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Goals and Objectives

Background

* Importance of Deterioration Models for BMS
«  Methodology

Data Preparation

« VDOT Bridge Elements Condition Data

« Data Extraction

« Cleanup

VDOT Deterioration Modeling Tool

e Setup

«  Estimating Deterioration Parameters for BrM
Global and Local Environments (Macro and Micro Environments)
Protective System

Recommendations

 Application Demonstration (time permits)
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Goal:

 Establish arobust bridge management system to enhance the safety
and serviceability of bridges

Objectives:

« Calculate deterioration parameters for AASHTOWare BrM
« Consider and quantify the effects of protective system
« Consider and quantify the effects of local and global environment
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Background

Why are deterioration models so important?
 Bridge management system

* Enhancing condition of bridges

- Safety t
. Serviceabilityt

* Reducing the life cycle costs
« Cost l
« Optimized allocation of limited resources where most needed t
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Background

Bridge Condition
« Convert projected element condition to GCR
« Calculate Health Index using projected element condition (HI)

Life Cycle Cost

* Anticipate actions (repair, rehab, replacement) based on the projected
condition of elements

e Calculate pertinent costs for suggested actions
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Methodology

Existing Deterioration Models
« Component Level Models

 Element Level Models
« Markov
Weibull
« Markov- Weibull (Hybrid model)
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Methodology

Markov Deterioration Models

Ccs1 | cs2 | cs3 | cs4
cs1 | TP11 | TP12| 0 0

cs2 | 0 |TP22|TP23| O

csa 0 0 | TP33 | TP34 T; is_ the time that 50% of an element transition f_rom CS(j.) to
CS(j+1) which is calculated based on the analysis of the inventory

1
T}7]] = O ) ST]] Formula used in AASHTOWare BrM

cs4 | O 0 0 ! or expert elicitation
Transition Times (Half Life Period) Transition Probability Matrix
11 11 1L cs1 cs2 cs3 cs4
Used  Observed BrM cs1 0.9809 0.0191 0 0
CS1to CS2 36.02 32.00 = 28.50 Cs2 0 0.9914  0.0086 0
CS2to CS3 80.14 10.00 19.47 Cs3 0 0 0.9985  0.0015
CS3toCS4  448.10 12.00 13.53 Cs4 0 0 0 1.0000
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Methodology

Markov-Weibull Deterioration Models

« Markovian model does not consider the age of the bridge
« Deterioration rate is faster in the beginning of the deterioration period in Markovian models

A1 : P = Shape Parameter
_B(t-9) (=9 a = Scale Parameter
f(t). exp _
o’ @ é = Location Parameter

1
e, = 05T
1

Estimated Age of Element: g = —@ X (—Ln(y,))B

TPy, = exp(— (g)ﬂ)
Ty

Scale Parameter: @ = 1
(kn2)F
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Methodology

Markov-Weibull Deterioration Models

Markovian Model or =1

Weibull Model =3

Base Element Condition State With protective elements effects
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Methodology

Modification Factors
* Protective System
e Environment

Tp= transition time, for state j, for a given base element

Ty

! _ 0]
T” — fe X T]] AASHTOWare BrM Formula

‘= modified transition time, for state j, for a given base element with protective element/s

fe = modification factor cs1 | cso | oss | csa
L = CcS1 | TPu | TPz 0 0
TP’;= 0.5T=0.5" ")) cs2 | 0 | TPz TP 0
CS3 0 0 TP’33 TP’34
Admin > Modeling Config > Element Spec CS4 0 0 0 1
Model:
Model Parameters
Median years in C51: |?.21 | Shaping parameter: |1.3 |
Median years in CS2: [ 21 | Formula: v
Median years in CS3: |7.43 |

Source: AASHTOWare BrM
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Data Preparation

VDOT Bridge Element Condition Data
 Element data collection started around 1995
« New AASHTO manual for bridge element inspection (October 2014)

« VDOT Switched from CoRe to NBE (early 2016)
- ADE (beam ends, wingwall, headwall, Link Slab, Slab extension, joint
effectiveness, Thin Overlay, Rigid Overlay, Bearing PE, etc.)
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Data Preparation-Migration CoRe Element to AASHTO NBE

