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Background

Problem Destructive floods strike again

Storm leaves trail of destruction in Klang Valley and surrounding areas

By FARIK ZOLKEPLI, o in Kuala Lumpur.
JUSTIN ZACK, JAROD LIM < ~ o elangor, state Fire and

nn
.
l l I l ] ‘and FARID WAHAB : ' Rescue  Depart -
n partment _director
I C re aS I fI newsdesk(@thestar.com.my = = ‘ Norazam Khamis said foods had
KUALA LUMPUR: Flash floods efy : a:\;"x;;p;:.‘;da‘:m‘d e
' trail of destruction in the ciry and ! | | e come from
parts of Selangor after heavy |
pours in the lernoon..
Seri

said he was informed six areas in
the

city were
“The relevant ministries and

. | sts were gridlocked in the Klang
agencies have taken immediate T Valley. Normahizan Kasim, 62, who
attion fo ensure the safety of . was driving home (0 Setiawangsa
Keluarga ¥ aaysia. Pesse :;i‘:_e } 2 4 =) om Cyberjaya, decided to wrn
i in L i ¥ - back i lil Vi

ble, avold Nooded areas.” he sald - i e A E e

‘Facebaok and Twitter. "1 was unaware that floodwaters

Minister also upload- were rising shere until my

‘called, telling me (0 stay put

centre including

u _Flood affect a lot of transportation s N -
Infrastructure particularly bridges o

ook post, noted that areas in the ity
Jalan Sultan Ism-
Lel

B

alaysia) had ssued a thunderstorm Lumpur Convention Centre. =
warning at 1.35}

pm. ro
i had forecast heavy rains and 3 police beat bast % about 3.30pm, "Everyone was driving slowly ©
‘geting 2

rong winds in Kula Selangor, 35 the two poliectien wanted 0 . prevent getting stuck in the waer,

Hiron® selangor, Klang, Gombak, perform thelr prayees L B [ said. while expressing frustra-

Iealing. Kuaia Langat. Holu Langat _ “However, bedy rin and storm tion at the t floods-

and sepang,” it added. vesulted in a flood. Videos and photos ¢

onza Kational Bbd was forced  “They tred to £6¢ &0, of the area terday on edia showing

Lo sht off the electricity supply (o but the vehicle Wit submerged up Toads in the city yesterday.
e afound Klang (o tyres. Both managed 10 gt aWay The Integrated T

some 40 substatl
Valley due to the heavy deluge. safely,” he said.
e was done to ensure the safe- _ ACP Amihizam said the vehicle
ns.
In Pudv, a dried goods store sales
manager Terve

[}
[l
L]

u B r I - ty of its users in affected areas, i waslater brought to the Brickfields

said on its Facebook page. police headquarters once the

e st s high 05 2m in Jalan  water had receded.
Kohal Lama, leaving 12 cars stran- _ Cheras _ OCED Asst__Comm Lee, 38, said water
d idzam 1

operatior

ded with _some drivers having fo  Muhamma jaafar said ch around 3pm.
worst flood 1 have
ore than 10 years
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HE USA TODAY NETWORK
ONLINE AT RGJ.COM | FRIDAY, JANUARY 28,2022 PART OF THE

U Limited budget for bridge repairs 95M to rebuild ey

and retrofit aging city bridge g

targeted

Board grants one-time
approval for herbicide
use in Tahoe Keys

Amy Alonzo

eres Gatette Jour sl
SA TOOAY NETWORK

[ O I l this spring, herbicides will be used

forthe firs time in Lake Tahoe's histo-

I o treat invasive aquatic plants
Keys.

