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EXECUTIVE SUMMARY

The proposed Knik Arm Crossing (KAC) project feasian 8,200—14,000-foot long
bridge and is a major infrastructure investmentAlaska. The seismic activity at the site
is complex and unique when compared with the caotig states. Special site-specific
seismic studies have been initiated in accordanttetihe American Association of State
Highway and Transportation Officials (AASHTO). Rete the Geophysical Institute at
the University of Alaska Fairbanks, Ground MotiostiEhation at Knik Arm Crossing
Site and the URS Corporation Technical MemorandatediAugust, 2005 for detailed
findings regarding the site specific seismic chiastics for the proposed site.
Additionally, the Geotechnical seismic design cig@nd considerations can be found in
the Technical Memorandum by Shannon & Wilson, détegust 2005. The findings
from these reports and memoranda have been in@iggbinto design recommendations
and are briefly outlined below.

Geotechnically speaking, several preliminary figdinvere made. Liquefaction potential
for the pile foundations was found to be low in inzeses with a 30’-40’ upper layer of
medium dense sand near the center of the crodsadpas some potential for
liquefaction. The effect of this on the pile foutida design is relatively minor given the
underlying competent soils. This upper layer shdagddheglected for lateral or axial pile
capacity determination.

Recommendations have also been made regardingotveri@nent Hill landslide, an 800
ft section of over steepened slope that droppeft &0d moved laterally 50 ft during the
1964 earthquake. Accommodating highway lanes smdhea may require slope
flattening, terracing and possibly a toe buttr&spes should be kept to 2H: 1V and
deep permanent cuts in the toe of the slope shmibl/oided to maintain dynamic
stability. Similar measures should be taken forslme embankments.

A recommended design spectrum has been developedifmic design purposes related
to the design of the bridge superstructure andtsudisre. To date, spectra have been
developed for the 100 year and 1000 year eventesepted in Figure SUM-1 based on
the URS and UAF reports. The AASHTO 475 year eecentesponds closely with the
1000 year event determined by the UAF site spesifidy and is well suited as the
recommended design spectrum for design of the éndthout yielding of structural
members and connections. In addition, the MaximwnsZlered Earthquake (2,475 year
event) spectrum should be developed for designgseq to ensure the structure
performs in a ductile manor and does not collapskeua Maximum Considered
Earthquake event.
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1.0 INTRODUCTION

This Technical Report provides documentation afre@ activity, in the Matanuska-
Susitna Borough (Mat-Su) and the Municipality ofchiorage (Anchorage) that would be
affected by the proposed Knik Arm Crossing (KAC)jpct. The Federal Highway
Administration (FHWA) is preparing a Draft Enviroemtal Impact Statement (EIS) as
part of the National Environmental Policy Act (NEP#rocess to evaluate a Knik Arm
crossing sponsored by the Knik Arm Bridge and Paithority (KABATA). This
Technical Report is limited to the Study Area amdhte alternatives further evaluated in
the EIS. The Study Area, the proposed alternataed the projected impacts from their
implementation are described below.

2.0 PROJECT DESCRIPTION

More than 80 years of transportation, land use,emothomic plans and studies for the
Upper Cook Inlet region of Alaska have addressechred for a Knik Arm crossing
project to connect Anchorage with the Mat-Su.

In 2003, the Alaska State Legislature established<nik Arm Bridge and Toll

Authority (KABATA) as a public corporation and amstrumentality of the State of
Alaska within the Alaska Department of Transpod@at@nd Public Facilities
(ADOT&PF). The specific mission of KABATA is to “..develop, stimulate, and
advance the economic welfare of the state andduttie development of public
transportation systems in the vicinity of the Up@eok Inlet with construction of a
bridge to span Knik Arm and connect the Municipgatift Anchorage and the Matanuska-
Susitna Borough.” (Alaska Statutes chapter 19.75)

