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COST ACTION TU1406

Rigas Tehniska universitate

COST ir starptautiskas sadarbibas programma, kas
atbalsta zinatnieku un pétnieku sadarbibu dazadas
zinatnes un tehnologijas attistibas jomas Eiropa.
Programma radita ar mérki atbalstit galvenokart
pirms-konkurences pétniecibu, ka art pétijumus,
kas risina aktualas sabiedribas problemas.

Lai izstradatu Eiropas Iiment standartizétas
autocelu tiltu kvalitates kontroles proceduras,
balstoties uz projekta iesaistito 31 ES valstu
pieredzi, ka art uz nesen attistitam tiltu veiktspgjas
novértéSanas proceduram un metodém.

Projekta merkis ir izstradat vadlinijas autocelu tiltu
kvalitates kontroles planu radiSanai, kas balstiti uz :
« Tilta vai to elementu veiktspéjas indikatoriem un
» Tilta veiktspéjas mérkiem.




Eiropas savienibas valstis efektivai
tiltu parvaldibai ir izveidotas
dazadas tiltu menedzmenta
sistémas, kas izmanto dazadas
konstrukciju stavokla novértéSanas
proceduras.

Pamatojums

Bojajumu
attistiba

lerobezoti

Efektiva tiltu

_ _ finansialie
Parvaldiba

resursi

Sabiedribas
ceribas

VALDIBAS PASAKUMI

PUBLISKIE PAKALPOJUMI

LAIKS
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Pamatojums

Negraujosas

izpétes metodes ¢ Monitorings

Veiktspéjas
indikatori (P1)

Veiktspéjas mérki vai galvenie
veiktspéjas indikatori (KPI)

F{ Veiktspéjas modeli ] |:> [Kva”tétes kontroles plans [




Veiktspejas indikatori (Pl)

Vides Performance_Indicators (sorted)

Nolietosanas S'OC_'iU' _ iedarbibas Pieejamibai UZt_u'ré_éanas Accessibility to damage
procesam novietojumam parametri aktivitates alkali silika reaction
bad concrete compaction
Bearing fracture extension
Bojajuma Bearings displacement
_ . Bedding mortar failure
stavoklim

Bridge importance (size)
Carbonation

Carrying capacity factor
chemical attack
Chemical parameter

. . coating loss
IndlkatOru (PI) Concrete cover

Condition note

Materiala Ve i ktS péj dsS

Tpasibam

Geometriskajiem

arametriem t 1 1 ligtsp&jigumam Condition of a bridge
P I p I Condition rating
Corrosion
Crack lenght
Skérsgriezuma o Crack orientation
detalas DroSibai Crack width
, Damage
Damage degree
- . D luti
Konstruktiva Vasturisks Sociali- o . . amage ggltion
viendabiba un vartib ekonomiskie, Lietojamibai Damage extension
detalas ertiba izmaksu efektivitate Damping

Defect in bearing bed
Design codes

Rigas Tehniska universitate Apkopoti veiktspéjas indikatori 559 bojajumu veidiem 5

www.tu1406.eu/working-groups/wgl-performance-indicators



Negraujosas
izpétes metodes

Monitorings

Veiktspéjas
indikatori (PI)
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Veiktspejas indikatori (Pl)

PERFORMANCE INDICATORS RELATED TO...

Rigas Tehniska universitate

s N 7

[ DAMAGE STATE ] DAMAGE
CONDITION ASSESSMENT

4 N ( N ( ) PROCESS

DEFECTS MATERIAL EQUIPMENT ~
PROPERTIES Alkali Aggregate Reac. Condition note, Condition rating
Acids attacks Condition of a bridge
Abrasion Aggregate segregation || Asphalt pavement

Cracks (length,
width, orientation,
distance)

wearing and tearing
Clogged drain

Disintegr. of mortar
Fatigue cracking
Porous concrete

Calcification
Carbonation
Chloride Action

Damage (degree, extent, evolution)