Pontis Coated Steel ~ BrM Steel
Element Element

1 o1
CS2 7C52

CS3 jCSB
+

BrM Element 515

IS 100%

Cs2
CS3
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Pontis Uncoated BrM Steel . . .
Steel Element Element Pontis Bearing BrM Bearing
- Element Element
cs 2 *—>-cs 2 1 -Cs1
cS3 —————+(CS3 CS2 —— (CS2

CS3 0%

CS3
\

+
BrM Element 515

I 100%

CS2
CS 3

Table 7- Deck and Slab Quantity Assignment when No Smart Flags are Present

CoRe Deck Element BrM Element Deck/Slab Condition State
with No Smart Flags | CS 1 CS2 CS3 CS 4
CS1 100% | 0% 0% 0%

CoRe Deck | CS2 90% 10% 0% 0%
Element ['cg3  [750 [125% |[125% | 0%
C“;‘;?;““ CS4 | 50% 25% 25% 0%

CS5 25% 25% 25% 25%
Source: Steven Chase and Matthew Reardon, University of Virginia




VDOT Deterioration Modeling Tool

PROTECTIVE ELEMENT # 1 Steel+Protective+Coating OTECTIVE ELEMENT # 2 Steel+Protective+Coating

Transition Times (Half Life Period) Damage Index Transition Times (Half Life Period) Damage Index Transition Times (Half Life Period) Damage Index
™ ™ T ™ TP* ™ ™ ™ T TP* ™ ™ T ™ P* HIT
Used Observed BrM Expt Used Weights BrM BE Used ‘Observed BrM Expt Used Weights Used ‘Observed BrM Expt Used Weights
CS1toCS2 3602 3200 = 2850 2850 | 0.9809 Csi= 0.00 CsitoCs2 8 000 | 2400 2400 @ 0.9170 Ccsl1= 0.00 CA AL CSltoCs2  8.00 000 | 2400 2400 & 09170 Csi= 0.00 BrM PE2
CS2to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10 CS2to CS3, 6 0.00 16.00 16.00 0.8909 CS2= 0.10. CS2toCS3  6.00 0.00 16.00 16.00 0.8909 CS2= 0.00
CS3to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40 CS3to CS4 4 0.00 10.00 10.00 0.8409 CS3= 0.40. CS3toCS4, 4.00 0.00 10.00 10.00 0.8409 Cs3= 0.65
CS4= 1.00. BrM Health Index Weights CS4= 1.00: BrM Health Index Weights CS4= 1.00
TP* - updated for Environmental factor DI Threshold= 0.20 Used ‘Observed BrM Expt DI Threshold= 0.30. Used ‘Observed BrM Expt DI Threshold= 1.00:
#of Years to Action= 88 years yl=| 1 1 1 1 #of Years to Action= 14 years yl= 1 1 1 1 #of Years to Action= 72 years
BrM HI (@SL)= 0.5828 y2= 2/3 2/3 2/3 2/3 BrM HI (@SL)= 0.6007 y2= 2/3 2/3 2/3 2/3 BrM HI (@SL)= 0.0087
MHI (@SL)= 0.0157 y3= 1/3 1/3 1/3 1/3 MHI (@SL)= 0.0807 y3= 1/3 1/3 1/3 1/3 MHI (@SL)= 0.0108
ya= 0 0 0 0 y4=| 0 0 0 0
Transition Probability Matrix BrM Health Index Weights Transition Probability Matrix P ive Element Effici Coefficit Transition Probability Matrix Protective Element Efficiency Coefficients
cs1 cs2 cs3 csa Used 'Observed BrM Expt cs1 cs2 cs3 csa Used Observed BrM Expt cs1 cs2 cs3 csa Used Observed BrM Expt
Cs1 0.9809 0.0191 0 0 yl= 1 1 1 1 Cs1 0.9170  0.0830 0 0 cl= 1 1 1 1 cs1 0.9170  0.0830 0 0 cl= 1 1 1 1
Cs2 0 0.9914  0.0086 0 y2= 2/3 2/3 2/3 2/3 Ccs2 0 0.8909  0.1091 0 2= 2/3 2/3 2/3 2/3 Cs2 0 0.8509  0.1091 0 c2= 2/3 2/3 2/3 2/3
Cs3 0 0 0.9985  0.0015 y3= 1/3 1/3 1/3 1/3 Cs3 0 0 0.8409  0.1591 3= 1/3 1/3 1/3 1/3 cs3 0 0 0.8409  0.1591 3= 1/3 1/3 1/3 1/3
cs4 0 0 0 1.0000 y4=| 0 0 0 0 Ccs4 0 0 0 1.0000 c4= 0 0 0 0 Ccs4 0 0 0 1.0000 c4= 0 0 0 0
Environmental Factor, fE_BE:‘ 1.00 | Weibull Shape Parameter B= 145 Y 120 1.80 1.80 Environmental Factor, fE_PEl:‘ 1.00 Protective Elements protection parameters i | Factor, fE_PEZ:‘ 1.00 Protective Elements protection parameters
Weibull Scale Parameter o= 46.3898 B= 100 | 000 180 180 ppe+= 1000 000 152 152 Full Protegiion B= 100 | 000 180 180 | ppe+= 100 000 = 152 152 Full Protection
a= 11.5416 ppe-:‘ 1.00, 0.00 1.00 1.00 No Protection a= 11.5416 ppe-:‘ 1.00, 0.00 1.00 1.00 No Protection
Base Element Condition State With protective elements effects Protective Element#1 Condition State Protective Element #2 Condition State
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Data Preparation- Data extraction by SQL in Exce

