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MEMORJ_.NDUM DRAFT
DATE: January 17, 2002

TO: Mr. Jim Thomson, P.E., HNTB Corporation 6o.o_

FROM: Doug Lindquist, P.E., Reda Mikhail, P.E., Michael Bailey, P.E.

RE: Third Runway FLAC Analysis of MSE Walls
4978-40 Cn,caoo

CC: Mr. Robert Millar, P.E., HNTB Corporation

Mr. John Sankey, P.E., RECo

Denver

This memo presents results of Hart Crowser's analyses using the finite difference model,

FLAC, for three proposed mechanically stabilized earth (MSE) retaining walls for the Third

Runway project at Seattle-Tacoma International Airport.
F_arD4nk$

SUMMARY

Results of the analyses presented herein provide an independent verification of acceptable Je,,e_,c,ry

performance for the Third Runway MSE walls that are designed in accordance with
AASHTO.

Four wall sections were selected for analysis to represent various soil conditions, and the
Juneau

range of wall and slope heights for the three proposed MSE walls. The purpose of the FLAC

analyses was to provide additional information to the design team on anticipated wall

performance to supplement the AASHTO design analyses. Results of the FLAC analyses are

not intended to replace design analyses accomplished in accordance with AASHTO code.
Long Beach

The FLAC analyses show generally similar wall performance (stresses and displacements) will

occur regardless of when liqueiaction occurs relative to the start and end of shaking.

Dynamic response varies somewhat with stiffness of the modeled soil elements. This was of

particular interest because soils at the site have: 1) varying resistance to liquefaction and 2) portland

potential variability in the timing of the onset of liquefaction relative to the start of shaking.

The analyses indicated that softening of the foundation soil due to liquefaction reduced the

magnitude of shear stress transferred into the embankment soils. Generally, the magnitude
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oi wall displacement and stressin the MSE reinforcing was reduced when hquefaction
occurred at me beginningof shaking, compared to liquefaction that follows the end of

shaking.

Tile wall sectionsanalyzed show levels of seismicdeformation generally lessthan 1 foot.
Some of the liquefiedsoilsbeyond the limits of the runway embankment have predicted

displacementsof 2 to 3 feeL

Predicted stressesin the reinforcingelements did not exceed the yield strengthof the
reinforcementfor any of the casesanalyzed with FLAC. While in some cases the stressin
some of the reinforcingstripsexceedsthe limitingvalue (0.55 times yield) allowed by
AASHTO, the magnitude and extent of thisis so limited that it fallswithin the performance
criteriadescribedbelow. In our opinion, the FLACresultsshould be usedto focus furmer

discussionswith the designteam, and not as the sole basisfor final design.

In our opinion, the FLACanalysesdemonstratesthat the proposed MSE designsatisfiesthe
seismicperformance objectivespreviously presentedto the Corps of Engineers(Hart
Crowser 2001b).

• The MSE wallsand embankment fill will remain stable. Some deformation is acceptable
(up to a few feet) provided stressin the retainingwall materialsare typically below the
value allowed by the AASHTO code;

• There will be no wetland or creek impacts due to seismicshakingof the embankment or
MSE walls;and

• There will be no operational impacts to the new runway related to movement of the
embankment slopesand wallsduring an earthquake.

INTRODUCTIONTO FLAG ANALYSES

FLAC analyseswere accomplishedto provide information on wall performance at the end of

construction,and during and after a designlevel earthquake. Resultsof the analysesthat

are presentedinclude honzontal and vertical deformationsof the walls and areas adjacent
to the walls,and stressesin the reinforcing for various load conditions.

AR 053253
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Seismicliquefactiondue to the design levelearthquake is anticipatedto occur at or near
threeof the four sectionsanalyzed. The effect of the development of liquefaction relative to

the startand end of shakingis encompassedby the range of conditionspresented herein.

Soil Properties

The soil profile,shear strength,and unit weight parameters for each of the FLACcross
sectionswere basedon the parametersusedin the limit equilibriumslope stability analyses.
The soilmoduli for glacial soilswere based on the shearwave velocity measurements. The
soil moduli for the embankment fill and non-glacialsoilswere based on empirical
correlationsand our experience. After comparing resultsof preliminary analyses,these
FLAC analysisare basedon our best estimateof shearmoduli. We discussedthe effect of
variationof shearmoduli on predicted deformationsand reinforcement stressesin our

memorandumdated December 20, 2001 (Hart Crowser2001c). Table 1 summarizesthe
soilproperty valuesthat were used.

WallSections

FLACanalyseswere accomplishedfor four MSE wall sectionsselected to representthe
variable range of wall and slope heightsfor the project asa whole, seeTable 2.

