary for the
correct conservation of the bridge, as well as the need
at several points, in order to
reduce the pathologies observed as a consequence of its deficient
state.

. The "critical" pathologies observed in the movable segment served
that should be carried out , In order
of the bridge.
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Conclusions

|

. The withheld parts the deteriorated beams and plates were repaired and

repaired in the area of counterweights and crankshaft and bolts and bolt caps
with new design and material were replaced. All this has contributed

and that
occurred on the deck.
. The results of the tests carried out on the of
the bridge confirmed
From the tastings and tests carried out on the , It was
concluded that their was , requiring only the
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Outlines

* Overview of bridge network

« Common typologies and damages
* Bridge assessment

* Decision-making
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Estonia

l

Oldest known endonym of the Estonians is ,,country people® or
,people of the soil”. (Ariste, P. 1956)

We belong to ethnic group of Balts or Baltic people (with Latvians
and Lithuanians)

Independence declared in 1918
Independence restored in 1991
Area is 45,336 km?

Population is approx. 1,35 million,

-

 RUSSIA

Bacharest
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Road Network of Estonia

« Total length of Estonian road Network 58 936 km
— Private and forest roads 18 398 km
— Local roads 23 944 km

— National roads 16 594 km (+ 87,6 km of ice roads)
* E-roads 1 294 km
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Bridge network of Estonia

Total number of bridges is approximately 3300

Estonian Road Administration 995

Estonian Railways LTD. *information not shared
Local authorities approximately 600 (664 in 2008)
Forest roads ?

Private roads ?

Estonian Defense Forces *information not shared

Challenge 1. Know the owners and quantity of bridges in
Estonia.
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Estonian Road Administration

« Operating within the administrative area of the Ministry of Economic
Affairs and Communications

« Government agency with a controlling function
e Main functions:

— Road management and creating conditions for safe traffic on
national roads

— Increasing road safety and reducing the harmful environmental
Impact of vehicles

— Keeping the national register of roads, the traffic registry, the
national public transport register and the fixed automatic speed
measuring system
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Estonian Road Administration

The main functions of ERA are split between activities concerning
construction, maintenance, traffic and road registers, which are
managed by Deputy Director Generals and Heads of departments. The
ERA's main functions are supplemented by support activities.

« Approximately 500 employees and officials
« 6 people, who are dealing with bridges

« 1 person, who is dealing with bridge assessment and management

Challenge 2: Manage 995 bridges with 1 (6) people
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Bridges of Estonian Road Administration

Age of structures
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Bridges of Estonian Road Administration

Typology

9

3

m Grider

m Slab

= Arch (roadway above)

m Frame (overpass)

m Cantilever

m Arch (raodway below)
Cable stayed
Truss
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Bridges of Estonian Road Administration

Average bridge of ERA

Length: 14 m

One span

Built in 1975

Not repaired

Material: reinforced precast concrete
Main girder typology: simply supported
beam
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Average bridge of ERA
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Average bridge of ERA
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Main typologies background

« Majority of the bridges are constructed during Soviet era (61%)

« Most of the structures are constructed based on design catalogue
products

« Design catalogues are produced from 1945 till nowadays
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Other typologies

Precast slab bridges
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Other typologies

 Cantilever
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Other typologies
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Examples from local roads

Challenge 3: Unknown condition of local bridges
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Main damages

« Leakage of deformation joints

« Corrosion related to reinforcement (due to thin concrete cover)
« Corrosion related to equipment made of steel

* Debris

« Erosion

* Freeze-thaw

- Effloresence — (symptom)

Challenge 4. How to keep bridges safe with all the damages?

ERAs Annual budget for interventions and maintenance actions is 5-7 million
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Bridge assessment in ERA

...-2005 bridge cards were used

« 2003-2005 development of unified inspection system based on
bridge cards/AASHTO and program Pontis 4.3.1

« 2005-2013 unified inspections by consultant company

« 2014 Pontis Update request, which were denied Givesyou;30ays
freeltrial

FOREVER

QitBhcntcracn

2015-... inspections continued, but program is MS Excel based

Challenge 5: Make decisions without the help of professional
program
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Bridge assessment in ERA

Data inventory - National Road Databank

Inspections

— Maintenance inspections every year

— Main inspection once in every 4 years

— No special or underwater inspections

Planning —MS Excel program and Google applications
Intervention types — repair, reconstruction or demolition
Maintenance actions — cleaning and small repair
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Bridge assessment in ERA

Evaluation of element condition (ClI)
— Every element is evaluated, unit based
— 4 states (1 very good — 4 very poor) without time frame
— Urgent damages with time frame

Element | Area | CI1 | ClI2 | CI3 | Cl4 | Urgent
500 6 0 6 0 0
460 171 0 171 0 0
800 29 0 14 15 0 B
839 10 10 0 0 0
836 4 4 0 0 0
110 254 | 230 | 18 6 0
200 20 20 0 0 0
819 130 | 129 1 0 0

WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017 SLIDE 204

Riga, Latvia



Bridge assessment in ERA

« BCI (Bridge Condition Index) 0-100%

— Current element value/Total element value=ClI

— Different elements have different weight factors

— Overall BCl is calculated based on weighted average

Number of strucutres

600

500

400

300

200

100

0

523

= 2007

2016

240
224
184 197
155 161 [
= - 1 -
35

15 g

. N | | | | |

40-50

50-60 60-70 70-80 80-90 90-100

BCl, %
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Bridge assessment in ERA

« BClIlis a static value

» To validate the initial decay rate 0,6% - values of different

evaluations are compared.

Annual decay rate of all structures

6.00

o
o
o

A
o
S

Annual decay rate of BCI
w
o
o

COST ACTION

Average decay rate

Average decay rate vs. Average BCI

1.40

1.20 ¢ 116

1.00 y-=-0:0137x+1.6436
?\\ R?=0.6983

0.80 07077

0.60 1

0.40 0.45

o¥op 010000x3 - 0.0063x2 + 0.4469x - 9.12}* 0.25

R?=0.8981
0.00

0.00 20.00 40.00 60.00 80.00 100.00 120.00

Average BCI, %
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Bridge assessment in ERA

* Function from the relation y =-0.0137x + 1.6436
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Bridge assessment in ERA

« Bridge Condition Index is easily understandable indicator for
decision-making, but it doesn’t give any information regarding to
reliability or safety.

« Additional assessment is done during re-design phase — NDT

« Modal testing and validation procedure of structural resistance
assessment is in preparation

Challenge 6: How to translate assesment values into more useful
outcome?
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Decision-making

« Ranking of bridges — making decisions which bridge needs
Intervention based on same background

Idea is to keep it as simple as possible, but still being systematic and
rational

« Bridges are ranked using same background

« Every bridge is included
« Gives initial indicator
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Decision-making

|

Background of ranking system

— BCI

— Traffic intensity, percentage of heavy traffic

— Width of a bridge (compared to road)

— Time from last intervention

g i i 8
sl o] E & @ S
2 — —-
> 2| = T 5
s| S| 2| = 2 g S
B £ = = ® & 3
E 3 § § = (o4
- £ ;
2l o 3 3 a : -
= _
2| 8| =8 2 2 3 2 8| &
52| 1975 0 8 9( 10570 21| 59 1| 40634.62| 97416.79| 186629.2
618| 1957 0 7 8| 2582 71 43 2| 22586.46| 27287.62| 54770.5
71| 1975 0 9 9.2| 8120 5| 61 3 78025.88| 123906.5| 235065.7
66| 1975 0 8 9.2 9684 25 74 4| 53794.51| 108122.7| 155302.6
54| 1974 0 8 9| 8623 28 75 5[ 525385.9| 692049.5 811837

TU1406

COST ACTION

WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017

Riga, Latvia

SLIDE 210



Decision-making

Further decisions are based on (KPIs?)

— Safety

— Material properties (Reliability)

— Politics
— Economics

Challenge 7: Further decision-making must support strategic

goals
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Benefits of COST TU1406

 WG1 Performance indicators (PI)
— What kind of Pls are available (385)
— What kind of Pls are relevant
— How Pis are classified
— Basis of Key Performance Indicators
« WG2 Performance goals (PGs)
— From Pls to KPIs
— Description of PGs and LCC
«  WG3 Quality control plan
— Framework of how to assess
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Assesment procedure of COST TU1406

Element level
* Visual inspection of element =ClI

Structure level

« Cl * Weigth factor of element = BCI

Network level

« BCl+TraffictAge+Width=Ranking
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Assesment procedure of COST TU1406

« Spider of ERA
BCI

Costs Traffic

Width Age

WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017 SLIDE 214

Riga, Latvia



Assesment procedure of COST TU1406

What is missing? PERFORMANCE GOALS!

« Strategic goals and tactical strategies are missing
— Actually there are goals, but without relevant KPIs/PGs.

« WG2 Report is helpful if goals are missing (solves Challenges 7, 8)

Challenge 8: Tactical goals with PGs(KPIs)
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Assesment procedure of COST TU1406

WG 3 QC plan — after getting a grasp of it, will solve challenges 3-6

E Performance | VUI:;::‘JIE H Observation H——— d —
S | component |07 ndiator
S
= [ Construction Design and
type construction
KPI —
v . l
Deck {old) Reinforced concrete 1963 Corroded reinforcement
Deck (new) Reinforced concrete 1977 HMS Corroded reinforcement
Deck (old) Reinforced concrete 1963 Spalling
Deck (new) | Reinforced concrete 1977 Spalling
Deck (new) Reinforced concrete 1977 Bending Corroded reinforcement Reliability 3
Deck {old) Reinforced concrete 1963 failure mode Corroded reinforcement (Structure 3
Deck (new) | Reinforced concrete 1977 HMH Spalling safety)
. Deck {old) Reinforced concrete 1963 Spalling
Frame bridge =
Deck (new) | Reinforced concrete 1977 Efflorecences
Deck {old) Reinforced concrete 1963 Efflorecences
Shear failure
Deck {old) Reinforced concrete 1963 mode HSS Crack 2
Deck (old) Reinforced concrete 1963 Falling Spalling
Deck (new) | Reinforced concrete 1977 chunks Spalling Safety (Life and 2 2
Falling of the limb)
Railings Steel 1977 bridge Broken 2
ry

Hajdin, 2017
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Conclusion

« Challenge 1: Know the owners and quantity of bridges in
Estonia

« Challenge 2: Manage 995 bridges with 1 (6) people
« Challenge 3: Unknown condition of local bridges
« Challenge 4: How to keep bridges safe with all the damages?

« Challenge 5: Make decisions without the help of professional
program

« Challenge 6: How to translate assesment values into more
useful outcome?

« Challenge 7: Further decision-making must support strategic
goals

« Challenge 8: Tactical goals with PGs
« Challenge 9: Study the framework
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Euro-Asian Economic Community challenges
for the national road bridge stocks

« Upgrading of national Codes, techniques,
guidelines and so on documents to make them
compatible for EurAsEC members;

« Adaptation the old Codes to new structures,
materials, numeric calculations and techniques;

 New Codes development, the Regulatory Framework enhancing till the
world's advanced standards;

« Improving of safety, reliability and efficiency of design solutions;
« Improving the quality of bridge construction works;

« Reducing of bridge failures number and consequences;

« Bridge management systems (BMS) enhancing;

« Bridge stock life cycle costs (LCC) reduction.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Some features of the Russian bridge stock

About 70% of capital bridges were built g
in the period 1970 — 1990;

Average lifetime of a capital bridge
superstructure on public roads in Russiag
was estimated as 43 years for the
current period,;

« A proportion of steel, composite,
reinforced & prestressed concrete
superstructures designed by model
projects achieves 80% both in Russia
and in other EurAsgEC countries,
which simplifies the compatibility and
functioning of Codes, BMS, and so
on.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

But the unique bridge park also increases

Cable-stayed ,
bridaes Arched bridges
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

The need was to improve Russian BMS

* The old database "MONSTR" did not have the required speed,
analytical capabilities, had an outdated interface. It hadn't
capabilities to treat properly new types of bridge structures.

* It have been registered increasing of bridge failures number in the
beginning of XX century.

» Regular bridge inspections in Russia showed that the actual
average service life for reinforced concrete superstructures
constructed in 1960 -1970 years is 43 years. Even in accordance
with the National Program for 2010 - 2015, the average lifetime of
bridge superstructures in Russia, replaced by 2010, was estimated
only as 48 years.

« As aresult, the budget deficit and the need to save money for the
development of new infrastructure contributed to the promotion of
the State Order for the creation of a fundamentally new BMS.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Growing of lifetime saves the life cycle costs

Well known, that the greatest opportunities to reduce the bridge life
cycle costs gives increasing of their lifetime at moderate maintenance
costs.

There are many cases of successful work of reinforced concrete bridge

structures in Saint-Petersburg, Russia, during more than 60 and even
100 years:

" BUIT 1812 / lifetinae 104%)

SO IS LBt 1932/ lifetime 841 |

- 1 u l
so == oo IR
- . 2 QR

////

“Built 1955 / lifetime 61

R i L g AL S
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Examples of long lifetime of steel bridges
(long service life = quality + regular cure)

ITpusbrs usb Ocrposa. Mocrs uepean pbry Beaugyw. 1853

@ Pétrograd Pont de I'Emperear Plerre le Grand.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

BMS cycle (routine maintenance not shown)

Data acquisition: inspections,
monitoring, tests in order to obtain
reliable and timely data, detection of

visible and hidden defects

Database renewal

V.

Process

, 7 of data
L analysis

Bridge elements

A\

Recovery
measures

AN

Urgent measures, Performance
Decisions making planning, designing, indicators
definition of costs parameters
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

AIS ISSO-N Is a core part of the Russian BMS

The modern Analytical Information System AIS ISSO-N is intended
for information managing support of the road bridges, pipes, MC MO
retaining walls and other artificial road structures with automating
solution of the following main tasks:
* Registration and operational access to structural and

performance data;
« Treatment of data, including search, sorting, analysis etc;

« Assessment and prediction of the structures technical condition;

 Determination of allowable common and axial loads of vehicles
(load capacity, extra-loads passing etc); —

ITMEHE Bxon

« Calculation, planning and optimization of maintenance and repair
COSts;

« Mapping the structures location on the electronic map according to the coordinates
input;
« Bridge (or other kinds of facilities) stock performances analysis for long-term

planning and development the relevant technical strategies and programs, research
goals, improvement of the regulatory and methodological base, etc.