== FL == o

A = - a7 = o
BRIDGE ID B inspDA = p = pCTSTATE? | p - arvstaTe? |5 Q S
00DDODCO000D347 11/13/1998 0:00 0 100 Connection Properties 4 X 0 377.2965879 0
000000000000347 11/9/1899 0:00 o 100 Conmection name: [Query from BRMPRD ‘ o 377.2955879 )
000000000000347 1/2/2001 0:00 o 100 o 377.2965879 )
l000000000000347 /2/2002 0:00] 2608695652 97.39130435 AT | ‘ 19685 367.4540682 )
000000000000348 11/15/1998 0.00 o 100 o 1148293963 )
000000000000328 11/9/1999 0:00 o 100 Usage | Definition o 1148293963 )
000000000000328 1/4/2001 0:00 2857142857 97.14285714 Connectiontype:  Database Query 9895 1115485564 )
000000000000328 4/2/2002 0:00 o 9428571429 5. o 108.2677165 656167979
Zian/aponcon Py 2 Connectionfile: | | | mrowse... 2681 111 s
Workbook Connections ? % \ Always use connection file r 20 45
et : 940 o o
— Connection string: | psN=BRRPRD;UID=PONTIS_RO;PWD=PONTIS_RO; 940 o 0
Name Description  Last Refreshed Ad i g?—BRMPRD.VgDSiD;DBA:W, PA=T:EXC=F:FEN=" 540 o o
853 (e il 10:LOB=T;RST BAM=IFAllSuccessful; 940 o 0
NUM=NLS;DPM=FMT - FWC=F, = o B
=64000,TLO=0;MLD= TSZ=5192; B a5 2200 s
1036 3420 &7
Waraag e s 2 0
3963 29.52755906 0
j69554 0 0
Locations where are used in this workbook = 5 8
j69554 0 0
Click here to see where the selected connections are used 554 o 0
j69554 0 0
554 0 0