Following extensive public com-
ment, the Tahoe Reglonal Planning
Agency Board unanimously voted
B of  one-time use of herbicides

‘the board's Wednesday meet-

in funds from the Biden

FAMU-FSU
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The aging Arlington Street bridge in d
w

' aPA and the Lahontan Regional
Water Quality Control Board are the

Arlington Avenue
ment plan to s the gr¢
Vasive plant problem at the lake, pri-
‘marily at the Tahoe Keys-
During Wednesday's meeting, Jo-
anne Marchetta, TRPA executive di-
rector, called the proliferation of the

Engineering

James DeHaven and Brett McGinness the Truckee River.

- -
I I I e ourn rensportation officials said each
I I t e o T ound 00 yearsold aad, whil
e drive on, should be replaced. The
- Reno plans to rebuild a pair of agink project Is expected 10 be completed
i ‘million a
s

is
downtown bridges with $25 D a year ofits scheduled start date , ca cion o the
6 from e e Biden's recently inthe fu of 2024 m:ll-c":r;vi::ve @ spcs n e Ty

P joca ol i on Thursday  f ‘;A“k:n:\;iyms;: -~ s ORSE | problems”
for Mayor eve,
S O, en. 3'.";':,"’ b o DoNew,  sped O anection with the existing. US.Se% Jacky I:our.::h tothe 'mr:wm:onm‘;ud- s Jant Carer &
5. Sen. . D-Nev., a o . US.S oy s .
praed B o the massive st2 il flocd Battered bridges near West Sec fia about replace o e e er
e package, whichis expect- ond STEEt: mmmﬁ:xmu- in

lion spen
ot fully fund upgrades for both spans <o WEEDS, Page 4A

of Arlington Avenue stretching actoss ‘See BRIDGES, Page 2A JASON BEAN/RG)



Literature Review

Bridge Structural Health

A Ntotsioset al. (2009, Damage detection using vibration data and a Bayesian model class
selection framework

A Jiang & Rens (201§Nonlinear BHI to improve sufficiency rating integrating deterioration rates
and structural importance

A Inkoomet al. (2017 Computation of BHI using linear/nonlinear condition state weights

Gap: Mostly focusing on structural condition; limited focus on netwdakel impacts

Impact of bridge on Network Accessibility

A Rinaldi et al.Z001) ¢ Interdependencies and cascading failures in critical infrastructure

A Sharma et al. 021)¢ Qassification and unified mathematical framework for modeling
infrastructure interdependencies

A Mostafavi £017)c Proposed framework that integrates mulével infrastructure conditions,
stakeholder decisioimaking, and resource allocation processes to assess and improve
transportation resilience under disaster scenarios.

Gap: Mostly conceptual; less focus on integration with adsetl conditions
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Ntotsios, E., Papadimitriou, C. Panetsos, P., Karaiskos, G., Perros, K., Rerdikaris, P. C. (2009). Bridge health monitoring system based on vibration measuremenBulletin of Earthquake Engineering7(2), 469r483.
https://doi.org/10.1007/s10518-008-9067-4

Jiang, X., & Rens, K. L. (2010). Bridge Health Index for the City and County of Denver, Colorado. I: Current Methoddtagyal of Performance of Constructed Facilities24(6), 580r587. https://doi.org/10.1061/(ASCE)CF.19435509.0000128
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https://doi.org/10.1080/15732479.2018.1476561

Rinaldi, S. M., Peerenboom, J. P., & Kelly, T. K. (2001). Identifying, understanding, and analyzing critical infrastruatteediependencies. |[EEE Control Systems Magazin@1(6), 11r25. https://doi.org/10.1109/37.969131

Sharma, N., Nocera ,Fabrizio, & an@Gardoni, P. (2021). Classification and mathematical modeling of infrastructure interdependencies. Sustainable and Resilient Infrastiture, 6(172), 4r25. https://doi.org/10.1080/23789689.2020.1753401
Mostafavi, A. (2017). A Systerof-Systems Approach for Integrated Resilience Assessment in Highway Transportation Infrastructurevestment. Infrastructures, 2(4). https://doi.org/10.3390/infrastructures2040022
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Literature Review

Socio Economic Impact of bridges

A Donovan & Brooks (2020)mpact of bridges on rural economy

A Gandy et al. (2023) Economically disadvantaged communities typically face more bridge
deterioration.

