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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.



Ellen_‘ndent-level bridge inspection started in 1998 in
orida.

Initial deterioration model in 1998 based on
Pontis Default (California) data.

Markov-based model developed from expert
opinion in 2001.

Project Level Analysis Tools (PLAT) and Network
Analysis Tools (NAT) developed in 2004/2006.
Improved deterioration/action effectiveness
models developed in 2010.



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).



tiplication.

TRANSITION PROBABILITIES PREDICTED CONDITIONS
' ToState Year| State] State2, Stated, Stated,
FromState 1 2 3 4 2001 100.00 0.00 0.00 0.00
1| 9633 3.07 0.00 0.00 2002| 96.93 3.07 0.00 0.00
2 000  96.37 363 0.00 2003| 9395 5.93 o.n 0.00
3 0.00 000 9238 762 2004 9107 8.60 0.32 0.01
4 0.00 0.00 000 8708 2005| 8827 11.09 0.61 0.03
2008 8556  13.39 0.96 0.08
F ailure probability 12.94% 2007| 8234 1553 1.38 0.15
All amounts in percent 2008 80.39 17.52 183 0.26
2008 7792 1935 233 0.40
2010 7553 2104 2.86 057
20m| 7321 2259 3.40 0.79




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 a
one-year period of staying in the starting condition state can be
calculated from:

P = 0.5(/7)

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%.



Expert opinions elicited from FDOT Bridge Engineers
on 136 bridge elements.

Summary of results by element category:

Decks/Slabs 12 0.28 85% 0.22 72%] 115 8.8 2.1 4.7 2.0 50
Superstructure 2 0.14 38% 0.09 42%) 176 104 6.6 4.7 40 5@
Substructure 31 0.22 58% 0.16 £6%] 18.7 8.2 8.7 4.7 52
Joints 8 0.29 71% 0.14 87% 7.4 5.0 2. 21
Bearings 5 0.20 75% 014 74%) 183 125 7.8 5

Railing 5 0.1¢ 82% 0.0 £§8%) 171 13 2.0 8.3 B4
Movable 28 0.42 7T1% 0.23 68% 7.8 6.8 4.9 4.1 33
Cther Elements 15 0.20 <£4% 0.10 37 171 14868 115 e.8 (=f=

Total 138 0.25 55% 0.15 55%




Expert opinions elicited from FDOT Bridge Engineers

on 136 bridge elements.

Summary of results by material type:

w IModemOutdsuo
verage

Median
Coef of Response 1 2 Time to
Material Variation Rats Failure
Unpanted Steel .04 18%] 17 116 8.2 58
Painted Stee . 0.12 57%] 140 8.1 7.2 55
Prestressed Concrete 0.26 0.14 58%] 25.1 11.5 7.5 83
Reinforced Concrete 0.28 0.24 78%| 240 134 2.0 8o
Timber 0.12 0.08 28%]) 114 = 6.1 =4
Cther 0.20 0.10 48%| 12¢€ 105 8.9 40
Decks 0.32 0.25 T7T%] 126 2.0 7.4 2.9 50
Slabs 0.24 0.17 85% 2.0 8.6 2.1 3.2 51
Electrical 0.54 0.20 87% 8.7 8.3 4.2 26
Hydraulic 0.29 0.30 73% 4.7 4.1 3.0 2
Mechanical 0.37 0.23 68% 8.3 7.8 5.7 37
Total 0.25 0.15 55%




Example transition probability matrices for painted steel in

severe environment: To Condition State
|1 2 3 - Sraii

1] 935 65 00 00 00| 0.0

2| 2 886 114 00 00| 0.0

bl 3 912 88 00| 0.0

gl 4 882 118] 0.0

| S 828] 17.2

m To Condition State

Action 1 2 3 4 5
1| 1 Surface clean 100.0 0.0 0.0 0.0 0.0
1| 2 Misc Maintenance 100.0 0.0 0.0 0.0 0.0
2| 1 Surface clean 0.0 100.0 0.0 0.0 0.0
2| 2 Clean and paint 91.3 8.8 0.0 0.0 0.0
3| 1 Spot blast, clean, and paint 938 6.3 00 00 0.0
4] 1 Spot blast, clean, and paint 48.3 25 38 250 0.0
4] 2 Replace pant system [ 4 0.0 25.0 0.0
5] 1 Rehab unit 86.3 1.3 25 0.0 0.0
5| 2 Replace unit 100.0 0.0 0.0 0.0 0.0




Inspection ] No of % in % in % in % in % in
Year Rty (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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New Translator Program developed to convert element-based inspection
(distribution in condition states) to FHWA NBI Condition Rating.