[ save passuarg 195 0 s
(Cn'mmarm tpe:  [saL 7 sz 19222 150
E B 257 34
Command text: [seLECT ) ~|| B = =

bridge.bridge_id,

bridge. district, 2p819 s 54
inspevnt.inspdate, o 7046 20

000D00000031132 2/13/2020 0:00 2.2 972 sg:::}:zj::::}:z;:g;::i:‘l 40 1793 12
000000000031133 2/12/2020 0:00 21 965 pon_elem_insp.elem_petstate3, 30 1354 18
(000000000031134 2/12/2020 0:00 [+ 100 pon_elem_insp.elem_pctstated, [+ 856 0
0001002-000000000000158  4/1/1997 0:00 77.27727728 2272272272 Sk el ) 744.7506562 [
0001002-0000000C00001SE | 4/1/1999 0:00 7727727728 2272372272 pon_elem_insp.elem_qtystate3, iok3g9 7447506562 0
0001002-000000000000158  5/7/2001 0:00 77.27727728 2272272272 Eﬁﬁ'iliﬂ'miﬂ:EHE’Q%&“ h3gg 7447506562 0
0001002-000000000000158 | 4/16/2003 0:00 8348348348 16.51651652 pon_elem_defs.clem key, tzha72 5413385827 0
0001002-000000000000158  4/27/2005 0:00 7948724368 18.25392454 24 pon_elem_defs.elem_snortname, 625 597.9986877 7399934383
0001002-000000D00000158 | 5/14/2007 0:00 79.48724368 18.25392454 2] ::::m:?ﬁsﬂwﬁs jop625 597.9986877 7399934383
0001002-000000000000158  4/23/2009 0:00 7872405799 7.142855712 5 inspevnt SUBRATIN v 656 234 176
0001002-000000000000158 | 4/13/2011 0:00 79.85348187 2960927664 17] @ o3z 97 563
0001002-000000000000158  4/23/2013 0:00 7158120227 7.600731078 20| ExcelSemice: Ertication SeTting: 656 249 682
0001002-000000000000158 | 4/17/2015 0:00 7121490198 77533562 21 100656 254 689
0001002-000000000000158  4/11/2017 0:00 4557387057 8089133089 ag| Farssisc. 1493 265 1518
0001002-00000DDCO000158 | 4/10/2019 0:00 722 34 2364 110 802
(0001002-000000000000158  4,/12/2021 0:00 721 8 oK Cancel 2363 261 652
0001003-00000D0C0000158 | 9/1/1997 0:00 100 o or o ToUT TUTO o )

\DOT
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Data Preparation

H ©-

File

B C D E ; G H I K L N 0 P
sriDGe 0 [Binseoate B etem_pcrstates B eem_pcrstatez Bl eLem_pcrstares B etem_pcrstates B iem_persTaTe check B etem_arvstater B eem_arystarez B eLem_arysTares B £Lem_QUANTITY I Quantity check B eLem_key B eem_sHortname [ vearsuil
000000000000347  11/13/1998 0:00 0 100 [) 0 100 0 377.2965879 0 [) 377.2965879 OK 107 Steel Opn Girder/Beam 1

11/9/1999 0:00 0 100 [} 0 100 0 377.2965879 0 [} 377.2965879 OK 107 Steel Opn Girder/Beam e
1/4/20010:00 0 100 [) 0 100 0 3772965879 0 [) 377.2965879 OK 107 Steel Opn Girder/Beam 1
4/4/2002 0:00 2608695652 97.39130435 [) 0 100 9.842519685 367.4540682 0 0 377.2965879 OK 107 Steel Opn Girder/Beam 1

11/13/1998 0:00 0 100 0 0 100 0 114.8293963 ) 0 114.8293963 OK 107 Steel Opn Girder/Beam 1
11/9/1999 0:00 0 100 [) 0 100 0 114.8293963 0 ) 114.8293963 OK 107 Steel Opn Girder/Beam 1
1/4/20010:00 2857142857 97.14285714 0 0 100 3.280839895 111.5485564 0 0 114.8293963 OK 107 Steel Opn Girder/Beam 1
4/4/2002 0:00 0 94.28571429 5714285714 0 100 0 108.2677165 6.56167979 0 114.8293963 OK 107 Steel Opn Girder/Beam 1
7/20/2020 0:00 959 4 02 0 100 2681 111 5 [} 2797 0K 107 Steel Opn Girder/Beam 1
10/13/2020 0:00 851 99 5 0 100 m 90 45 0 906 OK 107 Steel Opn Girder/Beam 1
10/22/2013 0:00 100 0 0 0 100 940 0 0 [} 940 OK 107 Steel Opn Girder/Beam 1

