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Use Case: Transportation Pooled Fund (TPF)
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USGS Earthquake Information System
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by m 11th National Conference ;.4_°DOT State of Missourd . ShakeCast Report
- nncee | 0" Earthquake Engineering Department of Transportation ~ atiorslEarthauake Iformation Center NE)

science for a changing world LA2018 June 25-29, 2018

Magnitude 3.5 - 28 km WSW of Piedmont, Missouri, Version 1
Origin Time: 2022-11-05 13:44:12CDT Process Time: 2022-11-05 14:03:40CDT

OVerViEW' What iS Shakecast? Latitude: 37.0778 Longitude: -90.9992 Depth: 5.8 km

These results are from an automated s fystem and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addifional or more accurate earthquake
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BRIDGE A3997 3289 - NORWOOD HOLLOW Below Threshold  8.454 0.7944 0.1031 5045
BRIDGE P0479 7706 - CHITTON BR 1< Below Threshold 9)6 06914 0.08162 I\ 6472
BRIDGE P0478 7705 - CRISTINS HOLLOW 5.01 Below Threshold | 6.532 0.643 0.1006 v 419
BRIDGE A6399 29149 - CARTER CR 591 Below Threshold  6.558 0.6338 0.09317 IV 4476

BRIDGE A6 QS 914 C'\PTEF CR 5.94 Below Threshold  6.538 06338 000 17 IV 4476



SHAKECAST WORKBOOK: FOR FACILITIES, FRAGILITIES, NOTIFICATIONS
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Bridge Fragility

* Bridge fragility method is based upon work originally
published by Bas6z and Mander.

* Method was implemented in FEMA’s HAZUS-MH software.

* Uses data from National Bridge Inventory (NBI) as inputs:

— Year built
— Year improved or retrofit

50% probability
of exceedance

— Angle of skew

— Bridge type . i s
— Number of spans — V* /.//

— Maximum span length “ /’

— Total bridge length ; O O—>

—  Deck width

[Courtesy: Loren Turner, Caltrans] 1,0 sec Peak Spectral Acceleration (g)
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[enamal_hdllty_ﬂ facility_type facility_name ) lon METRIC:PSAL0:GREEN METRIC:PSA10:YELLOW METRIC:PSA10:0RANGE METRIC:PSA10:RED
001001C BRIDGE 001001C - BEAVER RIVER 1-span; 3; 02; 10 deg skew; 7.3 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 38.26633 -112.63272 10 393,94 5136 79.89
Q001002F BRIDGE 001002F - BEAVER RIVER 1-span; 5; 04; 0 deg skew; 7.6 m Max Span Length; NB1 Class 504; HAZUS Class H\W33; Sulit 1985; 38.27233 -112.61356 10 115 138 1955
001003C BAIDGE 001003C - BEAVER RIVER 1-span; 3; 10; 0 deg skew; 18.3 m Max Span Length; N8I Class 310; HAZUS Class HWB24,; Buit 1923; 3825233 -112.78919 10 40.25 5175 80,5
001004E BRIDGE 001004E - BEAVER RIVER 1-span; 1; 19; 5 deg skew; 6.1 m Max Span Length; NBI Class 119; HAZUS Class H\W84; Built 1998; 38.22219 -11293053 10 114.78 137.74 195.13

001005F L et AATANES  QCSAVUED DnUCh 1z L. 08 Ndao sl 10 % e Al Soan loparh: MG St EAS LAY Clace LHAET. Ol 190 20 9€AGY 119 91359 in 11¢ 138 195.5

001006V . . . 137.04 21179

proats Federal Highway (FHWA) National Bridge Inventory (NBI) o 13824

001009€ 128,99 175.89

s > Parsed dlrectly Into ShakeCast fraglllty look-up tables amms

3 001012V - - 48.16 7491
001013V BRIDGE 001013V - DRY WASH a- span, f-, 19; 34 def. skew 1. 8 m Max Scsn Ler‘ath NBI Class 41’1 HAZUS Class HWBY 6 Built 2005 38 30611 -113.01 10 104.6 127.85 174,34

