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EXCEEDINGLY DETERIORATED STRUCTURES LEADS
To HIGH REPAIR COSTS AND LOSS OF

LIFE.

THIS CAN BE PREVENTED BY REGULAR INSPECTION AND
MAINTENANCE OF THE STRUCTURE.
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ARTIFICIAL INTELLIGENCE (Al)

ARTIFICIAL INTELLIGENCE
Programs that mimic human brain’s
ability to learn and reason
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MACHINE LEARNING (ML)

MACHINE LEARNING
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Al/ML Process
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» Potential application of AlI/ML for asset management
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Example of Florida bridge inventory

Florida Bridge Information

YEAR LAST SUFFICIENCY NBI
COUNTY  |OWNER BRIDGE UCTURE NAME “y ADT |FACILITY CROSSED BUILT UCTED |INSPECTION RATING INDEX | RATING
Central Florida Brevard State Highway Agency 700002 SR-405 WB- FECRR SR-405 WB 7550 FECRR 1969 192021 803 98.26
Cenfral Florida Brevard State Highway Agency 700003  3-Tedx110 CBC us- 15,236 Kio Creek 1964 4372020 69 58.85
Central Flonida Bravard State Highway Agency TOOODE  US-1- Crane Cr. & City St us1 37.000 City SL & Crane Creek 1958 1980 1072272021 65 8481 FO
Cenftral Flofida Brevard State Highway Agency TOODO7  LS-1 over Elbow Creek us1 49,000 Elbow Creek 1961 1990 117472021 923 93.98
Cenfral Florida Brevard State Highway Agency 700008  US-1- Eau Gallie River us- 54,000 Eau Gallie River 1961 1990 117372021 a5 9522
Central Flonda Brevard State Highway Agency 700012 US-1-FECRR us-1 19,700 FECRR 1936 1961 93201 919 99.77
Central Flofida Bravard State Highway Agency 700013  SR-50'WB - 5t.Johns River SR-50 WB 6,100 St Johns River 1971 121152021 885 86.88
Cenfral Florida Brevard State Highway Agency 700014 SR-528 WB - US-1 & FECRR SR-528 WB 20,000 US-1 & FECRR 1963 1970 100272021 768 98.71 FO
Central Flonda Brevard State Highway Agency 700015  SR-528 WB - CR-515 SR-528 WB 21,579 CR-515 & Indian River 1963 2001 10/282021 787 91.53
Central Flofida Bravard State Highway Agenty 700017 SR-528 WB over SR-3 SR-528 15,250 SR-3 18971 022 839 G828 FO
Central Flonida Brevard State Highway Agency TOOD18  US-192 EB - Sawgrass Creek Us-192 EB 5150  Sawgrass Creek 1967 2004 212021 967 o481
Central Flonida Brevard State Highway Agency 700023  US-192 WB - §1Johns Reliel Us-192 WB 5,150  St.Johns River Relliel 1966 2004 o1 9.7 90.42
Central Flofida Bravard State Highway Agency TO0025 SR-528 WB - Sykes Creek SR-528 15,250 Sykes Creek 1963 2002 2212022 T8 7785 FO
Cenfral Flofida Brevard State Highway Agency TOO026 SR-528 WB - Banana R. Dr. SR-528 WB 12,000 Banana River Drive 1963 1272022 Te2 00.42 FO
Central Flonda Brevard State Highway Agency 700027 SR-528 WB-Banana R. Rel. SR-528 12.000 Banana River Rellel 1963 13172022 742 92.97
Central Flofida Bravard State Highway Agency 700028 SR-528 WB - Banana R. SR-528 12.000 Banana River 1963 TR272020 665 are FO
Cenfral Florida Brevard State Highway Agency TOO02% SR-405 WB - US-1 SR-405 WB 7550 Us-1 1964 1212172021 823 08.39
Central Flonda Brevard State Highway Agency 700030 SR-401 SB - Barge Canal SR-401 5B 5750 Senice Rd & Canal 1963 201 oW1 688 o0.08 FO