10/6/2015 0:00 100 0 [) 0 100 940 0 ) [) 940 OK 107 Steel Opn Girder/Beam 1
10/12/2017 0:00 100 0 0 0 100 940 0 0 ) 940 OK 107 Steel Opn Girder/Beam 1

10/8/2019 0:00 100 0 0 0 100 940 0 0 [) 940 OK 107 Steel Opn Girder/Beam 1

8/18/2016 0:00 100 0 0 0 100 4676 0 0 4676 OK 107 Steel Opn Girder/Beam 1

8/28/2018 0:00 100 0 0 0 100 1045 3490 125 16 4676 OK 107 Steel Opn Girder/Beam 1

8/20/2020 0:00 222 746 19 13 100 1036 3490 87 63 4676 OK 107 Steel Opn Girder/Beam 1

12/1/1997 0:00 100 0 0 0 100 144.3569554 0 0 0 144.3569554 OK 107 Steel Opn Girder/Beam 1

1/12/2000 0:00 79:54545455 20.45454545 [} 0 100 114.8203963 29:52755906 0 0 144.3569554 OK 107 Steel Opn Girder/Beam 1

10/2/2000 0:00 100 0 0 0 100 144.3569554 0 ) ) 144.3569554 OK 107 Steel Opn Girder/Beam v
7/3/2001 0:00 100 0 0 0 100 144.3569554 0 0 [} 1443569554 OK 107 Steel Opn Girder/Beam 1

12/1/1997 0:00 100 0 0 0 100 144.3569554 0 0 0 144.3569554 OK 107 Steel Opn Girder/Beam t

1/12/2000 0:00 100 0 0 0 100 144.3569554 0 0 0 1443569554 OK 107 Steel Opn Girder/Beam 1

10/2/2000 0:00 100 0 [} ) 100 1443569554 0 0 0 144.3569554 OK 107 Steel Opn Girder/Beam 1
7/3/20010:00 100 0 0 0 100 144.3569554 0 0 0 144.3569554 OK 107 Steel Opn Girder/Beam 1

2/29/2016 0:00 84.7826087 13.04347826 2.173913043 0 100 195 30 5 0 230 0K 107 Steel Opn Girder/Beam 2

5/17/2019 0:00 167 826 06 0 100 3893 19222 150 0 23265 OK 107 Steel Opn Girder/Beam 1

10/14/2020 0:00 99.1 08 0.105 0 100 31988 257 34 0 32279 OK 107 Steel Opn Girder/Beam 1

6/14/2017 0:00 993 04 03 0 100 20819 8s 54 0 20958 OK 107 Steel Opn Girder/Beam 1

5/16/2019 0:00 99.3 04 03 0 100 20819 85 54 0 20958 OK 107 Steel Opn Girder/Beam ft

2/12/2020 0:00 0 99.7 03 0 100 0 7046 20 [} 7066 OK 107 Steel Opn Girder/Beam 1

2/13/2020 0:00 22 97.2 0.65 0 100 0 1793 12 0 1845 OK 107 Steel Opn Girder/Beam 1

2/12/2020 0:00 21 9.6 13 0 100 30 1364 18 0 1412 OK 107 Steel Opn Girder/Beam 1

2/12/2020 0:00 0 100 ) 0 100 0 856 0 0 856 OK 107 Steel Opn Girder/Beam 1
4/1/1997 0:00 77.27727728 2272272272 0 0 100 2532.808399 744.7506562 0 [) 3277.559055 OK 107 Steel Opn Girder/Beam 1
4/1/1999 0:00 77.27721728 2272272272 [) 0 100 2532.808399 744.7506562 0 [) 3277.559055 OK 107 Steel Opn Girder/Beam 1
5/7/2001 0:00 77.27727728 2272272272 ) 0 100 2532808399 7447506562 0 [} 3277559055 OK 107 Steel Opn Girder/Beam 1

4/16/2003 0:00 83.48348348 16.51651652 0 0 100 2736.220472 541.3385827 0 [} 3277.559055 OK 107 Steel Opn Girder/Beam 1