« Formation and printing of standardly formalized reporting documentation.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

AIS ISSO-N functioning by operating levels
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

The initial window of AIS ISSO-N
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Routing lists | Maintenance works |
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

I\”Ilain' u_s_gr’s function modules of AIS ISSO-N

LB U% & @ i ® 8@  Input, viewing and processing of
s : data on structural elements,
e e defects and other characteristics -
e B 28 A 888 4 provides a
e simple and
e 2:_“_* effective
T open procedure for
=== entering the
- =T database the

The data is arranged
by tree graphical
user interface

Ty soofipamment « B0 Pacesrp rocficasones « 1956 ¢ 1167 (1655) Macursd - %

necessary
Information
with
possibility of
further quick
access for
viewing and
adjusting it.
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RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Main user’s function modules of AIS ISSO-N
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P | &
napameTpos MCCO - Road 9.0 - nedekt COCTORHWA aedexTos
MapaMeT Pl COOPYHEHMA Bydep obMera [edekTsl. Beero 48, nokasato 48 DoTorpadwmi aedexTos
CoopyseHne N2304409 = BOER
MyTenposoa Yepes x/a Tatapok - Kynynaa (craHuwmonHse nyTi) Ha km 386 +172 asTopoporn K-17p HosooBpas - Kouk - Masnoaap (8 npea.Po) (Koo MCCO: 304409)
= - Oblume gaHHse Ng KoHCTpykUMA 3NEMEHT B KOHCTPYKLIMA HazeaHue aedekTa B |4|P r | AaTel o
— [ Ocobeie ycnosus skennyatawym [1] 25 MponeTtHoe cTpoetne N1 [NEBHEIE HECYLUME KOHCTPYKLAM, JKenesofeToHHbe BbiENa4YMBEaHIME LEMEHTHOMO KaMHS C a2 2 aaf | 17.08.2015/
[ OBcnysuBaoUme opraHusaL [2] NAOWHOCTEHYATEIE, MPOAOALHEI WOB OMOHOMMUWESHIA B OTNOKEHMEN CONEll Ha NOBEPXHOCTH HET | [He ycTpaHeH]
e AETOAOPOMHEIT MOCTOEDIA NEpex0a 26 MponeTHoe CTpoeHUe N21 [NEBHEIE HECYIUME KOHCTPYKLYM, KenesobeToHHEE OBB0AHEHHE KOHCTDYKLAA 0 1 o HeT 17.08,2015
M Mpoesas Ha coopyskerin [1] CMAOWHOCTEHYETEIE [He ycTpaHeH]
=-[[ MponeTHoe cTpoetie [5] 27 (&) |MponeTHoe cTpoeHue N21 [NEBHbIE HECYLLME KOHCTPYKLAM, 2KenesofieToHHble W3n0M 3neMeHTa KOHCTPYKLIM 0 2 3 aa/ | 17.08,2015/
I Mocrosoe nonoTHo [5] CMAOWHOCTEHYETEIE HET | [He ycTpaHeH] =
[ ¥3nbl onMpaHus, onopHsle 4acTh [6] 28 (&) |MponeTHoe cTpoeHue NE1 Qﬁs:jx:ue:r:‘tu;:l:gnnnwww HenesobeToHHbie Cronkl MEXEHUHECKME 0| 1|2 |ne EHﬁﬂfﬁzgalei]
AedopraonHiii wos [5]
Onopa [8] » 28 (d) MponeTHoe cTpoeHme N3 iMNaBHbIE HECYLUME KOHCTPYKLYM. JKenesofeToHHse [PONOM B 3NEMEHTE KOHCTPYKLYM ol|3|3|® 17.08.2015/
5 5 . = FCMNOWHOCTEHYETEIE [He ycTpaHeH]
KCMAYaTaWwoHHbIE obycTpolicTsa ;
Komyriawym [5] 30 (d) |MponeTHoe cTpoeHue N3 [NEBHEIE HECYIUME KOHCTPYKLYM, KenesobeToHHEE PaKoBMHEl B BeToHe 0 12 HET 17.08,2015
YHAELA NAOWHOCTEHYETEIE, MPOAOALHEIA WOB SMOHOMMUWESHHA B [He ycTpanen]
YKpennenua oTkocos [1]
31 (d) |MponeTHoe cTpoeHue N23 [NaBHbIE HECYLUME KOHCTRYKLWAM, XKenesobeToHHbie Bblllena4MBaHHe LEMEHTHOMD KaMHA C 0 PR aaf 17.08.2015
Moaxon [2] CMNOWHOCTEHYATEIE. MPOAOAEHBIA WOE OMOHOMMYMEEHHA B OTAOKEHWEM CONEM Ha NOBEPXHOCTH HeT  [He ycTpaHeH]
Mepecekaenos npensTerene [1] 32 (d) |MponeTHoe cTpoeHue N23 [naBHbIe HECYLWME KOHCTPYKLIM, M enesobeToHHbe Ckon canosoit 0 12 HeT | 17.08.2015/
NokymenTawa [1] NIOWHOCTEHYETEIE [He ycTpanen]
MpoBeaerHeie penoHTEi [1] 33 (d) |MponeTHoe cTpoetme N23 [NEBHEIE HECYLUME KOHCTPYKLM, JKenesobeToHHbe PaccnoeHve sawmnTHoro aios BeToHa B a2 2 aaf | 17.08.2015/

- AedexTsl NNOWHOCTEHYATEIE PE3YNETATE KOPPOSWN DMATYDE! HET | [He ycTpaHeH]
[aHHble K pacHeTy yonosui nponycka [... 34(d) |MponeTHoe cTpoeHue N3 [NEBHEIE HECYIUME KOHCTPYKLYM, KenesobeToHHEE CKON CUnoBoi 0 1 1 HET 17.08,2015
OueHka TexHiecoro cocToaHna [1] CNAOWHOCTEHHATRIE [He ycTpanen]
MNEHMPOBEHHE HOPMATHEHEX pataT [34] o Mnanarone crosaoe MO Cnmmiiie semnse et s W anesnBaras0Ls Narmanatumune nasmaeose arags mal 1702 015 L '
MA&HUPOBEHIE PEMOHTHEIX paboT CTeneHs pasenTia, Onpeaensaiolme NapameTpel 3HaqeHue B a P r MNapameTp 3HaqueH... 3HaueH... *
Krrs MCCO [2] (%) CocTosHne aedexTa ot 17.08.2015 (d) o 2 3 fafHer | | B OueHka cocToHia no OAM

=+ () CocTomnme aedexta ot 30.11.2016 (d) o 3 3 aa - Obujan oueHka (KATEropua) TEXHAYE... HEY0B.. HEYAOB..
E Hecywan cnocofHOCTE KOHCTPYKLMW HIE YPOBH... o 3 3 aa MokazaTens rabapuTa npoeswei YacTu Kny 4
-- MokasaTens nogmocTosoro rabapura Knr 5
- MokazaTent rabapyTa Npoxowen JacTh KTp 5
[ONCNHMTENSHEIE X3DAKTEPUCTHKK AedekTa A - MOKA38TENb BUAA PEMOHTHOr O BO3AEACTEM. .. 3 3 -
. - OBoBLEHHBIR NOKASATEND TEXHUHECKOTD C... 2.276 2.276
Nokani3auma MAUTE W LWOB OMOHONMYMBEHWA Mexay B2 1 B3 Han onopoi N23
MOKE3ETEND TEXHHHECKOrD COCTOAHMA NO T, 2
BcneacTeMe OErpanaloHHOro PaspyleHuA GeToHa NpW perynapHoM ~ TMoKa3aTENS TEXHHECKOre COCTOSHAA 10 6... 3 3
OononHiTensHas uHgoprawma - -
0BBEOAHEHII 1 AWHAMAYECKOrD BO3AEACTENA BPEMEHHOMA HAMPYSKM B 30HE MNokasaTenb TEXHWYECKOND COCTOAHKA NO ... 2.654 2.654
XapakTepucTika AedeKTa N0 PEMOHTONPUrOAHOCTI ~ + MOKA3aTeNb TEXHWIECKOrD COCTOAHMA N0 ... 3.308 3.308
MpsMan peMoHTHAR paboTa PEMOHT MOHOMMTHON O MPOAGABHOD WEa OfbEAMHEHIS BaNoK B NPONETHD. .. - NOKE3ETENb TEXHUYECKOND COCTOAHMS M0 ... 2 2
OBben peMoHTHOR paBoTsi, kyB.m 0.500 OBofleHHLIA NapaMETP AehEKTHOCTH CoO... 2413 2.413
-- MapaveTp aedekTHoCTH No BesonacHocTu BE 3.808 3.906
n b 2570 25 T
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Main user’s function modules of AIS ISSO-N

# Yepremu coopyxeHqa N2700008
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Main user’s function modules of AIS ISSO-N

KaTanor THMNOBkl: MpoeKTOR x
THN KOHCTRYELMK | ONOpHEIE 4acTH = DparMeHT HazBaHMA | PeikH
CepHa, HOMER HazgeaHme | ABTOp | loa |
Tema I6HK-MC-67-70 Pafioune YepTemH KoMEBMHMPOEEHHEX PESMHOERIX CNOMCTELY ONOPHELX HacTeRA
P P p P COK3AOPTPOEKT KneBek,., | 1970
AETOAO0POMHBL H FOPOACKHY HOCTOE = =
PacipeHHLIA KaTanor #ene3nfeToHHLN NPONETHE CTA0EHMEA x
E3MHOERIE CROHCTLIE ONOPHBIE HaCTH N
MEITHOMO MPHMEHEHHS, Tema S02K-1C- Cepua, MHE NS MaTepnan | OCHOBHAA HECY, | PacyeTHan Har... ‘ AnvHa . ‘ BricoTa... ‘ afiapnr M4 | Hrcno .. |’_ MapameTp 3HaMEHHE
9293 oT 30,10,80 Brinyck 56 (aon.), MHe.N2147/2 | senesobeTon Bankn peBprcTl. . [H-13, HT-60 Ty, 8.66 0.70 T S (- THNOBOR NposKT
ONOpHBIE 4aCTH 00 PESHHOBBIE ONOPHBIE HaCTH, NOCTaBNAS Beinyck 56 (aon.), MHE.N2147(2 wenesofieTon Bankn pebpucTel... | H-13, HT-60 (Y., 8.66 0.70 7+2x0,75 5 -|¥| Cepua, uHe. N2 Brinyck 56 {g0n.), MHe N2147 (2
1 H; T FiHE .
LR ONopHEle HacTH" BiMmyck 56 (a0n., MHENS147/2 | wenesofeTon BankH pelipHCTEL. .| H-13, HE-60 (Ty. . .66 0,70 [7+2x1,5 & esanne FEBEIS TIPORKTE! CONpYKERAH A3
— CpraHzalLHa COSA0PTPOERT
ONOpHElE YacTH OO0 PesMHOEIE ONOPHEIE YaACTH, NOCTasnAel| | Bemvos 56 (aon.), MHe.N2147/2  wenesofieton Bankn pefpucTel... | H-18, HK-80 (H ... 8.66 0.70 T7+2x0,75 5 C 1062
[ o4
‘P CCEPEMOCT" ] - g
7Bb\nycr< 56 (aon.), MHe.N2147/2 wenesofbeToH Bankk pefpncTen.. H-18, HK-80(H ... 8.66 070 F7+2x1,5 [ MpHmesarie 6. 4.06.1962 .
Brinyck 56 (aon.), MHe N2147/2 wenesofeToH Bankn pefpucTel... | H-18, HK-80 (H ... 866 0,70 M&+2x0,75 [ Banxa
| Beinyoc 56 (aon.), MeeNR147/2 | wenesofieTon Bankn peBpucTen... [H-18, HK-80 {H ... .66 0,70 Fg+2x1,5 7 || Marepuan wenesofieTaH
MNpumeyanve Beinyck 56 (aon.), MHe. N9147(2 wenezofeTon Gankm pebpucTe.. | H-13, HE-60 Ty, 11.36 0.80 a6 S | OCHOBHEA Hecywan k.., Gankk pedprcTee Oez anadparn
Beinyck 56 (aon.), MHE.N2147(2 wenesofieTon Bankn pebpucTel... | H-13, HT-60 (Y., 11.36 0.80 I7+2x0,75 5 ~[¥ PacueTHan Harpyska H-18, HK-80 (H 106-53)
Brinyck 56 (aon.), MHe N2147/2 wenesofieToH Bankn pefipucTel... | H-13, H-60 My, 11.36 0,80 F7+2x1,5 3 Cnocofi NONepeYHore . Mo AHTe
Beimyck 56 (aon.), MHe.N2147/2  wenesofieToH Bankn pebipucTed... | H-18, HE-80 (H ... 11.36 0.80 [7+2x0,75 5 THN pOESHER atTH [ NNHTE B COCTABE OCH.HECYULKO...
Bimyck 56 (aon.), WHe.N2147/2 | seenesofieTon BankH peBpHCTEL .| H-18, HIE-60 (H ... 11.36 0,80 F7+2x1,5 & Cco8 MPoAQMeHarD ... OTEYTCTSYET
- -[%| AmHa MC {nonHas), m - 11,36
Brinyck 56 (aon.), MHe N2147/2 wenesofeToH Bankn pefpucTel... | H-18, HK-80 (H ... 11,36 0,80 M&+2x0,75 [
— Amna N {pacueTthan,., 11,1
Beinyck 56 (aon.), MHe N9147/2 wenezofeTon Gankm pedpucTen.. | H-18, HE-80(H .., 11.36 0,80 M&+2x1,5 7
|- -/ BLICOTa B NpONETE, M 0.3
L Brinyck 56 (aon.), MHs. N2147(2 wenesobeton Bankwn pebpucTel... | H-13, HT-60{y... 14.06 0.85 M S [T A—— 1.3
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Main user’s function modules of AIS ISSO-N

The system
provides
automatic
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MNOACHHTENEHAA ZarMoKa

=10l ]

TNapaMeTPE! CO0PYHEHHA Evyihep ofiteHa

oopyxceH1e N2T00037

calculation of
influence
surfaces, load

[ Vel onvparke, anopHeie sacTh [2] THN 3MEMEHTA H PACHETHON NPOBEPKH MHenesofeToHH,,. | MenesofeTonH... | MenesobeTod..  MenssoBeToHH...
. [ AethopMaunoHHBI wos [3] Bl B cepeanHe BZ B cepeanHe B3 B cepeanHe B4 B cepearHe =
C a p aC I ty a n d [ ©Onopa [3] HasBaHHe 31eMEHTA H MBCTa MPOBEPKH npaneTa npaneTa npaneTa npaneTa k
[ ZkennyaTaunonHee obycTpoAcTea [1]
. g [ ¥aepwnBarowKE 0 PEryIALNOHHEIS KOH. ., HanHH4HE CHMMETPHHHOMD 3NEMEHTS Fi i i =

t h e p O S S I b I | I ty Of [ ¥kpennenms oTkocos [1] Mono¥eHMe NEEOA rPaHMULE! NPOEEAS OTHOCHTENEHD NEBOM MpaHHUE ME, M 0.51 0.81 0.51 0.51 q
- [ Noaxoa [2] Nanfaa (K onpeAeneH D avH, Koad,) 11.40 11,40 11,40 11,40 1
-+ [ Mepecarasmoe npenatcene [1] TMPOBKTHEIE HArPY3KM H-30, HK-80 {CH. . |H-30, HIG-B0 (CH. ., | H-30, HK-80 {CH, ., | H-30, HIK-80 (CH. .. [H

