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) Motivation
-

+ Examples:

— Irene — Vermont, August
2011

— Matthew — North Carolina,
October 2016

— Harvey — Texas, August
2017

— Maria — Puerto Rico,
September 2017

— Florence — North Carolina,
September 2018

Sources:

https:/en.wikipedia.org/wiki/Hurricane Irene
http://wunc.org/post/dam-breached-sixty-miles-i-95-closed-matthews-aftermath

https://qz.com/1063637/texas-floods-these-before-and-after-photos-from-tropical-storm-
harvey-show-the-scale-of-houstons-flooding/

http:/bigthink.com/connected/heres-what-puerto-rico-looks-like-after-hurricane-maria




@ GNERNG Hurricane Matthew and Hurricane Florence

Hurricane Matthew Hurricane Florence
2016 Oct. 9th. Closed all lanes.

th
Until Oc_:t 15th, closure between Exit 119 ?gigtosgﬂ{’ 1L5an’e§ lr?:ggir?g rsc;ictjh closure
and Exit;13 between Exit 138 and Exit 119
15t to 16t Partial closure between Exit 118
and Exit 81
15t to 24th. Closure between Exit 81 and Exit
13
23rd (evening) 1-95 reopened.

Until Oct. 18th, partial closure between
Exit 81 and Exit 13
__On Oct. 18", 1-95 reopened

Detours:

« via |-440, US1, |-74

- via |-62, 301 and I-74.

* via |-64 to I-540 West to 140 West to
US321 to 185. (Only during Hurricane
Florence)
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@ GRS Hurricane Matthew and Hurricane Florence
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Motivation

Traveler i System

—Special

TRAVEL NOT ADVISED IN MOST NORTH CAROLINA

NCDOT advises motorists not o trave in these countes becat
Bloden, Brunswick, Columbus, Western Craven (west of US 17), Cumberkand, Duplin, Harnett,
Robeson, Sampson, Scotland, and southen

roads are sl flooded or looding
her Johnston (south of 70), Jones, Lenoir, New Hanover, Pender,
of 70 Business)

195 and it 138) o 1-540 West o 1-40 West to US-321 South to 185 South.

W
Follow diretions n South Carolina to re-

I travel

<From Raleigh to Kinston

Continue on NC 11 South to Kinston

+From Raleigh to New Bem

00 U 64 Exst
18 10-32am Toke Ext 436t US 264 Est
. 5 264 as hrough Greenvle to iashingon
InWosnngon,ake :
U817 south 0
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ENGINEERING Key Questions

» How should the issue of a significant level of uncertainty in
prediction be dealt with in planning?

+ What kind of flood control management system is
necessary to minimize flood damages?

« What kind of legal and social reforms are necessary to
implement such a management system?

* What are the basic principles of flood control facility
design? How are fatal failures prevented by structural
design?

» How are safety and risks of flood control facilities such as
levees and dams evaluated?

+ What is important in quick recovery and reconstruction in
terms of resilience?

+ How is society’s resilience against disasters evaluated?
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@ = Outline

* Objective

» Case study
— Resilience measures

— Methodology: Loss of resilience due to
flooding

— Alternative scenarios
— Lessons learned

[ P Objective

-

» To model the loss of
resilience in the
transportation network
during recovery following
flooding

» To explore alternative
scenarios




@ BlaENG Definitions of resilience

« “..withstand and absorb changes during an
environmental disturbance” (Holling, 1973)

» “anticipate, absorb, adapt to, and recover rapidly
when hazards occur’ ( NIAC, 2009)

« “...the ability to prepare for and adapt to changing
conditions and withstand and recover rapidly from
disruptions.” (Presidential Policy Directive 21).

@ ENGINEERING Four attributes of resilience
-

» Robustness

— Functionality remaining Resourcefulness

Funetlorallty 100 et
« Redundancy i »
4

— Alternatives (routes/ modes) G '

) R ap I d Ity Robustness ‘
: 0 4 } >

— Time taken for recovery :'?M e

° R e SO u rcef u | n eSS pre-hazard 5 post-hazard

— Available resources
(Bruneau et al , 2003)
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@ ENGINEERLE Measure of transportation network resilience

- ~N N Possible functionality
3 to measure:
Robustness Rapidity
\ /\ / 1) Total travel time
é \( A 2) Travel distance
Fecourotun Fedundan 3) Connectivity
Il | I 4) Number of alternative routes
5) Capacity
\_ J\ J
6) Traffic flow
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* * * °® Methodology °* ° ° -

Total Travel q
Code SeSue Time During glttreart:?i:se
Flooding

000 o—0

Travel
Time per
Day

travel time
travel distance
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Disruptions due to Matthew

Travel Time per day during Hurricane

400,000 Matthew

350,000
300,000
250,000
200,000
150,000

100,000
50,000

1 2 3 4 5 6 7 8 9 10
days

Travel time (hour)

= Hurricane

USignificant inconvenience for
travelers.

» Total travel time increased from 2.8
m hours to 3.2 m hours

» 1.3 m extra miles per day.

> $5.8 m loss due to flooding.

UThe travel time during full closure >
during partial closure.

