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Seismicity of the Area

e Memp

nis is located close to the southwestern

segment of the New Madrid seismic zone, which is

regard
officia

ed by seismologist, engineers, and public

s as the most hazardous seismic zone in the

Eastern United States.



PGA with 2% in 50 year PE. BC rock. 2008 USGS
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Regional Structure
Mississippi Embayment Regional Structure

Mississippi Memphi
River Cmpns .
. Metropolitan Elevation
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note huge vertical exaggeration!!
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Five Class 1 Railroads
e BNSF

CSX

UP

NS

CN




River Transportation -
Memphis

Source: Phyllis J. Steckel

Second-largest port on
the Mississippi "
First in foreign import

tonnage
28% of all US waterborne
commerce

$6.7 billion economic
impact

5,500+ direct and 9,900+
indirect jobs




TN AT

o

- Z A-.*
RN Ry
Mo A 1

S ek




Memphis Ports and Terminals Map

I

1. U.S. Army Corps of Engineers

2. Holcim (US), Inc.

3. Tennessee Valley Authority

4. Fleischmann’s Yeast, Inc.

5. Memphis and Shelby County Port Commission
6. LASH Intermodal Terminal Co.

7. Memphis Marine Service, Inc.

8. Memphis Cement

9. Cargill North American Sweetners, Division of Cargill, Inc.
10. Cargill North American Sweetners, Division of Cart Inc.
11. Wepfer Marine, Inc.

12. Buzzi Unicem, USA, River Cement Sales Co.
13. Martin Marietta Aggregates

14. Brenntag Mid-South, Inc.

15. Trumbull Co., Division of Owens-Corning
16. Wepfer Marine, Inc.

17. Vertex Chemical Corp.

18. Agriliance, LLC.

19. Barnhart Crane & Rigging Co.

20.Valero Refining Group, Inc.

. Valero Refinery Group, Inc.

. Memphis Marine Service, Inc.

. W.M. Barr and Co., Inc.

. Ergon, Memphis "C” Dock

. Ergon, Memphis “B" Dock

. Ergon, Memphis "A" Dock

. Cargill AgHorizons, Grain Division

. ADM Growmark River Systems, Inc.

. Kinder Morgan #2

. Railworks Wood Products, Inc.

. Helm Fertilizer Terminal, Inc.
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Helm Fertilizer Terminal, Inc.
Cummings Marine Service.
Cummings Marine Service.

Koch Materials Co.

ADM River Port Corp.

Kinder Morgan

Riceland Foods, Inc.

Kinder Morgan - Port of West Memphis
William C.Ellis, Memphis Mooring
Valero Refining Group, Inc.

Kinder Morgan - Port of West Memphis
Valero Memphis Terminals

Vulcan Materials Co.

Patton Tully Transportation Co.
APAC Tennessee, Inc.

Economy Boat Store, Inc.

Lion Oil Co.

Valero West memphis Terminals
ExxonMobil Corp.

American Commercial Terminals
Economy Boat Store

APAC Tennessee, Inc

City of Memphis Police Department
Lone Star Industries, Inc/Buzzi Unicem USA
U.S. Coast Guard

Lafarge North America

Bunge Corp

Patton-Tully Transportation, LLC
Westway Terminal Co

Lucy Woodstock Utility Terminal
Fullen Dock and Warehouse, Inc.
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Memphis Area Chamber Infrastructure Study
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Source: US Army Corps of Engineers



Intermodal Terminals
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Legend
Inbound Truck Tons (2006): Limited Access W‘%E

@ | ess than 1 Million Highway
e 1-25 Million
- 25 -5 Milion
@D 5- 10 Million

@ Vore than 10 Million

Study Area Counties
Water bodies (Lakes, Bays, ...)
Study Area Counties
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Source: Global Insight, Transearch Data, 2006

Vicinity Map




Interstate Highways....

e Interstate 40 -
busiest trucking
corridor in US

e Interstate 55

e 490 trucking
terminals




Alternative Mississippi River

Crossings

e [-40 Bridge
Constructed in 1960’s
East-west Interstate

Major Route for Truck Traffic (35 to 40 percent)
e [-55 Bridge
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Location of the | - 40 Bridge
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Vicinity Map
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Alternate I-55 Crossing
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Retrofit Program

The I-40 Hernando DeSoto Mississippi River Bridge in Memphis,
Tennessee has been retrofitted to withstand a magnitude 7.5 event at
65 km distance from the site with a depth of 20 km.

The goal of the retrofit is to have this bridge fully operational
following the maximum probable earthquake (2500 year return period).



Seismic Performance Criteria

Seismic Performance Goals - Lifeline

@ Structure serviceable following “contingency level
earthquake” (2500 year return period®)

@ 2 to 3 day closure for inspection

@ Repairs to secondary components performed
under traffic

@ Structure functional for emergency vehicles
immediately after the earthquake

@ Structure operational for general public following
Inspection

*Note: 7.5 magnitude earthquake
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Retrofitting Separated into Construction Phases

@ Construction phases based on available funding

@ Total Construction Cost: $275 million
§ Phases 1 to 6 (completed): $175 million (2000-2008)

§ Phase 7 : $16.5 million (2009-2011)
§ Phase 8 (current): $43.2 million (2010-2013)
§ Future Contract: $40 million (Group C/D)
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1-40 Bridge over the
Mississippi River Plan View

Tennessee

Concrete I-Girder e —
'Steel Plate Gll’der 0m 250m 500 m 1 kilometer
Steel Box Girder B e

: 0 mi. - : |
Steel Tied Arch ™ /4 mi 1/2 mi 1 mi.