Central Flofida Bravard State Highway Agenty 700021 SR-401 SB - Barge Canal SR-401 5B 4600 Senite Rd & Canal 1863 9292021 T 347 FO
Cenfral Florida Brevard State Highway Agency TOOD033  4-12x12x142 CBC us-192 35,500 Crane Creek 1974 1212172021 818 o4 88
Cenfral Florida Brevard State Highway Agency 700034 195 5B - TWiman Canal 195 88 31,250  Tilman Canal 1964 2010 UT2021 9586 91.47
Central Flofida Bravard State Highway Agency TOOD43 185 SB -Lake Washington Road -85 SB 45,500 Lake Washington Road 1964 2009 1202021 M5 8572
Cenfral Florida Brevard State Highway Agency TOOD46  3-8xdx184 CBC (313 91,000 Milner's Canal 1964 1954 112872022 83 9569
Cenfral Florida Brevard State Highway Agency TO0050  2-12x10x187 CBC a5 76,435 Rockledge Creek 1965 a0 72 3397
Central Flonda Brevard State Highway Agency 700052 195 SB - SR-520 -85 5B 41,250 SR-520 1966 2004 1202021 9% 96.55
Cenfral Florida Brevard State Highway Agency TOODS4 195 SB - SR-524 o5 8B 5100 SR-524 1966 2009 22172022 ™ o728 sD
Central Florida Brevard State Highway Agency TO0055  3-8m11x157 CBC 85 44,500 Santiago Canal 1964 11192021 83 3418
Cenfral Flonida Brevard State Highway Agency 700056  3-10w5x168 CBC 85 46,500 Ross Creek 1865 2014 12162020 83 8243
Cenfral Florida Brevard State Highway Agency TOOO58 195 SB - SR-50 [3:13-1:] 20,250 SR-50 1965 2013 8RS a7 08.21
Central Flonda Brevard State Highway Agency TO005G 195 SB over SR-406 95 5B 20,000 SR-406 1963 2013 Br25M2021 96 98.46
Central Flonda Brevard State Highway Agency 700061 Huben H Humphrey Bricge SR-520 WB 28,500 Indian River 1966 11122020 m o718 FO
Cenftral Flofida Brevard State Highway Agency TOODE4  3-8x6x158 CBC (513 31,482 Outfall 1967 121152020 83 66.91
Central Florida Bravard State Highway Agency TOO006S  3-8x8x158 CBC g5 31,492 Outall 1967 121502020 a3 66.85
Central Flonda Brevard State Highway Agency TOOOGE 185 SB - Aurantia Rd. -85 5B 15,746  Aurantia Rd. 1967 2014 12152020 M6 098.42
Cenftral Flofida Brevard State Highway Agency TOOOT2  Christa McAulitfe Bridge SR-3 14.000 Barge Canal 1961 1988 6242021 629 9712 FO
Cenfral Florida Brevard State Highway Agency TOOOT4 SR-528 WB - SR-401 SR-52E WB 12,000 SR-401 1971 2001 10/28/2021 90.3 99.52
Central Flonda Brevard State Highway Agency TO0O7TS US-15B - SR-404 Us-1358 19.500 SR-404 1971 1987 1072272021 965 98.60
Cenftral Flofida Brevard State Highway Agency TOOOTE SR-404 WB - Indian River SR-404 WB 26,250  Indian River West Relief 1971 10/2272021 9% 89.84
Central Florida Brevard State Highway Agency TOOOTT SR-404 WE - Indian River SR-404 WEB 26,250  Indian River 1971 SM1W2020 a4 9570
Central Flonda Brevard State Highway Agency TOOOTE  SR-404 WB-Indian River SR-404 WE 26,250  indian River Rellef East 1971 1132021 9% 91.74
Central Florida Brevard State Highway Agency TOOOTS SR-404 WB over CR-3 SR-404 WB 26,250 CR-3 1971 72021 98 80.44
Cenftral Florida Brevard State Highway Agency TOODBD SR-404 WB-Banana River SR-404 WE 26,500 Banana River Relief West 1971 117272021 98 0283
Central Flonda Brevard State Highway Agency TO00B1 SR-404 WB - Banana River SR-404 WE 26,500 Banana River 1971 501472020 939 9718

Cenfral Flofida Brevard State Highway Agency 700082 SR-404 WB-Banana River SR-404 WB 26,500 Banana River Relief East 1971 11172021 96 86.95