In accordance with this mission, the purpose ofpteposed KAC project would be to
provide improved access and connectivity betweechArage and the Mat-Su through
an efficient and financially feasible crossing afiK Arm, including adequate
connections to the committed roadway network oih lsates of Knik Arm. A Knik Arm
crossing would:

improve regional transportation infrastructure teanexisting and projected
population growth in Upper Cook Inlet

enhance the movement of people, freight, and gbetiseen Anchorage, the Mat-Su,
and Interior Alaska

offer safe, alternative connections between regiaimports; ports; hospitals; and fire,
police, and disaster relief services for emergarsponse and evacuation

The proposed bridge crossing of Knik Arm would bedted approximately 1.25 miles
north of Cairn Point and would span approximateb/riles (see Figure 2.1). The
roadway connection on the Mat-Su side of Knik Arimud be Point MacKenzie Road
near the Port MacKenzie District. The roadway catinas on the Anchorage side of
Knik Arm would be the A-C and Ingra-Gambell Couplejenerally in the Port of
Anchorage (POA)/Government Hill/Ship Creek areae Tdtal length of the project from
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the intersection of Point MacKenzie and Burma Rdadke intersections of the A-C and
Ingra-Gambell Couplets with Third Avenue would Ipp@ximately 19 miles.

Design and construction features of
the proposed KAC project would
include, among other details:

a toll plaza

a rural principal artery

phased construction

Burma Road (terminus)
e

9.5-mile roadwa

The proposed project would be a
controlled access toll facility with a
toll plaza located in the Mat-Su near
the western bluff of Knik Arm. The
proposed project would be classified
as a rural principal arterial in the
Mat-Su and across Knik Arm,
transitioning to an urban principal

Knik Arm

Southern Alignment
bridge and Below-
the-Bluff Roadway

/

arterial in Anchorage in the vicinity of Port MacKenzie —»-

the POA. The proposed project would Cutand-cover  {f Emendorf Ar Foros Base

be phase-constructed as travel demand tunnel 'ggfaﬁambe”
ouple

would warrant and would be
anticipated to generally be an initial
two-lane facility with expansion to a

four-lane faCII'It.y by the desflgn Figure 2.1 shows that the proposed project begins
year 2030. Initial construction _W(_)U|d at Burma Road and ends in Downtown Anchorage.
include a connection to the existing Components common to all routes being

A-C Couplet on the Anchorage side considered are also identified.

and, by approximately 2022—-2025, a

connection to a new viaduct (elevated bridge) actios Ship Creek rail yard to connect
with the Ingra-Gambell Couplet.

A-C Couplet (terminus Phase 1) (terminus Phasg 2)

Anchorage

Right-of-way (ROW) widths for the project would yary specific design element. The
proposed project ROW in the Mat-Su would be appnately 400 to 450 feet in width.
In the Anchorage portion of the proposed projdwt, ROW would be approximately
260 feet along the east shore of Knik Arm dowrh®future expansion of the POA, and
then vary from 200 to 350 feet as it passed betinagort. As it climbed Government
Hill, the ROW would expand to 985 or 585 feet wideaccommodate a cut-and-cover
tunnel and access points along either a DegantStreErickson Street-area alignment,
respectively. Continuing southward it would crdss Ship Creek rail yard along an
approximately 80-foot-wide, pier-supported viadewctling at Third Avenue, the
proposed project terminus.
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2.1 Description of the Proposed KAC Project Study Area

The Study Area for the proposed KAC project is tedawithin the boundaries of
Anchorage and the Mat-Su in the Upper Cook Inlgiar of Southcentral Alaska
(Figure 2.2). The Study Area has a combined pojauatf nearly 350,000, which
represents over 50 percent of Alaska’s total pdmriaThe Anchorage and Mat-Su
portions of the Study Area are separated from ow¢har by Knik Arm, a 30-mile-long
waterway, which varies in width from 2 to 6 milésichorage is located approximately
3 miles across Knik Arm from Port MacKenzie and déldgacent Port MacKenzie District.

Although the physical separation between theseawas consists of a short span of
waterway, the only current surface transportaticceas between Anchorage and the Port
MacKenzie District (Port District) is by 80 mile$ existing roadway around the head of
Knik Arm.