Source: Roy Imbsen
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Description of the 1-40 Bridge & Approaches

@ Built in the late 1960’s

@ Total length - 3.3 miles long with 164 spans,
160 piers & 10 abutments

@ Main channel spans - Phase 1, 2 & 4
§ Five steel box girder spans (2 @ 330’ & 3 @ 400’)
§ Two steel tied arch truss spans (2 @ 900°)
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Description of the 1-40 Bridge & Approaches

@ Arkansas West Approaches (Phase 6 & future)

§ P/S Concrete | Girder Spans (Group A) - Phase 6 Retrofit
§ Steel Plate Girder (Group B) - Phase 6 Replacement (Staged

Construction)

§ P/S Concrete | Girder Spans (Group C) - Future Retrofit
§ Eleven Welded Steel Plate Girder Spans (Group D) - Future Retrofit
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Description of the 1-40 Bridge & Approaches

@ Tennessee East Approach and Ramps (Phase 3, 5, 7 & 8)
§ All Welded Steel Plate Girder Spans

by

PHASE . L T
STEEL PLATE
GIRDER

L | ' PHASE 8 J EHTﬁsd
" TENNESSEE
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Seismic Response Analysis

@Three-Dimensional Analytical Model
§ As-Built Model,  Obtain

Vulnerabilities

—

§ Retrofit Strategy Model
Isolation Bearmgs Viable & Cost

Box Girder and Tied Arch Portion

§
§

Time-history seismic
analysis
Ground motion input
with displacement time-
histories at multiple
supports
Model also included
soil-structure
interaction
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State-of-the-Art
Technologies

State-of-the-Art Techniques in Design
& Construction

@ 1-40 Project has set new standards in
seismic design of bridges in the U.S.

@ Collaboration with the designer & owner,
TDOT - New Seismic Standards

@ Collaboration with Bearing and Joint
Suppliers - New Technology

28



Existing Bearing at Pier B
before retrofit




Bearing Replacement

Existing |
Steel

Rocker O

Bearings

N // /////////////////////

Lead-Core Rubber Friction Pendulum
Approach Spans Truss Spans
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State-of-the-Art Technologies -
Phase 1 & 2

@ Friction Pendulum Bearings - Box Girder & Tied Arch
§ 12’ @ bearing on main span - one of the largest in the

UsS

§ Carries highest axial load of any bridge-isolation
bearing designed to date (11,300 kips at Pier B)

§ Seismic movements: 24”7 (+/-)

@ Modular Swivel Expansion Joints - Pier A & C
§ Seismic movements: 48" (max long.)







State-of-the-Art Technologies -
Phase 7

@lLead-Core Rubber Isolation Bearings

§ Bearing Size: 32" to 48" ¢ (112 bearings installed)
§ Seismic Movements: 10” to 16” (+/-)

@ Complex Steel Design Layout
§ Modular Joint Support Beams - Pier E3 / NO1

East Side of Pier E7
Looking Northwest

£ . DIS Lead—Co.re"IfiL
Bearinc
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Footing Considerations - Phase 5

@ Staged Footing Construction (prevents unloading of existing piles
to maintain traffic) - Pier E8

§ Original Footing: 15’-9" x 13’-6" x 4’-6" deep
§ Enlarged Footing: 24’-0" x 22"-0" x 7’-0" deep

Foundation Demolition
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Typical Substructure Retrofit -
Phase 5

@ Foundation Retrofit (Pier E12)
§ Additional Steel Pipe Piles (24" o)

§ Enlarged Footing Caps

Pier E-12 - Footer #1
Looking Northeast
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Typical Substructure Retrofit - Phase 5

@ Column and Bent Cap Retrofit (Pier E12)
§ Column Strengthening
U Longitudinal Steel (flexure capacity)
u Steel Column Casings (confinement)
§ Bent Cap Widening / Strengthening

5/24/02 Steel Column Casings

~——
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| - 40 Bridge
Instrumentation

e The instrumentation system installed on the
bridge will allow for the measurement of the
effectiveness of this isolation system as well as
providing important engineering information
concerning the performance of the main span

and western approach span of the structure
during an earthquake.



Project Plan

e To measure:

Free-field ground motion near the instrumented bridge
Motion of the bridge foundation

Motion of the bridge below the isolation bearings
Motion of the bridge above the isolation bearings
Spatial variation of ground motion along the total span

Lateral and torsional motion of the bridge



West Approach to the 1-40
Bridge
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Main Two - Span Tied Arch

. 80 ft below ground leve| ™*
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Downhole Sensors
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lnstrumentation

e The bridcc]ge monitoring system will consist of a
clustered network of 30 triaxial accelerometers.

e Two sensor packages of broadband velocity
sensors along with extremely low noise
accelerometers will be located in boreholes near
the bridge at 100 ft and 200 ft depths.

» A pair of rotational triaxial sensors will be located
on center of the roadway at two locations and at
center and end of the roadway at one location.



Rotational Sensor




Main Two - Span Tied Arch
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Sensors and Recorder




Free-Field Sensors
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Downhole Array

Proposed fence

The location of proposed

downhole systems at 100 Existing 3.C t
ft and 200 ft below grade. 2Slng: - -omponen
Free Field.
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3 Component Free Field

Proposed - downhole at 100 ft ‘ !
Proposed - downhole at 200 ft |
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