Structural Properties

Componentsof the RECowall designincludedin the FLACanalysisconsistof the concrete

facingpanelsand steel reinforcementstripsextending from the back of the concrete panels
some lengthinto the soilmass. The concrete panelsare typically 4.92 feet tall, 4.92 feet
wide, and 5-1/2 to 7 inchesthick (typically the 7-inchpanels are usedwhere wall stresses

are greater or equal to 2.55 ksf.) Layersof reinforcement {one layer per facing panel) were
modeledto extend from the facingpanels into the soilsmass. Hart Crowser assigned
length,tensile,and pull-outcapacity properties to each reinforcing layer to represent the

actual length, crosssection,and number of reinforcingstripsfor each panel in RECo'sdesign
for thesesections. Forthree of the sectionsthe reinforcingwas modified to incorporate the
changesrecommendedto meet target factor of safety criteria,as discussedin our memo

dated january 9, 2002. The analysisfor section 105+20 is basedon RECo'soriginal 50x4
mm reinforcinginsteadof the 50x6 mm stripsrecommended by Hart Crowser. The resultof

this is likely lessdeformationbut somewhat higher stressin the reinforcing,but we do not
considerthis would change our recommendation. Also, dimensionsof the steel

reinforcementwere reduced by 1.008 mm per side to account for corrosion during the 100-
year designlife spanper AASHTO recommendations. This isa conservative assumptionfor
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the end of constructioncase,but it allows for direct comparison of stressesbetween the

cases. Table 3 presentsthe concrete facing properties and Table 4 presentsthe steel
reinforcement properties usedin the FLACanalyses.

Dynamic Parameters

The 10 percent probability of exceedence in 50 years (475-year return period) seismic event

was selectedasthe seismicbasisof designevent Hart Crowser developed a response
spectrum for this level of event based on the resultsof a site-specificprobabilisticseismic
hazard analysis(seeHart Crowser 2001a). ProfessorSteven L. Kramerdeveloped synthetic
seismictime histories(earthquake record) for the FLACanalyses. After analysisof several

alternatives,a time historyreferredto as Motion Ewas selectedfor final design. Motion E
wasinput into the 2-D ground responseanalysisprogram QUAD4 asan outcrop motion at
an equivalentbedrock depth of 2.50feet For each FLACmodel crosssection,a

correspondingQUAD4 analysiswas used. In each case, an accelerationtime historywas
obtained from QUAD4 at an elevation correspondingto the base of the FLAC model for
input into dynamic FLACanalyses.

With regardto timing of liquefaction,we consideredtwo scenarios:

• Liquefactionwould occur at the beginningof shaking;and

• Liquefactionwould follow the end of shaking.

To assessthe range in wall performance consideringvariation in potential timing of the
liquefactionrelative to shakin8, Hart Crowsermodeled a range in conditions as indicated on
Figure1.

Results

Displacementof the representativeMSE sectionsand stressesin the reinforcingwere
determined for the following conditions:

1) At the end of stagedconstruction;

2) During ground shakingwithout liquefaction;

3) At the end of ground shakingwithout liquefaction;

AR 053254.01
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4) After liquefaction occurred at the end of ground shaking;

5) Dunng ground shakin& when liquefaction occurred at the beginning of shaking; and

6) At the end of shaking, when liquefaction occurred at the beginning of shaking.

The analysis of permanent displacements and reinforcement stresses (i.e. cases 3 and 6

above) were determined after equilibrium occurred, after the actual end of shaking, to

enable inclusion of creep effects that could occur due to lower residual soil strength and

stiffnessafter an earthquake.

Results are presented in the tables and figures listed on Figure 1. Results for each wall

section are presented separately (figures following tables for each section).

• Negative horizontal displacement contours indicate elongation or outward displacement

(toward the "creek" away from the body of the fill); values of positive horizontal

displacement contours indicate compression.

• Negative vertical displacement contours indicate settlement; values of positive vertical

displacement contours indicate heave.

• Positive stress values indicate tension in the reinforcing, negative values refer to

compression.

It should be noted the FLAC models were constructed as large as practically possible to

reduce "edge effects" on the wall and the part of the embankment adjacent to the wall. The

deformations in the immediate vicinity of the model boundaries, however, should be

ignored.

