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Paul D. Thompson, Co-PI and consultant
on the various research grants; primary
developer of the bridge deterioration
models.

Richard Kerr, FDOT State Maintenance
Office, project manager on the research
grants.



Historical perspectives on bridge deterioration
models — Nationwide and Florida.

Progressive research efforts on bridge
deterioration at Florida DOT (1998 - 2010).

Markov-based models based on expert judgment.
Use of element-level condition data to show
bridge preservation.

NBI Translation of element-level condition data.
Recent research efforts: Improved Markov

models; action effectiveness models; and hybrid
Weibull-Markov deterioration models.



Component-based bridge inspection (NBI
ratings) and original FHWA's linear
deterioration models for bridge major
components.

Stochastic models of bridge deterioration.

Bridge preservation models with
deterioration and action improvement
predictions.



Element-level bridge inspection started in
1998 in Florida.

Initial deterioration model in 1998 based on
Pontis Default (California) data.
Markov-based model developed from expert
opinion in 2001.

Project Level Analysis Tools SPLAT) and
Network Analysis Tools (NAT) developed in
2004/2006.

Improved deterioration/action effectiveness
models developed in 2010.
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The state of an element can be described at any

point in time as a distribution among a number of
condition states.

Assumes that the probability of making a
transition from one condition state to another
depends only on the initial state, and not on past
conditions or any other information about the
element.

Model is expressed as simple matrix of transition
probabilities for the element’s environmental
class (Benign, Low, Moderate, or Severe).
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Conditions at any future period can be

predicted by simple matrix multiplication.
TRAMSITION FROEAEBILITIES FREDICTED COMDITIOMNS

ToSkate Year StateL State% State?i Statei

FromState 1 2 3 4 2001 10000 0.00 0.00 .00

1 1 I 207 000 0,00 200z 3693 207 0,00 .00

2 0.00 3837 3E3 0,00 2003 33.95 h.A3 0.11 .00

3 .00 0.00 92,38 T.EZ 2004 oy 250 032 001

4 0.00 0.00 0.a0 av.08 2005 2827 11.04 0.E1 003

2006 ah.0E 13.39 096 003

F ailure probability 12,942 2007 a2.94 1553 138 015

Bl amounts in percent 2003 20,33 17.52 183 026

2004 a2 19.35 2.33 040

2010 Th.53 2104 2.86 a7

2011 FRcRy 2259 240 n.ra
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Transition probabilities estimated based on the median no.
of years between transition.

If it takes T years for 50% of a population of elements to
transition from one state to the next, then the probability
in @ one-year period of staying in the starting condition
state can be calculated from:

P = 0.5(1/T)

For example, if it takes a median of 6 years to transition
from state 1 to state 2, then the transition probability of
staying in state 1 is 0.89 or 89%. If we assume that all the
rest of the element deteriorates to state 2, then the
transition probability from state 1 to state 2 is (1-P) =
0.11 or 11%.
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Expert opinions elicited from FDOT Bridge
Engineers on 136 bridge elements.

Summary of results by element category:

Do-Mothing Do-Something Median Years Cui of Stafe

Average Averages Median

Elemeni Coef of Response Coef of Response | 2 3 4 5 Time fo

Category Count|  WVariation Rate] Varation Fate] Failure
Cecks/Slabs 12 0.28 85% 022 72%| 11.5 a2.8 2.1 4.7 2.0 50
Sugersiructurs 32 0.14 A8% .08 42%) 1768 104 6.8 4.7 4.0 e
Substruciure 1 0.22 58% 0.18 H8%e) 187 2 B.7 i 52
Joirifs al 0.28 71% 014 BT % T4 5.0 2.8 21
Beaarings 5 0.20 T5% 014 4% 183 125 7.8 50
Railing 5 0.18 82% .08 ggwl 171 133 .0 2.3 &id
Moniakle 28 0.43 71% 023 38% T8 g8 4.8 4.1 33
Cher Elements 15 0.20 £4%, 010 Arwe] 171 148 1158 B8.5 Gg

Taotal 136 0.25 55% 015 5%
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Expert opinions elicited from FDOT Bridge
Engineers on 136 bridge elements.

