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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 fi h oinh derms 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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Statistics

1. We(LSRparemanaging71bridges(includind4pedestriabridgeps
and882big culverts(d>2m);,
(therearenoincludednunicipalityridgefsulvertsaproxsameamount
2. Bridgdlistributioloroadclases
o0 MairroadqA)i 172or 18%ofbridges
0 RegionabaddqP)i 353or 37%o0fbridges
0 LocaloadqV)i 434or 45%ofbridges
3.Bridgamaterials
0 Reinforcecbncreté 94%
o Stelli 4%
o Masonry 1,5%
o Wood 0,5%



Statistics

Lengtlofbridges
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Statistics

Ageofbridges
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Statistics

FinancingnmilliorEUR tdridgeenovatioandreconstruction
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Statistics

Bridgeconditiofmediuntermplanning
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Bridge management in Latvia

GeneraschemefbridgananagementlLatvia:

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

Handboolsanbefoundhttp://Ivceli.lv/uncategorized/rokasgramatas/



Bridge management in Latvia

Bridgananagemenystem 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

TimelinefLatBrutus
A Developefitom19972002n cooperationithNorwegiastateroads
A 2002-2017inusewithnochanges



Bridge management in Latvia

SchemeflLatBrutustructure

INVENTORY MODULE:

* Generaldata

¢ Roaddata

e (Construction data
¢ |oaddata

¢ Bridge elements

* Documents

* Notes

Archive data

— >

INSPECTION MODULE

Inspection Inspection Technical
plans programs condition

\4 Inspection /

ADMINISTRATIVE MODULE
Codes and Budget BCI
standarts plan
MAINTENANCE MODULE

Maintenance Maintenance Completed
plans program maintenance

N o |



Bridge management in Latvia

LatBrutus InventorynoduléGeneratlata:

General info

'@Tiltu datu kartina o ] |

S T R A e e =T “ E
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[Rijienss novars (0220 |Sedas tits [+/P017:28 823 ET  [Siutits [Selickams - stie | 34,16 [1960

Visparéjas \

Administrativ
e info

Administrésana

Statuss

Kategaria: |AT

|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

Zela dati ]Knnstrukj:ijas dati] Slodzes dati] Elementi ] Dokumenti ] Piegimes l

=

—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 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 Inventorynodul¢Constructiatata:
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| 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 Inventorynodul€Bridgeslements):

@Tiltu datu kartina =10 =l
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Bridge management in Latvia

LatBrutus InventorynoduléDocuments):

'@Tiltu datu kartina

I Y R a1 Y

=[O =]
ﬂ | Beigt
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Project
documentation
archive data
special inspections

Rajons r. Nosaukums Atrafanas vieta

Statuss Tips Iaterials Garums  Blves

[Fejienas novads 220 [Sedas tits [/P017:28,523

Vispargjas ] Cela dati l Konstrukcijas dati] Slodzes datil Elemnenti

ET  [Siutits [Saliekams - stie | 34,16 [1960

) 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
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/)
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Bridge management in Latvia

LatBrutus Inspectiomodule

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.
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LatBrutus datafrominspections

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
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LatBrutus Some=xampleandclasificatioof defects
(Demageode Degre@fdemageconsequen¢®emageouse

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

712/ 3M

/13 or
B Al s
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BRIDGE LOADINGS:

Roadrafficegulations Latvia:
Withouspeciabermission
A 40tforordinaryruck
A 44tforISOcontaineruck
A 52tfortimbetorrie;

Problem

Alotofbridgesrebuiltindefferertimes
accordindifferentormativesnddesign
loads Nonormativbasetoinusebridges

Aim
Tosupplememiprmativeegulationsith

procedureowto evaluatéoadcarrying
capacitpfinusebridges

Schemeef52ttimbeltorries

6300

7000 [
w08 | 320 — 1418 3548 —
%3 20496
- ’

¢ 0
[Z6000 25336
0 4

Realife =
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BRIDGE LOADINGScadmodelLM3:

Inbridgerenovatiomprojectswearerecalculating
bridgebearingapacityo ourselfcreatedoad
modelLM3whiclrepresentsverydatraffidoads I —

LOadT]OdELMaS basern SLODZES MODELIS LM3

o Standardizesbvietimeprojects

0 MK279¢ Ce Nu s ati ks mes

0 MK343¢c Not el lkelimli graplma r Q
smagsvara pUrvadUj.u

o WIMdata

o Policadata

LM3modesummarganbefound
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BRIDGE LOADINGEBM3blockscheme
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BRIDGE MANAGEMENT IN SA

A Road & Rail operators are responsible for BMS
A Owners select and implement own systems

A Main bridge owners are:

National Road Agency
Transnet Freight Raill
Provincial Governments
Cities
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BRIDGE MANAGEMENT IN SA

Republic of South Africa

e e ]

not yet chosen its provincial capital.

either Pietermaritzburg or Ulundi.
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—-— Province boundary
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@ 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

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

A For Government Depts, now a requirement through
Ol mmovabl e Asset Management
Management Act O
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STRUMAN BMS

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

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

A Network level inspections

I Aim to identify bridges in most need of maintenance
Interventions

I Condition index and priority index
I Also provides indication of budget
A Project level inspections

I Detailed inspections to design & implement maintenance
Interventions

I Often involve NDT and testing
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STRUMAN BMS

A

o o I» Do I»

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

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

Approachembankment
Guardrails

Waterway
Embankmenprotection
Abutmentfoundations
Abutments

Wing &retainingwalls
Surfacing/ballast

. Deckdrainage

10 Kerbgsidewalks
11.Parapets& handrails

©CONOoOOhWNPE

12. Pier protectionvork

13. Pieffoundations

14. Piers &ylons

15.Bearings

16. Supportrainage

17. Expansiojoints

18. Longitudinamembers
(decks &arches)

19. Transversenembers

20. Deck slabs &rches

21.Miscellaneous
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DER rating system

D1 DEGREE of defect
ET EXTENT of defect

R T 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 T 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

Category X U 0 1 2 3 4
Degree/
J _ N/A Unable To | No Minor Fair Poor Severe

Severity (D) Inspect defect

Extent (E) Local > Local < General| Genera

?rj)levancy Minimum | Moderate | Major Critical
Make Record _ _

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

|
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STRUMAN BMS

A

A

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

Only elements with defects are rated i.t.0 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

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

A 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

A

A

o T

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

I Structural adequacy

I Functional index

Structural adequacy is a function of D,E&R ratings

Functional index is a function of the following

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

3 mm joints in barrier had
closed up




OPI was No 52 out of 2 000

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

A Strengthening not feasible
due to steel stressed beyond yield

A Could hear crunching of concrete
when vehicles crossed |

:
A Deck was demolished and replaced

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

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

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

A Vibration based system identification

A Typical roving accelerometer set-up
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PROJECT LEVEL -example

[View: 3D View
[Complex Shapel|
BLK:

: scaledX U, Magnitude
Freq: 2 (tiz) +1.002e+00

+7.517e-01
+6.683e-01
+5.848e-01
+5.014e-01
+4.180e-01
+3.345e-01
+2.511e-01
+1.676e-01
+8.418e-02
+7.413e-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
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PROJECT - example

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

A Moving train load -speed 80km/h
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PROJECT - example
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PROJECT -Example

A s
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