A Martens, K. (20163 Accessibility (not mobility) should be the central metric of transportation
systems

|BT

Gap: Limited focus on how bridge conditions and disruptions impact the populations

Bridge Prioritization

A Sobanjo & Thompson (202Bridge prioritization should include risk, vulnerability, and system
importance, especially under disasters.

A Chen et al. (2024)System reliabilityrbased optimization for networklevel maintenance
prioritization

A Gokey et al.(2009)Framework to integrate structural condition, economic importance and
political constraints for maintenance decisiontransportation resilience under disaster

scenarios.

L : : " : : : " S

\:~288 Gap: Engineering performance focused, limited consideration of spatial accessibility and societal impacts.

F AMU'FSU A Brooks, W., & Donovan, K. (2020). Eliminating Uncertainty in Market Access: The Impact of New Bridges in Rural Nicar&mamometrica, 88(5), 1965r1997. https://doi.org/10.3982/ECTA15828

College of A Gandy, C. A.Armanios, D. E., & Samaras, C. (2023). Social Equity of Bridge Managemdpournal of Management in Engineerin89(5), 04023027 htips:/doi.org/10.1061/JMENEA.MEENE5265
En ineerin A Martens, K. (2016). Transport justice: Designing fair transportation systems. Routledge.
g & A EYAeUTYSALWSs tOWs oA WAWLNGS Y& Gt YU S WA OW? oW ZMZPALWs 2 0! WY b HOWE U6 ¢ UnrnditAssét Mandgenient. hifps:Rdsapmtl. bis v Chen, 3 ICher, ©.006 IMidainldi(lSy, BINErg L] (20%4). R T
Optimized Bridge Maintenance Strategies: A System ReliabilitBased Approach to Enhancing Road Network Performancéournal of Construction Engineering and Managemerit50(3), 04023167 https://doi.org/10.1061/JCEMD4.COENG
14176
8 A Gokey, J., Klein, N., Mackey, C., Santos, Billutlasi Il t0A WAWN 2 H#t 11 A WE OWL = MM®b HOW? 2 3G YGa WU qWYnWe WGl RY I R a Rrsc2008 Systéiis Hry thfrmation Efyinekiing DesignSRripasioad i F

257. https://doi.org/10.1109/SIEDS.2009.5166190
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Gap

No unified , datadriven, and spatially explicit framework that
prioritizes the bridges based on how the bridge conditions,
accessibility and the economics translates into realworld
accessibility impacts on communities.

To develop a comprehensive, datadriven bridge prioritization
framework that supports optimal decision-making under
constrained funding conditions.
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Road [AADT]
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Elevation
Value
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Duval CoungI FL

Home to Jacksonville, the most populous city in
Florida

Mix of urban, suburban and rural

Coastal region

Low lying terrain (640 feet elevation)
Vulnerable to flooding
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DATA SOURCE

Bridge component datg
Conditional Ratings

National Bridge

Inventory (NBI)

FID STATE_COD STRUCTUREDECK COND_05 SUPERSTRUCTURE_COND_(SUBSTRUCTURE_COND_C CULVERT COND_O¢

0 12 720003 7 6 7 N

1 12 720005 6 6 6 N

2 12 720006 7 7 6 N

3 12 720007 6 7 5 N

4 12 720011 7 7 6 N

FAMU-FSU 5 12 720012 7 7 4 ~
College of 6 12 720016 7 7 6 S
Engineering 7 12 720017 7 7 6 N
8 12 720019 N N N g

12 9 12 720021 N N N 7

10 12 720022 6 5 5 N



Component of a riageemwases Deck

|
. |

A Wearing surface |
' A Structural deck slab |
" A Grid decks |
. A Protective coatings |