Central Flonda Bravard Tumpike 700025 SR-407 NB over SR-528 WB SR-407 NB 4800 SR-528 1973 1988 BIE2020 97 3 99 23
Cenftral Florida Brevard Tumpike TOOD&E 4 - 10x10x167 CBC SR-528 36,500 Ryan 's Canal 1973 81872020
Cenwal Flonda Brevard Tumpike 700087 SR-528 WE over Fine St SR-528 WB 18,250
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Data cleanina and prep

— Jupyter FDOT_bridge_info_data_preprocess Last Gheckpoint 07/06/2022 (autosaved) Logout
|
File Edqit View Insen Cell Kernel Widgets Help Mot Trusted ‘Fytnnna(lpykemel) (]
B |+ = & B~ ¢ PR B C M Code v| =
o 12620 records
In [1]: M 1 import numpy as np
2 import pandas as pd

® Preprocess raW data In [2]: M 1 FBI_df=pd.read_csv{"FDOT_Florida Bridge Information.csv',skip_blank_lines=True)

H . | out(2] D:STRICT county Ummamed: quueo Unnamed: popce STRUCTURE ponnyy Unnemed: Usnamed:  peconsrrucrep Unnamed:
¢ CheCk for OUtllerS and anomalles 0 NaM MaN Narj NaN Na:l NaN N'::Z NaN Na: Na: NaN N::
Remove records with NBI rating of Functionally Obsolete (FO) or L I e MR il

Central State 3-7xdx110

Stru Ctu ral d eflC | e nt (S D) 2 SRl preven HAggh;:'::: NaN 700003 NaN A Us-1 NaN 15236 NaN NaN

State

. . . . 3 B mved Highway  NeN 700008 Nan ST Cne Us-1 NaN 37000 . Na 1890
« Handle issues with missing data e
) ) ] ] ] ) Florila Brevard HAggth:: NaN 700007 NaM Elbow Creek us-1 Mahl 49000 NaN 1990
Some records missing certain information (e.g., year built, .
SUffICIenCy ratlng’ etC) In [3]: M 1 MNan_rowindx_list=FBI_df.index[FBI_df[ 'DISTRICT'].isnull()].tolist() # Find empty (Nan) row indices

header_rowindx_list=FBI_df.index[FBI_df['DISTRICT' ]=="DISTRICT ].tolist() # find header row indices
drop_indx_list=Nan_rowindx_list+header_rowindx_list

* Fix formatting issues

“St. Johns” vs “Saint Johns” county e W o (i RMERS-. “da1L 8%, "limamd 31 *OMEF])

In [4]: MW 1 FBI_df=FBI_df.drop{drop_indx_list) # drop empty and intermediate header rows

M

3 FBI_df = FBI_df.rename(columns={‘Unnamed: 4': ‘BRIDGE', 'BRIDGE': ‘del 2'})
. . 4 FBI_df = FBI_df.rename{column: *Unnamed: 9': 'ADT', 'ADT': 'del_3','Unnamed: 8': 'del_4'})
PY D t t t f h d d t I 5 EBI_df = FBI_df.rename{columns={'Unnamed: YEAR BUILT', 'YEAR BUILT': 'del 5'})
a a augl I Ien a Ion Or en an Ce a a ana ICS G FBI_df = FBI_df.rename(columns={'Unnamed: "RECONSTRUCTED', 'RECONSTRUCTED': 'del_6°})
7 FBI_df = FBI_df.rename{columns={'Unnamed: I 'LAST INSPECTION®, 'LAST INSPECTION': 'del_7'})
& FBI_df = FBI_df.rename(column: “Unnamed: "SUFFICIENCY RATING', 'SUFFICIENCY RATING': “del_8'})
9 FBI_df FBI_df.rename({columns={"Unnamed: 28': 'HEALTH INDEX', 'HEALTH INDEX': 'del_9'})

. g
[ H ul l Ildlt 10 EBI_df = FBI_df.rename(columns={‘Unnamed: 23': 'del 18'})
11 # remove Nan celumns
12 FBI_df=FBI_df.drop(columnss[ del 1°,"del 2",
. . .
e P recipitation

‘del_3°,'del_4°',
"del_S°,"del_5°,
"del_7°,"del 8,
"del 97, "del_1€°])