M Arwewmenranaa (31 B %

extra-weights
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Automated technical condition assessment

Key Performance

_ 2 4 2
Indicators (KPIs): = & =

Bee rpynnel @oTorpadkk HepTexw | WHbopMauma CooBlueHna | KorkpossTe BCTaEMTE || CoxpaHMTe OTweHMTE  AoB&EMTE ¥AanuTe Bug Tabnumuel
NapaMETPOE HZMEHEHMA M3MEHEHHA 33MMCb  38MMCcb

OUEHKS TEXHHHECKOrD COCTOAHNA

MapaMETRb! COOPYHEHHA Evhep ofieHa

oopyxeHde Ne700037

WenesobeTOHHEI MOCT Yepes p.ARMYNak Ha kM 761,858 aeToaopork "Hyickwi TpakT" HosocHBpck - BapHayn - TOpHO-ANTARCK - FpaHMUa © MoHronmed

=10l x|

(=} OBlUHE AEHHEIE OUEHKS TEXHHUECKOrD COCTOAHKA

« Safety

[ OficnykMEaHILKME 0raHMsaLHH [3] AaTta HazHaqeHna OTC 25.07.2001 24,05.2005 15.10.2007 28.04.2011
° R e I I ab I I It - ABTOAOPOMHEI MOCTOBON Nepexod SKCNEPTHAA OLEHKa COCTOAHHA ¥ AOENETEOPHMTENEHDE HOpOLWES Y ADENETEOPHTENEHOE Y ADENETEOPHTENEHOS
MpoesAE! Ha coopyseHm [1] "
THN OCEHAETENLCTEOBAHHA AHArHOCTHES AHArHOCTHES NEPHOAHHECKHA OCHOTR AHArHOCTHES

MponeTHoe cTpoeHke [2]

[ Moctosoe nonaTHa [2]

[ ¥=nel onkpaHka, onopHile YacTH [2]
AetoprauHoHHE wos [3]

Onopa [3]

SKCNAYaTaUMOHHEE obycTpoicTea [1]

HeobixoAHMOCTE AONONHHTENEHOM D 0BCNEA0E HET HEOBXOAHHOCTH HET HEobX0 AHMOCTH HET HEOBX0AHMOCTH HET HEOBX0AHMOCTH

Prifianos kK2pui (ryba@... Prianos kpwd (ryba@. ..

380 "CMEHMT" (HoBOCH. .. 340 "CHEHMT" (HosocH. ..

Prifianoe kK2pui (ryba@... Prifanos kpwd {ryba@. .,

380 "CMEHWT" (HoBoCH. .. 380 "CHEHMT" (HosocH. ..

* Longevity
* Maintainability

e Cost

OPraHnsaumra, NPoEEAWaA CNew, 0cMoTP

MpHMEHEHHA

¥ AEPHHESHILUME H PErYNALMOHHBIE KOH. .,

¥EPENNEHHA OTKOCOE [1]

Moaxoal] |
axoa 2] QueHka cocToaHka no OAM218,3,014-2011 | KoMinekcHas oueHka cocToaHHaA

CEOAHBIE PESYIBTATH Be30nacHan cKopocTe

° L O ad C a rr 1 n Mepecekxaenoe npenaTcTeve [1]
y I g Aokymerrauwa [3] MapaneTp | 3HA4EHHA N0 PEKOMEH, ., | SHAYEHHA N0 IKCNEQTH. .. | 3HAYEHHMA ND HAZHAYE. ., =
. MpoBEASHHSIE peMoHTE [1] Guas (KaTeropWa) TEXHMYECKOrO COCTOAHWA | YAOBNETEOPATENBHOE YAOBNETBOPHMTENLHOE ¥AOBNETEOPHTENEHOE 5
C ap aC Ity - flederTe H . MokasaTent rabapHTa Npossed YacTk Ky 5 5 g
JaHHkBIE K pacdeTy yCNoEHH nponycka [3] | i NokasaTens noamocTosoro rafapmTa Knr 5 5 %
OUEHKE TEXHWUUECKOrD COCToRHKA [4] - MoKa3aTENs raBapHTa npoxosed HacTH KT1p 5 5 é
MNaHMPOBEHKE HOPMATHEHEL: paboT [37] - MK E3ATENE BHAA PEMOHTHOMD BO3AEHCTEMA Kp 4 4 4 3
- MINEHHPOBAHHE PEMOHTHBL paBoT - OB0BLWEHHEI NOKA3ATENE TEXHHYECKOMD COCTOAHKA Kob 3.19 3.19

Khmra CCO [3] - NOKa3aTENE TEXHMYECKOrD COCTOAHKA MO FPYS0N0ATEMHOCTH KT 4 4 %
- MOKA3ATENE TEXHHHECKOND COCTOARMA No Ge30nacHoOCTH KA 3 3 3 %
- MNoKa3aTENE TEXHHMHECKOrD COCTOAHMA MO A0AMIBEHHOCTH Ka 317 317 ;E
- [oKasaTens TEXHMYECKDra COCTOAHKMA N0 A0AMOBEYHOCTH Kaicp) 3.33 3.33 g
- MNoKasaTENE TEXHHMHECKOrD COCTOAHMA N A0NMIBEHHOCTH Kamin 3 3 %
- OB0BWEHHEIR NapaMeTp AeheK THOCTH CoopyeHHA Bod 3.80 3,80 g
- MNapameTp AedexTHOCTH No BezonacHoCTH BE 379 3,79 §
- MapameTp AedEeK THOCTH N0 A0NMOEEYHOCTH Ba 3.75 3.75 %
- MNapameTp AedEeKTHOCTH N0 PEMOHTONPHMIOAHOCTH Bp 3.49 3.49 o g
- AONYCTHMBIR KNACC HarpyskH AK (Kak) 12,35 gt

- JaMyCTHMBIR KNacC HarpyskH HE (KAK) 101.50 -
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Pl intended to assess traffic safety are
derived in units of velocity (m/s):

The driving speed initially set by the Design Codes;

The safe speed calculated taking given detected defects

The safe speed in terms of carriageway width and traffic density;
The safe speed in terms of road safety barriers performance;

The safe speed in terms of road surface and profiles performance,;
The safe speed in terms of rain storm water spillway performance.

The Load Carrying Capacity is calculated also in physical units of load
capacity class (tons) for load patterns “AK” and “NK” provided by
Russian design standards, using the input from inspections data. The
Input data for load carrying capacity calculating also provide the
automated calculation of the possibility of passing a load with arbitrary
parameters of the axial scheme and weights.
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Assessment by five-point scale by the Pls:

 The generalized indicator of technical condition;

« The roadway width overall dimension indicator;

 The under-bridge clearance indicator;

* The footway width overall dimension indicator;

« The indicator of required repair volume;

 The generalized load carrying capacity indicator;

« The traffic safety indicator;

« The longevity indicator;

 The generalized prevalence of defects indicator,

* The prevalence of defects indicator by traffic safety criterion;
 The prevalence of defects indicator by longevity criterion;

« The prevalence of defects indicator by maintainability criterion.

Finally, the generalized assessments by a five-point scale for the next
KPIs are output: Load Carrying Capacity, Safety, Longevity,
Maintainability.
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“Cost” is assessed by functional modules:

« Planning and calculating the costs of routine maintenance;
* Planning and calculating the costs of heavy maintenance;

* Planning and calculating the costs of inspections (survey,
diagnostics etc);

« Planning and accounting the costs of current programs of design
and survey works;

* Planning and accounting the costs of current programs of repairs
and reconstructions.

These modules, unlike the other KPIs, were completely absent in the
previous AlS-ISSO-H systems. Now it became possible on the Cost
basis to make a Life Cycle Analysis (LCA) and calculate the LCC of
artificial road structures.
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HMS as a part of BMS, e. g “Russkly” bridge

They are value, but unique, “bespoke” e
and very expensive systems.

et

Hardware and
software centre

Structural Health Integrated Automated Traffic
Monitoring System Seeurity Control System
e _ (SHMS) = System (ISS) 3 (ATCS)

Record-breaking main span length — 1104 m
Record-breaking pylon height — 324 m
Navigation clearance — 70 m L @
Wind speed till 64 m/s at pylon top level
Seismic load: intensity of Mw 8.1
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The world trend of failures increasing exists
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Types of errors & causes for bridge collapses

m Design & expertise error of new objects

m Design & expertise error of repairs,
demolitions

m Design, expertise, construction &
supervise errors

m Construction & supervision error during
new building

Construction & supervision error during
repairs, demolitions

m Managerial & organizational error during
operation

® Maintenance error
Inspection, testing error during
operation
Limited knowledge

m Infrastructure User's Error

® Unpredictable case

TU1406 WG3, WG4 and WG5 WORKSHOP

231 — 24th November 2017 SLIDE 243
Riga, Latvia

COST ACTION




RUSSIAN BMS — STATE OF THE ART AND FURTHER DEVELOPMENT | ANTON SYRKOV, YURY RYBALOV

Collapses for 4 countries in the past 50 years

300 -

280 272
250
200 186
® Number of bridge
150 collapses
® Number of fatalities
100
50 -
0 1 ;

USA China India Russia
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Intact State Level

....................................................................

Intact State Level

A R ERNNNNSSSSES

C
Intact State Level

o]
Y

— Lt 1 L Ll -
Costs: @ Design Construction Time

[] Routine Maintenance EHeavy Maintenance
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Feedback processes must be used

I
!
| calculative uncertainties, advanced inspectipns, BMS, SHMS, non-linear analysis,
| substantiation and forecast of structure’s | service life

| 1
|

' “Emergency” feedback process (unwanted, but valuable for statistic failure data):
Failure analysis, the formation of |"risk groups®, improving of design & quality control

“Evolutionary” feedback process: Risk analysis, given reduction of performance &

ct

Performance

Failure

«Passive maintenance» (PM) scenario
«Preventive maintenance» (PM) strategy with BMS, SHMS etc

The possibility of emergency situations both in RM and PM strategies,
caused by some uncertainties of current structure performance

v

Operation time
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BMS needs massive reassessments of risks

Appearance |

Appearance
of defects

of defects

Warranty Repair of

Quality
control

An outdated approach to life cycle
processes organization (D - Design; C -
Construction; O — Operation)

Period defects

TU1406

rd _
COST ACTION 23

Risk
analysis

Defects prevention
and early detection

Maintenance plan
de\ elopment

ooy

Early defects
rehabilitation

Warranty
Period

Quality
control

A progressive approach to life cycle
processes organization, having all
mutual feedbacks, risk analysis and
maintenance plan development
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The degree of risk Is a relative value

An attempt to increase the effectiveness of the Risk Matrices method was
undertaken recently in Russia.

At the first stage, the risk groups of bridge structures were determined
using data on near-failure states and failures, up to collapses. Then the
fault trees were developed with identifying of some Pls, signaling that the
process of destruction is developing.

The identified PIs received special scores for types of structures assigned
to risk groups, depending on the degree of development of defects
detected durlng routine mspectlons The obtained scores for Pls that are
responsible for "alarming signs" were then used in the algorithm for
recalculating the criticality of risks, embedded in a special BMS
subprogram. In the same place, pre-entered data on the possible severity
of consequences for objects from risk groups were also used.

This method, unofficially named as "reconnaissance risk analysis" in the
spring of 2017 was used in the framework of a specific task to determine
the priority of non-destructive tests (NDT) of prestressed bridge beams
reinforcement by a magnetic method using an instrument developed by the
Russian company “INTRON +”
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A fault tree example for prestressed beams
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E.g. determination of the priority of NDT
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Conclusions

The Russian Bridge Management System has been substantially modernized
over the past decade. It was equipped with a modern analytical information
program complex capable in an automated mode to assess the technical
condition of road bridges, solve tasks of passing loads with arbitrary parameters
of the axial scheme and weights, determine the cost of the life cycle and
implement many other user’s requests.

The modern Russian Bridge Management System was developed mainly on the
basis of reliability parameters. It may be used for different management levels
and for all Russian types of artificial road structures.

The methodology of the Russian Bridge Management System currently is based
on the expert assessments of the defect's impact for the following Key
Performance Indicators: Safety, Reliability, Longevity, Maintainability, Cost and
Load Carrying Capacity.

The nearest perspectives for the Russian BMS development are foreseen as the
enhancing of new synergetic life cycle strategies, using feedback and risk
analysis tools to develop a methodology on the prioritization of bridge diagnostic
and rehabilitation activities. The targeted "reconnaissance risk analysis" method
was developed and tested to solve a task to determine the priority of non-
destructive tests of a vast set of prestressed bridge beams.
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Introduction

« Alarge amount of bridges existing in the heart of Sarajevo

 UNIQUE STORY
 VITAL TRANSPORTATION
VAIN

THE TIME OF THEIR

CONSTRUCTION VARIES:

« OTTOMAN EMPIRE

« AUSTRO-HUNGARIAN
EMPIRE

« EX-YUGOSLAVIA
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Careva Cuprija (Emperor’s Bridge)

« oldest of all bridges in Sarajevo
* national monument
* Dbuilt in 1897 - first single-arch reinforced concrete bridge in Sarajevo

e
L]

S

L]

« Corrosion of 358 denoted as the

leading causciiig
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Corrosion of steel and carbonation of concrete

 Corrosion of steel in the reinforced concrete structures:
 begins slowly when exposed to the natural environment

 more extensively in the areas with a high degree of carbon
dioxide emitted from vehicles and industrial areas

 The risk of carbonation is more severe in urban or/and industrial
area

« Carbonization is a slow process, however it can be accelerated by
several factors (THIS CASE):

— low strength of concrete
— highly permeable and porous paste

— low pH value the chloride threshold for corrosion
IS significantly lower-at or below 100 ppm
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Extent of corrosion damage over time

PROCESS OF

CARBONATION CANNOT

BE PREVENTED

« CHLORIDE INDUCTION
« AND CARBONATION
CONTRIBUTES TO THE

End of service life or rehabilitation

Initiation time:

* transport processes
* carbonation

= chloride ingress

Influences:

= concrete quality

= concrete cover

= exposure conditions
» sulphate content

Extent of damage

Propagation or corrosion time:

+ corrosion Kinetics

Influences: /

» concrete quality

- moisture content, electrical resistivity
« temperature

+ oxygen availability

« pH of pore water

B
L

CORROSION OI: STEEL Construction

REINFORCEMENT coMPRESSIVE STRENGTH OF THE CONCRETE
STRUCTURE IS AFFECTED BY THE PROCESS OF

CARBONATION

Time End of use

CARBONATION DEPTH HAS AN INVERSE
RELATIONSHIP WITH THE COMPRESSIVE
STRENGTH DEPENDING ON THE SERVICE LIFE

OF THE CONCRETE
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Modelling the risk of carbonation

* representative techniques:
— The safety factor method
— the Monte Carlo simulation
« The safety factor
— engineering judgment

— value of 1.2 is recommended in various standards and
guidelines

— conservative approach
— Some ERRORS
« THE MONTE CARLO SIMULATION
— COMPLEX
— limited study to consider qualities of cover concrete
— Less USED
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Theoretical basis - Carbonization depth

« The depth of carbonation x in the reinforced concrete is affected by time
t in days and the carbonation coefficient k

Carbonization coefflc:lent IS ii(eter Ined on the basis of the relative humidity
(RH) percentage

k, =0.556c—-3.602X —0.148f_ +18.734 RH is < 70% (mm/year"?)

k, =3.556¢c—0.019C —-0.042f, +10.83 RH is > 70% (mm/year®s

The carbonization depth and concrete cover depth were obtained from experiments
conducted on the site
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Visual inspection and determination of bridge
damage

 rigid reinforcement consisting of 2L sections measuring 60x60x4
mm (20 sets in total)
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STEEL CORROSION

« Extremely high degree of corrosion of the top rigid reinforcement

« presenting significant "swelling" due to an increase in the volume of
reinforcement, which indicates that the reinforcement has been greatly
affected by corrosion.