Bridge Deck

R A BT i i .vl/“'_,r_, SOEE T

4k \ ‘
@ Steel [-Girders

| Superstructure

A Girders

A Beams and stringers
Trusses

Arches

Floor beams and
diaphragms

Bracing systems

Driven Piles ——— e

L
Y

| Pir Column

3

T o To o

Topsoil I

A Pile Cap =
Driven Piles

Sl = Substructure
A Abutments
\ A Piers
A Columns
e A Footings

q; g A Piles and pile caps

- A Wingwalls

FAMU-FSU
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Federal Highway AdministrationA 1IJHR Y1 T RUNDK¢ UT 109 YT RUNIO] 2 RT IJKONn Y1 HOq 6 IJHOE q| 2 H .aeS. Dépaftribat IsfTanspottakon. AEcedse@ [Becéniber ¢ [ OY n
13 1995]. https://www.fhwa.dot.gov/bridge/nbi/ascii.cfm .
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Description

NOT APPLICABLE

EXCELLENT CONDITION

VERY GOOD CONDITIONo problems noted

GOOD CONDITION some minor problems.

SATISFACTORY CONDITIOSBtructural elements show some
minor deterioration.

FAIR CONDITIONall primary structural elements are sound but
may have minor section loss, cracking, spalling or scour.

POOR CONDITIONadvanced section loss, deterioration,
spalling or scour.

SERIOUS CONDITIONoss of section, deterioration, spalling or
scour have seriously affected primary structural components.

CRITICAL CONDITIONadvanced deterioration of primary
structural elements.

"IMMINENT" FAILURE CONDITIGRajor deterioration or
section loss present in critical structural components or obvious
vertical or horizontal movement affecting structure stability.
Bridge is closed totraffic but corrective action may put back in
light service

FAILED CONDITIONout of service- beyond corrective action.

Condition Rating

Deck
(Item 58)

Superstructure
(Item 59)

Substructure
(Item 60)

Culvert
(Item 62)

Good

K 1l

K WT

Fair




Structural Health Index

U Component condition

score,0 P n@w—)

Mapping NEI Rating to Structure Condition Score

s 100+ — a < 1 {Optimistic)

'g' —— ix — 1 (Linear)

on —— o > 1 (Pessimistic) .
. . . g 801 ___ a — 1.75 (Proposed) %
U Nonlinearity constant, | N

= -5

=1.75 S
_ e 40|

(Sobanjo et al. 2016jnkoom et al. 2017) g

% 201 “””__.

0 = .

0 1 2 3 4 5 6 T 8 9
NBI Rating

% bl
Y "

.

FAMU-FSU
College of
Englneerlng A Sobanjo, J.0., Thompson, P.D., Florida State University. Dept. of Civil and Environmental Engineering, 2016. Implementatfdhe2013 AASHTO Manual for Bridge Element
Inspection.
15 A Inkoom, S., Sobanjo, J.O., Thompson, P.D., Kerr, R., Twum&siakye, R., 2017. Bridge Health Index: Study of Element Condition Statasd Importance Weights. Transportation

Research Record 2612, 6775. https://doi.org/10.3141/2612-08


https://doi.org/10.3141/2612-08
https://doi.org/10.3141/2612-08
https://doi.org/10.3141/2612-08
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Bridge classificatiop & = &

T WAL BN
NBI, HAZUS oy SR TS s N
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Flood return period
FEMA

Bridge geometry
LiDAR, NBI

i
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Discharge Data
USGS
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Fragility (Framework

! i : Reliability : : Probabilistic :
 Modeling ! ‘ - Analysis g‘gsimulation |
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Bridge Classification