Summary of results by material type:

Dro-Mothing Dig-Something Median Years Out of State

Average Ayerage Median

Elermnent Cioef of Response Cosf of Response *] 2 3 4 5 Time fo

Material Counl Vanalion Ratel Varation Rats Failure
Ungainted Siesl 17 0.048 158% 0.04 18%] 178 118 3.2 52 ]
Fainted St=e 17 0.22 8%, 0.12 57| 140 2.1 7.2 52 4.8 55
Frestressed Concrete ] 0.28 22% .14 8% 251 115 7.5 4.5 o3
Reinforced Concrete 18 0.28 TE% 0.24 T8%) 240 134 2.0 5.8 ]
Timber 11 0.12 28%, 008 28%) 114 2.8 &1 4.7 44
Ciher 24 0.20 48% 0.10 48%) 128 105 (=R 40
Decks i 0.32 70% 0.25 7wl 1268 a0 T4 4.0 24 50
Slabs 5 0.2a 8% 0.17 G5 % 2.8 2.8 2.1 58 32 51
Elecirical ] 0.5 T2% 0.20 =P a7 g3 4.2 26
Hydraulic 4 0.28 TH% 0.30 73% 4.7 4.1 3.0 2.7 21
Mechanical 16 0.37 EE% 0.23 G8% 3.3 7H 5.7 4.5 a7

Taotal 136 0.25 5% 0.158 5%




Example transition probability matrices for painted steel in

severe environment: To Condition State
1 2 K] 4 o] Fai

1| 92.5 6.5 0.0 0.0 0.0 0.0

% 2 86 114 0.0 0.0 0.0

wm] 3 91.2 8.8 0.0 0.0

E 4 g2 1186 0.0

o] = g28] 172

Fromy To Condition State

State]  Action 1 2 3 = 5
1| 1 Surface clean 100.0 0.0 0.0 0.0 0.0
1] 2 Mizc Maintenance 100.0 0.0 0.0 0.0 0.0
2l 1 Swrface clean 0.0 100.0 0.0 0.0 0.0
2] 2 Clean and pant 91.3 2.8 0.0 0.0 0.0
3| 1 Spot bast clean, and paint 932 £.3 0.0 0.0 0.0
4| 1 Spot bast clean, and paint 45.8 22.5 3.8 290 0.0
4] 2 Replace pant system 72.5 25 0.0 29.0 0.0
2| 1 Rehab unit 86.3 1.3 25 0.0 0.0
2| 2 Replace unit 100.0 0.0 0.0 0.0 0.0
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Inspection . No of % in % in % in % in % in
Year v (SF) bridges | Statel | State2 | State3 | State4 | State5
2003 5,892,527 2472 30.3% 62.2% 7.0% 0.3% 0.1%
2004 6,432,144 2693 29.1% 62.4% 7.9% 0.3% 0.3%
2005 6,321,547 2515 26.0% 68.4% 4.9% 0.6% 0.1%
2006 6,645,752 2750 24.9% 68.0% 6.1% 1.0% 0.0%
2007 7,303,416 2725 21.1% 73.6% 4.5% 0.7% 0.0%
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Annual Trend in Element No. 12 Deck Condition
- Based on Bridge Count
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New Translator Program developed to convert element-based

inspection (distribution in condition states) to FHWA NBI Condition

Rating.

m
L

NBITranslator

BRIDGE ELEMENT CONDITION - NBI RATINGS TRANSLATOR
COMPUTER PROGRAM (2009 YERSION)

This computer pragrarm enakbles the user to translate element-based bridge
ingpection data (% in deterioration states) to the FHWA NEI (Condition rating) format.
The franslation is done for each bridge comaonent (deck. superstructure. substructure,
or cuhvert) separately. Press "Introduction” for more information