* highly exposed to rain and wind
 These parts are completely "stripped,
exposed to active atmospheric actions

general corrosion,
with additional subsurface or
layered corrosion.
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carbonation of concrete

« forming carbonates
» flow-assisted corrosion (corrosion of soft water)

« The stalactites are approximately 20 cm in length and about half a
centimeter in diameter

« general acid corrosion.
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Onsite investigations and laboratory tests

The rigid reinforcement 2L 60 x 60 x 4mm=tensile strength of 470
N/mm?, and the yielding strength of 285 N/mm?

concrete samples=MB 20 (JUS standards), C15/20
Significant corrosion of concrete can be observed on all samples
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 Low pH values were determined, indicating unsatisfactory

protection of reinforcement.

It should be emphasized that an extremely high open porosity

with considerable absorption of water originating from
fill material located above the concrete has a direct impact on
carbonation

The concrete cover was measured with ultrasonic cover meter
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concrete cover

« 50 points were measured both on the cracked and on the sound
material

« Carbonization on the site was determined by the application of the
phenolphthalein pH indicator

Sound concrete

Cover depth

Distribution of cover depth and carbonization depth for sound concrete
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Cracked concrete

II Il“ . —-i. .............

opth (mm)

Dlstrlbutlon of cover depth and carbonization depth for cracked concrete
« MEAN concrete cover depth was in the range from 32 to 72 mm.

— SOUND CONCRETE: 50.5 mm, a standard deviation of 8.26

— CRACKED CONCRETE: 41.1 mm , the standard deviation of 7.77
« MEAN CARBONIZATION DEPTH:

— SOUND CONCRETE: 12.98 mm with standard deviation of 4.54

— CRACKED CONCRETE: 25.6 with standard deviation of 8.02
« MEAN carbonization rate (mm/year®>):

— sound concrete amounted to 3.18 mm/year®® with the standard deviation of
0.62

— cracked concrete the value was 7.23 with a standard deviation of 0.81.
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Obtained values for durability resistance:
— for sound concrete 0.854
— for cracked concrete 0.828
the environmental load factor
— for sound concrete was 1.125
— for cracked concrete 1.005
safety factor
— for sound concrete of 1.32
— for cracked concrete 1.12
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dependency of the concrete cover and service life

20

3
=
8

Service lfe (years)

40

w
Carbonation depth (mm)

40 80 100 120 0 a0 100

Concrete depth (mm) Time (years)

20

« service life is longer for the sound concrete

« 50 mm concrete cover for sound concrete the service life would be
around 120 years, while for the cracked it would be only 41 years

« For cracked concrete the service life would be only 32 years while
for the sound concrete 98 years for the corresponding mean
measured carbonation depth
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Conclusion

Carbonization as a performance indicator was analyzed and its
connection to the concrete cover depth and the quality of concrete
was investigated.

The quality of concrete was an influencing element on the
carbonation depth. Sound concrete was less exposed in respect to
the cracked as expected.

Service life for the sound concrete was three times longer in respect
to the cracked concrete.

The structure is being further deteriorated due to soft water
corrosion combined with general acid corrosion .

The structure can be classified into the damage class D, requesting
urgent repair and reconstruction.
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Principal Component Analysis - PCA
% (1)

T X (1)
Singular Value Decomposition (SVD) X=USV

Proper orthogonal modes (POMS) / \

proper orthogonal values (POVSs)

Observation matrix: m vibrational signals sampled in N times  X(t) =

eigenmodes

In specific conditions, e.g.
undamped, unforced linear system, mass matrix ~ |, N is large enough
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PCA for responses to harmonic excitation

MX+C
sin oty )]T

e, = [cos(at,) cos(aty )|’
_| R(H)F | (H)F A
[R(A)F| [ (H)F
\ chosen |
|
unitary
SVD
= U
POM 1 POM 2

combination of all eigenmodes

x+K x=Fsin(at)

H: frequency response functions (FRFs)

[RH)F|fes] 0o o ..
0 [F(H)Fllec| 0 ... 0
0 0
0 0 0
R
|
S
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Damage index based on subspace angle

QR factorization

y

. orthonormal bases Qg and Qp

Q-(I-)QD = UODZODVSD

Xop =diag(cos(e;)), i=1...,9

@ largest angle
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Application

forced harmonic exciters

controlled excitation forces

Amplitudes > 10 kN, f>4Hz  Ampl. <2.7kN, f>2Hz

' Shaker (1t)

' . |
- 17 (13t each

oe\
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distribution of the tendons into the beam

~ steel fibres

- " /_/’ /,/ " /‘/’/,/ ’//' A
— — - - _— - - - L
r7 — " /,/ /,/ _ /’;,/ /’/ /'_//—;
- L~ - - —_— - - - - -
S g T T
I_____———-’_ __;’ —— 1 e _—-— Y — | — - e — = — -
I

cutting line
Cross section of the beam S g7mm

Jr "\. b
Cross section of some tendons &= % T
i 2 |nsuff|C|entIy filled
,ﬁ tendon

e ° o0 o
oo oo oo go oo o7
oo oo oo oo oo oo o oo oo

#0 #1 #2
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Static tests

Shaker (1t)

L & UL: Loading & Unloading; E, = =
#i: dynamic test within damage i et [} (13t each) B

RN, Y
b N

oe\

Dynamic tests

\\&%W% S D oS Sk b 38 S 59
® ® _ | @] || | ® | | ®

#0 §o 41 o g2 42 43 43 #3 44 §a f4 4a
swept sine excitations, amplitude of 2000N
f: 2.5Hz + 25Hz, rate Af =0.02Hz/s.

Responses sampled at At = 0.0004s
=== Response of 2500 samplings: £/~ max. 0.02Hz === = constant foxcitation
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Results o 4

#l #1 #1 2 #2 #3 #3 #3 #4 #4 #4  #4
— - 0
(0 R R
-1
X(t) =

%

X ()

2.5
-3
35
m=11 4—451
N = 2500
5] T T T T T T T T T |
I o
B Fov2
o [ e
I Fovs
B Fovs
4 P Fove
POV
POVS
_ g o POVY
F excitation = 3HZ o o
ok i
11
POV, > 90%3 POV,
i=1 T ’

#0 #0 M1 #1001 #2 #2 #3 #3 #3 W # #4 #4
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BRIDGE MONITORING WITH HARMONIC EXCITATION AND PRINCIPAL COMPONENT ANALYSIS | NGUYEN ET AL

Conclusions

« Vibrational responses from swept sine excitations, very low sweep rate
In an operational bridge: stopping the traffic for less than a half hour

« Noise always exists, >2 non-zero POVSs.
POV,, POV, are the most dominant
f excitation = e€igenfreq.

— POV, > 95%3 POV,
=1

the damage detection is more efficient
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INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

AIM

Traditionally inspection was based on structural elements without
taking into consideration inspection procedures of other bridge's
components that also count in the entire lifecycle (Gervasio, 2010).

The handbook for Sustainable Steel-Composite Bridges (SBRI,
2012) suggests strategies for inspections in a standard, lack of
money and prolonged life scenario.

Based on the above, this paper's aim is to investigate inspection
processes for proper maintenance of small bridges, using as a case
study the bridge of Loudias river in Greece.
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NS ladisoN #ROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

INTRODUCTION

« Greece’'s road network suffer different degradation processes
throughout the vyears and, therefore, require preservation and
Improvement through maintenance and repair of the defects discovered
during full lifecycle performance inspections.

 Such inspections integrate environmental, economic and functional
aspects of all bridges components that are crucial for the sustainability
of these bridges.

* Inspection as part of Lifecycle Performance is necessary for the safety
and serviceability during operation, in order to provide an acceptable
level, over the entire life cycle of these bridges (Jeroen, 1991).

* Inspection for Lifecycle Performance derived from sustainability
strategies such as new technology and procedures. In the literature the
Importance of an efficient management in terms of Environmental,
Social and Economic Impacts is reported as a very important factor for
Highway Bridge Sustainability (Ugwu et al. 2006).
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INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

BACKGROUND

In the previous decade effective life cycle management studies of
existing bridge infrastructure in terms of the protection of the
environment, as well public safety, health, security, serviceability and
life cycle cost-effectiveness was the subject of study of many
researchers (Lounis 2006, Lounis and Gaigle, 2010).

Rating systems and guidance tools were also developed for sustainable
management and performance of bridges (National Cooperative
Highway Research Program’s “Guidebook for  Sustainability
Performance Measurement for Transportation Agencies”, 2011,
INVEST, 2012, CEEQUAL, 2014, and the Envision™ 2014).

Application of sustainability issues, worldwide, especially for steel
bridges are of essential importance. In this case, lifecycle performance
calls for sustainable structures for bridges intended to cover a lifespan
of more than 100 years. Maintenance processes influence at a high
proportion the environment (Zingoni, 2016).

Furthermore, resources for repair and maintenance are limited (Bridge
Preservation Guide, 2011).
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INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

Roads and Traffic Authority (RTA)

« Roads and Traffic Authority (RTA) Watson and Everett (2009) for a
disciplined approach to regular inspections is an essential and basic
prerequisite for sustainable effective bridge management. RTA has a
comprehensive four level bridge inspection regime covering the
frequency and scope of inspection and the responsibilities for
conducting the inspection

« — Time since last inspection.

. — Risk management of known defects.

. — Following natural disasters, floods, bushfires, and earthquakes.
« —  Strategic importance of a route or bridge.

e — Notification from the public.

« — Availability of special equipment and/or resources.

. — Future live load increase.

. — Permit Loads .

WG3, WG4 and WG5 WORKSHOP
23rd — 24th November 2017 SLIDE 286

Riga, Latvia



INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

Sustainable Steel Bridges SBRI (2012)

.The objective of the produced handbook was to describe a
maintenance of steel bridges including inspection procedures. In terms
of inspection for sustainable effective bridge management, SBRI (2012)
suggests three types of inspection as follows:

— Routine inspection — visual observation to detect small damage
that can be promptly repaired;

—  Principal inspection — detailed visual inspection with special
means of access;

—  Special inspection — detailed inspection when there is a need
for a specific repair plan for the completeor partial rehabilitation of
the bridge.
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INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

CASE STUDY

The Loudias River Bridge, is located in the region of Macedonia, Greece,
very close to the city of Thessaloniki (Figure 1). It was constructed between
1971 and 1973 and it constitutes one of the rivers that form the Axios Delta

in the Gulf of Thermaikos, a natural formation of great environmental beauty
and importance that has the status of a national park.
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INSPECTION PROCESSES OF SUSTAINABLE SMALL BRIDGES: A CASE STUDY | MANOLIADIS ET AL

Loudias Bailey Bridge

The Bailey-type characteristics are the following (ThinkDefence, 2017):
The panels dimensions are 3m x 1.5m (Length x Height) with cross
braced rectangles material welded steel connecting pins.The floor
consists of 5.8m width transoms, with 3.0m long stringers that form a
square.Stringers are placed on top of the completed structural frame.
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Traffic Technical Inspection

Traditional inspection procedures were used for the inspection of the Loudias
river bridge during its forty years operation. The cornerstone of the condition
rating for Loudias River bridge was the visual inspection, which only requires that
the trained bridge inspector is capable to observe the bridge elements sufficiently,
Bridge has experienced significant problems that were not detectable from
regular inspections and continuous monitoring. In particular, the wooden
pavement had suffered very significant damage together with steel materials thus
increasing the bridge’s deterioration and rendering it very dangerous to cross.
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Rehabilitation

The project's budget was EUR 58,200 and the project’'s schedule was six
months to complete the necessary interventions, in order to obstruct as less as
possible the movements of the inhabitants of the region, especially during the

growing season.
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Proposed inspections

The proposed inspection procedures include regular bridge components’
inspections for Loudias River Bridge that allow the monitoring of bridge condition
rating and, eventually, indicate the need for various other rehabilitations actions.

The proposed inspections are routine, principal, and special inspections as

described in SBRI (2012), which are necessary for maintenance, repair or

rehabilitation works. These inspections are:

* Routine inspection — visual observation to detect small damage that can be
promptly repaired,;

* Principal inspection — detailed visual inspection with special means of access.
The aim is the assessment of the bridge condition rating evolution, with
thedefinition of eventual repair / rehabilitation actions;

« Special inspection — detailed inspection when there is a need for a specific
repair plan for the complete or partial rehabilitation of the bridge. Tests and
laboratory analysis are also used to help evaluate damage conditions and
allow recommendations for damage repairs.
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Frequency and type of inspection

Routine annually
Principal 6 years
Special 4 in 100 years
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Types of maintenance actions

« “Standard” scenario which considers a 100-year service life, and refer to
safety barrier, superstructure steel, steel corrosion protection, expansion
joints, road surface, and water proofing layer.

« “Lack of money” scenario that significantly prevents from
maintenance/repair actions, thus resulting to the bridge’s critical
deterioration aiming at extending the service life of some elements. Such
actions could be, for example, a partial replacement in safety barrier and
expansion joints or/and minor repairs in road surface and no maintenance
actions in water proofing layer.

* “Prolonged life” scenario, which involves a decision of maintaining the
bridge for an additional period of time, (e.g. 30 years more as a maximum)
taken around year 80 SBRI (2012). After this year, inspection and
maintenance actions are adapted to accomplish this service life extension
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Action for maintenance and Data recording

Action for maintenance are as follows:

« Partial replacement of safety barrier and expansion joints,

 steel corrosion protection,

« repainting of corrosion protection,

« minor repairs of road surface and no maintenance actions on
water proofing layer.
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Data recording of Loudias River Bridge

Data recording of Loudias River Bridge will be conducted using
data base systems, including

» deck control,

e signs,

* inspection,

* materials used, etc.

The information regarding the bridge will include data from
materials to the erection of the bridge itself.