15 001014V BRIDGE 001014V - DRY WASH 4-span; 3; 19; 15 deg skew; 2 m Max Span Langth; N8) Ciass 319; HAZUS Class HWB14; Built 2005; 38316594 -113.00972 10 57.95 13465 208.15
003001F BRIDGE 003001F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; NBI Class 504; HAZUS Class WWB3; Built 1930; 4197614 -112.21631 10 115 138 1955
003002F BRIDGE 003002F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; NBI Class 504; HAZUS Class HWB4; Bullt 1991; 4194357 -112.19711 10 115 138 1955
003003V BRIDGE 003003V - MALAD RIVER 1-span; 3; 15; 0 dog skew; 7 m Max Span Length; NB! Class 319; HAZUS Class HW3a24; Built 1580; 41.88611 112.1885 10 40.25 51.75 805
0030040 BRIDGE 0030040 - DEEP CREEK 3-span; 2; 04; 0 deg skew; 6.7 m Max Span Length; NBI Class 204; HAZUS Class HWB10; Built 1941; 4196553 -112.72233 10 114.89 140.42 19147
003006C BRIDGE 003006C - WEST CANAL 1-span; 3; 02; 0 deg skew; 7 m Max Span Length; NBI Class 302; HAZUS Class HW324; Bullt 1950, 41.72006 -112.23975 10 40.25 51.75 80.5
0030080 8RIDGE 0030080 - HIGHLINE CANAL 1-span; 1; 01; 45 deg skew; 7 m Max Span Length; N8I Oass 101; HAZUS Class HWB3; Built 1950; 41.72542 -112.20042 10 96.7 116.04 164.4
003009V BRIDGE 003009V - WEST CANAL 2-span; 3; 19; 30 deg skew; 3 m Max Span Length; NB! Class 319; HAZUS Class HWB24; Budt 1980; 4172339 -112.20075 10 37.46 48.16 7491

23 003010V BRIDGE 003010V - FAUST VALLEY WA 2-span; 3; 19; 21 deg skew; 3.4 m Max Span Length; N8I Class 315; HAZUS Class HWB24,; Bulit 1965; 41.71964 -112.42217 10 38.89 50 77.78
00301 1F BRIDGE 003011F - WEST CANAL 1-span; 5; 04; 0 deg skew; 11,6 m Max Span Length; N8I Class S04; HAZUS Class HWB3; Built 1915; 4175553 -112.16964 10 115 138 1955
003012A BRIDGE 003012A - CORINNE CANAL 1-span; 7; 02; 15 deg skew; 9.4 m Max Span Length; NBI Class 702; HAZUS Class HWB3; Built 1948; 41.75568 -112.12811 10 113.02 135.63 192.14

02; 0 deg skew; 6.1 m Max Span Length; N8I Class 302; HAZUS Class HW324; Bullt 1950, 4177056 -112.12889 10 40.25 51.75 80.5
04; 0 deg skew; 15.2 m Max Span Length; NBI Class S04; HAZUS Class MWB3; Built 1960; 4177044 11214261 10 115 138 1955
07; 0 deg skew; 9.1 m Max Span Length; N8l Class 107; HAZUS Class H\W33; Bullt 1988; 4177947 -112.16369 10 115 138 1955
7; 45 deg skew; 6.7 m Max Span Length; NBI Class 107; HAZUS Class HWB4,; Built 1993; 4173333 -112.09%44 10 86.7 116.04 164.4
02; 0 deg skew; 10.4 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1950; 4179217 -112.16031 10 40.25 51.75 BO.S
0030180 BRIDGE 0030180 - WEST CANAL 1-span; 1; 07; O deg skew; 10.4 m Max Span Length; NBI Class 107; HAZUS Class HWB4; Bullt 1991; 4181389 -112.15883 10 115 138 1955

2 0030180 - i 138 195.5
3 003020F /drE‘SC ription 138 1855
003021C 116.04 164.4

s aosoz 1-span; 3; 02; 10 deg skew; 7.3 m Max Span Length; NBI Class 302; HAZUS Class HWB24; Built 1945; 138 15.5

003023C 5175 BOS

7 003024¢ 1-span; 5; 04; 0 deg skew; 7.6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1985; 5175 805

0030250 116.04 164.4

A0Sz 1-span; 3; 10; 0 deg skew; 18.3 m Max Span Length; NBI Class 310; HAZUS Class HWB24; Built 1923; o e

