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Man-Made Hazard

A man-made hazard Is an accidental
or Intentional event of unusual
magnitude that threatens the activities
of people or people themselves.
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Activities In
Kentucky:



|-64 Parallel Bridges over US60

e Westbound US60
Wfort)
——\\-

Eastbound US60
(Towards Versailles)

T~

This outer girder on Eastbound |-64 over
Eastbound US60 gets hit by trucks
exceeding the height restriction due to low
clearance at that station



|-64 Parallel Bridges over US60

This girder in Span 3 on Westbound 1-64

underwent excessive deflection and vibration
under truck loading. Cracks had formed on
this girder and the adjacent girders.

-, -—

-

This girder in Span 1 on Westbound 1-64
- underwent excessive deflection and vibration
. under truck loading. Cracks had formed on
. thisgirder and the adjacent girders.

The outer girder on Eastbound 1-64 over

Eastbound US60 gets hit by trucks exceeding the

height restriction due to low clearance at that
location




Possible Instrumentation Plan

Eastbound USGO Westbound US60
(To Versa|lles) | (To Frankfort)

Crack Sensor ll | I Strain gage
Strain gage | - Crack sensor

(Span 3) | : (Span 1)

Note: Depending on
additional cost,
instrumentation on

Westbound I-64 (To Louisville) Span 1 may not be

placed
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[-65/1-59/1-20 Interchange in Birmingham, Alabama
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Tanker Truck Fire - MacArthur Maze Freeway
Oalgland, California
29 April, 2007
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BARGE IMPACT ON BRIDGES




LLexington Herald [Ceader — Vionday,

Emergency crews. surveped the soene of the bridge |,|1||1
Inkerstaie 40 crosses the Arkansas River near Webbers Falls, Okla.

Barge collapses

Oklahoma bridge

MOTORISTS TRAPPED AS VEHICLES FALL INTO RIVER

HERAL[H.EADES WHL SRS
WEEEER 5
A bange lrnuh I!1r- Interst

foot seetion of the span to cal-
bpse ito (be fver

Officiaks said s e
people Or 88 many o
have died i the 745 am, ool
lapse, bal the feas that the re-
mairder of the bri
lase slowesd racow

The harge’s crew

the toghoat nm1 barges,

See BRIDGE, A9

May 27, 2002




, Nation&

Lexington Herald-Leade,

I * Lexingt srald-Leader
wo Id Sunday, September 18, 2001 |

Barges smash bridge;
cars plummet 85 feet

By Lynn Brezosky
ABSOCIATED PAESS

group of barges s
toot H'\". i out of L nly bridge
i ‘-uul'll Padre Is-

four people wcd aln.-r lh:u
cles phunged into the wate
below.

An unk
ple were 1
rescued from the Lagu

shipping route
and three were Impn,l]-

vehicles were located in
- »m-(mep water, and divers
k pictures of their license pI‘xu«

four-lane bridge

noon and said

from hnr 18-
if:

Burke
sons had gone out with
¢ waited with Fife.
1 just want to know whers
v kids I hope they're

right and j can't call me,”
Burke said

Recovery efforts were sus-
pended late yesterday afternoon
when the third 80-fent section of

L psedd, said Adrian

an for the De
]'J‘Ir'.'lﬂtnt 0:[ Public Safety. The
search is resuming this morning.

The Ca notified
around . that the tug
Ihmn or ¥V and its four
I viled steel

s
and phe had struck the

A Coast Guard ship helped with the rescue and recovery ot
drivers near the Queen Isabella Causeway off South Padre
Island, Texas. A tug boat and barges smashed the bridge.

mile-long span, the longest

one of the car-

cent ﬂulm
Qu I

near the center of the

TUg Operator Was ques
|.1rI |;.l~md a sobriety test,

and a fourth ¢
(ne victi
Isabel F

The state hired two brmm to
ferrie d was consid

Department of Transportation,

permanent residents, and island
hotels were about 70 percent
hooked for the weekend

unteers had been

i,
Dd]‘l of Adopt-A-Beach day, ‘-illll.
local home builder Clayton Bras-
hear.

The island is a spring break
mecea, when crowds of up to
200,000 student ; on the is
land or in nearby cities

'I'llu: barges were owned by
Ametican Commercial Lines LLC
of Jeffersonville, Ind., and were
being pushed by a tugboat

«d by Brown Water Marine
Services Inc. of Rockport, Te
Commercial

lLexington Herald [Ceader
September 16, 2001
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Activities In
Kentucky:



Instrumentation Plan - US 41N Bridge
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Natural Hazard

“A natural hazard Is an unexpected or

uncontrolled natural event of unusual

magnitude that threatens the activities
of people or people themselves.”