4/27/2005 0:00 79.48724368 18.25392454 2258831777 0 100 2604.002625 597.9986877 7399934383 0 3276.000656 OK 107 Steel Opn Girder/Beam 1

5/14/2007 0:00 79.48724368 18.25392454 2.258831777 0 100 2604.002625 597.9986877 73.99934383 0 3276.000656 OK 107 Steel Opn Girder/Beam v

4/23/2009 0:00 78.72405799 7.142855712 5.37240429 8.760682006 100 2579.000656 234 176 287 3276.000656 OK 107 Steel Opn Girder/Beam 1

4/13/2011 0:00 79.85348187 2.960927664 17.18559046 0 100 2616.000328 97 563 0 3276.000328 OK 107 Steel Opn Girder/Beam 1

4/23/2013 0:00 71.58120227 7.600731078 20.81806665 0 100 2345.000656 249 682 0 3276.000656 OK 107 Steel Opn Girder/Beam 1

4/17/2015 0:00 71.21490198 7.7533562 2103174182 0 100 2333.000656 254 689 ) 3276.000656 OK 107 Steel Opn Girder/Beam 1

4/11/2017 0:00 45.57387057 8089133089 4633699634 0 100 1493 265 1518 [) 3276 OK 107 Steel Opn Girder/Beam 1

4/10/2019 0:00 722 34 245 0 100 2364 110 802 0 3276 OK 107 Steel Opn Girder/Beam L

4/12/2021 0:00 721 8 199 0 100 2363 261 652 0 3276 0K 107 Steel Opn Girder/Beam 1
9/1/1997 0:00 100 0 0 0 100 1010.498688 0 0 [) 1010.498688 OK 107 Steel Opn Girder/Beam 1

8/20/1999 0:00 100 0 0 0 100 1010.498688 of 9 0 1010.498688 OK 107 Steel Opn Girder/Beam 1
8/9/2001 0:00 100 0 0 0 100 1010.498688 0 0 ) 1010.498688 OK 107 Steel Opn Girder/Beam 1

- Database | Expert Database | VIRC Database = BrM_Database2 | Expert Database2 | VIRC Database? | PiotTable ICHIEUCH @ : ‘ Bl i ki e

Virginia Department of Transportation




Data Preparation- Logics for excluding records with previous actions

For CS1: If CS1k.1> CS1k
For CS2: If CS2k.1+ CS1ks1 > CS2¢ + CS1k
For CS3: If CS4y.1+ CS3k.1 < CS4¢ + CS3i
For CS4: If CS4k.1< CS4k

Where K is the inspection year.

Indicative of change in the
condition of an element
and record should be
excluded.

\VDDT | Virginia Department of Transportation
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VDOT tool for calculation of deterioration parameters

Distribution of element condition states

Condition State

R

100%

90%

80%

70%

60%

50%

40%
30%
20%
10%

0%
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 [6N\79 82 85 88 91 94 97 100103 106 109 112 115 118 121 124

WCS1 =~ CS2 m(CS3 m(Cs4

Should bhe
excluded



Transition Times (Half Life Period)

Transition Probability Matri

Application Set up

Damage Index
T T T T TP*
Used Observed BrM Expt Used Weights

CS1to CS2 32.00 28.50 28.50 0.9809 CS1= 0.00
CS2to CS3 10.00 19.47 19.47 0.9914 CS2= 0.10
CS3to CS4 12.00 13.53 13.53 0.9985 CS3= 0.40

CS4= 1.00

DI Threshold= 0.20
ttof Years to Action= 88 years
BrM HI (@SL)= 0.5828
MHI (@SL)= 0.0157

TP* - updated for Environmental factor

BrM Health Index Weights

cs1 cs3 csa Used Observed BrM
cs1 0.9809 0 0 yl=| 1 1 1
cs2 0 0.9914  0.0086 0 v2=|  2/3 2/3 2/3
cs3 0 0 0.9985  0.0015 v3= 13 1/3 1/3
csa 0 0 0 1.0000 vd= 0 0 0