003028C

. pooseis 19; 5 deg skew; 6.1 m Max Span Length; NBI Class 119; HAZUS Class HWB4; Burlt 1998; s Py

003033C UG TIIUIIC - z TT69%78 -11Z. 19066 51.75 80.5
003034F BRIDGE 003034F \M.AD RIVER '.-sp.m; S 04; Ddeg skcw 91m M.‘lk Span Lrnb'h NEBI (l.us .:0-& HAZUS (I.ut H\wa3; 3Jl|' 19?8 41.65539 -112.15997 138 1955
003035V BRIDGE 003035V - MALAD RIVER 1-span; 3, 19; 0 deg skew;, 9.1 m Max Span Length; N8I Class 319; HAZUS Class HW34; Bullt 2001; 4165339 -112.18275 1 138 1955
003037F BRIDGE 003037F - MALAD RIVER i-span; 5; 04; 0 deg skew; 14,6 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1969; 4166872 -112.15556 115 138 1955
003038E BRIDGE 00303BE - CORINNE CANAL  1-span; 1; 19; O deg skew; 6.1 m Max Span Length; NBI Class 119; HAZUS Class HW83; Built 1967; 4167778 -112.14158 138 1955
003039C BRIDGE 003039C - CORINNE CANAL 1-span; 3; 02; O deg skew; 7.9 m Max Span Length; N1 Class 302; HAZUS Class HW324; Bullt 1945; 4168322 -11214175 51.75 80.5
003040C BRIDGE 003040C - MALAD RIVER $-span; 3; 02; 0 deg skew; 11.6 m Max Span Langth; NBI Class 302; HAZUS Class HWB24, Built 1945; 4168328 -112.15561 5 5175 805
003041C BRIDGE 003041C - BEAR RIVER 3-span; 4; 09; 0 deg skew; 22.9 m Max Span Lergth; NBi Crass 409; HAZUS Class HWBLS; Built 1945; 4183264 -11205875 ¢ 87.69
003042F BRIDGE 003042F - MALAD RIVER 1-span; 5; 04; 0 deg skew; 14.9 m Max Span Length; N8I Class 504; HAZUS Class HWB3; Bullt 1965; 4169736 -112.16183 115 138
003043F BRIDGE 003043F - CORINNE CANAL  1-span; 5; 04; 0 deg skew; 6.7 m Max Span Length; NBI Class S04; HAZUS Class H\W83; Built 1977, 4170503 -112.14242 1 138
003044F BRIDGE 003044F - MALAD RIVER 1-span; S; 04; 0 deg skew;, 15.2 m Max Span Length; NBI Class 504; HAZUS Class HWB3; Built 1965; 4172658 -112.15078 1 138

(a'ar! Mv‘g . RAInce AOANAES AMECYE CAMAL Lroan A0 AL doa chanu 10 2 oo Moy Cona Lonath MBI Clace 3306, HA RIS Clace uf__g_l B 1600 Ay IIEE b e TS TS
UTL2 sasw , + ]

003013C BRIDGE 003013C - CORINNE CANAL  1-span;
003014F BRIDGE 003014F - MALAD RIVER 1-span;

i 0030150 BRIDGE 0030150 - WEST CANAL 1-span;
3 0030160 BRIDGE 0030160 - HAMMAND MAIN 1-span;
003017C BRIDGE 003017C - WEST CANAL -span;
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These results are from an automated system and users should consider the preliminary nature of this information when
making decisions relating to public safety. ShakeCast results are often updated as addifional or more accurate earthquake
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Mag 6.0 Napa, August 2014
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m Tamie McGowen Follow

Rapid bridge assessment and prioritization
made possible by new, innovative CT
ShakeCast technology! Great partnership
with USGS!

ShakeCast identified the 9 bridges that
sustained minor damage. They were in the
top 40% of a list of 87 total. Over 2,700
state bridges were in the ShakeMap region.