Source: www.haturalhazards.org



Natural Hazards

Earthquake
J Fog Tornadoes Other
El Nino Hurricane Volcano
Drought | | Typhoon Flood Tsunamis
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Hurricane Katrina, August 2005



IHighway: 1-90,
Gulf Ceast: of
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Hurricane
1 Katrina, August
2005



Hurricane Katrina, August 2005




urricane Katrina, August 2005



IFleeded
Roadway/in
New: Orleans;
_ouisiana

Hurricane
Katrina,
August 2005




Natural Hazards

Earthquake
J Fog Tornadoes Other
El Nino Hurricane Volcano
Drought | | Typhoon Flood Tsunamis
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Natural Hazards

Earthquake
d Fog Tornadoes Other
El Nino Hurricane Volcano
Drought | | Typhoon Flood Tsunamis




Earthguake Hazard

Alrports

Railways

Bridges

Roadways

Navigable \Waterways

Other




Earthquake Hazard

on Bridges



Elevated Portion of 1-880
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1989 Loma Prieta Earthquake
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The Northridge Earthquake (1994)



Chi-Chi Earthquake, Taiwan (1999)



Trangshan Earthquake - China
July 28, 1976 at 03:42 AM
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How Der We Cope With Earthguakes?

Earthguakes are very difficult to predict and
are unpreventable. Therefore, mitigation of
earthquakes requires designing structures
(Including buildings, roadways, bridges,
etc.) that can withstand repeated shaking.



Earthgquake Mitigation forr Bridges
and Highway: Structures

Durin Post-Event
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Earthguake Mitigation of Bridgesiand
Highway Structures:

l

Pre-Event

Seismic Evaluation and

Retrofit

Post-Earthquake Planning
- T

Post-Event

e Seismic Input

e Prioritization

e Seismic Evaluation
« Recommendation
e Seismic Retrofit

e Other




Earthguake Mitigation of Bridgesiand
Highway Structures:

| |

pre-Event [ ournycvn [l Prteen

Seismic Evaluation and
Retrofit

Post-Earthquake Planning
- T

e Seismic Input

® Prioritization
 Seismic Evaluation
 Recommendation
 Seismic Retrofit

e Other




Seismicity: 1 the United State
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Activities In
Kentucky:



Southern
llinois
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Maximum Credible Earthquake (MCE)

Wabash Valley

Earthquake
Magnitude
| | M4.1
| | M43
[ | M50
L | M55












Earthguake Mitigation of Bridgesiand
Highway Structures:

l

Pre-Event

Seismic Evaluation and

Retrofit

Post-Earthquake Planning
- T

Post-Event

e Seismic Input

e Prioritization

» Seismic Evaluation
* Recommendation
 Seismic Retrofit

e Other
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Bridges Built on and over 24
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Preliminary Screening

B2 StartUp : Form

Seismic Inventory of Bridges

This program is designed to aid the user in a preliminary
siesmic inventory of bridges in a particular region. The
program will also allow the user to export an Excel
spreadsheet or generate a report detailing the
information.

Please make your selection below,

Preview Siesmic Report

Print Seismic Report




E: DataEntry : Form .
P General Information | Site and Superstiucture | Columns and Piers | Abutments and Beaings | Beamngs Continued | Sesemic Rank

Gerieral Information
Henderson, Audubon Paroway BIN Mumber: [51-3005-80007

Ln:l-:alil;ﬁi] ZMISE OF JCT LS 47
General info | "k Pageindec [ G

FEQr LPESIgF o0y D LK. IIJDIJ

Sk I 45 degees
OvesallLength [ 26459 R Bearings
Ovesall Widh 75 &

Deetour Length: | milers Mok

Roadway cariedby i [Paky Feature crossed by biidge i the oadway, iver, vally, o
Feature crossed by bedge: !ﬂgadw offver landfioem that the bridge is used 1o cross.

Does the bridge cross & body of water? [
Has the bdge been seismicaly etrolitted? [
Descriplion/Date of Retrofit: |




PRIORITIZATION
(Preliminary Screening):

General Information | Site and Superstiucture | Columns and Piers | Abutmenis and Bearings | Bearings Continued  Seismac Rank

Seismic Rank
Viulnerability Ratings

Connections, Beaiings, and Seatwidths...... ... V1 (1 NBORTANT HoTE-] Selsmic Rank

LrL it This seisac tanking is based solely upon the physical featiees of the bridge.
Other Components  AVR: D V& 1 The rankmg may need to be adusted acconding to location of nearest defow
LVR: 0 roaste or other social iaciors. For example, & cnbcal mees ciosng may need 3
: higher ranking than an overpass thal can be bupassed easly by onfolllamps
[t may be necessan Io cresle 8 second rankmg system, wang this ranking as
4 [actor in the ulimate deterrminabon of the tankmgs for the bodges m

Sebsric Hazard Rating: E: 2.3

Seismic Rari s[1s}——— R ranges between 0 (Not Critical)
to 100 (Highly Critical).