1.30 1.80

1.00 Weibull Shape Parameter B=

Weibull Scale Parameter

Environmental Factor, fE_BE=‘

Desired Parameters as input
for BrM

BrM BE |

Expt
1
2/3
1/3
0

1.80

Genetic Algorithm in Excel
Solver

Solver Parameters

Set Objective: SAXS4TT| 3

To: () Max (® Min () value Of: 0

By Changing Variable Cells:
$B511,5B512,5B6513,51527

e

Subject to the Constraints:

SB%11 <= 500

SB%12 <= 500 Add
$B513 <= 500
51827 == 10 Change
51527 == 1

Delete

Reset All

Load/Save

Mal_ce Unconsjrerrred=verrmrherierreierr

Select a Solving Evolutionary | Options
Method:

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
prablems that are non-smooth.

Virginia Department of Transportation
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Damage Index

BrM BE |
0.00

Transition Times (Half Life Period)

T T T T TP*

Used Observed BrM Expt Used
CS1to CS2 36.02 32.00 28.50 28.50 0.9809 CS1=
CS2to CS3 80.14 10.00 19.47 19.47 0.9914 CS2=
CS3to CS4 448.10 12.00 13.53 13.53 0.9985 CS3=
CS4=
TP* - updated for Environmental factor DI Threshold=
#of Years to Action=
BrM HI (@SL)=
MHI (@SL)=

Transition Probability Matrix

Cs1 Cs2 Cs3 Csa
Cs1 0.9809 0.0191 0 0
Cs2 0 0.9914 = 0.0086 0
Cs3 0 0 0.9985 = 0.0015
Cs4 0 0 0 1.0000

Environmental Factor, fE_BE=‘ 1.00 Weibull Shape Parameter

Weibull Scale Parameter

Weights
0.10
0.40
1.00
0.20
88 years
0.5828
0.0157
BrM Health Index Weights
Used Observed BrM
yl=| 1 1 1
y2=  2/3 2/3 2/3
y3= 1/3 1/3 1/3
y4=| 0 0 0

w

B=| 145 1.30 1.80
o= 46.3898

Expt
1
2/3
1/3
0

1.80

Base Element Condition State With protective elements effects

1.00 1.00

0.90 0.90
c 0.80 0.80
2
£ 070 0.70
& ;
2 00 0.60 §
p £
% 0.50 050 g
& 'h-“ ©
< 0.40 040 E
S | 8
s
:E 0.30 0.30
S 0.20 0.20

0.10 0.10

0.00 - 0.00

0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200
Time (years)
. cs1 CSs2 CS3 NN CS4 e===Br|\|H| em=—D|

1.00

0.90

0.80

0.70 ~ ~

-
-
0.60 ~<_
- -
X 0.50 T~
-—-_
0.40 - o
——

0.30

0.20

0.10 /

0.00 - - s !

0 10 20 30 40 50 60 70 80 90

Time (years)

DI DIT MH| = = BrMH| ===(S1 CS2 CS3 =——=C(S4

100 110 120 130 140 150 160 170 180 190 200

\WDOT |

Virginia Department of Transportation

20



Protection Factor

Transition Times (Half Life Period)

T
Observed
CS1to CS2 32.00
CS2to CS3 10.00
CS3to CS4 12.00

TP* - updated for Environmental factor

Transition Probability Matrix

Cs1 Cs2
Cs1 0.9809 0.0191
Cs2 0 0.9914
Cs3 0 0
Cs4 0 0

Environmental Factor, fE_BE:‘

\DOT

BrM
28.50
19.47
13.53

Cs3
0
0.0086
0.9985
0

1.00

Damage Index

T TP*

Expt Used
28.50 0.9809 CS1=
19.47 0.9914 CS2=
13.53 0.9985 CS3=
CS4=
DI Threshold=
#of Years to Action=
BrM HI (@SL)=
MHI (@SL)=