Options
InventoyYear — [a008 Element Filz | Tranglate | Clear |
Select Bridge Component - Smart Flag | Compare MEI | Clean Files |
-
Motes and Basic Steps in Running the MBI Translator Progiam
1. The program performs input/output operations using the Microsoft Access
D atabase Tables.
2. It map be necessary to uze the 'Clean Files' button to clear the contents
of some data tables
3. Press the ‘Element File' button to generate bridge data needed as input
for the program.
4. Prass the 'Smart Flag' button to generate the table for all smart flags,
8. Select the desired bridge companent, i.e., deck, superstructure,
substructure, or cubert
B. Press the Translate' button to perform the translation process: this may
take a few minutes.
7. The translated ratings are shown in the preview screen and also stored in
2 Microsolft Access database table.
8. |f the comparable MBI Inspection data [MEI ratings] is available, Input the
Inspection year and press the 'MBI Campare' button
v

9. The differences between translated ratings and MBI Inspection ratings are

EXIT

Florida Department of Transportation

FDOT NBI Translator 2010

This computer spreadsheet program enables the user to translate element-based bridge
inspection data (% in deterioration states) to the FHWA NBI (Condition Rating) format. The
translation is done for each bridge component (deck, superstructure, substructure, or culvert)
separately. Element inspection data from Pontis is stored in the "ElementData2" Worksheet and
the elements' assignment to bridge component is indicated, along with suggested initial weights,
in the "FactorsBridge" Worksheet. The "InputList” Worksheet has a list of specific bridge(s)
(entered by user) and some statistical parameters necessary for optional adjustment or
lcomparison of the translated ratings.

First the element inspection data is read and separated into bridge component data, with the
lelement condition indexes and NBI condition ratings also calculated. Starting with the initial user-
assigned relative weights, the elements’ quantities are used to estimate the relative weights of
importance for the elements on each bridge components. Next , the weights are used to
aggregate the NBI condition ratings of the respective elements constituting each bridge
component. The smart flags are then used, if indicated in the bridge records, to adjust the
translated ratings. Finally, if the field-inspected NBI ratings are available, the translated ratings
are compared, and also adjusted based on some F The ratings
are stored in the "Trar ingDeck” "Tt RatingSup” "TranslatedRatingSub" and
"TranslatedRatingCulv" Worksheets.
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Markovian transition probabilities most recently
updated in 2010 based entirely on Florida bridge
inspection data.

New simplified procedure developed for
estimating one-step transition probabilities using
significantly smaller sample sizes than traditional
regression.

New inspection-based models showed
deterioration rates far slower than current expert
elicitation models.
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Models estimated from observed changes in
element condition between two inspections.

2005 2007

Condition
state

| -
" Deterioration
> paths

Preservation
paths




Historical bridge activity (from FDOT's
Maintenance Management System (MMS) and its
AASHTO TrnsePort database) merged with bridge
condition data from Pontis.

Deterioration models estimated from sets of
iInspection pairs indicating no preservation
activities between the dates.

Regression-based method used to estimate
transition probability matrices from inspection
data.



Example result from regression-based model.

Element 107 — Painted stesl open girder/beam

All environments

From To state 1 State 2 State 3 State 4 State 5

State 1 K 49 12

State 2 967 25
State 3 Q72
State 4
State 5

0.4
09
27
9935

0.0
0.0
0.1
0.5
100.0

All amounts in percent; =34247; F=0.761
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Deterioration model simplified by assuming one-step
transition between states.

New model compared with Markov model based on expert
opinions (from 2001) -- state transition times.

B elemen: categoay® By element matenal*
Joints 32 Unpaimted steel 1.3
Failing 1.6 Pamted steel 1.5
Supsrstruciurs 1.7 Prestressad conecrste 1.7
Beanngzs 22 Heinforced concrste 2.1
Substracture 2.0 Timber 1.3
MMovable bnidge equup 1.8 Other maternal 2.1
Chanme] 1.4 Dacks 1.5
Other slements 14 slabs 3.3
B+ condifion state™* By emnronment**

From state 1 to 2 18 Sempgn 2.2
From state 2 to 3 26 Low 2.6
From state 3 to 4 38 hModerate 2.7
From state 4 to & 6.1 Severs 2.5

Unweizhted averages over the elements in each category
* Based on decay life
** Hased on state-to-state ransition thmes



Markovian models used in Pontis have fairly rapid
initial deterioration.

