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GEER Effort

* On the ground within
less than a week

* Observed geotechnical
related damage first
hand

* Lessons learned
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Definitions

Sustainability

The creation and maintenance of conditions under which
humans and nature can exist in productive harmony and
fulfill the social, economic and other requirements of present
and future generations.

Resiliency

The ability to anticipate, prepare for, and adapt to changing
conditions and withstand, respond to, and recover rapidly
from disruptions or extreme events.

Extreme events

nature, imposes a shock to the system, high-impact, hard to
redict? but ...can be anticipated through risk assessment.

2014-Mpact Background Hashash HSRE (2013)

Extreme events & Engineering response
Chicago Fire 1871

* Changes to building & fire

Unintended consecdftienceyadison Streets after the
Chicago Fire in 1871

http://www.vintag.es/2013/06/ruins-of-chicago-after-1871-fire.html|
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Extreme Events & Engineering Response
Santa Barbara Earthquake 1925

* First local government seismic building code
» Subsequent events lead to further developments.
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Saffir-Simpson
Hurricane Scale
Storm Type

D Tropical depression <39 mph <53 km/h |
[ Tropicat storm 30-73mph 63-117 kmm |
] category 1 74-95mph  118-153 kmin |
[ category 2 96-110 mph 154177 km/h |
D Category 3 111-129 mph 178-208 km/h

[E category 4 130-156 mph 208-251 kmi

[l category 5 >156 mph  >251 kmin

D Uningwn

Storm Type

®
[~
A o

yriors | Remnant low | Tropical Ssturbance

. Ref: GEER Landfall on Oct 29, 2012

Brigantine, NJ
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« > 250 Killed (~159 in US)

* $65 Billion Property and Business Losses (Sandy Task
Force)

* 8.5 Million Homes & Businesses Without Power

* NYC Evacuation & Shutdown of MTA & Public Transport
* 800,000 Daily Public Transit Commuters Affected

* 1400 Sunken Vessels o i

« Wall Street Shut 2 Days -

* Record Flooding (Surge)
* 24 U.S States affected (includes entire eastern seaboard)
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Elev. Time
9.41 2106
3.04 22:54

Elev.** Time
1069 21:00
3.89 23:30

The Surge

Elev.** Time
11.81 20:24
247 19:54

a. Bergen Point ——— :
West Reach
20:24

197 19:54 .
NYC reached 13.88 ft

above Mean Low Water

Elev. Time " -
10.49* 18:36° 'Gage went offline on October 29, 2012.

206 19:24 EELCIEEENCEGTNTES

Max. Observed (typ.)
Predicted High Tide {typ.)

Notes:
Elev. Time Elevations reference NAVDSS.
CECEE LI  All times EST on Oct. 29, 2012.
ELHSSNN  + *Elevation based on assumed offset
between NAVDS8 and station datum.

Storm Tide in Battery Park,

{11.11 ft above NAVD 88)
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Funneling Effect
Observed Surge Elevation vs. Distance
from Bergen Point West Reach, NY
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Surge elevation as a function of distance from Bergen Point West Reach, NY,
illustrating how surge was “funneled” towards Raritan Bay and inner Long Island
Sound.
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Coastal Geomorphology & Natural Coast Line

und
NYC Long and 577

5

New inlet formed at

S~ Raritan Bay Fire Island, NY

<—Three new inlets formed
at Mantoloking, NJ

Atlantic City, k_:
] ol

Locations of four new inlets formed during Hurricane Sandy
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Mantoloking — B

ayhead, NJ

o
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Mantoloking, NJ
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Fire Island, Long Island
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Damage to Coastal Infrastructure

* Coastal bridges experienced erosion at approaches and abutments.

* Structural damage was worst in communities with direct exposure to the
open ocean.

* Concrete masonry unit block wall foundations generally performed
poorly.

* Concrete wall foundations: generally no structural damage, but
vulnerable to scour.

+ In wood frame houses, foundation washout due to inadequate
anchorage.

* Old dwellings.

* Wooden bulkheads in Atlantic City, NJ, breached.

* Underground gas pipelines were disrupted due to buoyancy forces
displacing the pipe networks.

* Sewage treatment plants were flooded and damaged, causing
uncontrolled discharge.

* Dunes and vegetated strips had a positive effect in reducing foundation
damage.