Deterioration (Det. index)
Probability of detection

Railing anchorage Corrosion Structural deficiency
Spalling,.... Timber splitting, .... deformation, .... Fatigue ...... Structural loss .....
' ™ ~ s g ™\ 4
GEOMETRY STRUCTURAL INTEGRITY & ORIGINAL CONSTR- DYNAMIC
CHANGES JOINTS UCTION AND DESIGN BAHAVIOR
2z \ Z N 2 \
Buckling Dilatation width Bad concrete compaction Damping
Deformation Bearing damages & deformations Bad design Ductility
Differential settlement Change of static scheme Design codes Frequency
Displacement Coupling joint deficiency, ..... Design load Oscillation of structure
Distorsion, ...... Joint cracking, restraint, loss of anchorage Design load by road ID Vibration ......
™)\ ' ™ '
[ ENVIRONMENTAL BASED SYSTEM RESISTANCE SYSTEM
S SUSTAINABILITY
- ™ N N\ \ 2 \
COMMON LOCALISED Probability of fail
SUDDEN EVENTS i i Loah e
APPEARANCE LOADS ST A Redundancy
L AN )L Load distribution e
. Real static behaviour LRI NG
Freeze-thaw cycles Avalanche Gross Weight of . : Remaining service life
Environmental expos. Earthquake a Vehicle Mech‘amcal resistance & Residual risk, Risk
Humidity, Moisture Erosion Traffic loading Stab"'t}’ Resilience
Noise Extreme traffic load Seismic activity Safer mdﬁx Robustness
Temperature, ...... Fire, Flooding, ...... Wind action, .... Serviceability .... Vulnerability, .......




Veiktspejas indikatori (Pl)

|zstradata Eiropai domata veiktspéjas indikatoru datu baze, kas piemérojama, katras valsts
specifiskajam prasibam un ir balstita uz katras dalibvalsts specifisko pieredzi.

Veiktspéjas indikatorus var iedalit 5.dalas:

= Konstrukcijas drosuma indikatori;
= Konstrukcijas lietojamibas indikatori; | - I i .
= Konstrukcijas pieejamibas indikatori; e Y RERPITRETRRE T
* |zmaksu indikatori; : bl i
» Vides aspekii.




Veiktspejas indikatori (Pl)

Skaitliskas novéertéSanas sistema:
(Novéertéjums ar punktiem)

1

Nav bojajumu, vai ir nenozimigi bojajumi. Normals vecuma nolietojums. Nav nestspéjas,
lietojamibas vai kalpoSanas laika samazinajuma. Nav nepiecieSami meérijjumi.

Niecigi defekti, kas raduSies izgatavoSanas laika, nav talakas bojajumu attistibas. Nav nestspéjas
vai lietojamibas samazinajuma. Var but kalpoSanas laika samazinajums, ja netiek veikti
nepiecieSamie pasakumi. Remontdarbi pie nakos$as uzturéSanas reizes.

Videji Ildz smagi bojajumi, kas neizraisa nestspéjas vai lietojamibas samazinajumu. Bojajumi, kas
ietekmé nestspéju vai lietojamibu. NepiecieSami vidéja termina uzturéSanas un remontdarbi.
Smagi bojajumi, kas neizraisa nestspé€jas samazinajumu. Bojajumi, kas samazina lietojamibu vai

kalpoSanas laiku. NepiecieSami atri uzturéSanas un remontdarbi, lai nodroSinatu atbilstoSu
lietojamibu vai paredzéto kalposanas laiku. NepiecieSama speciala inspekcija.

Smagi bojajumi, kas izraisa nestspéjas samazinajumu. NepiecieSami nekavéjosi uzturéSanas un
remontdarbi.



Kvalitates kontroles

Veiktspejas merki (KPI)

~ komponen3u limenTt

DAMAGE
DEGREE &

EXTENSION MENT

DAMAGE
ASSESS-

FUNCTIONALITY

ELEMENT

sistémas
IMPORTANCE OF
b D Ve S BRIDGE
(_ * ) E‘:;':S:T FUNCTIONALITY
[Tmeni

—a

- Celu tikla [Tment

+ BRIDGE NETWORK |
'?’"’EOSE"L%ER":‘ FUNCTIONALITY |
H

CONSEQUENCES /

'ACTIONS

Drosums ;
Pieejamiba;
Ekonomija;

Vides aspekii;
Satiksmes droSiba.

utiskakie veiktsp&jas merki (KPI):

\

’
\ COMPONENT LEVEL /

s

MANAGEMENT PLAN (QUALITY 4

CONTROL PLAN)