QPartial closure leads to minimal
disruption

Normal
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Disruptions due to Florence

Travel Time per day during Hurricane Elt&‘r,fvrg;zm Inconvenience to
5 Florence > Day 4: Largest additional travel time
< 2,500,000 during flooding, around 1,000,000
£ 2,000,000 hours
1,500,000 Q Travel times during full closure >
% 1,000,000 = Hurricane during one direction closure > during
F 500,000 Normal partial closure.
0 U Hurricane Matthew Vs Hurricane
1 2 3 4 5 6 7 8 9 Florence
days » Significant extra travel times and
delay costs incurred by the road
' S users
Total Travel T'm? in Different » Travel time during Florence is much
One Drection Closure Scenarios 1,400 I%rger because larger area is
Partial Closure GGG 1,100 dISI’L.thed. . : :
' » Partial closure is a relatively effective
Closure  —— 1,600 and efficient strategy if feasible.
Base Case I 1,000
Travel Time per day (1000 hours) ol Etonmentl Engnesin | 14
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Travel Time in Various Scenarios

mmm dlosure  wmmm Partial Closure Base Case
e » Most travel times lower
g han the base case
gaoo.ou - t an )
g 5000

N
<]
H
8

» The influence of staying
home and using local roads
is significant.

Travel Time per Day (
&
S
8

g 8
8 8

o
=
3

17 28 39 4,10 511 512
sceanrio

1.2-3 and 3-4 areclosed
2. when 2-3 & 3-4 closed, 10% user stay at home while others all use the network.
3. when 2-3 & 3-4 closed, 20% user stat at home while others all use the network.
4, when 2-3 & 3-4 closed, User driveas normal (0% stay at home) while 50% of users use local road instead of the network.
5.when 2-3 & 3-4 closed. 10% user stay at home while 50% of users use local road instead of the network.
6. when 2-3 & 3-4 closed, 20% user stay at home while 50% of users use local road instead of the network.
7. partial closed
8. when partial closed, 10% user stay at home while others all use the network.
9. when partial closed, 20% user stat at home while others all use the network.
10. when partial closed, User drive as normal (0% stay at home) while 50% of users uselocal road instead of the network.
11.when partial closed. 10% user stay at hame while 50% of users use local road instead of the network.
12. when partial closed, 20% user stay at home while 50% of users uselocal road instead of the network.
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All Possible Strategies within 10 days Total Travel Time Vs Repair Days
6,000
fg If Repair 3-4 First QE’ 5,000 .
S = @
z = L
; 5 4000 oo
2 & 3,000 o
- If Repair 2-3 First }r:“ 2000 .".
g © 1,000
3 0
. 0 5 10 15
0 1 2 3 4 5 6 7 8 9 10
Days to Repalr Link X First Number of days

> Feasibility: The repair time involved many factors: access, weather conditions, & resources

» Increased cost
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Key Questions

* How should the issue of a significant level of uncertainty in
prediction be dealt with in planning?

* What kind of flood control management system is
necessary to minimize flood damages?

* What kind of legal and social reforms are necessary to
implement such a management system?

* What are the basic principles of flood control facility
design? How are fatal failures prevented by structural
design?

* How are safety and risks of flood control facilities such as
levees and dams evaluated?

* What is important in quick recovery and reconstruction in
terms of resilience?

* How is society’s resilience against disasters evaluated?

nmental Engineering | 17

@ GRS Conclusions and Recommendations

How should the issue of a significant level o
uncertainty in prediction be dealt with in planning?

Mitigation

« Strengthening vulnerable locations

* Prepositioned equipment/ materials
* Mutual aid agreements

» Contracts/ training/ sensors

» Detours/ Road closures

* Debris removal

» Temporary repairs

| Preparedness

‘ Response

« Efficient repair and replacement

‘ Recovery » Adaptation
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@ BlGNEEENG Conclusions and Recommendations

What is important in quick recovery and
reconstruction in terms of resilience?

Th i tudi h « Extra Total Travel time is significant
ese wo case studies show « Cost of extra time and extra miles considerable economic loss

Hurriqangs cause serious « There are negative impacts on local road, like traffic jams or
negative impact on travelers. road deterioration

» Compared to normal situation, partial closure is more closer to
situation before flooding. The travel time changes due to partial
closure < closing

Partial closure is an effective
way to increase resilience

The influence of staying home
and use of local roads is
significant

« Up to 40% decrease in travel time.

* Repairing the link with higher annual daily traffic (AADT)

- + Shorten repair time is an effective way to reducing total
There are two recommendations travel time

based on alternative strategies. | . Limited by feasibility
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@ HaNEG Conclusions and Recommendations
. 3 [} [ ] [ ] [ ] ° .
How is society’s resilience against disasters
evaluated?

» Captures loss of resilience during recovery

: : » Captures redundancy, rapidity, resourcefulness

Eﬁéz gf‘t"rz'\/‘;"e andextravehicle | , Ropystness captured in terms of extent of
damage but not amount of damage

» Pre-event versus post event
| » Other social impacts (stress, equity, trips

Questions? . . .
lost, disruption to businesses)

I-95 covered in water in Lumberton, NC, 2017
Source: https://www.bbc.com/news/world-us-canada-37625055 il & Environmental Engineering | 20
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