Located along the eastern shore of Knik Arm, Analgerencompasses 1,961 square
miles, 84 percent of which is occupied by Natidfatest, State Parklands, and tidelands,
with an additional 6 percent occupied by militaggervations. Only about 10 percent of
the entire municipality is inhabited and availatdeaccommodate existing and future
growth. Most residents of Anchorage live in the Aaage Bowl, the most urbanized
portion of the municipality. The Anchorage Bowl apees approximately 112 square
miles and is bounded by Chugach State Park, KnikTamnagain Arms, EImendorf Air
Force Base (Elmendorf), and Fort Richardson Myitaase (Fort Richardson).
Anchorage residents outside the Anchorage Bowlditleer further north in the suburban
communities of Chugiak-Eagle River or in small desitial areas along the Glenn
Highway and Turnagain Arm. Also located within tpisrtion of the Study Area are the
POA—a vital intermodal facility—and the adjacenifs@reek industrial area.

On the western shore of Knik Arm, the Mat-Su caissid an area of 24,683 square
miles, which encompasses approximately 23 perdealt private land in the state of
Alaska. Because there is a substantial amountaguwaioped land available in the
Mat-Su, the area provides an alternative to mostiand limited residential,
commercial, and industrial lands within Anchorageis availability has resulted in
numerous changes that have recently occurred bb&ibccurring in the Mat-Su,
including construction of Port MacKenzie in theeld990s, existing and planned
expansion of the connecting transportation netviornd from Port MacKenzie, and
planned development of the 9,000-acre Port Disffice Mat-Su Borough is also
developing a ferry link between Port MacKenzie #melPOA,; the ferry is projected to
begin operation in 2008.
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2.2 Alternatives

The proposed KAC project would begin at the intetisa of Point MacKenzie and

Burma Roads and follow the existing roadway alignt@®uth to the western boundary

of the Port District. From here, there would be tit@rnative routes for getting to the
proposed bridge crossing. The proposed Point Mazi€dRoad Alternative would use

the existing Point MacKenzie Road most of the wagugh the Port District before
deviating from the established road and headingtdwhe proposed bridge crossing near
the western bluff. The proposed Northern AccessrAktive would skirt the core port
area on the north side on a new alignment. Witheeiproposed alternative, there would
be a toll plaza and intersection/access road tavadiccess to and from Port MacKenzie.

The proposed bridge would be within the Southeligmhent, a corridor beginning
approximately 1,500 feet south of Anderson DockhleMat-Su side and ending

1.25 miles north of Cairn Point on the Anchoragkesirhe crossing structure would be
either 8,200 or 14,000 feet long. The Southernmiignt also includes the eastern bridge
abutment, where the proposed Anchorage approadhwoald travel southwest on fill
along the tidelands and below the bluff (termedptaposed “Below-the-Bluff

Roadway”), toward Cairn Point, then turn southwatdsely following the natural curve
of the shoreline.

From this point the proposed roadway would par#fieleastern boundary of the POA,
where the route would connect to the existing Ad@dvct and the proposed Ingra-
Gambell Viaduct by way of either of two routes: ibegan Alternative or the Erickson
Alternative. The proposed Degan Alternative woullliolv the alignment of Degan Street
through a cut-and-cover tunnel that would initiadynnect to East Loop Road with an at-
grade, T-intersection (Phase 1). As travel demamalawvarrant, the route would
continue on the proposed new Ingra-Gambell Viaduet the Ship Creek rail yard
before tying into the Ingra-Gambell Couplet at Brenue. At that time, Loop Road
would be elevated over the proposed KAC route twide access to Government Hill
and Elmendorf. The proposed Erickson Alternativeide similar, but the cut-and-
cover tunnel would align with Erickson Street antmect directly into Loop Road in
Phase 1 (ramps would continue to provide acceS®t@rnment Hill and ElImendorf). In
Phase 2, when travel demand would warrant, theenaould continue in a parallel cut-
and-cover tunnel under Erickson Street onto thegsed Ingra-Gambell Viaduct, tying
into the Ingra-Gambell Couplet at 3rd Avenue.

2.3 Preferred Alternative

FHWA screened the range of alternatives againtr@ifor purpose and need and
technical criteria to identify reasonable altermedi for detailed study in the Draft EIS.
Based on these screening criteria and subsequiiledesvaluations, FHWA has
identified a Preferred Alternative.