” ~
/ PERFORMANCE INDICATOR \‘ PERFORMANCE GOAL
Y (e Elr s s s s s s s s s s s EEEEE AN
2 | DAMAGE DEGREE, EXTEND OR !
' | , — .
| g | e : DAMAGE ASSESSMENT |
1 I
1o | ! ( I
1 o I DAMAGE ASSESSMENT |_'—_> ELEMENT FUNCTIONALITY LEVEL |
A 7/
S S e e e e e e e e G,
! 1 | r | \
I = I SUM OF COSTS FOR REPAIR OF J I |
1 A h 1
' © Z|, || INDIVIDUALDAMAGES ,—-—> ELEMENT GENERAL CONDITION :
- ] 1 ASSESSMENT |
1o 3 [ PRICE OF THE NEW ELEMENT ] | |
| @ I
S o N o L L L L L L oo oL ____ L/
=== : -
[ | |
]
] I STRUCTURAL SAFETY AND
| ELEMENT FUNCTIONALITY LEVEL | SERVICEABILITY ASSESSMENT
Y ol kL = B
| r r
b <o
' & : IMPORTANCE OF BRIDGE ELEMENT ‘ II:> L Uit s i = ] N
LS LA e = = [,
'
N | (criteria: structural safety, traffic safety, 1 DURABILITY ASSESSMENT } 1 o
- l durability) | 2
1
. | I e
! w |1 ( | SUB-SYSTEM (traffic area '
. o ELEMENT GENERAL CONDITION b
1 g 1 ASSESSMENT [:> superstructure, substructure) & T
: >
= e L L _ _BRIDGE CONDITION ASSESSMENT _ )
e = ~ | Ss
) 21, COSTS FOR ADDITIONAL INSPECTION, A
Vo2 TESTING AND MONITORING METHODS I:> REQUIRED KNOWLEDGE LEVEL
| J
i Lz -
: | KNOWLEDGE LEVEL :>[ BRIDGE RELIABILITY ASSESSMENT }
i I
I o .
I g I i i
1
| I
=
[ { | !
N ‘ BRIDGE CONDITION ASSESSMENT I [ pRIORTY REPARRANKING | i
| L Criteria:structural safety and ]
! o I | serviceability, durability, traffic safety, I
| 8 I BRIDGE IMPORTANCE (IN THE general bridge condition, I
i v NETWORK) tt;l road category, annual average daily |
i | = I traffic, detour distance, largest span, :
| : ( BRIDGE RELIABILITY ASSESSMENT I total length, !
' ) e o
\ | 1
|
&

\ NETWORK LEVEL /




Veiktspejas merki (KPI)
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B  Cela kategorija

W . Videja satiksmes intensitate
™ Apbraucama cela garums
- Garakais laidums

B Kopé€jais garums

Konstrukcijas droSums un
stabilitate

B Satiksmes droSiba
B llgizturiba

m Visparégjs tilta tehniskais
stavoklis

Nosaka tilta
svarigumu
cela tikla

Nosaka tilta
tehnisko
stavokli

Piemérs remontdarbu prioritates noteikSanai izmantojot veiktspéjas

kritériju ietekmes koeficientus
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Veiktspejas modeli el

:
! s
“ G omn " N
&3 T

0
_;u? C C;.l [ Karbonizacijas attistibas laika modelésanai var izmantot
g 21 sadu fib modeli
N e

T el e

é )" _ t 2
g 4! - = xC(Z)Z 2 RH,.@Q 7. (?J '(kf'RArI:‘c.o +8r)'C5 "/;(TOJ
> 1—
o) ( 100 J
g %)
2 i Hloridu koncentracijas modeléSanai paredzéts izmantot
<. sadu fib model
% >
> -
i timet [ B | X — Ax
& Cx,n)=(C,+(C_,.—C))-(I—erf )
2JD,, -
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Kvalitates kontroles plans

Basis of design:
e Material properties
¢ Design Loads
"o Environment
¢ Soil properties
e etc. —
Bridge data: <~,':¥__g;teimjjsisi_@£>
Design requirements and costs: * Bridge type
¢ long-term costs-> Construction costs * Geometry
e Serviceability ->  Fulfilled e Construction type Forecast at Tul:
s Safety -> Fulfilled e Construction method e Long-term costs -> Add in-depth investigation
¢ (Construction year and intervention costs
| * etc ¢ Serviceability -> Not fulfilled
- e Safety -> Fulfilled
A
" Assessment:
ﬁ ¢ lLong-term costs-> Add inspection costs o o
.. L e Serviceability ->  Fulfilled - h
2 £ ?:'i! * Safety > N Fulfilled C&-li?_rjg:tfrm COSt_S_:_M',D
=] c ]
8 ocg5
= (%] '&; © E -
6 us2% Forecast at Top: | | |
ko E E g g ) e Long-term costs-> Add in-depth investigation and intervention
25828¢% costs
2 * Serviceability ->  Fulfilled
— % e e e 0 e Safety > Fulfilled
Commissioning Inspelction Interv:ntion 1 Intervs.;ntion 2

today Top Tul

Vidéja termina un ilgtermina uzturésanas planosanas visparéja pieeja.