Cs4
0
0
0.0015
1.0000

Weibull Shape Parameter
Weibull Scale Parameter

Expt
1
2/3
1/3
0

Weights BrM BE
0.00
0.10
0.40
1.00
0.20
88 years
0.5828
0.0157
BrM Health Index Weights
Used Observed Brv
yl= 1 1 1
y2=  2/3 2/3 2/3
y3= 1/3 1/3 1/3
y4d= 0 0 0
B=| 145 1.30 1.80

U=""70.5675

1.80

PROTECTIVE ELEMENT # 1

Transition Times (Half Life Period)

CS1to CS2
CS2to CS3
CS3to CS4

yl=
y2=
y3=
y4=

T T T T
Used Observed BrM Expt
8 0.00 24.00 24.00
6 0.00 16.00 16.00
4 0.00 10.00 10.00

BrM Health Index Weights

Transition Probability Matrix

Cs1
Cs2
Cs3
Ccs4

Used Observed Brv Expt
1 1 1 1
2/3 2/3 2/3 2/3
1/3 1/3 1/3 1/3
0 0 0 0
Cs1 CS2 cs3 cs4
0.9170 = 0.0830 0 0
0 0.8909 0.1091 0
0 0 0.8409 0.1591
0 0 0 1.0000

Environmental Factor, fE_PE1=‘ 1.00

~

B=| 100 0.00 1.80
a= 11.5416

Steel+Protective+Coating

BrM PE1

Protective Elements protection parameters

TP*

Used
0.9170 CS1=
0.8909 CS2=
0.8409 CS3=
CS4=
DI Threshold=
# of Years to Action=
BrM HI (@SL)=
MHI (@SL)=
cl=
c2=
c3=
cl=
1.80 ppe+ =

~

ppe-=

Damage Index

Weights
0.00/OriginCS1
0.10/OriginCS2
0.40 OriginCS3
1.00|OriginCS4
0.30

14 years
0.6007
0.0807

Protective Element Efficiency Coefficients

Used Observed
1 1
2/3 2/3
1/3 1/3
0 0

1.00  1.00
100, 1.00

Protection factor

Protective Element Installation
Installment Year=

New CS after New Action to Base Element

Cs1
100%
0%
0%
0%

BrM

1
2/3
1/3

0

1.52
1.00

Cs2
0%
100%
0%
0%

Expt

1
2/3
1/3

0

1.52
1.00

0 years
Cs3 Cs4
0% 0%
0% 0%

100% 0%
0% 100%

Full Protection
No Protection

Total
100%
100%
100%
100%



Environment Factor

Global Environment:

« ADT or ADTT

« Geographical location of a bridge
Humidity

« Number of freezing days

Local Environment:
 Presence of joints

e EXposeto overspray
 Tidal/brackish waters

Figure 4. General Salinity Distribution in Virginia

\VDDT | Virginia Department of Transportation
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Environment Factor
BASEELEMENT ~ NotProtected

Transition Times (Half Life Period) Damage Index
1T L T TP*
“Observed BrM Expt Used Weights BrM BE |

32.00 28.50 28.50 0.9809 CSi= 0.00

10.00 19.47 19.47 0.9914 CS2= 0.10

12.00 13.53 13.53 0.9985 CS3= 0.40

CS4= 1.00

TP* - updated for Environmental factor DI Threshold= 0.20

#of Years to Action= 88 years

BrM HI (@SL)= 0.5828
MHI (@SL)= 0.0157

Transition Probability Matrix BrM Health Index Weights
cs1 cs2 Cs3 csa Used Observed BrM = Expt
Cs1 0.9809 0.0191 0 0 yl=| 1 1 1 1
CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3
Cs3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3
Cs4 0 0 0 1.0000 yd= 0 0 0 0

@ental Factor, fE_BE;) Weibull Shape Parameter 1.30 1.80 1.80
Weibull Scale Parameter a= 46.3898
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Recommendations

Enhance NBI conversion Profiles
« Validating GCRs
 Enhancing the accuracy of performance measures

Enhance Advanced Formula Module
* Identify Local and global environment
« Enhance protection factor estimation

\WDOT |



QUESTIONS?

\DOT
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Thank you!

Email: massoud.nasrollahi@vdot.virginia.gov

\DOT
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