In order to improve and sustain the serviceability of bridges,
data from visual inspections on a regular basis will be added
forming a useful recording to check out the condition of the
structure and to provide the basis for further treatment and
repair operations.
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Motivation

Objective of COST Action TU1406

Identification, classification and modelling of indicators of the
performances of roadway bridges across Europe may
substantially enhance the basis for their management

This will contribute significantly to safe, reliable, efficient,
resilient and sustainable developments in Europe

To succeed in this quest necessitates consistent treatment of

knowledge and uncertainty associated with their performances
in the context of their use, environment and management

Impact necessitates pre-normative/normative dissemination



Motivation

Objective of Joint Committee on Structural Safety

Contribute to the general body of knowledge in the field of
structural safety and to make this knowledge available to the
engineering profession



Motivation

Synergy — through win-win collaborations
Align knowledge/perspectives
Coordinate efforts and developments

Exchange/share results



JCSS in Very Short
Historical perspective of the JCSS

Founded in 1971 by the Liaison Committee with the mandate to
contribute to the body of knowledge in structural safety

Liaison Committee: CEB, CIB, ECCS, fib, IABSE and RILEM
Presidents:

« Ferry-Borges

« Jorg Schneider

« Ton Vrouwenvelder

« Rudiger Rackwitz

« Michael Havbro Faber

« John Dalsgaard Sgrensen

« Inger Birgitte Kroon



JCSS in Very Short

Activities of the JCSS

- Two meetings a year since 1971
- Issued and discussed more than 250 papers

- 30 active members/+50 passive members

WP1

WP2

WP3

STF1

JCSS Working Parties and Task Forces

The JCSS Probabilistic Model Code
Ton Vrouwenvelder

Risk Assessmentin Engineering
Niels Peter Hgj

Standing Committee on Continuing Education
Matthias Schubert

Sustainability and Resilience of the Built Environment
Michael Havbro Faber

JCSS Dissemination

‘ Background Documents ‘

‘ Issued Documents

‘ Workshops

‘ Courses

‘ Meetings

‘ Press Releases ‘

‘ Home Page




JCSS in Very Short

The JCSS Probabilistic Model Code

Basis for design Probabilistic models for the representation of loads/actions
- Basic requirements - Self weight

- Reliability differentiation - Live load

- Requirements for durability - Loads in car parks

- Principles of limit state design - Snow loads

- Limit states and adverse states - Wind loads

- Limit State Function - Thermal actions

- Design situations - Wave loads

- Basis of uncerainty modelling - Earthquake

- Basic variables - Impactload

- Types of uncertainty - Fire

- Definition of populations

- Hierarchy of uncertainty models Probabilistic models for the representation of responses/resistances
- Models for physical behavior - Concrete

- Action models - Structural steel

- Geometrical models - Reinforcement steel
- Material models - Pre-stressing steel

- Mechanical models - Timber

- Model uncertainties - Soil properties

- Reliability measures - Masonry

- Component reliability and system reliability - Model uncertainties
- Methods for reliability analysis and calculation - Dimensions

- Target Reliability - Eccentricities

- Annex A: The Robustness Requirement - Fatigue

- Annex B: Durability
- Annex C: Reliability Analysis Principles



JCSS in Very Short

Probabilistic Assessment of Existing Structures

PART1- General

Guidelines

- Basic concepts and definitions
- Inspection and maintenance

- Decision criteria

Codification aspects

- State of the art

- Requirements for codes

- Possible content of a code

PART 2 - Reliability updating and decision analysis
- Bayesian probabilistic reassessment of structures
- Formulation of probabilistic models

- Decision analysis in structural reassessment

- Updating techniques and software

- Posterior and predictive distributions

PART 3 — Acceptable and target reliabilities
- Human safety

- Calibration of target reliability to codes

- Cost benefit analysis

PART 4 — Acceptable and target reliabilities
- Examples
- Case studies

Existing structures and Risk informed decision support

Risk Assessmentin Engineering - Principles,
System Representation & Risk Criteria

FRAMEWORK FOR RISK ASSESSMENT

- Risk assessment and decision making
- Decisions and decision maker

- Attributes of decision outcomes

- Preferences among attributes - utility
- Constraints on decision making

- Feasibility and optimality

SYSTEM MODELING

- Knowledge and uncertainty

- System representation

- Exposures and hazards

- Consequences

- Vulnerability

- Robustness

RISK ASSESSMENT

-Analysis and quantification of systems risk
- Indicators of risk

- Comparison of decision alternatives
- Risk perception

- Risk treatment

- Acceptance of risk

- Sustainable discounting

- Aggregation and portfolio loss assessment
- Risk transfer

- Risk communication



JCSS in Very Short

Generic Indicator Based Risk Modeling Framework

Real world Models of real world Decisions

> | PEX) ?\Of - Site investigations

Load control

Environment control
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JCSS in Very Short

Generic Indicator Based Risk Modeling Framework

Real world Models of real world Decisions
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JCSS in Very Short

Generic Indicator Based Risk Modeling Framework

Real world Models of real world Decisions
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Challenges of COST Action TU1406

Indicators of the performances of roadway bridges
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Context

Challenges of COST Action TU1406

Indicators of the performances of roadway bridges

r

Global
level

Federal
level

State
level

City/community
level

contributions

Taxes/

Environment

Natural
ressources

Antropological
hazards

Geo hazards

Sustainability

Resilience
Robustness
Vulnerability
Safety

Faber et al. 2017, Procedia Engineering



Challenges of COST Action TU1406

Indicators of the performances of roadway bridges

Experience

Knowledge Decision making

From

indicator to
performance
(likelihood)

Interpretation

From
measurement Relation

to indicator =
W Observation




Expected cost

Challenges of COST Action TU1406

Indicators of the performances of
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Synergies TU1406/3CSS

COST Action TU1406 might take benefit from to take
knowledge of the JCSS in the field of structural safety and
utilize this as a platform for identifying and modeling
indicators of relevance for the service life performances of
roadway bridge structures

JCSS could benefit from probabilistic modeling of indicators -
or equivalently - likelihoods - established within TU1406 and
incorporate these in the JCSS PMC



Next Steps

Initiate and facilitate a coordinated and targeted collaboration
between COST Action TU1406 and the JCSS a joint workshop
on the probabilistic modeling of condition indicators might be
an appropriate vehicle

Such a workshop could also involve COST Action TU1402 -
Quantifying the Value of Structural Health Monitoring.
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SUSTAINABILITY ASSESSMENT OF CIVIL ENGINEERING WORKS| ANTONIO BURGUENO

SUSTAINABILITY

We want, we need to be sustainable.

Increasing demand to understand sustainable construction
practices.
— by the different stakeholders involved in the construction process
(administrations, private developers, citizens...)

— because their implementation improves the social, environmental
and economic performances.

But..
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SUSTAINABILITY ASSESSMENT OF CIVIL ENGINEERING WORKS| ANTONIO BURGUENO

NECESITY

There is a need of

« A common language

« Objectivism of the subjectivity

- Being able to asses sustainability.

| To asses, we need tools

v" Indicator systems

v" Assessment criteria
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SUSTAINABILITY ASSESSMENT OF CIVIL ENGINEERING WORKS| ANTONIO BURGUENO

NECESITY

« Awide range of stakeholders has interest in the infrastructure
sector.

- Moreover, they want to express the sustainability of the civil
works they develop.

NEED OF COMMON AND
INTEGRATING TOOLS

¢ Public bodies and policy makers. ¢ Contractors.
¢ |nvestor, owners, promoters and facility ¢ Operators and maintainers.
managers. ¢ Users and people who are given service
¢ Non-governmental organizations. by the infrastructure.
¢ Planners, developers and designers. ¢ Nearby local residents.

¢ Manufacturers of products.
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SUSTAINABILITY ASSESSMENT OF CIVIL ENGINEERING WORKS| ANTONIO BURGUENO

Sustainability: BUILDING Vs CEW (vear 2007)

SUSTAINABILITY

I\
CONSTRUCTION

FOCUSIH!

* Development of indicators for buildings * No indicators

* Framework for methods of assessment for buildings | ¢ Environmental Impact Assessment

— Social aspects
. . : . Lack of
v' immediate social perception —> Economic aspects
v’ space concentration
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SUSTAINABILITY ASSESSMENT OF CIVIL ENGINEERING WORKS| ANTONIO BURGUENO

|ISO TR

ISO

NS

ISO TC59 / SC17 Sustainabllity in Buildings ongoing

« July 2007: The Spanish mirror Committee AEN/CTN41/SC9

proposed to work on a new issue within ISO/TC59/SC17
dealing with civil engineering works.

October 2007: The subcommittee ISO/TC 59/SC17
acknowledged at the 5% plenary meeting held in Seoul that
there was a need for new work to be initiated within the SC,
focusing on the sustainability of civil engineering works. It
also agreed to create Working Group 5 “Civil engineering
works”.

February 2008: First WG5 Meeting held in Madrid
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CEN E

« CEN/TC 350 Sustainability in Buildings ongoing

 November 2011: The Spanish Proposal CEN/TC 350/N 429 was
discukshseld during the Plenary Meeting, held on 25/11/2011 in
Stockholm.

New Working Group (WG 6) within CEN/TC 350 including civil
engineering works in the standards of this Technical Committee.

Taking as a basis:

the definitions, criteria and principles established for buildings in
CEN/TC 350.

the work on standardisation on sustainable development for civil
engineering works, undertaken by ISO/TC 59/SC 17/WG 5.

CEN/TC 350 members agreed to include civil engineering works in
its work programme.

Vienna Agreement?
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EUROPE & ISO STANDARDS: SCOPE

CEN SO Apply to: o
EN 15643-1 Sustainability Assessment of ¥ new buildings
Buildings — General Framework v’ existing buildings
ISO 21931-1
: Framework for -
|EN 15643-2 EN 15643-3 EN 15643-4 assessment of || ~ Include the building and the
—__|Framework for | |Framework for | |Framework for | | Environmental works within the building site
W)} Environmental | |Social Economic Performance
Performance Performance performance 2 bE)'(|(é|I'Ude ‘?}[SpeCtj t?elifond the
uilding site and ris
— assessment.

Civil engineering works: an unified Framework which
encompasses the three dimensions of the sustainability in
order to assess the environmental, social and economic
performance of civil engineering works jointly.
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CEN SET OF STANDARDS DEVELOPED

CONSTRUCTION WORK PERFORMANCE
BUILDINGS CIVIL ENGINEERING WORKS
EN 15643-1 Sustainability assessment of buildings - Part 1: General framework
EN 15643-3 Assessment of buildings - Part 3:
FRAMEWORK Framework for social performance
LEVEL EN 15643-4 Assessment of buildings - Part 4: EN 15643-5 Framework on specific principles and
Framework for economic performance requirement for civil engineering works
EN 15643-2 Assessment of buildings - Part 2
Framework for environmental performance
EN 16309 Assessment of social performance
of buildings - Calculation methodology
WORKS EN 16627 Assessment of economic i 003853?:? ZS,-?;S;;:EZL :;: ;2:';%"?‘22::{ ei%r:ir:;nlc B
LEVEL performance of buildings - Caluclation method P . g 9
Calculation method
EN 15978 Assessment of environmental
performance of buildings - Calculation method
EN 15804 Environmental Product Declarations Core rules for the product category rules of construction
products
EN 15804 Environmental Product Declarations Core rules for the product category rules of construction
products
EN 15804 Environmental Product Declarations
PRODUCT Core rules for the product category rules of construction products
LEVEL

EN 15842 Environmental Product Declarations - Communication format - Business to Business

CEN/TR 15941 Environmental Product Declarations - Methodology for selection and use of generic data

WG3, WG4 and WG5 WORKSHOP
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CONTENT AND BASIS OF CEN STANDARDS

Rules for the assessment of the sustainability of civil engineering
works including environmental, economic and social aspects

Technical and functional characteristics are taken into account here
by reference to the functional equivalent, which also forms a basis
for comparison of the results of assessments

Intendes to support the decision-making process and
documentation of the assessment of the sustainability of a civil
engineering work

The method of assessment of sustainability is based on a life cycle
approach

The same reference study period is used for all three elements of

». the assessment

WG3, WG4 and WG5 WORKSHOP
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ENVIRONMENTAL, ECONOMIC, SOCIAL PERFORMANCES

Sustainability Assessment Communication of:

Results from the Assessment
from Defined Indicators for:

|
|
.| (e I | |

I
I
: ENVIRON

Designed Solution or Existing

ENV, SOC, ECON requirements from 4_
Construction Work |

client’s brief and/or from the regulation

| Technical N Declared Functional and Technical

Characteristics Functlonallty Performance of the Construction Work :
| Functional Equivalent: Functional Equivalent |

| Technical and Functional Requirements

e g S —— |

Technical Requirements for the Construction Work

Functional Requirements for the Construction Work

[

Environmental, Social and/or Economic for the Construction Work — —

Requirements Regulatory
from Client’s Brief Requirements

WG3, WG4 and WG5 WORKSHOP
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INFORMATION MODULES

A0
PRE- CONSTRUCTI
CONSTRUCTI PRODC ON PROCESS END OF LIFE
ON stage 9 stage stage
A0 Al A2 A3l A4 A5

Raw material supply
Transport
Manufacturing
Transport
Installation
Waste processing for reuse,
recovery and recycling
Disposal

Preliminary studies, consultations
and costs
De-construction decommissioning
Transport

WG3, WG4 and WG5 WORKSHOP
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Aspects and impacts in operation

|

They start to occur after the handover of the civil engineering works
and last until the beginning of the end of life stage.

Aspects and impacts specific to civil engineering works asset and site in
operation may come, for example, from:

— Energy consumed for heating, pumping, lighting, operation of
signage, doors or fencing, ventilation, etc.

— Energy consumed by vehicles needed for the operation of the
infrastructure

— Use or diversion of water

— Processes, except those related to energy consumption (e.g. salting
of a road, anaerobic treatment in a water treatment plant, filling

WG3, WG4 and WG5 WORKSHOP
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INDICATORS

The indicators shall be consistent with EPD parameters according to
EN 15804. The assessment of sustainability performance of civil

engineering works will not include additional new indicators in terms of
product (EPD).

To ensure transparency and a consistent flow of information:

The indicators should be guantitative or if not quantitative, shall be
guantifiable;

The indicators used at the product level also shall be applicable for
the civil engineering works level assessment;

It shall be possible to aggregate the results of individual indicators
from the product level to the civil engineering works level (while still
keeping the modularity principle). It should be noted that
aggregation is only possible for modules identified within the
"product system"; -—

The indicators shall avoid double counting. /_///’ '
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ENVIRONMENTAL INDICATORS CATEGORIES

« Water use (quality, quantity, regulation);
 Energy use;
« Resource use (renewable and non-renewable, toxic substances);
« Waste generation;
« Pollution/Emissions to air;
« Pollution/Emissions to soil; @
« Pollution/Emissions to water;
* Noise and vibration; R
« Landscape (impacts such as habitat fragmentation, created values

and cultural heritage, visual intrusion, recreation);
« Biodiversity (impacts such as barrier effects, mortality, disturbance,
iInvasive species, loss of biotopes);
« Resilience including adaptation to climate change.
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SOCIAL INDICATORS CATEGORIES

» Accessibility;

« Adaptability;

* Health and comfort; \—J

« Loadings on the surroundings; (including pedestrian and traffic
disturbance);

* Noise and vibration;

« Safety / security, (including resilience against accidental actions (fire,
explosion) climate change and natural occurrences such as earthquake
and flooding, etc.).