2014-Mpact Observations Hashash Hashash et al - GEOSTRATA 2013 18
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Observations

T-wall settlement of 4 ft due to damage to the north side of the east abutment
of Mantoloking Bridge
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Coastal Bridges, RT. 72

Severe erosion observed at Rt. 72 east abutment, looking south-east (NJDOT 2012a)
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Direct Exposure to Ocean: Jersey Shore
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Direct Exposure to Ocean: New Dorp
Beach, Staten Island

%', ~ BEFORE

Row of houses completely removed and debris moved inland
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at Brigantine, NI
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Concrete masonry unit block wall
foundations, Breezy Point
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Damaged Board Walk, Roc

Casino Pier, Seaside Hts., Nj
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Wooden Bulkheads

Backfill soil washed away, exposing severely corroded tie rods in Atlantic City, NJ
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Damage to Urban Infrastructure

-Primarily related to flood inundation.

; -Below-grade subway stations, tunnels, parking garages, and
4 foundation excavations experienced widespread flooding that was
L2 widely reported in the media.

-Little structural damage, service was significantly affected, as the

utilities and ventilation systems were severely damaged.

-Flooding underground utilities. Many large office buildings were
shut down.

-Queens, NYC, two major washouts along the earth embankment
crossing Jamaica Bay took a large segment of the Rockaway (A)
subway line out of service.
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Storm Water At Battery

NEW YORK HARBOR AT THE BATTERY

Universal Time (UTC)
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Slide by T. O’Rourke, Cornell University
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Hurricane Sandy Inundation

Flooded Tunnels

./ |+ 7 Subway Tunnels
. * Brooklyn Battery
s~ |+ Midtown Tunnel

« PATH Tunnels

* Holland Tunnel

*  Amtrak East River
Amtrak North River

Slide by T. O’Rourke, Cornell University
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NYC Flooded Tunnels
Length (ft) Date
Type Tunnel Crosses
Total Flooded Re-Opened
Subway 2-3 (Clark St Tunnel) East River 6,700 600 11/04/12
Subway 4-5 (Joralemon St Tunnel) East River 7,080 0 11/03/12
Subway 7 (Steinway Tunnel) East River 5,910 1,000 11/03/12
Subway A-C (Cranberry St Tunnel East River 8,580 1,000 11/04/12
Subway F (Rutgers St Tunnel) East River 5,490 1,000 11/04/12
Subway L (14th St Tunnel) East River 7,350 2,700 11/08/12
Subway E-M (53rd St Tunnel) East River 5,545 800 11/04/12
Subway R (Montague St Tunnel) East River 10,115 4,025 12/21/12
Subway G (Greenpoint Tunnel) Newtown Creek 3,910 1,000 11/07/12
PATH Blue (33rd - Hoboken) Hudson River 5,500 significant flooding 01/09/13
PATH Yellow (33rd - Journal Sq) Hudson River 5,500 significant flooding | 11@12 \
PATH Green (Hoboken - WTC) Hudson River 5,650 significant flooding 01/30/13
PATH Red (WTC - Newark) Hudson River 5,650 significant flooding a 1/26/12
Vehicular Brooklyn Battery Tunnel East River 9,118 6,000 11/19/?
Vehicular Midtown Tunnel East River 6,545 flooded to ceiling 11/09/12
Vehicular Holland Tunnel Hudson River 8,558 fresh air ducts flooded | 11/07/12
Vehicular Battery Park Underpass - flooded to ceiling 11/13/12
Vehicular West Street Underpass - flooded to ceiling 11/13/12
Amtrak/ NJT Rail |  East River Tunnels 1 to 4 East River 3,949 2 of 4 tunnels flooded | 11/09/12
Amtrak/ NJT Rail | North River Tunnels 1 and 2 Hudson River 14,575 1 of 2 tunnels flooded | 11/09/12
2014-Mpact Observations Hashash 39

Brooklyn Battery Tunnel
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Queens Midtown Tunnel i

“NYC SubWa‘y Entrance
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BPFlooding at the Cranberry

(MTA New York City Transit/Leonard Wiggins)
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Rockaway subway [A] line, Queens

Mitigation

Washout and Damage to earth embankment
exposed old LIRR infrastructure
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Recovery

News Organizations — Web (2013)

2014-Mpact Recovery Hashash 47

Recovery

News Organizations — Web (2013)
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Recovery

i

News Organizations — Web (2013)
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Recovery — rebuilding in place

News Organizations — Web (2013)
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Recovery — rebuilding in place

News Organizations — Web (2013)
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Recovery - abandoned

News Organizations — Web (2013)
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New Normal

Resiliency

Sustainability

L ::‘_-...;

2014-Mpact Beyond Recovery Hashash

Beyond Recovery

* Do the project right versus do the right project, e.g.
rebuild the same structure?