0 NBITranslator

Florida Department of Transportation

FDOT NBI Translator 2010

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

This computer program enables the user %o fransiate element-based bndge - 0 T T ot el Eheseribrg
R re = ey atates) b o EFAA MBI (Condi N e is computer spreadsheet program enables the user to translate element-based bridge
',rr i ‘L.m)' du-'la ke L_hﬁ“-' loreson sla ”_5 / 'J_Pw’ oy HV ':‘ NEI (C C_' ul!\ur re.m ) S inspection data (% in deterioration states) to the FHWA NBI (Condition Rating) format. The
he 7on,lko|y_-'| dons tor q-a'c! bndge -_r_:n._ i (deck. supersyuchre. substructure, translation is done for each bridge component (deck, superstructure, substructure, or culvert)
or culvert) separstaly. Press *Introducton” for more informaton 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,
|, ‘nbodud

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

Dphces comparison of the translated ratings.
Inventory Year  [2008 Element Fie Transate (S
First the element inspection data is read and separated into bridge component data, with the
. = element condition indexes and NBI condition ratings also calculated. Starting with the initial user-
Select Bodge Comparent | Servt Flag Covpase NBI Claan Film:

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
suc Steps m Rurrng the NBI Trandator Program 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 statistical parameters. The translated ratings
0 the Mictotalt Acos are stored in the "TranslatedRatingDeck" "TranslatedRatingSup" "TranslatedRatingSub" and

MNoter o

1 The progsam pefosrs rpul/oulput opersbore

Databusin Tabde "TranslatedRatingCulv" Worksheets.
2 may e neceriay 10 use the Claan Filet’ bulion 50 de #e conents
of some data Lables

4 >
5 Select the decred brdpe componernt, L., deck

[ buon ho peror the kancleton process ths may

7 The haralded 18rge e thosn e the e iC1een and abo sicred n
a Mook Acce oo Labibe

8 ¥ the covpasable NEI Inspecton data (NEY 1w 2 avalable input the

Irupect
9 The diteren

& and peesa the MBI Conpare’ b
Detmeen tandated radngs and N

rEpaclon I3V gs ae b
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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.



Models estimated from observed changes in element
condition between two inspections.

2005 2007

Condition
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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
inspection pairs indicating no preservation activities
between the dates.

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



Element 107 — Painted steel open girder/beam

All environments

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

State 1 93.5 49 12 04
State 2 96.7 25 09
State 3 97.2 2.7
State 4 99.5
State 5

0.0
0.0
0.1
0.5
100.0

All amounts in percent; n=4947; *=0.761




pared with Markov model bas
m 2001) -- state transition times.

By element matenal*
32 Unpamted steel 18
16 Pamted steel 196
1.7 Prestressed concrete 1.7
22 Reinforced concrete 2.1
20 Timber 18
18 Other matenal 2.1
14 Decks 19
14 Slabs 3.3
By condition state** By environment**
From state 1 to 2 18 Bemgn 2.2
From state 2 to 3 26 Low 2.6
From state 3 to 4 38 Moderate 2.7
From state 4 to 5 6.1 Severe 2.9

Unweighred averages over the elemenrs in each category

* Based on decay life

*¢ Based on state-to-state wransition tmes




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:

= exp(—(g/a)P)
where y,, is the state [Brobablll)lty oF’cond|t|on 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.