Courtesy L. Turner, Caltrans



USGS National Seismic Hazard Map & Example Scenarios ( >800 available online)

Highest hazard
A
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scionce for a changing world

Earthquake Hazards Program

Overview M 7.5 Scenario Earthquake - Marianna_ RLME

2017-05-12 18:52:32 (UTC) 34.913°N 90.530°W 19.2 km depth
Interactive Map

Regional Information This event is a scenario (it did not occur) and should only be used for planning purposes.
More information about scenarios

Impact
ShakeMap
Interactive Map Regional Infarmation ShakeMap - Origin
< ' — i T Raview 1
Technical ; . . . = o e Ay
N - AUTOMATIC
= S
Origin . e e Magnitude
- ¥ Y e
Metgidn Memphis o “ \_'," ¥ = l 7.5
Download Event KML i ST
Ltk Roh * Littks Roch - T ypth
L Appein e 18.2 km
I | ws——
Earthquakes Estimated Intensity Mag Time

2017-05-12 18:52:32 UTC
Hazards

Contributed by US ! Contributed by US ' Contributed by US ' Contributed by US !

Data & Products

Learn For More Information

¢ Impact Summary

Monitoring

e Technical Summary

Research

Contributors

1. USGS National Earthguake Information Center, PDE

Additional Information

SEARCH
« ANSS Comprehensive Earthquake Catalog (ComCat) Documentation

e Technical terms used on even! pages



USHS SNaKEMap: New Maarna southem Taum

Feb 07, 2019 18:05:00 UTC M7.7 N35.54 W90.44 Depth: 15.0km

D:newmadnd_33 m7p7_se for FEMA_2019 mt_se

b

\\K.msds City

sSpringfield

oSpnngheid

eindianapolis
elerre Haute

sBloomington

|

Ewwllc

—
oClarksville
> ‘ \
!
‘ hvill
| sfayottevilien, ol bt S AT
] > eFranklin |
e I T L '
ot o ’ I R e sjackson g '
¥ ort Sm»m “ Iy
| 4) bov
Foe b -~ : eConway §y
S t’ .}’_.5’ NN : 3 i
e Nt S stitie Rog aHuntsvilie
,*'..'. S .,f’-‘ > £
sRine Blut ‘ }
+ . » » »
| 4 - ’ - — - &
ATexarkana sBirmingHam
eTuscaloosa !
eShreveport eMonroe !
sjackson eMdridian
| -— :
0 200 oklo-.ﬂ‘ sHattiesbdrg
M'w 92*'w 0*wW aa*w a6*'w

MoDOT State of Missouri

ShakeCast Report

National Earthquake information Center (NEIC)

(7 Department of Transportation

Magnitude 7.7 - New Madrid southern fault
Origin Time: 2019-02-07 11:05:00 GMT
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Project Objectives

° Assess evacuathn Create transportation network for the NMSZ region
performance using simulation
models

* Identify locations of potential
bottlenecks in the road
network

« Estimate delays on major
evacuation routes

OpenStreetMap data Network conversion

Generate evacuation travel demand

Household survey Census and other public datasets

Collect signal and other traffic control data

Develop traffic simulation model of the NMSZ region

Baseline scenario Event (Earthquake) scenario Other scenarios

| WSSO SRR

Measure evacuee and transportation system performance




Study Area

Potential Mass Care Operarional Zones Bs:’.u: & FEMA

« Zone 1 of potential mass care

operational zones developed by e
SEMA/FEMA —
* Includes eight counties (Cape -

Girardeau, Scott, Mississippi,
Stoddard, Butler, New Madrid, =

(Source: NMSZ Evacuation-MASS Care
Dunklin and PemiSCOt) Initiative Overview, 2021)




Survey Administration

* Online survey was open from January 28 to February 21
« 891 responses received

‘:‘ MoDOT Southeast District
Januacy 31 at 115 PM - @ Researchers ask southeast Mo. residents to fill out
MoDOT and the University of Missoun are completing a research earthquake survey

project that will assist in modeling evacuation routes, if needed,
after an earthquake in the New Madrid Seismic Zone. Part of this
research is understanding evacuation related decisions that
residents make, We would like residents in the following Missouri
counties (Cape Girardeau, Scott, Mississippi, Stoddard, Butler, New
Madrid, Dunklin and Pemiscot) to assist us in this research by
completing the questionnaire... See more

/ SHARE YOUR THOUGHTS ————————————
NEW MADRID SEISMIC ZONE EARTHQUAKE

PREPAREDNESS AND EVACUATION &

SURVEY

DEADLINE: FEB. 14, 2022




Q1. Select the county you live in (N= 891)