The preferred approach route to the proposed Kmnik Bridge from the Mat-Su side is
the Northern Access Alternative: Point MacKenziea&dérom its intersection with
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Burma Road, south to the Port District, and coringdhrough to the Port District along
the northern alignment. FHWA chose this route beeatwould avoid wetlands, would
not impact Port MacKenzie operations, and is fagdrg Mat-Su Borough and Port
MacKenzie officials.

The proposed Southern Alignment is the preferreieréor the bridge to cross Knik
Arm. The Southern Alignment, with its accompanyprgposed Below-the-Bluff
Roadway on the Anchorage approach, would be the tadsnically feasible and
practical alignment that would avoid the Cairn Rdirench (a submarine trough), would
not affect military mission and operations at Eleherfi, and would minimize potential
impacts to beluga whales that congregate in areldsik Arm further to the north.

An 8,200-foot-long pier-supported bridge is prederover a 14,000-foot-long pier-
supported bridge because, in addition to lower ttaogon costs, a shorter bridge would
require fewer piers—meaning shorter in-water cargsion time and, therefore, less
construction noise and pile-driving impacts thagimiadversely affect beluga whales and
marine fishes.

The preferred Anchorage approach to the proposddeéwould be a cut-and-cover
tunnel under Government Hill, using either the msgxl Degan or Erickson Alternative
to connect initially to the existing A-C Coupletdann Phase 2, to the Ingra-Gambell
Couplet.

All reasonable alternatives evaluated in the DE&® are under consideration and have
been developed to a comparable level of detaiblfdentification of a Preferred
Alternative will not occur until the alternativampacts, written comments on the Draft
EIS, and comments received at the public heariage been fully evaluated and
considered. The final Preferred Alternative willfmr@vided in the Final EIS.

3.0 METHODOLOGY

Independent site-specific reports were prepareithdyseophysical Institute at the
University of Alaska Fairbanks (UAF) and by URS @anation. These reports have two
primary objectives: (1) Refine the general respa@mextrum presented in AASHTO and
developed from U.S. Geological Survey (USGS) nalignound motion data and
develop response spectra at additional return gerand (2) Develop time histories for
use in linear or non-linear time history analydishe bridge structure during the design
phase.

4.0 OVERVIEW OF SEISMICITY

The site is affected by several major seismic sminecluding the Alaska Megathrust
Subduction Zone, Castle Mountain Fault, Denali Eauld a zone of shallow crustal
seismicity. These sources are identified in Figufe
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The dominant source of seismicity is the Alaska &bgust Subduction Zone, which is
capable of producing giant earthquakes of Magnifid&uch earthquakes can last up to
five minutes and longer. A simulation of the groundtion from the 1964 Alaska
earthquake, a subduction zone event, is shownguré&i4.2. The long duration makes the
regional seismicity unique when compared to thdigaous states. A subduction zone
earthquake is compared to a shallow crustal eaa#tein Figure 4.3. The extreme
number of ground motion cycles of acceleration egagg 0.1g (151 cycles) and the
overall length of time that ground motion exceedgy{120 seconds) distinguish this
earthquake from the short duration shallow crustathquake more typical of the western
contiguous states.

Figure 4.1 Seismic source zones in Southcentral Alaska
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Figure 4.2 Simulated ground acceleration at Anchorage, Alaska, from the 1964 earthquake
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Figure 4.3 Acceleration associated with a magnitude (M) 9.2 subduction
zone earthquake and a M6.5 shallow crustal earthquake
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5.0 RETURN PERIODS AND DESIGN SPECTRA

AASHTO design code provisions are based on a 4@b4gturn period seismic event.
There is a 15 percent probability that the magmitofisuch an event would be exceeded
over the 75-year life of the structure. AdditiogaBtructural stability and ductility within
the inelastic range of motion should be investigatsing loads developed from a

2,475 year return period seismic event to ensueefadure modes within the bridge
superstructure, connections and substructure. Bildles of exceedance for various
return intervals are listed in Table 5-1.