FBI_df

-—5‘- \ em eratu re out[s] STRUCTURE FACILITY YEAR LAST SUFFICIENCY HE
’ L] I DISTRICT COUNTY OWMNER BRIDGE wanE Roapway st FACIITE HERR meconsTRUCTED |\ cor SioN Sy

State

1 S Breverd Higwey | 700002 SRAQS RS SR40SWB 7550  FECRR 1969.0 NaN 1192021 803

lation density and growth
2 ot Brovard  Highway 700003 sk US-1 15236 KidCreek 1984.0 NaN 4i3/2020 69.0

Florida A CEC
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n n
':jupyter FDOT_bridge_info_data_predssatncazz (am I I l I | l g A Logeut

| File Edit View Insert cell Kernel Widgets Help Mot Trusted ‘Py[non 3 (ipykemnel) C
Local Data Search B+ % & B A % bR B C W Coe v =
—
:co M‘ Search State, County, City, Zip Code, or Area Code -
In[1]: M import numpy as np

USA.com / Ranks / Florida Average Temperature County Rank

import pandas as pd

POpU|at|0n of Counties in Florida (2022) In[2]: M FBI_df=pd.read_csv{ FDOT_Florids Bridge Informatien.csv',skip_blank_lines=True)
. 2 FBI_df
Florida Average Temperature County Rank e e e covnies infonsa r — .
N oisTRICT counTy UMamed owngr Unnamed: ppinge STRUCTURE - poapway Unnemed: Unnamed: - peconstructen Unnamed:
As of 2018, Florida's Miami-Dade County is the most populous county in the Sunshine State, with 2,751 796
A lotal of 67 results found. ME N N 0 MaM hak EL MaN MNaM NaM MaN Nan hak MNah .. Nah Mah.
residents, representing a population growth of 10.2% since the last census. Miami-Dade is followed by Broward
- State
Rank  Average Temperature ¥ County / Population County(1,935,878), Palm Beach County (1,471,150), Hillsborough County (1,381,627), and Orange County 1 Ol Biverd  Hghway  NaN 700002 NeN SRAISWE- spusyg Nah 7550 .. NaN NaN
1. 75.60°F Miami-Dade, FL /2,600,861 (1,323,538) as the only other counties in the state with populations in excess of one million. Of these, Orange County Agency
2. 75.00°F Broward FL /18152698 has seen the highest population growth at an impressive 17.7% 2 CHE"";;' Brevard H\gsxati NaN 700003 NaN 3‘“”’(‘:1313 Us-1 NaM 16236 .. NaN MaN
E 74.96°F Monroe _EL /75,208 il Agency
4. T417°F Palm Beach FL /1,359,074 Florida Counties with Fewer Residents 3 Gl gyan Hig:ﬁ;i MeN 700006 Nan UST-Crane Us-1 MaW 37,000 Nahy 1990
- lorida r. & City St 2 i
5. 74.06°F Lee, FL {647,554 The least populous Floridian counties are Liberty County, with 8,242 residents, closely followed by Lafayette County, ADency
6. 73.95°F Collier, FL /334,474 with its population of 8,451. Both of these counties have seen their populations decline in recent years, with 4 ‘;‘Ec"lf:dﬂa' Brevard Hi;:f;i NaN 700007 Nal Elb'—;i%:’:; US-1 Nal 49,000 Nal 1990
T TIT¥F Hendry, FL /38,360 reductions of 1.5% and 4 7%, respectively. However, other counties with small populations, such as Franklin County Agency
8 7321°F Martin, FL /149,658 (11,727) and Glades County (13,754), have had population increases (1.5% for Franklin County and 6 8% for Glades .
9. 73.08°F Sarasota, FL / 386,944 County). < i ,
10. 73.06°F Mﬂf283.988 . N N . In [3]: M Man_rowindx_list=FBI_df.index[FBI_df[ 'DISTRICT'].isnull()].tolist() # find empty (Nan) row indices
11. 72.98°F IManatee FL /335,840 Florida Counties with Rapid Growth 2  header_rowindx_list=FBI_df.index[FBI_df['DISTRICT' ]=='DISTRICT'].tolist() # Find header row indices
= 3 drop_indx_list=Nan_rowindx_list+header_rowindx_list
12. 72.96°F Puolk, FL/ 617,323 Sumter County boasts the highest growth rate in the state, with a substantial increase of 34% according to statistics
13. 72.93°F Charlotte, FL /163,151 for 2018, taking its total population to 125,165. Osceola County and St. Johns County also show impressive In [4]: MW 1 FBI_df=FBI_df.drop{drop_indx_list) # drop empty and intermediate header rows