New method developed to model the onset of
deterioration, i.e., the period when a bridge is
new, before it starts to exhibit visible defects.
Weibull survival function used to model the
probability of remaining in condition state 1, as a
function of age.

Development of hybrid Markov-Weibull models.



Weibull survival function used to model the
probability of remaining in condition state 1, as a
function of age.

Weibull function: . .
Flg — EKP(_(EE'“:'E}

where y,, is the state probability of condition
state 1 at age g, if no intervening repair action is
taken between year 0 and year g; S is the
shaping parameter, which determines the initial
slowing effect on deterioration; and g is the
scaling parameter.
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Development of hybrid Markov-Weibull models: weibull
survival functions for state 1 and Markov for remaining
states. Sample results shown.

Median transition mes
(from-to states, In years)

Element fype States  Elemts 1-2 2.3 34 4.5 1-5 Count () Eeta
Al- Concrete deck 5 3 5.8 471 359 234 146 19064 (0.72) 1.3
A2- Concrete slab 5 2 43 45 139 150 02 6852 (0.64) 3
AZ- Prestressed concrete slab 5 1 52 723 213 393 174 4785 (0.71) 3
Ad- Steel deck 5 3 34 1.8 113 109 37 3990 (0.50) 1
AS- Tunber deck/slab 3 4 5.1 11.7 147 0.0 41 2739 (0.60) 9
AfB- Appreach slabs 3 2 116 250 279 0.0 3 38434 (D710
El- 5trip Seal expansion jomt 3 1 128 454 0.0 0.0 67 1992 (0.62)
B2- Pourable jomt seal 3 1 09 g§.3 0.0 0.0 23 20001 (0.76)
B3- Compression jomt seal 3 1 62 107 0.0 0.0 21 7391 (0.68)
B4- Assembly jomt/seal 3 1 139 137 0.0 0.0 24 1170 (0.65)
B5- Open expansion jomt 3 1 181 301 0.0 0.0 58 2738 (0,707
Bé&- Other expansion jomt 3 1 192 604 0.0 0.0 a2 137 (0.75)

States = number of condition states m the element definiions
Elmts = number of elements belongng to the element type
Median transition time from state 1 to state 5 15 the decay hfe
Beta = Weibull model shapmg parameter
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—— B2-Pourable joint seal
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—— 16- Other (incl asphalt) slope protection —— L1-Moveable bridge mechanical

—— |7-Drainage system ——— L4-Moveable bridge hydraulic power
——— J2-Reinforced concrete wall ——— M1-Moveable bridge electronics
—— K1-Sign structures/hi-mast light poles ——— M4-Moveable bridge navigational lights
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Development of the “"do-samethina”

probabilities.

Marknvian trancitinn

Wew mode! - recommendad resulis

Acton sub-cabezory Smates  Thage atael  Afaiel Mdated Maes Siabed
201 Fehab deck’replace overly 4 2 4388 3412 0.0 Q.00 (.0
201 Fehab deck’replace overly 5 7 4388 3412 0.0 Q.00 {0

"
-
i
-
]
-
n
-
n
-
S
205
S
205
n
-

213
3]

717
71
33
23

S

SFl

243
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o
iy bad

a8 an B iaa baa L
L 03 0.3 €
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221

Pehab steal

Pehab stzal

Pehab concrete

Rehab tomber

Rehab tomber

Rebab mazonry

Rebab mazonry

Fehah M5E

Rehab jomt

Rehab bearmg

Rehab slopa protecion
Rehiab chanpel

Rehab dramage system
Rehab machinery

Rehab machmery

Rehab machmery

Rehab cable

Rehiab cable

Mindjackmg

Repair dack and subsmate
Repair dack and subsmate
Spot paint

Spot paint

Spot paint

{_lean rebar and patch
Pepair jom?