* Environmental change (more than climate change),
coastal subsidence, and sea level rise, e.g. liquefaction
vulnerability in new Zealand.

* Intense rain event, e.g Toronto Subway Summer 2013.

2014-Mpact Beyond Recovery Hashash 54
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Interdependent Systems —
SySte m Of SySte ms System performance is the driving factor

Fuels, Lubricants Interaction with multiple lifeline systems
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Questions and the Engineers’ Role

o Safety of communities and ¢ Translate the intents of resiliency
continuation of everyday life. and sustainability into

e Short-term geotechnical quantifiable terms and
solutions to retrofit or rebuild. incorporate them in a

performance-based engineering
framework that considers life
cycle costs.

For existing infrastructure, the
factors of quantity/quality of
information and life cycle status
should weigh in on the decision
to retrofit or rebuild.

¢ Immediate solutions such as
flood barriers, surge resistant
foundations, and lifting houses
above the flood plain

¢ Innovative solutions such as
removable flood wall systems
and living shorelines and reefs.

Most current codes and regulations do not address these big-
picture issues from a geotechnical engineer’s perspective.

2014-Mpact Beyond Recovery Hashash GEOSTRATA 2014 56
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Questions and the Engineers’ Role

Collaboration Multi-Hazard Concerns

¢ Planners, engineers architects and ¢ Should we build large-scale barriers
environmental scientists need to to prevent storm surges from
answer questions about multi- flooding an urban area?
hazard concerns > o Will these barriers shift the flooding

problem to other areas?

¢ Should we allow coastal areas to
flood and enhance infrastructure
resiliency by hardening in place so
that functionality can be restored
within a short period of time, or
attempt to retreat from vulnerable
areas through managed buyout
programs?

Most current codes and regulations do not address these big-
picture issues from a geotechnical engineer’s perspective.

2014-Mpact Beyond Recovery Hashash GEOSTRATA 2014
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Beyond Recovery

* Performance based EQ engineering — a framework we
can apply

* Building code — resiliency — few have it — see how it
worked in CA

* Design of system not elements or components
* Low probability high consequence events

* Flood elevation map < USGS hazard maps — need to
site specific assessment

* Codes often provide minimum requirements
* Pay now or pay a lot more later.

2014-Mpact Beyond Recovery Hashash

58

10/22/2014

29



Building Codes & Performance Warranties

* If a structure is affected by an extreme event and performs
poorly:
* There is an expectation of how the structure should have
performed but no implied warranty
* The only warranty is that the engineer complied with the
standard of care

* For most structures, demonstration that a design was performed
in accordance with the building code will provide adequate proof
of conformance to the standard of care

2014-Mpact Performance Based Design Hashash after R. O. Hamburger

59

Code Basis for Performance-based Design

* Section 104-

“The provisions of this code are not intended
to prevent . . . or to prohibit any design or
method of construction. . . provided that any
such alternative has been approved.

International [:]
Building
Code

An alternative. . . design shall be approved
where the building official finds that the
proposed design is satisfactory and
complies with the intent of the provisions of
this code.”

2014-Mpact Performance Based Design Hashash From R. O. Hamburger
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Towards Performance Based Design

To transform engineering assessment and design ...

Traditional Approach

e Non-scientifically
defined hazard

e Indirect design
approaches

e Undefined and
uncertain outcomes

2014-Mpact Performance Based Design

=)

Perform.-Based Approach

« Scientifically-defined
hazard

« Direct design approaches

e Defined outcomes with
probabilities of achieving
them

Hashash From R. O. Hamburger
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Performance-based design

A new approach

Owner » ‘

Select Preliminary Design

Objectives ’

v

Designer »

‘ Develop Preliminary Design ’

Peer Reviewers »

Building Official EE)

Revise Design
and/or
Performance
Objectives

No

2014-Mpact Performance Based Design

Assess
Performance
Capability

Peer
Reviewers

Building Official
&
‘ Peer Reviewers

Hashash Adapted from R. O. Hamburger

Does

Performance
Meet
Objectives?