id Markov-Weibull
e 1 and Markov for remainin

Median transition times

(from-to states, in years)
Element type States Elemts 1-2 2-3 34 4.5 1-5 Count () Beta
Al- Concrete deck > 3 58 47.1 359 234 146 19064 (0.72) 13
A2- Concrete slab 5 2 43 446 139 15.0 98 6852 (0.66) 13
A3- Prestressed concrete slab 5 1 5.2 723 213 303 174 4785 (0.71) 13
Ad- Steel deck 5 3 34 18 113 109 37 3990 (0.50) 1.1
AS- Tomber deck/slab 4 4 5.1 11.7 147 0.0 41 2739 (0.60) 19
A6- Approach slabs 4 2 116 250 279 0.0 83 38434 (0.71) 1.0
Bl- Strip Seal expansion jomt 3 1 128 454 0.0 0.0 67 1992 (0.62) 1.0
B2- Pourable jomt seal 3 1 99 83 00 0.0 23 20091 (0.76) 1.0
B3- Compression jomt seal 3 1 6.2 10.7 0.0 0.0 21 7391 (0.68) 14
B4- Assembly jomt/seal 3 1 139 13.7 0.0 0.0 34 1170 (0.65) 14
BS5- Open expansion jomt 3 1 18.1 30.1 0.0 0.0 58 2738(0.70) 14
B6- Other expansion jomt 3 1 192 60.4 0.0 0.0 2 757 (0.75) 14

States = number of condition states in the element definitions
Elmts = number of elements belonging to the element type
Median transition time from state 1 to state 5 is the decay life
Beta = Weibull model shaping parameter
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Acton States  Usage

201 Rehab deckreplace overlay 3 2 3388 612 000 000 000
201 Rehab deckireplace overlay 5 7 4388 3612 000 000 000
202 Rehab steel 4 24 4103 185 5643 068 000
202 Rehab steel 5 2% 5782 3815 403 000 000
203 Rehab concrete 4 28 4585 4555 852 008 000
204 Rehab tmber 3 1 3306 049 656 000 000
204 Rehab tmber 4 41 3306 04O 656 000 000
205 Rehab masonry 3 2 10000 000 000 000 000
205 Rehab masonry 4 15 10000 000 000 000 000
206 Rehab MSE 4 3 0458 000 542 000 000
211 Rehab jomt 3 7 8857 1131 012 000 000
213 Rehab bearmg 3 1 6360 3140 000 000 000
221 Rehab slope protacton 4 3 7203 2698 009 000 000
222 Rehab chanpel 4 < 870 000 130 000 000
223  Rehab dramage system 5 1 5782 3815 403 000 000
231 Rehab machinery 3 n 9353 647 000 000 000
231 Rehab machinery 4 12 9353 647 000 000 000
231 Rehab machinery 5 3 9353 647 000 000 000
243 Rehab cable 4 1 4103 185 3642 068 000
243 Rehab cable 5 2 5782 3815 403 000 000
246 jacks 4 2 9579 421 000 000 000
301 Repair deck and subsmate 4 K] 8971 973 056 000 000
301 Repair deck and subsmate 5 12 8071 973 0356 000 000
302 Spotpamnt 3 2 9156 844 000 000 000
302 Spot paint 3 30 4196 5778 026 000 000
302 Spotpaint 5 55 7533 1776 683 008  0.00
303 Clean rebar and patch 4 19 8400 052 1539 000 000
311 Reparr jomt 3 2 6236 3764 000 000 000
331 Reparlubricate machmery 3 2 10000 000 000 000 000

4 s 9204 706 000 000 000

331 Repawriubricate machmery
By defnmn.allmamsrq:hcwmhlwuw»spmbﬁkyoﬁml
By definitior, all 200-series routne maintenance actions are not modelad.

\ Usage = pumber of Ponts MR&R action defnitions that use each action sub-category f