Repair Tubricate machmerny

330 Bepairubricate machmery
By dafinition, all 1{0-series replacement actions have a 1007 probability of state 1
By dafinition, all £J0-seriss rouiine maimisnance acdons are not modeled
Usagz = namtber of Poatis MEA&R action definifions that wse each acton sub-category

4

L e fe bad e Lad e LAy

S e e b

4

24
1%
18
4

ot
1
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41.03
4585
1304
1304
100,00
100,00
0s 38
ER.57
&8 60
7203
QR.TO
5781
0353
03353
03353
41.03
57.81
Q5.T9
2071
2071
0136
41.06
75.31
09
62.38
100,00
oo0d

1.85
1815
4555
2040
2040

0.00

0.00

0.00
11.31
31440
25.08

0.00
1815

547

547

547

1.85
1815

a7

a7

B4
5178
1776

0.52
LX)

0.00

7.06

44
203
B.52
4.5
4.5
0.0
0.0
542
0.12
0.0
0.09
130
<03
0.0
0.0
0.0

44
<03
0.0
0.54
0.54
0.0
0.2
§.83

1539
10.04)
0.0
0.0

0.68
Q.04
Q.08
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
0.04
Q.04
Q.04
0.68
Q.04
Q.04
Q.04
Q.04
Q.04
Q.04
Q.08
Q.04
0.04
Q.04
0.0

{041
{041
(.00
{041
{041
{041
{041
(.00
{041
{041
{041
{041
(.00
0.00
{041




New model - recommended results

Action sub-category States  Usage Statel  State2  Stated  Stated  States
201 Rehab deck'replace overlay 4 2 43.88 56.12 0.00 0.00 0.00
201 Rehab deck/replace overlay 5 7 43 88 56.12 0.00 0.00 0.00
202 Rehab steel 4 2 41.03 1.85 56.44 0.68 0.00
202 Rehab steel 5 26 57.82 38.15 4.03 0.00 0.00
203 Rehab concrete 4 2 4585 4555 8.52 0.08 0.00
204 Rehab timber 3 1 33.96 5949 6.56 0.00 0.00
204 FEehab tumber 4 41 33.96 59.49 6.56 0.00 0.00
205 Rehab masonry 3 2 100.00 0.00 0.00 0.00 0.00
205 Rehab masonry 4 15 10000 0.00 0.00 0.00 0.00
206 Rehab MSE 4 3 5458 0.00 542 0.00 0.00
211 Rehab jomt 3 7 88.57 11.31 0.12 0.00 0.00
213 Rehab bearing 3 11 68.60 31.40 0.00 0.00 0.00
221 Rehab slope protection = 3 72.93 26.98 0.09 0.00 0.00
222  Rehab channel 4 4 58.70 0.00 1.30 0.00 0.00
223  Rehab dramnage system 5 1 57.82 38.15 4.03 0.00 0.00
231 Rehab machmery 3 22 93.53 6.47 0.00 0.00 0.00
231 Rehab machmery 4 12 §3.53 6.47 0.00 0.00 0.00
231 Rehab machmery 5 3 §3.53 6.47 0.00 0.00 0.00
243  Rehab cable 4 1 41.03 1.85 56.44 0.68 0.00
243  Eehab cable 5 2 57.82 38.15 4.03 0.00 0.00
246 Mudjackmg 4 2 85.79 421 0.00 0.00 0.00
301 Repair deck and substrate 4 4 89.71 9.73 0.56 0.00 0.00
301 Repair deck and substrate 5 12 89.71 9.73 0.56 0.00 0.00
302  Spot pawmt 3 2 91.56 2.4 0.00 0.00 0.00
302  Spot pamt 4 30 41.96 537.78 0.26 0.00 0.00
302  Spot pawmt 5 35 75.33 17.76 6.83 0.08 0.00
303  Clean rebar and patch 4 19 84.09 0.52 15.39 0.00 0.00
311 Repair joint 3 2 62.36 37.64 0.00 0.00 0.00
331 Repaw/lubnicate machmery 3 2 100.00 0.00 0.00 0.00 0.00
331 Repair/lubnicate machmery 4 6 92 94 7.06 0.00 0.00 0.00

By definition, all 100-senes replacement actions have a 100% probability of state 1.
By definition, all 400-series routine mamtenance actions are not modeled.
Usage = number of Pontis ME&R action definitions that use each action sub-category
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MNew mode! - Taw resulis