10/22/2014
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Resiliency — The Netherlands

The Netherlands

#@ ARCADIS

http://www.businessinsider.com/new-york-storm-surge-barrier-2012-11?op=1
Hashash

2014-Mpact
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Resiliency - Venice Lagoon
Project MOSES: How it will work

1 ==

Barrier slay
seabed until high ™
tides and storms
‘are forecast

independently, allowing
barrier to deal with
‘rough seas

into each
hollow gate to
raise barrier

http://www.i-italy.org/node/11150
Cost~$7B

2014-Mpact Resiliency Hashash 64
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Resiliencv After Hurrlcane Katrma
nuumuﬁ A STRONGER FORTRESS =

% st s share

] y .
http://media.nola.com/hurricane_ |mpact/photo/hurrlcane graphlqu c6ae79c140e67e3e.jpg
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Resiliency — New York City Region

EAST RIVER @ ; ¥
V) Sluices.as -
necessary for e Rockaway
% opacity Inletflood
gate

VERRAZANO
® NARROWS BRIDGE

ARTHURKILL”  NY/NJ OUTER
° @ GATEWAY

ntic Oeean

http://www.seagrant.sunysb.edu/articles/t/pbs-news-hour-
engineers-consider-barriers-to-protect-new-york-from-
another-sandy-coastal-processes-hazards-news

Cost estimate: >$7B

How about the rest of the US Gulf+Atlantic
coastline: 3000 miles

LT -

o Stower

-
’,«P._Z

A2

| -
Sandy Hook

- -

‘¥

_Sahdy Hook Channel

Breezy-Point, 3

»

Main navigational
openings & control

. -k

-

flood gate

Yo
A%

Proposd surge barrier
(Forsyth, 2009)
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NYC Coastal Protection Plan

NYC Mayor’s Comprehensive Coastal Protection Plan, indicating: (i) orange
lines - bulkheads, revetments, or levees; (ii) yellow lines - dunes; (iii) green
lines - Integrated Flood Protection System; (iv) yellow asterisks - local surge
barriers; (v) blue dots - offshore breakwaters; (vi) green shaded areas -
wetlands (ref: NYC Special Initiative for Rebuilding & Resiliency, 2013).
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IMPLEMENTATION

STATUS

@ Proposed

Voluntary
Practice

Enacted

o

ntroduced

at City

Council
Slide by C. Scheib

, Urban Green Council

EERI NYNE October 24, 2013
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Resiliency Hashash
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RSA Barriers - concept

Resiliency Hashash

2014-Mpact
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Considerations for Removable Flood
Barriers

* Time to erect and potential for false positives
* Integrity assurance given Hurricane Katrina Experience
* Will that shift flooding elsewhere

2014-Mpact Resiliency Hashash
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Limiting Tunnel Flooding —
Tunnel Airbags

http://phys.org/news/2012-03-gallons-tunnel-inflatable-stopper.html

2014-Mpact Resiliency Hashash
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Open foundation — Open foundation — Open foundation —
pier/columns micropile/columns piles
~Bottom ~, Bottom-,
| of lowest | of lowest
\ horizontal horizontal |
structural structural
Freeboard member member
BFEV---’f- T | s T e -f---H--4t ¥ BFE
< Columns — Pile
Pier Footing "/}J sy ik I N
Erosion / / | = Micropile
ZoneV Scour ~ Battered micropiles as needed

for low moment capacity systems

Not to scale

Examples of NFIP-compliant foundations in Zone V where bottom of
lowest horizontal structural member is located above the BFE. (FEMA,
2013).
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How about earthquakes (multi Hazard)

2014-Mpact Resiliency Hashash 76
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A sustainable alternative?
Learn to scuba dive ...

http://gizmodo.com/5955689/sandy-could-really-flood-the-new-york-subway-system

2014-Mpact Resiliency Hashash 77

Concluding Remarks

* Hurricane Sandy exposed the vulnerability, fragility and
resiliency of Urban Centers to extreme weather events

* As a society we need to adapt to a new normal
* It is not sufficient to look back we need to look ahead

* Performance-based design is a good step toward
Performance-based infrastructure system(s) design

* (Geotechnical) Engineering is not just about can we do
it, but should we do it.

* The engineering challenges are significant
* An interconnected social and political challenge
* New Opportunities in practice and research
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Thank You

Questions

Hashash
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