Table 5-1: Relationship between earthquake return
period and probability of exceedance in 75 years

Probability of

Return .
. exceedance in
period 75 years
(years) (percent)
2,475 3
1,000 7.5
475 15
100 50

Note: 75 years is arbitrarily chosen to
represent the service life of a structure.

Design of the proposed KAC bridge should consided@year expected earthquake
event (50 percent probability of exceedance ing&rg) and a 1,000-year design
earthquake event (7.5 percent probability of exaeed in 75 years) and a 2,475-year
maximum considered earthquake (3 percent probabiliexceedance in 75 years) event.

The AASHTO design spectra with peak ground accetsraf 0.45g are plotted against
the site-specific design spectra developed by UAdWRS in Figure 5.1. The site
specific accelerations developed for the 1,000-yei@rn event are slightly lower than
the 475-year return AASHTO design accelerationsgéaccelerations for structures
with short periods are capped by AASHTO and otkee&msic codes because they are
deemed unrealistic by historical experience. The&sANAO design spectrum is considered
appropriate for this project.

Recommended design spectral envelopes have beeloped separately by UAF and
URS. Recommended design spectra are presenteduref.2 and Table 5-2.

The long duration and large number of cycles assediwith the subduction earthquake
are important design considerations. The structiir@ld be expected to undergo
hundreds of stress reversals in response to thendnmotion of Figure 4.3. AASHTO
does not explicitly address these consideratidressAMSTHO provisions were developed
considering 20-30-second shallow crustal earthcuakmeilar to the short duration event
of Figure 4.3. AASHTO commentary to the provisioDssision I-A, Section C 3.2.C,
cautions, “for areas where particularly long dumatevents are likely to occur, such as in

11
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the subduction zones ... the provisions may not guféicient projection,” and further
recommends that “special precautions be takensirasatisfactory performance in
these regions.” Appropriate criteria for steel andcrete bridge components and
connections, specifically related to high stressesrred over multiple cycles during
long duration earthquakes, must be researchedaredaped.

Table 5-2: Recommended Design Spectra

T (seconds) Sa (%0Q) Sa (%Q)
0.00 0.33 0.73
0.10 0.63 1.13
0.20 0.76 1.13
0.30 0.64 1.13
0.50 0.45 1.03
0.75 0.32 0.76
1.00 0.27 0.57
1.50 0.26 0.47
2.00 0.16 0.33
3.00 0.08 0.20
4.00 0.06 0.14
1.800
1.600 A
1.400 Design Spectra "capped” ===AASHTO Soil Profile Il (475 year
1200 —rDeéglllcgrl (100 year return)
' - X Design (1000 year return)
) 1.000 + \ URS (1000 year return)
?} —*— UAF (975 year return)
® 0.800 TN —— URS (100 year return)
\ —+— UAF (108 year return)
0.600
0.400 f\
0.200 +
0.000 T T T T T T T T T
0 0.5 1 15 2 25 3 3.5 4 4.5 5

T (seconds)

Figure 5.1 Comparison of design spectra

12
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Figure 5.2 Recommended design spectra

6.0 SEISMIC OBJECTIVES

The bridge owner must determine the desired pedoom level of the bridge for each
seismic event. Minimum recommended Life-Safety ganance criteria are identified in
Table 6-1 for return periods of 100 years, 1,008ryeand 2,475 years. Bridge
performance during each event falls into two catiegp Service and Damage. Service
describes the operational capacity of the bridgaédiiately after the seismic event,
while Damage describes the actual damage inflictethe bridge structure. Minimum
life-safety criteria are listed in Table 6-1. Thidige would be expected to incur
significant damage during the maximum considerethgaake without collapse; minor
damage during the design earthquake and no damtagye subjected to the expected
earthquake. The owner must determine whether thés&afety criteria provide a
satisfactory level of protection. Structural desojrthe bridge would proceed based on
the performance objectives identified.