Old mpdel

Actioo sub-catesony States  Sample Statel Starel Stared Sdated Siated State]l Siate? Sdated Sdatef Sdated
200 Pehab deckreplace overlay 4 ] 4388 351z 0.00 Q00 Q.00 1537 61035 541 Q00 QDD
200 Peehab deckreplace overlay 5 a G018 1518 135 4463 1847
02 PRehab stesl 4 11 41.03 185 5544 068 Q.00 6827 2684 4460 030 000
02 Fehab stesl 5 4 5782 3815 =203 Q00 Q.00 o687 1734 10465 393 108
203 Pehab concrete 4 237 4585 4535 831 008 Q.00 G233 X262 1179 285 (DD
204 Pehab ttmber 3 a 0410 590 Q00 O 000
204 Pehab ttmber 4 18 313086 5949 4536 000 000 10.80 5274 2635 101 0,00
205 Pehab masoory 3 30 10000 Q00 000 000 000 7545 2381 075 O 0.00
205 Pehab masoory 4 3 10000 000 000 000 0.0 716 3236 2392 1655 (.00
206 Poehab MSE 4 il Qis8 000 542 000 Q.00 2588 5785 1565 060 0uDD
211 Pehab joint i 45 8857 1131 012 Q00 Q.00 1300 4583 I1.18 Q00 0uDD
213 PRehab bearnmg 3 40 6860 3140 000 Q00 Q.00 7319 I347 334 Q00 000
221 Pehab slope protecton 4 142 7203 1568 0.090 Q00 Q.00 g065 17 2013 Qlf2 0.0
21} Pehab chanmel 4 154 Q870 000 130 Q00 Q.00 6130 2834 271 Q465 (00D
223 Rehab damage system 5 K §732 1197 051 Q0D 0uDD
231 Fehab machmery 3 149 9333 647 000 000 Q.00 5838 I385 1657 Q00 000
231 Pehab machmery 4 2 0.00 100.00 000 Q00 Q.00 5134 Mu65 IDIE 453 (0uDD
231 Pehab machimery 5 a 5142 1074 4146 278 390
243 Rehab cable 4 a 0li= 703 111 Q2 Quod
243 Pehab cable 5 a 4289  OI1 Q000 2B58 113
246 Mudjackmg 4 215 579 431 0.00 Q00 Q.00 G237 2884 1.3 Q00 QuDd
300 Pepair deck and substrate 4 a 4261 2434 370 1540 3085
3001 PFepar deck and subsmaie 5 82 2|7l 973 036 000 Q.00 1733 2445 I189 1l82 1430
301 Spotpamt 3 A 0136 EB44 000 000 Q.00 6 3841 190 Q00 QDD
302  Spot paiot 4 38 4186 5778 025 000 Q.00 6588 417 o2 Q463 000
302 Spotpaint 5 BOS 7533 1776 4583 Q08 Q.00 5735 IBO02 980 435 038
303 Clean rebar amd patch 4 1974 =09 0532 1539 000 Q.00 4210 3820 1797 173  {.OD
311 Pepar jomst 3 182 6236 3764 000 Q00 Q.00 6500 2860 550 Q00 (uDD
331 Pepainlubricate machmery i 35 10000 Q00 000 000 Q.00 5100 4501 399 Q00 0uDD
331 PRepaiplubricate machmery 4 271 24 705 0.00 000 0.00 4005 44674 331 000 .00

By dafinftion, all 130-series replacement actions have a 10075 probability of state 1.
By defmition, all £30-series rouime mamsnance acons are nof modseied.



Florida DOT has developed one of the first
comprehensive bridge deterioration and action
effectiveness models based entirely on historical
condition state and activity data.

T

T

ne models have very strong statistical

characteristics due to large sample sizes.

ne historical activity data were difficult to

process because of unclear categorization of
action types, and imprecise dating.

Manual categorization and algorithms developed
to identify activity completion dates relative to
bridge element condition.