« Sourcing of materials and services;

« Stakeholder involvement;

« Job creation;

« Spatial planning (including changes in population distribution);
* Protection of cultural heritage.
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ECONOMIC INDICATORS CATEGORIES

« Non construction costs
« Life cycle cost

— Construction

— Maintenance

— Operation

— Occupancy

— End of life
 |ncome
« Externalities

WG3, WG4 and WG5 WORKSHOP
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PROCESS OF ASSESSMENT

PROCESS INFORMATION REQUIRED

Start of the civil engineering work
assessment

Identify the purpose of the . Goal
assessment Intended use

v

Functional equivalent

Specification of the object of . Reference study period
assessment System boundary

Civil engineering work model

v

Use and / or development of Scenarios for each life cycle stage and beyond the system
scenarios boundary

L 4

MNet amount

uantification - B
Q o Gross amount
Use of environmental information / Use of EPD
Selection of data and other - Use of economic data |
relevant information - Use of social data
Consistency
. . Environmental performance
Calculation of the environmental, - Economic perfop:mance |
N L -
economic and social indicators -
Social performance
Information on the assessment
. . . Boundaries and scenarios
Reporting and communication - -

Assessment results
Simplifications

v
C Completed assessment )

WG3, WG4 and WG5 WORKSHOP
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AGREGATION LEVELS

Overall sustainability Sustainability

performance

Specific sustainability category Environ. Social
performance

Impact assessment sosedon | based on
methodologies LCA = VAN

First aggregation level GWP Eutroph

Non Agregated primary CO, CH,

information
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1ISO: SET OF STANDARDS DEVELOPED

_ Environmental Aspects Economic Aspects Social Aspects

Methodologic | ISO/DTR 21932: Terminology

al basics | 1S0/15392:2008: General principles

Buildings or
civil
engineering
works

[ ISOINP TS 12720 Sustainability in building construction - Guidelines for the application of the
|_general principles on sustainability

J\\

[ ISO/FDIS 21929-1: Sustainability Indicators - Part 1 - Framework for the development of
| indicators and a core set of indicators for buildings

[ 1SO/DIS 21929-2: Sustainability Indicators - Part 2 - Framework for the development of

| indicators for civil engineering works WG5

(

1SO/21931: Framework for methods
of assessment of the environmental
performance of construction works -

Part 1 - Buildings
N g

Building
Products

COST ACTION

l TU1406

ISO/DIS 21931-2 : Framework for methods of assessment of the sustainable performance
L of construction works - Part 2 - Civil engineering works W@S
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CIVIL ENGINEERING WORKS TYPOLOGIES

The development and use of indicators requires the classification of
civil engineering works in different typologies, such as:

» industrial process infrastructures;

 linear infrastructures (including above and below ground);
« dams and other fluvial works;

* maritime works;

* public spaces.

WG3, WG4 and WG5 WORKSHOP
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CURRENT WORK

« Standardization on assessment of sustainability performance of Civil
Engineering Works

« Need of indicators for each Module during life cycle

Opportunity of
cooperation between
COST TU 1406 and

CEN/TC350/WG6
establishing
performance indicators

COST ACTION

CIVIL ENGINEERING WORKS ASSESSMENT INFORMATION

CIVIL ENGINEERING WORKS LIFE CYCLE INFORMATION

SUPPLEMENTARY
INFORMATION BEYOND
THE CEWS LIFE CYCLE

T
|
|
|
|
|
|
|
|
AD A1-3 A4-5 B1-8 C1-4 | D
r | =
PRE - | n - CONSTRL . | Benefits and loads beyond
CONSTRUCTI PRODUCT | GHPROCESS USE Stage ENDOF LIEE | the system boundary
ON stage o [ stage stage i
| | i
|
|
AD A1 A2 A3 || A4 AS B1 B2 B: B4 c1 c2 c3 :
2 ' : M=l 2] l
v el e £
S p g2 £ @ I
= | Sll=1|lell E o 4 |
E > 28| 3| E]l2 3 g !
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3 4 -
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Agenda

« Specificities of Girder and Frame Bridges
 Damage Processes

* Vulnerable Zones

« Observations and Performance Indicators
« [lllustrative Example
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Specificities of Girder and Frame Bridges

« As per FP7 project SeRoN (45.896 bridges):
— 64% are girder bridges
— 24% are frame bridges
— 86% are reinforced or pre-stressed concrete <= TG2 focus

WG3, WG4 and WG5 WORKSHOP
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Specificities of Girder and Frame Bridges

[} Taxonomy #-presumptive number

Deck slab
Load bearing
@
Main gird
e(i(l)ntglg)er Load bearing
Superstructure .
Cross beam/diaphragm Lo [beari
(0 to n1) 9
C truction joints/Hi
s ruc(l(;)?oj(:;)s inges Load bearing

Abutments incl. wing walls

@)

Piers

Load bearing

Substructure (0 to k) Load bearing
Foundations .
(2 to 2+K) Load bearing
Bearings

(0 to n(k+2)) Articulation/load bearing

Expansion joints

Articulation
(0toj)
Drainage .
Protection
(0-1)
Run-on slab
Comfort
(0to 2)
Waterproofin
Equipment ae (F:)L)OO 9 Protection
Pavement/Overlay

(1) Protection and comfort

Barriers and wind screens .
Protection and comfort

(2to 5)
Signs .
. Protection and comfort
(O toi)
Installations
Comfort
(0to m)

TU1406 WG3, WG4 and WG5 WORKSHOP
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Specificities of Girder and Frame Bridges

Survival is a condition where the performance goal is not violated

Survival of bridge components (based on condition rating! and

discrete-time Markov chains)

— € e < == N

100% Expansion joints

Bearings
 —

I
IIIIII

90% +——— AN

I I

T I
T |
L Substructure pr |

e |
T~y -
it
|
iy .

80% -

70%

60% -

50% -f

40% -

30% -

Expansion|joints

20%

10% +— —

0 20 40 60 80 100 120
Bridge age (years)
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Specificities of Girder and Frame Bridges

Most common structural systems Most common superstructure
(examples): cross sections (examples):

Solid slab (Label SA1) Void slab (Label SA2)

w - : “
l . -
] 1

Pseudo slab [Label SA3)

Single span (label GA)
Gerber type girders (label GG)

_]L L] rd

=

Similar has been provided for
substructure components.

Equipment is not labelled, ref. spec. literature. Instead vulnerable
areas are highlighted.
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Damage Processes

27 Damage Processes identified for concrete girder and frame bridges:

m Proposed Damage Processes Direct impact on KPI's

0
9
o
o
o
> o
S >
L E.=2 9
E50 6
3L 5 S
oE E
= EEE
QLD
2 > 2222
- c SRR
o = o C c c o
c 5 2 (ONSRONE)
o Q G D
) N = <mOAN
Abrasion . . . A, B
Aggradation/alluviation - - - D
n Water penetrability . . B, C

Erosion . . . A, B

Corrosion related to reinforcement steel 0 A B, C
Corrosion related to structural steel . A B, C

TU1406 WG3, WG4 and WG5 WORKSHOP
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Damage Processes

« Quantitative modelling of bridge damages in 1D (current BMS) to 3D
(future BMS based on BIM)

—_—_——~ AV photes overal 2017) COWI

. Sgr'nage Intensity, extend and location should be described (we
made reference to Sustainable Bridges approach).
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Vulnerable Zones

« Conceptual Weaknesses (further categorization wrt. exposure to
damage processes and sudden events is possible)

Gerber type beams (label BB)

Cw
2O\
1)

T i i

I

* Vulnerable Zones related to superstructure

HMS A m Hids N\ HMH
regicn region HMS
L g o e ] Tegon ]

- w ¥ ¥ |

* Vulnerable Zones related to substructure and equipment is
described with due reference to specialist literature.
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Hidden defects in bridges
- guidance for detection
and management

CIRIAC/64

What do the records say?
What is not recorded?
What can | see?

What can | not see?

WG3, WG4 and WG5 WORKSHOP
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Observations

Observation is the active acquisition of information from a
primary source.

Observation can also involve the recording of data via the use of
iInstruments.

Observations can be qualitative, i.e. only the absence or presence
of a property is noted, or quantitative if a numerical value is
attached to the observed phenomenon by counting or measuring.
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Performance Indicators (Pl)

A bridge Performance Indicator (Pl), indicates the performance of
the bridge. For instance, a crack width larger than 0.4 mm can
Indicate that the reinforcement yielded (at least ones) and can be
the indicator of insufficient resistance or equally likely of one-time
overloading.

In this case, the same observation can indicate two different
outcomes regarding reliability: one with an impact on reliability
and one with no impact on reliability but on irresponsible transport
company. In subsequent inspections, this dilemma can be cleared
by investigating if the crack grows.

So, there is a difference between observations and Pl's as the first
are ‘just the fact’ and the latter is already interpretation of its
Impact on performance.

Essentially, Pl is the quantitative or qualitative impact of an
observation on one or more performance aspects.

WG3, WG4 and WG5 WORKSHOP
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Observations

. . Damage Processes
WG1 Cluster | Observation — S if symptom (Numbers according WG3 report)

4, 6-8, 13, 15, 16, 21-23

Bulging (expansion) - S

) )

> Crack > 5-10, 14-22, 24-26

> Crushing » 3,8,14,22,25

> Debonding ) 3,4,9, 11, 13, 15, 21, 23, 25, 26

> Delamination > 10-13, 15, 19, 23, 26, 27
Defects > Efflorescence/crypto-florescence - S » 4,11, 13, 25

> Holes > 1, 4-8, 19, 23, 25, 26

> Insufficient concrete cover > 1,5, 11-13, 15, 19, 21, 23

> Rupture > 1, 3, 5-8, 13-17, 20-25

> Scaling—-S > 4,5,7,11-13, 15, 16, 19-21, 26

> Spalling > 11-13, 15, 19, 26

> Wet spots - S ) 3, 4,6, 10, 23

« Symptoms have no direct impact on static (snapshot) KPI's (reliability and
safety)

» Other clusters, ref. WG3 report

TU1406 WG3, WG4 and WG5 WORKSHOP
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Observations

« Observations that affect vulnerable zones are most important
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lllustrative example — introductory notes

Data gathering may be performed using the guidelines of the Long-Term
Bridge Performance (LTBP) Program Protocols.

It has been decided by COST TU1406 that the approach is qualitative.
However, the approach also has to be applicable for quantitative
approaches. In a quantitative approach the failure scenario has to be
explicitly defined and observations have to be related to the failure scenario.

Since deterioration processes are time dependent the QCP has to consider
the date, when observations have been made. In addition, the QCP should
have performance predictive models associated. In this way, the
infrastructure manager may plan preventive maintenance using the QCP.
For concrete structures reference is made to models in e.g. fib bulletin 34
and Mainline D2.3. Discussion and comparison of stochastic prediction
models based on visual inspections of bridges has been performed in
referenced literature.
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lllustrative example

General appearance and location

Railing

Pavement/Overlay
with curbs

Cornicles
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lllustrative example

Consistent with current inspection practice, performance values are
evaluated as a snapshot in time.

The inspection should be carefully planned before visiting the site (step I).
Locations of vulnerable zones depend on the structural system. During
visual inspection those zones should be carefully examined. Orange cycles
iIndicate zones where bending failure (ductile) is possible. Red cycles
indicate zones where shear failure (brittle) is possible. This colour indicates
that the red zones are more critical.

Information regarding previous inspections and/or interventions is very
Important, especially if those are located in vulnerable zones. If the
damages were repaired, current inspection would reveal the effectiveness
of the repair measure, and if not, the speed of the damage process
might be estimated.
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lllustrative example

Cross section - SA1

Structural type - FA It i "
T ' - "' s U T — *IJA!~_‘_,“A \S
Tt Pl ‘ 'h |
)y*. ’ ]
v 2 ) »
Abutment - AB1
f 1 L_'"_*"'5 — - . _‘.. \
‘  —— e (W MR ’
N —na— el . -~ r&o 5 '
-a N yh »
v a 3 )
i Y L v w— R
‘ »i s

Vulnerable zones

High shear region - brittle
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lllustrative example

Step | — Preparation for the inspection (desk work):

1. Inventory information:
« RC frame bridge;
 Original blueprints available
« Construction year 1963;
— No particular weaknesses of original design;
— No particular material weaknesses are known — steel bars
didn’t have any ductility problems
* Widened in 1977;

— The obvious weakness is the longitudinal joint connecting the
old and the new parts of bridge

— The bridge was recalculated in 1977,

— The bridge was designed according to the previous Code of
practice (no information concerning prior reliability index);
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lllustrative example

2. Inventory information (cont.):

Compare the current traffic load to traffic load model used for
previous calculation;

Estimate prior “virgin” reliability index (it was estimated as 3.8 for
this example) — maybe estimate from old design load. Design failure
scenarios should be revisited during inspection (any change).

3. Other relevant information:

Estimated current traffic on the bridge (AADT is 10,000);

A local road passes beneath the bridge (uncertain AADT on the
local road);

No particular natural hazard;
Location is city periphery;
Climate is continental,
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lllustrative example

4. Previous inspection/intervention:

« 2001. Condition rating — fair (intervention was suggested);

« 2008. Condition rating — poor (intervention was suggested);

« 2014. Condition rating — serious (load rating was suggested);
* No data available concerning previous intervention

Step Il — On site inspection (ref. also next slides):

1.

Study of previous inspections and inventory information may suggest that
on-site material properties and possibly collect samples for lab test shall be
performed. Also axle load measurements may be beneficial.

Damage identification (location):

— Previous damages in comparison to the previous inspection records (if
any);

— New damages in comparison to the previous inspection records (if any);

— Evidence of previous repair (if any, either recorded or not).
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

W

Assessment/measurement of damage extend and intensity;
|dentification of damage processes;

5. Qualitative assessment of resistance reduction based on observed
damages. Preliminary (rough) assessment of resistance reduction
on structural level (reliability). Is it necessary to perform in-depth
Investigations?

6. Assessment of safety (life and limb, e.g. skid resistance, falling
concrete)

Step lll Perform dynamic quality control (desk work, ref. next
slides)

1. Model the damage process

2. Estimate the remaining 'service life'

3. Define various maintenance scenarios

4. Compare the scenarios / determine the optimum scenario

B
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

* Vulnerable zones not accessible for visual inspection should be
noted in the inspection report => can trigger further investigations.

* In the example those are high hogging moment regions (orange
cycles at frame corners). Alternatively, engineering judgement (for
example by observing deflection under current traffic load).
Reasoning for either decision should be stated in the inspection
report.