13
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Table 6-1: Recommended performance objectives for design earthquakes

Recommended performance objectives for design earth guakes

Design earthquake ground Probability of | Service- Performance level:
motion return period exceedance Damage level | Life safety

2,475 years - Maximum 3 percent in Service Significant disruption
earthquake considered 75 years Damage Significant (repairable)
1,000 years - Design 7.5 percentin | Service Minimal disruption
earthquake 75 years Damage Minimal

100 years - Expected 50 percent in Service Immediate
earthquake 75 years Damage None

Performance Objectives

Service levels :

Immediate Full access to normal traffic shall be available following
an inspection of the bridge.

Minimal disruption Some minor disruptions to the roadway may require
some repair to maintain access.

Significant disruption Limited access (reduce lanes, light emergency traffic)
may be possible after shoring.

Damage levels

None Evidence of movement may be present but no notable
damage.
Minimal Some visible signs of damage. Permanent deformations

are not apparent, and any repairs could be made under
non-emergency conditions.

Significant Minimum risk of collapse, but extensive damage would
require closure to repair

7.0 STRUCTURAL ANALYSIS AND DESIGN

The AASHTO seismic design provisions utilize a ttiadal force-based design
approach, based on strength reduction of the ezgesgtismic load by an “R” factor. In
effect, the structure is designed for a percentdglee expected seismic force. The

“R” factor is somewhat arbitrary and based in parhistorical experience regarding the
expected global level of ductility for the partiauktructure or component. It is assumed
that when the applied seismic force exceeds thlisaed design level force, the structure
or component will begin to yield. Yielding will digpate significant amounts of seismic
energy and increase flexibility of the structutesreby limiting additional damage.
However, use of the force based design approach muterequire the designer to
examine structure specific failure mechanisms.

Newer seismic design codes developed for regiosgbf seismicity, including those by
Caltrans, South Carolina, and the Multidisciplin@gnter for Earthquake Engineering
Research/Applied Technology Council (MCEER/ATC) lgpgomore current design
methodology known as displacement-based desigrnlygisgrocedures include

14
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nonlinear static (pushover) and nonlinear dynarsingitime histories. These approaches
require the designer to study failure mechanismwalinear hinges that develop during
the seismic loading. These codes provide spedaificdetailed guidance regarding the
types of hinging that are allowed to occur in threcture. Components must be designed
with sufficient ductility so that they deform bub diot fail during the maximum
considered earthquake loading. The displacememtebdssign approach would be used
for structural design of the proposed KAC bridg&SHTO does not provide guidance
on these.

8.0 GEOTECHNICAL CONSIDERATIONS

Shannon & Wilson conducted a geotechnical investigan 2005 at the site of the
proposed crossing and several preliminary findiwgee made regarding seismic issues.

Liguefaction potential for the pile foundations wiaand to be low in most cases with a
30’-40’ upper layer of medium dense sand near émer of the crossing that has some
potential for liquefaction. The effect of this dretpile foundation design is relatively
minor given the underlying competent, non liquetadoils. This upper layer has been
neglected for lateral or axial pile capacity detiextion.

Recommendations have also been made regardingotveri@nent Hill landslide, an 800
ft section of over steepened slope that droppe@@0and moved laterally 50 feet during
the 1964 earthquake. Accommodating highway landisisnarea may require slope
flattening, terracing and possibly a toe buttr&spes should be kept to 2H: 1V and
deep permanent cuts in the toe of the slope shmibl/oided to maintain dynamic
stability. Similar measures should be taken forslme embankments.

Additionally, seismic effects should be considendekn designing retaining walls, cut
and cover structures, approach fills and bridgerabuts.

9.0 CONCLUSION

Seismic ground motion is a primary consideratiodesign of the proposed KAC bridge.
An acceleration design spectrum has been develogsetl on site-specific seismic
studies and AASHTO seismic design criteria. Striadtdesign criteria must be
developed to account for the long duration andeewé& number of reversals associated
with the subduction zone earthquake in Alaska. resieasures should be taken to
ensure ductile behavior in connections and majoctiral elements to prevent collapse
under Maximum Considered Earthquake loads andtsfétiould be made to dissipate
energy effectively whenever possible. Finally, binelge owner should consider the
desired performance objectives for the project@etérmine if the minimum life-safety
criteria are satisfactory.
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