New simplified procedure developed for
estimating one-step Markovian models.

produces usable results with significantly smaller sample
sizes than traditional regression.

enabled the estimation of even relatively uncommon
elements.

New inspection-based models show for most
cases, deterioration rates far slower than the
expert elicitation models that have been used to-
date.

Further investigation is needed for the deck and
culvert models.



.

The survival probability concept (Weibull model)
was investigated for its usefulness modeling the
onset of deterioration; the Weibull parameters
appear to make models more realistic.

New methodology was developed for the
estimation of action effectiveness models from
historical activity and condition data.

Actual effectiveness of Florida DOT repair and
rehabilitation actions estimated to be greater
than those originally estimated by the panel of
experts for Florida’s models in 2001.



— —~ — — = = — “- -

Paul D. Thompson, Co-PI and consultant
on the various research grants; primary
developer of the bridge deterioration
models.

Richard Kerr, FDOT State Maintenance
Office, project manager on the research
grants.



Copies of the final report on the research
grants discussed are available for view or
download at:


http://www.dot.state.fl.us/research-center/Completed_Maintenance.shtm
http://www.dot.state.fl.us/research-center/Completed_Maintenance.shtm
http://www.dot.state.fl.us/research-center/Completed_Maintenance.shtm




New model - recommended results

Action sub-category States  Usage Statel  State2  Stated  Stated  States
201 Rehab deck'replace overlay 4 2 43.88 56.12 0.00 0.00 0.00
201 Rehab deck/replace overlay 5 7 43 88 56.12 0.00 0.00 0.00
202 Rehab steel 4 2 41.03 1.85 56.44 0.68 0.00
202 Rehab steel 5 26 57.82 38.15 4.03 0.00 0.00
203 Rehab concrete 4 2 4585 4555 8.52 0.08 0.00
204 Rehab timber 3 1 33.96 5949 6.56 0.00 0.00
204 FEehab tumber 4 41 33.96 59.49 6.56 0.00 0.00
205 Rehab masonry 3 2 100.00 0.00 0.00 0.00 0.00
205 Rehab masonry 4 15 10000 0.00 0.00 0.00 0.00
206 Rehab MSE 4 3 5458 0.00 542 0.00 0.00
211 Rehab jomt 3 7 88.57 11.31 0.12 0.00 0.00
213 Rehab bearing 3 11 68.60 31.40 0.00 0.00 0.00
221 Rehab slope protection = 3 72.93 26.98 0.09 0.00 0.00
222  Rehab channel 4 4 58.70 0.00 1.30 0.00 0.00
223  Rehab dramnage system 5 1 57.82 38.15 4.03 0.00 0.00
231 Rehab machmery 3 22 93.53 6.47 0.00 0.00 0.00
231 Rehab machmery 4 12 §3.53 6.47 0.00 0.00 0.00
231 Rehab machmery 5 3 §3.53 6.47 0.00 0.00 0.00
243  Rehab cable 4 1 41.03 1.85 56.44 0.68 0.00
243  Eehab cable 5 2 57.82 38.15 4.03 0.00 0.00
246 Mudjackmg 4 2 85.79 421 0.00 0.00 0.00
301 Repair deck and substrate 4 4 89.71 9.73 0.56 0.00 0.00
301 Repair deck and substrate 5 12 89.71 9.73 0.56 0.00 0.00
302  Spot pawmt 3 2 91.56 2.4 0.00 0.00 0.00
302  Spot pamt 4 30 41.96 537.78 0.26 0.00 0.00
302  Spot pawmt 5 35 75.33 17.76 6.83 0.08 0.00
303  Clean rebar and patch 4 19 84.09 0.52 15.39 0.00 0.00
311 Repair joint 3 2 62.36 37.64 0.00 0.00 0.00
331 Repaw/lubnicate machmery 3 2 100.00 0.00 0.00 0.00 0.00
331 Repair/lubnicate machmery 4 6 92 94 7.06 0.00 0.00 0.00

By definition, all 100-senes replacement actions have a 100% probability of state 1.
By definition, all 400-series routine mamtenance actions are not modeled.
Usage = number of Pontis ME&R action definitions that use each action sub-category