New model - recommended results

Action sub-category States  Usage Statel  State2  State3  State4  StateS
201 Rehab deck/replace overlay 4 2 43.88 56.12 0.00 0.00 0.00
201 Rehab deck/replace overlay 8 7 43.88 56.12 0.00 0.00 0.00
202 Rehab steel 4 24 41.03 1.85 56.44 0.68 0.00
202 Rehab steel B 26 57.82 38.15 4.03 0.00 0.00
203 Rehab concrete 4 28 4585 45.55 852 0.08 0.00
204 Rehab timber 3 1 33.96 59.49 6.56 0.00 0.00
204 Rehab timber - 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 - 15 100.00 0.00 0.00 0.00 0.00
206 Rehab MSE 4 3 94.58 0.00 542 0.00 0.00
211 Rehab jomt 3 7 88.57 11.31 0.12 0.00 0.00
213 Rehab beanng 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 98.70 0.00 1.30 0.00 0.00
223 Rehab dramnage system 5 1 57.82 38.15 403 0.00 0.00
231 Rehab machmery 3 22 93.53 6.47 0.00 0.00 0.00
231 Rehab machmery 4 12 93.53 6.47 0.00 0.00 0.00
231 Rehab machmery 5 3 93.53 6.47 0.00 0.00 0.00
243 Rehab cable 4 1 41.03 1.85 56.44 0.68 0.00
243 Rehab cable 5 2 57.82 38.15 4.03 0.00 0.00
246 Mudjacking 4 2 95.79 421 0.00 0.00 0.00
301 Repair deck and substrate 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 pamnt 3 2 91.56 8.44 0.00 0.00 0.00
302 Spot pamt - 30 41.96 57.78 0.26 0.00 0.00
302 Spot pamt 5 55 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 jomt 3 2 62.36 37.64 0.00 0.00 0.00
331 Repaw/lubncate machmery 3 2 100.00 0.00 0.00 0.00 0.00
331 Repair/lubncate 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-senies routine mamtenance actions are not modeled.
Usage = number of Pontis MR&R action definitions that use each action sub-category




\

New model - 2w results

Old model
Action sub-catezory States Sample Statel State2 Stated States Siates State] S:ate2 Stare3 S:ares Stares
201 Rehab deckreplace overlay - 6 4388 35612 000 000 0.00 3557 6103 341 000 0
201 Rehab deckreplace overlay 5 0 60.18 1318 155 663 1847
202 Rehab steal < 21 4103 185 5644 068 000 27 2684 460 030 000
202 Rehab stesl s 47 5782 3815 403 000 000 66907 1736 1065 393 108
203 Rehab concrete - 237 4585 4555 8352 008 000 6233 2202 11.79 29 0
204 Rehab mmber 3 0 0310 59 000 0 0
204 Rehab muber 4 18 3306 949 656 000 000 1080 5274 2636 1010 0.00
205 Rehab masonry 3 30 10000 000 000 000 0.00 7545 2381 075 000 000
205 Rehab masonry 4 3 10000 000 000 000 000 7.16 5236 23902 1656 0.00
206 Rehab MSE - 31 0258 000 542 000 0.00 2588 5786 15656 060 000
211 Rehab jomt 3 43 §857 1131 0.12 000 0.00 3300 4583 21.18 000 0
213 Rehab bearmg 3 40 6860 3140 000 000 000 7319 2347 33 0 0m
221 Rehab slope protacton < 143 7203 2698 009 000 000 8066 1708 213 012 000
222 Rehab chanrel 4 154 9870 000 130 000 000 6130 2832 9871 065 00
223 Rehab dramage system 5 0 8752 1197 051 000 0.00
231 Rehab machinery 3 149 9353 647 000 000 0.00 5058 2385 1657 000 000
231 thabmachm - 2 0.00 10000 000 000 0.00 §254 2065 2228 453 000
231 R.ebabmchimr}' 5 0 5142 1074 416 2078 390
243 Rehab cable - 0 018: 703 111 002 O
243 Rehab cable 5 0 4089 011 000 4883 1.13
246 Mudjackmg < 215 90579 421 000 000 0.00 6957 2882 139 0 0
301 Repar deck and substate - 0 4261 2432 370 2540 395
301 Repar deck and subsmate 5 2 £89.71 973 056 000 000 1753 2346 2189 2162 1430
302 Spotpant 3 g0 0156 844 000 000 0.00 3069 3841 19 00 0
302 Spotpamt 4 38 4196 57.78 026 000 0.00 6588 2327 822 063 0
302 Spotpamnt 5 803 7533 1776 683 008 000 5725 2802 980 435 038
303 Clean rebar and patch 4 1874 8400 052 1539 000 000 4210 3820 1797 173 000
311 Repairjomt: 3 198 6236 3764 000 000 000 6500 2860 5350 000 000
331 Repawlubricate machmery 3 33 10000 000 000 000 0.00 31.00 4501 399 000 0
331 Repawlubricate machmery 4 271 0208 706 000 000 0.00 4005 4674 331 0 0

By definxtion, all 100-series replacement actiors have 2 100°; probability of state 1.

By definior, all 200-series routne maintenance actons are not modelad.



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

The models have very strong statistical characteristics
due to large sample sizes.

The 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