14. 72.85°F Hillsborough, FL /1,279,668 population growth, with increases of 31.1% and 28 3%, respectively. Bradford Gounty, with its 2010 population of
15. 72.85°F Indian River, FL /140,918 28,520, has the biggest reduction in numbers — its population has reduced to 26,728, representing a negative growth In [51: M s A GrlonTs s L L o .
. 2 FBI_df = FBI_d.rename(columns={ OWNER': 'del 1', 'Unnamed: 2°: 'OWNER'})
16. 7270°F De Solo. FL /34,785 of -5.2% in the last few years 3 FBI_df = FBI_df.rename(column: nnamed: 4': 'BRIDGE', 'BRIDGE': 'del_2'})
17. 72 69°F Osceola, FL /289 449 4 FBI_df = FBI_df.rename(columns={'Unnamed: S': 'ADT', 'ADT': ‘del_3','Unnamed: 8': 'del_4'})
- R e | i CSV & JSON 5 FBI_df = FBI_df.rename(column: Unnamed: 12': "YEAR BUILT', 'YEAR BUILT': "del 5'})
18. 72 66°F Pinelias, FL /925,030 ) ) o & FBI_df = FBI_df.rename(columns={'Unnamed: 15': 'RECONSTRUCTED', 'RECONSTRUCTED': 'del_5'})
19, 72 65°F Glades. FL /13,190 Name 2022 Population ~ Growth Since 2010 Density (mi?) 7 FBI_df = FBI_df.rename(column wnsmed: 16': 'LAST INSPECTION', 'LAST INSPECTION': ‘del 7°1)
. - & FBI_df = FBI_df.rename(column nnamed: 19': 'SUFFICIENCY RATING', 'SUFFICIENCY RATING': *del_8'})
20. 72.61°F Okeechobee, FL/ 39,398 Miami-Dade County 2,723,200 8.63% 143433 9 FBI_df = FBI_df.rename(columns={'Unnamed: 28': 'HEALTH TNDEX', 'HEALTH THDEX': 'del 9'})
= 10 FBI_df = FBI_df.rename{columns={‘Unnamed: 23': ‘'del_18'})
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- uval Count X 291, ut
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District | Central Florida v
Potendial sEL3LIML app
|
_ County | Baker v
Health index: 547 %
Roadway | SR-405 WB v
100 1
Fac cross | FECRR v
ADT (O 125000
m -
Y_built (O 1996
ol Y_recons () 1996
€ Insp_ M | 11 v
B
E 701 Insp Y | 2021 v
Pop_grow @ 34
60 1 Pop_dens O 1065
Temp O 83
50 1 Humid O 75
ZAN Percp ) 76
r - m % & w @ ® 1w ncome =) y
A Ground truth —
CONCRETE REPAIR

Restore | Repurpose | Renew
Lth P:
YEAR
ANNIVERSARY



OUTLINE

Potential application of AlI/ML for health monitoring
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Possible future of health monitoring

Digital Twin
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Images Computer detection diagnostics

ven Service life

> evaluation
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Digital Twin
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Damage Conditions Distribution
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T2
D2

“The system flags many defects that even our team of trained engineers would have easily missed”

“T2D2 is the future of structural inspections. This should be the way all structures are inspected”
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Digital Twin

Performance
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Service life
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Half-cell reference electrode
embedded into concrete

Multi-probe device consisting of four black steel bars
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OUTLINE

e Conclusions
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DATA-DRIVEN PREVENTIVE MAINTENANCE

Condition
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Scenarios
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PREVENT RATHER THAN REACT
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_Will Bridge DIGITAL TWINS be the future?

“Digital representation of a DIAGNOSIS PREVENTIVE

physical object that ages with MAINTENANCE &

the physical object.” EARLY TREATMENT
MONITORING PROGNOSIS
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Questions?
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