Cape Girardeau NG 2 1 %0
Butler I 1 00
Dunklin NG 1100
Stoddard I 1100
Scott GG 1120
Other I ©°o
Mississippi INIIIIEIEG@EGEE 620
New Madrid NG 6o

Pemiscot NG 60

&)



Q2. How likely is that you and your family will be impacted by an
earthguake in the next five years? (N= 880)

Very likely

Likely

Not sure

Unlikely

Very unlikely

I o

B 3%



Q3. Have you ever experienced an earthquake? (N= 879)

100%

79%

80%

60%

40%

Percentage (%)

21%

20%

Yes NO

Experience (Yes or No)

0%

&)



Q4. If you have experienced an earthquake before, did you
have any of the following happen to you? (N= 790)

BNo mYes

I, 05/

2%

Disruption to |G, o2

daily life 8%

Injury

Property - |, o/

damage 6%




Q5. If an earthquake was going to impact your neighborhood,
what would you be most likely to do? (N= 880)

Evacuation decision

Shelter in my home _ 45%
Evacuate _ 24%
| don't know _ 21%
other [ 10%

&)



Q6. What kind of place would you go to? (N= 655)

Evacuation destination type

Relative's home GGG 5200
| don't know I 13%
Hotel/motel/inn I 11%
No place to go I 7%
Second home/property I 6%
Friend's home N 5%

Other 1M 4%

Shelter W 2%




Q7. When do you think you would be most likely to leave to
your destination after an earthquake? (N= 636)

Evacuation time

Within 1 Day 35.0%

1 to 3 Days 32.0%

15.0%

I
&

3 Days to 1 Week

More than 1 Week 18.0%




Q8. Which type of road would you mostly travel on? (N= 647)

Preference of roadway type

e e
lights/signs) i

33%

I

Major roads (may have stop lights and
stop signs)

&)



Q9. If officials recommend using a particular evacuation
route, would you use that route? (N= 649)

| definitely would use the recommended _ 34%
route

| probably would use the recommended _ 50%
route

| probably would not use the 0
recommended route - %

| definitely would not use the l 3%
recommended route

Choose not to answer - 6%

&)



Q13. If you have any pets, will you take them with you if you
evacuate? (N= 650)

Yes

| don’t have any pets I 3%

Choose not to answer I 1%




Earthquake Scenario

For the rest of the survey, we want you to imagine that a

catastrophic earthquake of magnitude 8.0 has occurred in the

New Madrid reqgion. This region has experienced severe

infrastructure damage with households losing access to basic

utilities (power, internet, water, gas). A mandatory

evacuation order has been given for your neighborhood.

Please keep this scenario in mind as you answer the

remaining questions.




Q14. Given the scenario described above, would you
evacuate? (N=592)

v [l

| don't know - 15%




Q15. How frequently would you check for updated information
on the earthquake and/or the evacuation? (N= 592)

About every 30 minutes || G 1%
About every hour [ GGG 27%
About every two hours | 13%
About every six hours [} 3%
About every 12 hours [} 2%

About once a day [} 3%

| would not check for updated

0
iInformation I 1%

&)



Q16. Which of the following options would you be most
likely to use to evacuate? (N= 586)

Personal Vehicle

Get a rider from family or friends
Public Transit

Emergency Mass Transit

Walk

ATV

Other

I © 1 26
1 2%
0%
| 1%
| 1%
] 2%

3%




Q17. Which of the following best describes your home?

(N= 546)

Single family home

Duplex or townhouse
Manufactured home or trailer
Apartment or condominium
Some other kind of structure

| don't know

Dwelling type
85%

.
B 3%
B 5%
B 5%

| 1%

| 1%



Q19. Where would you go? (N= 603)
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Q20. What route would you take to get there? (N=539)

£7 é """‘7

US 60




Next Steps

« Analyze survey responses

« Build travel demand models using survey data and other public datasets
(Census, ACS, BTS, etc)

« Generate demand between origin-destination pairs and assign it in
simulation

« Generate evacuation performance measures

Contact information:

Praveen Edara, Ph.D., P.E.
Professor and Department Chair
University of Missouri-Columbia
EDARAP @Missouri.edu

573-882-1900
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