Cai:-.dml Smrt:l Expoit Excel Spreadsheet

Record: Hlvl“ & "I”I"I'f'm




Highway Structures:

Earthguake Mitigation of Bridgesiand

I

Pre-Event

Seismic Evaluation

Retrofit

Post-Earthquake Planning
- T

Post-Event

and

* Seismic Input
* Prioritization

e Seismic Evaluation

 Recommendation
» Seismic Retrofit
e Other
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Single Span Bridges




Span Bridges

o




Multi-Span Bridges
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Evaluation Process
For Critical Bridges

o Field Testing
« FE Model Calibration

» Seismic Evaluation
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Trask:3: FE Moedeling ..... Maysville Bridge

— FEM
O Feld Testing | ./

[
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e
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1 J | E 1 1 ] 1 :
500 1000 1500 2000

Bridge Longitudinal Distance

15t VVertical Mode

Elevation



Task 3: FE Maodeling ..... Maysville Bridge
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I'he ©Owenshboro Bridge




Owenshoero
Bridge
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Bridge on US-41 .34
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Earthguake Mitigation of Bridgesiand
Highway Structures:

| |

Pre-Event

Seismic Evaluation and

Retrofit

Post-Earthquake Planning
- T

e Seismic Input
* Prioritization
* Seismic Evaluation

Recommendation

» Seismic Retrofit
e Other




Provide additional | =S
shear bolts or
replace bearing




Earthguake Mitigation of Bridgesiand
Highway Structures:

I

Pre-Event

Seismic Evaluation and

Retrofit

Post-Earthquake Planning
- T

Post-Event

 Seismic Input

* Prioritization

e Seismic Evaluation
* Recommendation

e Seismic Retrofit

e Other




L_ead-filled Elastomeric
Isolation Bearing




Retrofiit measure: Example

Reinforced
. concrete _
column/pier

Steel/FRP jacket

— Footing




Earthguake Mitigation of Bridgesiand
Highway Structures:

| |
Pre-Event

B Evlueion & Revofit—
am Post-Earthquake Planning

- T

* Develop Contingency Plan

* Provide Training
 Instrumentation & Monitoring
e Other




Earthguake Mitigation of Bridgesiand
Highway Structures:

| |
Pre-Event

B Evlueion & Revofit—
am Post-Earthquake Planning

- T

 Develop Contingency Plan
* Provide Training

- Instrumentation & Monitoring

e Other




Activities In
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Earthguake Mitigation ofi Biridges and
Highway, Structures

| | |
A

- An earthquake lasts for few seconds.

- Action during the event is not possible.



Earthgualke Mitigation of Bifidges anad
Highway, Structires

|
During-Event




Earthguake Mitigation of Bridges and
Highway, Structuies:

r

Stage 1 J

 Immediate Action
e Other

. Preliminary Assessment

Prioritization

Recommendation




Activities In
Kentucky:



Covington

L_ouisyville

- Response Team > 2 hours
- Driving > 4 hours
- Delays = ?? hours
- Other = ?? hours

} At Least 6 hours



Kentucky: Highway. Districts




Local Inspectors
in Western Kentucky

. Mobile Team en Route

1
|
|
|
|
|
|




Tleams In Stage 1




Objective. of Stage 1

Triage
In Cooperation with the

Kentucky National Guard







Kentucky Poest-Earthguake: Investigation; Seftware
(KyPEIS)

Post Earthquake Investigation E]|E®

Select Inspect or View

i — Enter Name and
o = Affiliation

Press start if connected to GPS
recelver and require data

Next to continue

Inzpector: 1554 E HARRIK.




GPS recelver detection
message

Check here to use GPS
data to select bridge




Post Earthquake Investigation E]i"__"J

Start | Location Concrete Spa | [t

Enter damage level

Approach Slab Damage

e A Next to continue




Concrete Span - Shear Crack

Post Earthquake Investigation E]I

Start | Ll:u::atil:lnl Embankmen [

Flesural Crack,

Minor crackil :'_L‘.ﬁ Iy Cracking Wi_ﬂ‘lﬁt
45 degrees. . ull\iinor Slight offset

‘t*- "\K L
\\_. gy -~

iy

1/
Rebar failed and rupture
and failed offset

M E HARRIK

Next to continue



E]‘ Abutment - Backwall Movement

Post Earthquake Investigation

Embankmen | Concrete Spa ] Deck
Out of Plumb

Cracking

Cut of Plumb QOut of Plumb

- Maderate Cracking w/ |

 Severe Cracki
ome dlspiacement . gacand

'nd d:splacement

Next to continue



Post Earthquake Investigation E]|EJ@
Deck | .-'1'-.|:u.1l.rru3r|t] Ele-arir'u:l] Pier PSS

Check List

Abutrnent

Next to continue



Post Earthquake Investigation

Low Guarded Elevated High Sewere

/)N =

0 <50 <1000 <15000 >15000

Enter notes

Printout of entered data

Enter another bridge



Teams In Stage: 2

Local Inspectors . Mobile Team en Route

in Western Kentucky

|
[
|

I
‘ [
‘ [
|

|
‘ [
|

|
|

|
[
|
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Conclusions

m \We Can no Longer Accept the Highi Cost of Life or Ensuing
Economic Losses When Natural or Man-Made Disasters Strike

m We Cannot Be “Prevent” nor “Predict” Disasters
m \We Now Have the Means to Better “Prepare” for Disasters

m \We Now Have the Means to “Respond” Immediately Following
a Disaster

= \We Now Have the Means to Quickly
and Effectively “Restore” Defective
Structures Following a Disaster



Questions?



Thank You
and
Have a Nice Day
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