Class Code  Span System

A Bridges are grouped into 15 representative

classes based on key structural attributes: Class1 | single Span
Class 2 Single Span
A Span systemSingle span vs Multi Sresd | SliaEn
Span Class 4 Single Span
A Material: Concrete vs Steel S E—
. . . ass ulti Span
A Pier type: Single column vs Multi
Column bent Class 6 Multi Span
., . Class 7 Multi Span
A Support condition: Simply supported
(with/without restraints) and R
Continuous Class9  Muli Span
. . . . . Class 10 Multi Span
A This classification is informed by HAZUS _
methodology and adapted to available NBI Sl B
data and HAZUS Inventory data R B
Class 13 Multi Span
Class 14 Multi Span
Class 15 Multi Span

Material

Concrete

Concrete

Steel

Steel

Concrete

Concrete

Concrete

Concrete

Concrete

Concrete

Steel

Steel

Steel

Steel

Steel

Pier Type

Single Column

Single Column

Single Column

Single Column

Single Column

Single Column

Single Column

Multi Column Bent

Multi Column Bent

Multi Column Bent

Single Column

Single Column

Multi Column Bent

Multi Column Bent

Multi Column Bent

Support Condition

Simply Supported with Restraints

Simply Supported with No Restraints

Simply Supported with Restraints

Simply Supported with No Restraints

Simply Supported with Restraints

Simply Supported with No Restraints

Continuous

Simply Supported with Restraints

Simply Supported with No Restraints

Continuous

Simply Supported with Restraints

Simply Supported with No Restraints

Simply Supported with Restraints

Simply Supported with No Restraints

Continuous
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Flood Modeling

Intensity Measures, IM= {H, V}

Flood depth, H ~ 100year return flood period from FEMA

Flow velocity, V =

SG§ National Water Dashboard
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Reliability Analysis((Componemtlevel [Limit States)

O, ,’Cy, aredrag
and lift forces on the deck

* 1 coefficient of friction

SW- Self weight

Transverse moment

Longitudinal moment

Foundation

Axial load Lateral load
\ /
I- ——————— o ——— e —— — — — i — —— ——— ~— ————————————————
[ - \~ 1/ . 0 Y/0 R 0 p :
I 05 000 Yi) (o YY) [— = - - P
| / / Up w\L g U p
—————ee e |
/ /
Axial compressive Lateral load

Arora, R.K., Banerjee, S.: Reliabilithased approach for fragility assessment of bridges under floods. Structural Engineering@ Mechanics 88(4), 311322 (2023)
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Bridge Probability of failure '\‘ °
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Bridge Fragility Surface

1.54

1.52

1.48

Flow Velocity V (m/s)

1.46

1.44

1.42

11.0 11.5 12.0 12.5 13.0 135 14.0 14.5
Water Depth H (m)

Probability of Failure (Pf)

A Nonlinear
sensitivity to water depth
A L-dearance bridges: rapid rise in failure
probability with inundation

fragil it
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I

Demographics

Census tract level using
populationweighted
centroids

Service Coverage
Service locations

(hospitals, fire stations,
police stations, groceries)

Transport network
OpenStreetMap (OSM)




Accessiblility Framework

i Destinatiom

| Essential servicesssuch-as
— ! Police, Fire:stations,

| | Groceries, Hospitals

. Modifying the network |
| topology by itakingcout-a i

bridge ata'time-and
running simulation

| Census tract level
| using population-
| .
| weighted
. centroids
: Baseline l
|
FAMU-FSU . Multisource shortest path
College of |
Engineering ' approach (Dijsktra) : ;
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U Access loss to
Police (720022)

U Access loss to
Hospital (720144)

J A NASSAU
e \ ;
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- to Services B °
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Police hospital
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Grocery store

Accessibility Loss
*  No Loss

® Loss

W Groceries shops

Accessibility Loss
* No Loss

* Loss

O Fire station

~

opulation due to accessibility loss to services

Accesibility loss
* Noloss
® Loss

“v;' Hospitals

8 Miles.

Accessibility Loss
* Noloss

* Loss

© Police station

Police station @