Kvalitates kontroles plans

Konstrukcijas veiktspé&ju var raksturot ar
«zirnekla» tikla diagrammu.

. DroSums, izturiba —varbdatiba, ka tilts bls
piemeérots ta funkciju izpildei visa kalpoSanas

laika.

Il. Pieejamiba, uzturamiba — raksturo laiku, ~

kura tilts ir funkciongjo$a stavoklr. Ves_e_llb_as un
lll. Ekonomika — saistita ar ilgtermina izmaksu POI't'Sk_'e
samagzinajumu tilta kalpo$anas laika. aspekti

IV. Vides aspekti - saistits ar kaitéjuma
samazinasanu videi tilta ekspluatacijas laika.

V. Veselibas un politiskie aspekti — saistiti ar
cilvékiem nekaitigu materialu pielietosanu.
Politika ir saistita ar célonu likvidéSanu
sabiedriskam protestam, pozitiva t€la veidoSanu
blvéjamam vai uzturamam tiltam.

|. DroSums
1

2

Vides aspekti

ll. Pieejamiba,
uzturamiba

[1l. Ekonomika

Kombinéto veiktsp&jas mérku (KP1I) tikla diagramma



Kvalitates kontroles plans
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Kvalitates (kontr

oles plans

jue

Failure mode

| ]

A

Piemérs KPI iegtsanai no Pl

Structure | A~ |
g- —_— L . Performance ’ u ::r::be < Observation -
E— ;‘;:‘J* Component o indicator
2 : j“ )
— | Construction ¥ Design and Damage
hype e construction Process
i
i
|
A 4 v Y A 4 v h 4 4
Main girder | Reinforced concrete 1970 Corroded reinforcement
Main girder | Reinforced concrete | 1970 HMS Crack Corrosion
Main girder | Reinforced concrete 1970 . : Spalling
Deck  |Reinforced mET N B Corroded reinf t lladliity 10
ec einforced concrete el orroded reinforcemen (Steucrurs
- Deck Reinforced concrete 1970 HMH Corroded reinforcement Chirseisn safety) years
» Girder Deck Reinforced concrete 1970 Spalling
bridge Deck  |Reinforced concrete | 1970 Efflorecences
Deck Reinforced concrete 1970 Shear failure mode | HSS Crack QOverloading
Deck Reinforced concrete 1970 Falling chunks Spalling Corrosion
Safety 15
Traffic & pedestrian i i
Curb Granite 1970 p Damaged None (Life and limb) years
accident
A




Kvalitates kontroles plans

a3 i N O

L 1 1
|, =

—

() Lieces raditi bojajumi

=5 0 Bides raditi bojajumi

(P
IR
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Jutigo zonu un bojajumu vietu iesp&jamais izvietojums tiltos
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Kvalitates kontroles plans

Reliability
L I R
8
3
Reliability
L5 N
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0 10 20 30 40 50 60 70 80 00
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1
Z2
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w4
5
0 10 20 30 40 50 60 70 80 90 100
Time (vears)

References scenarijs, jeb «neko nedarit»
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Preventivais scenarijs
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Rekomendacijas

Veiktspejas Veiktspejas merki | Veiktspéjas Veiktspejas Kvalitates
indikatori (PI) (KPI) modeli novertejums kontroles plans

Indikatori, kas Indikatori apkopoti  Bojajumu attistibas Proceduras, datu UzturéSanas plans,
ieguti periodiskas veiktspéjas mérkos. modeli, kas parada analize, mérijumu  ievértéjot kvalitates
inspekcijas, veiktspéjas stratégija, kontroles kritérijus.
monitoringa dati indikatoru izmainu  nenoteiktibu

laika. modeléSana

Deterministiskas
vai varbutibu
novertéjums.

= = a =
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Secinajumi

= Japilnveido esoso LATBRUTUS tiltu vadibas sistemu, papildinot to ar tiltu veiktsp€jas

novertéjumu sistému un novertéjumu sistému trasé esosa tiltu kopumam.
» Efektivak izmantot uzkratos datus par tiltu tehnisko stavokli.

= Attistit veiktsp&jas mérku digitdlo modelésanu, nemto véra veiktspéjas indikatoru izmainas

laika.



Paldies par uzmanibu.
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