* In the vulnerable zones, observations are the following:

— No active cracks or spalling at red zones; (uncertain cause and
development of diagonal crack in HSS but it was repaired and
not active);

— Severe spalling with reinforcement section loss in orange zone
(sagging moment region);

— Hogging moment region inaccessible.
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

Observations
type Pl Element element/ 9 METE 9 Primary KPI level value
(R)

Component (1-5)

. observation ) position Process
material Primary Secondary

Crack Repaired Diagonal HSS Not active 2 Reliability ~Safety

Reinforcement

NA NA C i R 3 ;
2 corrosion orrosion (R) ~ Classic BMS
= = (computation
T Reinf
o o elnforcement 5o, | ongi-tudinal Corrosion (R) 4 B "
S S corrosion maintenance
o [ : . costs
o Spalling 15m? / Corrosion (S) 2 )
(] O
TU; w % Efflorescence 5% Bottom Leaching symptom /
@ £ B neint . c
o] £ einiorcemen NA NA Corrosion (R) 2 5
© = = corrosion 3
© . = () (7]
= 3 5 .g Reinforcement 3 2
g g © < . 5% Longi-tudinal Corrosion (R) 3
> = = a corrosion
T 5§ @ g
= E 8 Spalling 8 m2 Corrosion (S)
[} s
% S Efflorescence 5% Bottom Leaching  symptom
(2]
()
S —_
e o Abutment 1 AB1/RC Spalling 0.5m2  Outer surface Abutment front Corrosion (R)
©
8 Abutment 2 AB1/RC Spalling 0.8m2  Outer surface Abutment edge Corrosion (R)
o
o Shallow/ N/A
Foundati / / / / R
oundations RC (inaccessible) (R)
Curb N/A 1% Abrasion (S) Component / 2
= Railing type Deformation 5% Impact (S) Component / 2
Q
E Railing type Flaking 10% Corrosion (S) Component / 2
3 Pavement
g Asphalt No damage / / / / S Component / 1
u [Overlay P 9 (S) p
Cornices Monolitic Spalling 4.5m2 / 80% Corrosion (S) Component / 2
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

« Given that the system is statically indeterminate and bending failure is
anticipated, it is possible that redistribution might occur. It should be noted
that there is high uncertainty concerning hogging moment region. Since no
Issues concerning deflection under current traffic on the bridge is observed,
it was concluded that those zones still have adequate resistance. Based on
experience and elementary statics the resistance reduction can be
assessed as approximately 10%. Qualitative performance scales are
suggested.

» Performance value on structural level regarding reliability (R) shall take
virgin reliability, failure modes and vulnerable zones into account.

* In the proposed protocol all findings, including present irrelevant damages
and symptoms, should be recorded for the future reference.

« Other relevant data also reveal that the bridge is a part of an important
highway (with big AADT) and that the required Availability (A) could affect
previous (as well as present) decisions.
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

In the next figure the “time” entity is added representing the remaining
service life, i.e. the point in time at which reliability or safety will reach
some threshold value (i.e. value 5 according to the proposed scale).

Qualitative performance scales are suggested. The remaining service
life, i.e. when reaching an unacceptable failure return period, is
gualitative (semi-quantitative) estimated based on foreseen speed of

deterioration (preferably backed up by inspection records or other verified
models).
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

Failure mode

Structure

Vulnerable . X |
Performance z0ne ObSENatlon . L I, ——
Component indicator

I

Construction Design and
type r construction

h 4 ¥ A 4 l Y

Deck (old) Reinforced concrete 1963 Corroded reinforcement
Deck (new) Reinforced concrete 1977 HMS Corroded reinforcement
Deck (old) | Reinforced concrete 1963 Spalling
Deck (new) Reinforced concrete 1977 Spalling
Deck (new) Reinforced concrete 1977 Bending Corroded reinforcement Reliability 3
Deck (old) Reinforced concrete 1963 failure mode Corroded reinforcement (Structure 3 15
Deck (new) REfnfnrced concrete 1977 HMH Spall-lng safety) years
) Deck (old) Reinforced concrete 1963 Spalling
Frame bridge -
Deck (new) | Reinforced concrete 1977 Efflorecences
Deck (old) Reinforced concrete 1963 Efflorecences
Shear failure
Deck (old) Reinforced concrete 1963 mode HSS Crack 2
Deck (old) Reinforced concrete 1963 Falling Spalling
Deck (new) | Reinforced concrete 1977 chunks Spalling Safety (Life and 2 2 40
Falling of the limb) years
Railings Steel 1977 bridge Broken 2
ry

1

Reliability level
52 I SR S T (]

0 20 40 60 80 100 120 _. 140
Time (years)
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

Performance indicator scales (example)

* No alignment of scales (e.g. by translating all to a monetary unit)
* Reliability:

The below written scale is only
1.0E-08
valid when considering the
wes o governing failure mode in
é 1.0E-05 5:2
= one of the vulnerable zones.
< 10E-04 £
@ 8 -
o & Other failure modes and
zones/areas are expected to
1.0E-01
. have excessive capacity.
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 )
Resistance reduction factor
Pf
rseﬁ?;E.:ﬁlatEd 0 Qualitative scale (structural safety, similar can be formulated for serviceability, e.g. 8 > 1.5is a "1", EN1990)
> 4.00 New bridges and old bridges with no resistance reduction.
3.25-4.00 Old bridges with no or marginal resistance reduction compared to the virgin state (< 8%).
2 50-3.25 Old bridges with some resistance reduction compared to the virgin state (8 — 17%). Reassessment shall be
’ ’ performed before next inspection.
200-2.50 Old bridges with major resistance reduction compared to the virgin state (17 — 23%). Reassessment and possible
' ' intervention shall be performed shortly after inspection.
<2.00 Severe resistance reduction. Immediate action is required.
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

Performance indicator scales (example)

« Safety (life and limb):

Scale related to
safet Quantitative scale Qualitative scale

I Injury return period > 100 yrs  No danger. It is very unlikely that a person could get injured because of current bridge performance.
P injury return period ~ 75 yrs  Itis unlikely that a person could get injured because of current bridge performance.

Injury return period ~ 50 yrs

It is likely that a person could get injured because of current bridge performance. Intervention shall be
performed shortly after inspection.

. . Immediate danger. It is very likely that a person could get injured because of current bridge
Injury return period < 10 yrs g y y P g J 9

performance. Immediate action is required.

Injury return period ~ 20 yrs

« Availability:

Scale related to availabilit Quantitative scale
R No restrictions to traffic
PP weight, speed and lane restrictions for heavy trucks

Closure except for cars and regular lorries. Possible lane restrictions for regular lorries.

P closure except for cars. Possible lane restrictions for cars.

Complete closure

N

H

I

Duration of intervention could be included in the above scale. However, no
attempt in this respect has been made. If availability is monetised, as in many
European countries, duration of intervention and its impact on user costs
(discounted) is naturally considered.
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

* For each reliability level and with the respect of time preference, linked
to the damage process, each country might establish maintenance

scenarios.
« Example:
Reliability level

Reference Do nothing (schedule for the next inspection in 5 years)
Reference Do nothing (schedule for the next inspection in e.g. 5 years)
Preventive basic Strengthen to establish reliability level 1 (B >4)
Reference Do nothing (schedule for the next inspection in e.g. 5 years)
. Preventive 1 Do nothing (schedule for the next inspection in e.g. 3 years)
Preventive 2 Repair to establish as design ‘virgin’ reliability (3 =3.8)
Preventive basic Strengthen to establish reliability level 1 (8 >4)
Reference Do nothing (schedule for the next inspection in e.g. 3 years)
4 Preventive 1 Do nothing (schedule for the next inspection in e.g. 1 years)
Preventive 2 Repair to establish as design ‘virgin’ reliability (B =3.8)
Preventive basic Strengthen to establish reliability level 1 (B >4)
Reference Strengthen to establish reliability level 1 (§ >4) (mandatory!!!)
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WG3 Frame Bridge Case Study Example | Masovic, Linneberg and Hajdin

lllustrative example

For each scenario, graphs for each KPI (in this case: R - reliability, C — costs,
A — availability and S — safety) can be made. This has been performed for the
illustrative example. "Reference scenario” is a "do-nothing" scenario. It
should be noted that availability is established on the network level.
Comparison of various scenarios might be performed in a number of ways, for
example monetization is widely adopted method (for reliability and safety we
need consequences of failure, i.e. Risk). However, that approach is not
chosen in this COST action.

When all KPI are expressed on the scale of 1-5 (1-best, 5-worst) the spider
diagram in the course of time can be generated (3D spider). Scaling/
weighing factors is up to the owner.

It should be noted that in order to account for time preference, discounting is
established for future expenditures. It is directly applicable to costs (C). If the
same procedure is applied to other KPI's (R, S, A) then the ‘average’ or net
present KPI for each scenario can be found and compared.

For decision making the net present KPI in form of spider diagram is also
presented.
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lllustrative example

Ralabllity lewvsl

Safaty

—_

R I f

o P
Time [years]
4 1 1 !
! b . * Time [years) C/)'
& & 109 120 Tima fyears) 193
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4
. 48 2 S 2 Time (years) 140
a - reference scenario
: III' T L f
) B |
"a a0 ] oo ) 12
Teme (years]
40 an “ 0 RF
Time {years)
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] o 40 [ 1 Time (years) 122
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Performance evaluation using Bayesian Nets

Stochastic variables

Bayesian nets may be applied in
order to evaluate the reliability
rating.

An example of the simplified
Bayesian network for a priori
reliability assessment is presented
In Figure 16. As risk based
assessments are considered as an
advanced method, some of the
iInput parameters may also be
more advanced, e.g. load effects
are based on actual traffic data.
More complex Bayesian Nets may
be found in e.g. [26].

Deterministic parameter

Actual traffic
loads
Type of structure

Performance value

Load effect

B0l

Resistance /
Serviceability limit
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Performance evaluation using Bayesian Nets

The a posteriori assessment of reliability is
performed after an inspection or detailed
investigations. The qualitative a priori
values are updated based on the
observations. Please note that the node,
Actual traffic loads, has been excluded in
the figures for simplicity.

Frame bridge

- -~

’ i >
,~ Reinforcement \
\_  cerrosion !
-

I:l Stochastic variables
I:l Deterministic parameter
I:l Performance value

:_ 1 Observation
LA Vulnerable zone e —
7 77 7 A
’\ Damage process \‘.
N ~_ "

Resistance

Load effect

Reliability
rating

Damage forecast

Present (time of inspection)
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I:l Stochastic variables
I:l Deterministic parameter

Frame bridge

P
// Reinforcement \
\_ cerrosion J

~ -~
Vulnerable zone

'____-i Observation 7T

Future reliability forecast
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Quantitative Inspection and Maintenance Planning

* Run inspection and maintenance scenarios with associated costs
and availability based on performance prediction model

Probability of failure

Threshold

Virgin state

. Time
Inspection no. 2

Failure rate

Inspection no. 1 Maintenance
Early-
failure | | Wear-out
\perlﬂdl Useful-life period | period }
|

~\‘
|
|
|
|

|

|

|
N i
J
|
|
|
|
|

|
1 |
0 Cumulative operating time
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ARCH BRIDGES CASE STUDIES | Joao Amado, Cristina Costa

Introduction
« Example 1: Viaduct VT.5343

« Example 2: Durraes Bridge
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ARCH BRIDGES CASE STUDIES | Joao Amado, Cristina Costa

Example 1

Viaduct VT.5343
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ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

|

« Located in Portugal, designed in 1937 and built in 1944;

« 3 open spandrel arches and two girder sections between arches;

« The main arch has a span of 98,4 meters with two reinforced concrete ribs;

« The two other arches have 43 meters span and three reinforced concrete ribs;
« Total width of the bridge deck is 24 meters with 5 lanes.

TU1406 WG3, WG4 and WG5 WORKSHOP
231 — 24th November 2017 SLIDE 380
Riga, Latvia

‘ COST ACTION



ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

l

1944 2001 2003 2010 2013
_________ I | | | X
| | | | :
Detailed Restoration Detailed Principal
Inspection Inspection Inspection
+
Lab tests
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ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

« 2001: Detailed Inspection and Laboratory tests

COST ACTION

* Irregular cracks in arches’ ribs and girders;
*  Signs of reinforcement corrosion (red coloured areas);
* Girders presented signs of being crushed against the top
of the piers (piers at arch springing — Arch 1);
 Bearings showed some signs movement capacity

exhaustion and corrosion;

« Laboratory tests showed the existence of silica gel
and etringite;

. Potential for further alkali-silica reactions almost
exhausted.
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ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

e 2001: Detailed Inspection and Laboratory tests

Main observations: - Damage Process:
- Cracks - Expansive Reactions

- Movements’ capacity

exhaustion - (size increase of the girders caused
unexpected movements of bearings as
- Crushed elements well as crushing of the end of the girders

- o against the supports)
- Silica gel and etringite
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Structure type: Open Spandrel Concrete Arch Bridge
Construction | Construc Vulnerable . Damage :
Component type tion Zone Observation Process Failure Mode KPI PI
Deck girders Reinforced 1944 _Cracks Expan_swe Shear failure 3
Concrete (irregular) Reactions mode
. Reinforced : Expansive Shear failure
Deck girders 1944 Crushing . 4
Concrete Reactions mode
. High shear . Reliabili
Deck girders Reinforced 1944 ’ Silica gel Alkali aggregate - v -
9 Concrete 9 reaction (AAR)
. Reinforced - Sulphate action
Deck girders Concrete 1944 Etringite (SA) - -
Movements
Bearings Steel 1944 capacity Overloading Bearing failure 4
Bearings exhaustion Reliability
Bearings Steel 1944 Cor_roded Corrosion Bearing failure 2
equipment
. Expansive .
Arch ribs Reinforced 1944 _Cracks Reactions (ASR+ Cqmpressmn Reliability 2
Concrete (irregular) SA) failure mode
. Expansive :
Arch ribs Reinforced 1944 Cr_ack_s Reactions (AAR+ Cqmpressmn Reliability 2
Concrete (longitudinal) SA) failure mode
. Compression Red color .
Arch ribs Reinforced 1944 Zone areas near Cprrosmn of - - -
Concrete ) Reinforcement
major cracks
. Reinforced o Alkali aggregate ) ) i
Arch ribs Concrete 1944 Silica gel reaction (AAR)
. Reinforced _ Sulphate action
Arch ribs Concrete 1944 Etringite (SA) - - -




ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

1944 2003
_________ I I : ,
| | | |

Restoration

v
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ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

2010: Detailed Inspection

Overall good condition, no important signs of
expansive reactions;

New signs of crushing/ detachment of the deck
girders over the pier at arch springing (15t Arch);

With the potential for further alkali-silica reactions
almost exhausted it is likely that another damage
process is occurring;

High compression forces should be present at deck
level;

Possible movement of the abutment due to
previous earthworks near foundation.
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ARCH BRIDGES CASE STUDIES — Example 1 | Joao Amado

Viaduct VT.5343

« 2013: Principal Inspection

Main observations: - Damage Process:

- Crushed girders over the (Abutment Displacement/ Rotation)
pier at arch springing; - Soil Failure

- Concrete detachment on — _ Overloading

top of the pier at arch
springing, below the
girders;

- Cracks on the abutment =
side walls
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ARCH BRIDGES CASE STUDIES — Example 1 | Jodo Amado

Viaduct VT.5343

« 2013: Principal Inspection

Structure type: Open Spandrel Concrete Arch Bridge

Component EORALEE Coqstruc Yl Observation Damage Failure Mode KPI Pl
type tion Zone Process
. Reinforced . . Soil Failure/ Shear failure S
Deck girders Concrete 1944 High shear Crushing Overloading mode Reliability
Pier at arch springin Reinforced 1944 Girder support Detachment Soil Failure/ Loss of support Reliabilit
pringing Concrete P Overloading P Y
Abutment Concrete 1944 Foundation Cracks Soil Failure Tilting Reliability

Scale related | Quantitative | Qualitative (written) scale
to reliability scale
1 >4.00 New bridges and old bridges with no resistance reduction.
2 3.95-4.00 qld Ibridges with no or marginal resistance reduction compared to the
virgin state (< 8%).
3 2.50-3.25 Old bridges with some resistance reduction compared tolthe virgin state
(8 — 17%}| Reassessment shall be performed before next |nspect|on.|
Old bridges with major resistance reduction compared to the virgin state
4 2.00-2.50 (17 — 23%). Reassessment and possible intervention shall be performed
shortly after inspection.
5 < 2.00 Severe resistance reduction. Immediate action is required.
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ARCH BRIDGES CASE STUDIES | Joao Amado, Cristina Costa

Example 2

Durraes Bridge
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

Durraes Bridge

« Located in Portugal, near Porto, dates back to late 19t century (1878)

*  Masonry arch bridge made of granite stone regular blocks in the principal elements and irregular
blocks, mortar mixed with cement in the infill (infill masonry)

* 16 arches, ~9 m span and 0.7 m thickness

« 15 piers and 2 abutments

* Rectilinear longitudinal profile, total length of ~178 m and 5.3 m width

«  Maximum gap between the ground level and the top face of the deck is ~22 m
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

StonArcRail 1&D FCT Project

Durraes Bridge

« 2015: Visual Inspection

[
I
[ PP
ilj)]:l
|
[ I
1

|

|

| N—

Legend: M Vegetation & Lack ofmortar ¥ Cracking in the central zone of the arch @ Cracking in the interface arch-spandred wall

Defects associated to environmental, physical and chemical actions

Defects associated to mechanical actions
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

Durraes Bridge

e 2015: Visual Inspection

StonArcRail 1&D FCT Project

*  Humidity and water flowing

*  Vegetation, moss, lichens and dirt deposits
+ Black films

+ Efflorescence

* Lack of mortar

+  Stone degradation (erosion and meteorization)

Defects associated to environmental, physical and chemical actions

TU1406
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

StonArcRail 1&D FCT Project

Durraes Bridge

e 2015: Visual Inspection

(near the face and in the central axis)
*  Block fracture
*  Cracking at the mortared joints

« Joint opening

Defects associated to mechanical actions
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

StonArcRail 1&D FCT Project

Durraes Bridge

« 2015: Experimental and numerical characterization

* Detailed survey on geometry and material constitution
of elements

*  Mechanical characteristics of stone blocks and
masonry joints evaluated from lab tests on material
samples

* In situ mechanical characteristics of masonry from flat-
-jack testing; infill material from pressuremeter
testing

 Dynamic identification based on in situ vibration
tests

7 !

rfiit = \ [prte
Iy =18sHze=283% | | |t =208Hze=243% |ty =2.41Hzz=240%) | | 1, =250Hz £=3.61%

* Numerical assessment of the bridge response under
traffic loading using calibrated models

el fom] - g

Dynamic responses of the main arch of Coa bridge in the elastic regime
du dular train
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

Durraes Bridge

« 2015: Visual Inspection

Main observations: - Damage Process:

- Cracks - Overloading / Atypical vibrations (vibration)
(longitudinal cracks along the central
axis of the arch intrados)

- Rupture - Multiple DP (overloading, soil failure, etc.)
(Block fracture - local)

- Deteriorated mortar joints - Abrasion/Erosion
(Lack of mortar)

- Vegetation - Biological growth

- Wet spots - Hydraulic inadequacy

- Efflorescence - Sulphate action
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ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

Durraes Bridge

((L
:

Component Conts;Irouectlon Construction Vulzngrzzble Observation Damage Process Failure Mode KPI PI
Spandrel-arch Cracks Overloading / Interaction in
Arch Stone masonry 1878 Eonnection (longitudinal cracks along the Atypical vibrations transverse Reliability 3
spandrel-arch connection) (vibration) direction
Cracks Overloading / Interaction in
Arch Stone masonry 1878 Arch intrados (longitudinal cracks along the Atypical vibrations transverse Reliability 3
central axis of the -arch intrados) (vibration) direction

Rupture . ) ) )

Arch Stone masonry 1878 (Block fracture - local) Multiple DP
Arch Stone masonry 1878 Deteriorated mortar joints Abrasion/Erosion - - -

(Lack of mortar)

Arch lP . - -
Arch lp 1 - -
Arch ‘ - -
Spandrel wall — wi - -
Spandrel wall — wi - -
Spandrel wall — wi - -
Spandrel wall — et - -
Spandrel wall — e: - -
Spandrel wall — e - -

Pier - north f - -
Pier - north \trgi_ | _R_L 3_ - -
Pier - nort - hani out of plan of the spandrels & tensile - -
Pier - soutt arch hinge mechanisms failure in the arch - -
Pier - south Stone masonry 1878 Vegetation Biological growth - - -
Pier - south Stone masonry 1878 Wet spots Hydraulic inadequacy - - -
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Durraes Bridge

ARCH BRIDGES CASE STUDIES — Example 2 | Cristina Costa

Component Conts;;)uectlon Construction Vulznsrzzble Observation Damage Process Failure Mode KPI Pl
Spandrel-arch Cracks O\_/erloa}ding_/ Interaction in o
Arch Stone masonry 1878 connection (longitudinal cracks along the Atypical vibrations transverse Reliability 3
spandrel-arch connection) (vibration) direction
Cracks Overloading / Interaction in
Arch Stone masonry 1878 Arch intrados (longitudinal cracks along the Atypical vibrations transverse Reliability 3
central axis of the -arch intrados) (vibration) direction

Scale related | Quantitative | Qualitative (written) scale
to reliability scale
1 >4.00 New bridges and old bridges with no resistance reduction.
9 3.95-4.00 D.Id lbridges with no or marginal resistance reduction compared to the
virgin state (< 8%).
3 2.50-3.25 Old bridges with some resistance reduction compared tolthe virg_in state
(8 — 1?%}[ Reassessment shall be performed before next |nspect|on.|
Old bridges with major resistance reduction compared to the virgin state
4 2.00-2.50 (17 — 23%). Reassessment and possible intervention shall be performed
shortly after inspection.
5 < 2.00 Severe resistance reduction. Immediate action is required.
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Case study —road concrete arch
bridge Nerestce

Pavel Ryja¢ek — Faculty of civil engineering CTU in Prague, Czech Republic
Milan Petfik — Mott MacDonald CZ, Czech Republic




Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge introduction

« The concrete arch bridge is located on the main road between
Prague and Ceské Budgéjovice, close to a small village Nerestce.

« The location shown on the map of traffic intensity
* 9679 cars/24h, from that 953 heavy cars/24h.
Prague B

intenzity dopravy v tisicich

Vv CR V ROCE 2010

Arch bridge

Ceské
Budéjovice
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge introduction

Main span - 50m, bridge length - 80m.

Three dilatation parts - side parts are
concrete frames, central part supported
by the concrete arch.

Concrete abutments and arch pad
foundation on the rock, probably
connected in the ground.

132l N o

e BABS MY mm 48
54 28 T

L
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge introduction

« The bridge serves to 2 lanes, total
width is 112,6m.

* There is asphalt pavement on the
bridge of thickness up to 200 mm!!

 The concrete railing used
* Water is drained by vertical tubes.

12600

100,000 750 250 10000
A

DRILLING CORE:
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= 0.01 m = GRAVEL
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge load capacity

* Normal capacity of the unlimited number of vehicles: V,=26.7t
« The capacity of the one single vehicle on the bridge: V, =66t

« Exceptional capacity for the heavy special transport: V, =175t
» Critical members: vertical walls for Vn, bridge deck for Vr

a

-;'7

% ‘ \Q‘?
=

&
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Formal bridge status - rating

« Rating:
— Superstructure — V

— Substructure -V

Rating:
— Avalilability — 3

Available

Available with conditions

Available with limitations

Limited avalilability

Al |W[IN|PFP

Unavailable

I Excellent 1
Il | Very good 1
Il | Good 1
IV | Satisfactory 0,8
V | Bad 0,6
VI | Very bad 0,4
VIl | Emergency 0,2
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

« Concrete deterioration, the reinforcement corrosion. Mainly below
the expansion joints on the piers and arch.

STRAKONICE PRAHA
<+ —>

expansion Joint leaking

surface concrefe spalling expansion joint leaking

reinforcement corrosion Glass side cover domaged surface concrete spalling

expansion joint leaking reinforcgment corrosion
4 1

llllllllll Lidd

T T

llllll T

1T L4 "4
R T

Glass side cover damaged

Mortar profection damage

\R_oln,fgtcemgmcgmﬁqn

Skalice
Heavy concrete damage Heavy concrele damage
Reinforcement corrosion Reinforcement corrosion

|
Reinforcement corrosion |
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

« Concrete deterioration, the reinforcement corrosion. Mainly below
the expansion joints on the piers and arch.

« The arch plan is shown bellow:
{

1 |

o (8} [#] ‘ 5} o
Drainage damage

expansion joint leaking
reinforcement corrosion

Hurmidity

Drainage damage Rafling leaking Drainage damage

o o] ! Q [a] o

gxpansion joint leaking axpansion Joint leaking
surface concrete spalling

reinforcement corrosion
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Case study — road concrete arch bridge Nerestce | Pavel Ryjaéek, Milan Petrik

Bridge defects

Defects of pavement, enormous
thickness of pavement

Inefficiency of drainage
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

« Damage waterproofing of the
arch and spandrel walls

« Waterproofing defects,

TU1406 WG3, WG4 and WG5 WORKSHOP
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

Concrete deterioration, the reinforcement corrosion. Mainly below
the expansion joints on the piers and arch.
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

 Deterioration of the foundation at the abutment — the status 6
years old, repaired
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge defects

Concrete deterioration, the reinforcement
corrosion. Mainly below the expansion joints on

the piers and arch.
Deterioration of the concrete railing
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Potential failure modes of the bridge

» Vertical walls under the expansion joint failure — global bridge failure
due to loss of stability under live load due to concrete degradation and
reinforcement corrosion under leaking expansion joint.

« Main arch failure — global bridge failure due to concrete degradation
and reinforcement corrosion under expansion joint location due to
expansion joint leakage.

Abutment Abutment

B0300
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Potential failure modes of the bridge

« Top slab failure in arch-slab joint — failure of top slab in the weakest
slab position due to leakage and concrete degradation and
reinforcement corrosion.

» Loss of abutment stability — stability loss of undermined abutment 01
due to bad water management of pavement surface water (drainage
system outlet).

Abutment Abutment

B0300
1930, 5500 i 3630 !m 5630 0 5630 i 3630 14800 . %3 0 3630 2 %30 0 3630 ad 3630 4600

T sa s 6 |7 oh ATTT
< S2 S3 / S8 59

49780
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Material testing and diagnostics

l

Compression tests — good results — considered as C30/37

Alkali — silica reaction — satisfies
Carbonation — max. 8mm, usually Omm

TU1406

COST ACTION

Specimen Compressive
strength [MPa]
NK1 33.8
011 31.7
01 2 36.9
02_1 29.8
S1 32.1
S2 31.8
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Case study — road concrete arch bridge Nerestce | Pavel Ryjaéek, Milan Petrik

Material testing and diagnostics

 Chlorides amount — max. 0,059%

« All samples were exposed to the 75 freezing
cycles — only one sample failed

[ T
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Case study — road concrete arch bridge Nerestce | Pavel Ryjaéek, Milan Petrik

Key performance indicators

« KPI are provided in with best practice knowledge of the team and
experiences with bridge inspection in CZ, The indicators are
evaluated and also based on the model experiences.

. . Performance Estimated
Component Material Failure mode | Vurnerable zone Symptoms KPI . ) )
indicator failure time
Reinforced E.J. leakage,
Wall under E.J. Global failure | E.J. connection i g 2 20 years
concrete reinforcement
Reinforced E.J. leakage, L
Arch Global failure | Arch underE.J. . g Reliability 2 35 years
concrete reinforcement
: — - (Structure 2
Reinforced Local slab Slab in hinge Hinge leakage and
Top slab , . . safety) 2 35 years
concrete failure position reinforcement
Loss of Abutment
Abutment 01 Subsoil . i Undermined abutment 2 40 years
stability foundation
Reinforced Parapet Bottom section of Reinforcement
Parapets . 2 10 years
concrete collapse parapet corrosion
- Safety 2
Asphalt ) ) Crack & sweating &
Pavement Skid resistance Top surface . 2 5 years
concrete deformation

WG3, WG4 and WG5 WORKSHOP
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Bridge evaluation

« First Referenced approach consider a lack of any repairs of bridge
except of very basic ones on the pavement. The bridge defects are
developed till bridge failure and whole bridge is replaced with new
structure.

« Second Preventative approach consider set of repairs during life
time cycle to prevent further defect development and overall damage
to the structure.
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Referenced approach

* Alack of any repairs of bridge except of very basic ones:

« Pavement failure in 5 years due to crack development, sweating and
deformation in five years, then pavement repair.

« Concrete parapets collapse in 10 years (decrease of availability &
safety) — placing of temporary crash barriers

« Doubled wall under expansion joint failure in 20 years
« Bridge failure and replacement with new structure in 20 years

« Preventative approach on the new bridge (pavement replacement
every 20 years and bridge repair every 40 years).
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Costs Availability

Reliability level

Safety

Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Referenced approach
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Preventative approach

« Preventative repair after 10 years:

« Pavement failure in five years due to crack development, sweating
and deformation in five years (shall be repaired).

« Concrete parapets collapse in 10 years

« The whole bridge and accessories repair is considered in the same
time 10 years.

 In following years the preventative approach on the repaired bridge is
assumed (pavement replacement every 20 years and bridge repair
every 40 years).
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Preventative approach
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Case study — road concrete arch bridge Nerestce | Pavel Ryjacek, Milan Petiik

Comparison of the approaches

« The preventative approach is more appropriate for the arch bridge -
the indicators shows more favorable results for all aspects.

. Reliabilit
Preventative vs. Reference 1 y
1,5
2
—Preventative 100 Cost Availability
Reference 100
Safety
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