Attachments:

References

Table 1 - Soil Properties Used in Analyses

Table 2 - Location and Geometry of the Wall Sections for FLAC Analyses

Table 3 - Concrete Facing Properties Used in FLAC Analyses

Table 4 - Steel Reinforcing Element Properties Used in FLAC Analyses

Table 5 - NSA Wall, Station 105+20, Reinforcement Stresses - End of Staged
Construction
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Attachments (Continued):

Table 6- NSA Wall, Station 105+20, Cumulative Horizontal Displacements in Feet -

End of Staged Construction

Table 7 - NSA Wall, Station 105+20, Cumulative Vertical Displacements in Feet - End

of Staged Construction

Table 8 - NSA Wall, Station 10_=-_20,Maximum i_einforcement Stresses - Dunng

Shaking Without Licluefaction

Table 9 - NSA Wall, Station 105+20, Permanent Reinforcement Stresses - End of

Shaking Without Liquefaction

Table 10 - NSA Wall, Station 105+20, Permanent Horizontal Displacements in Feet -

End of Shaking Without Liquefaction

Table 11 - NSA Wall, Station 10S+20, Permanent Vertical Displacements in Feet - End

of Shaking Without Liquefaction

Table 12 - NSA Wall, Station 105+20, Permanent Reinforcement Stresses - End of

Shaking Followed by Liquefaction

Table 13 - NSA Wall, Station 105+20, Permanent Horizontal Displacements in Feet -

End of Shaking Followed by Liquefaction

Table 14. NSA Wall, Station 105+20, Permanent Vertical Displacements in Feet - End

of Shaking Followed by Liquefaction

Table 15 - NSA Wall, Station 105+20, Maximum Reinforcement Stresses - During

Shaking With Concurrent Liquefaction

Table 16 - NSA Wall, Station 105+20, Permanent Reinforcement Stresses - End of

Shaking With Concurrent Liquefaction

Table 17 - NSA Wall, Station 105+20, Permanent Horizontal Displacements in Feet -

End of Shaking With Concurrent Liquefaction

Table 18- NSA Wall, Station 105+20, Permanent Vertical Displacements in Feet - End

of Shaking With Concurrent Liquefaction

Table 19 - NSA Wall, Station 110+47, Reinforcement Stresses - End of Staged
Construction

Table 20 - NSA Wall, Station 110+47, Cumulative Horizontal Displacements in Feet -

End of Staged Construction

Table 21 - NSA Wall, Station 110+47, Cumulative Vertical Displacements in Feet - End
of Staged Construction

Table 22 - NSA Wall, Station 110+47, Maximum Reinforcement Stresses. During
Shaking Without Liquefaction

Table 23 - NSA Wall, Station 110+47, Permanent Reinforcement Stresses - End of

Shaking Without Liquefaction
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Attachments(Continued):

Table 24 - NSA Wall, Station 110+47, Permanent Horizontal Displacementsin Feet-

Endof ShakingWithout Liquefaction
Table 25 - NSA Wall, Station 110+47, Permanent Vertical Displacementsin Feet - End

of ShakingWithout Liquefaction
Table 26 - NSA Wall, Station 110+47, Permanent ReinforcementStresses- End of

ShakingFollowedby Liquefaction
Table 27 - NSA Wall, Station 110+47, Permanent Horizontal Displacements in Feet -

Endof ShakingFollowedby Liquefaction
Table 28 - NSA Wall, Station 110+47, PermanentVertical Displacementsin Feet - End

of ShakingFollowedby Liquefaction
Table 29 - NSA Wall, Station110+47, Maximum ReinforcementStresses- During

ShakingWith Concurrent Liquefaction
Table 30 - NSA Wall, Station 110+47, Permanent Reinforcement Stresses- End of

ShakingWith Concurrent Liquefaction
Table 31 - NSA Wall, Station 110+47, Permanent Horizontal Displacementsin Feet -

Endof ShakingWith Concurrent Liquefaction
Table 32 - NSAWall, Station 110+47, PermanentVertical Displacementsin Feet - End

of ShakingWith Concurrent Liquefaction

Table 33 - West Wall, Station 180+00, Reinforcement Stresses- Endof Staged
Construction

Table 34 - West Wall, Station 180+00, Cumulative Horizontal Displacements in Feet -
Endof StagedConstruction

Table 35 - West Wall Station 180+00, Cumulative Vertical Displacements in Feet - End
of StagedConstruction

Table 36 - West Wall, Station 180+00, Maximum ReinforcementStresses- During
ShakingWithout Liquefaction

Table 37 - West Wall Station 180+00, Permanent ReinforcementStresses- End of
ShakingWithout Liquefaction

Table 36- West Wall, Station 180+00, PermanentHorizontal Displacements in Feet -
Endof ShakingWithout Liquefaction

Table 39 - West Wall, Station 180+00, Permanent Vertical Displacementsin Feet - End
of ShakingWithout Liquefaction

Table 40 - West Wall, Station 180+00, Permanent Reinforcement Stresses- Endof
ShakingFollowedby Liquefaction

Table 41 - West Wall, Station 180+00, Permanent Horizontal Displacementsin Feet -
Endof ShakingFollowedby Liquefaction
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Attachments(Continued):

Table 42 - West Wall Station 180+00, Permanent Vertical Displacementsin Feet - End

of ShakingFollowed by Liquetaction
Table 43 - West Wall Station 180+00, Maximum Reinforcement Stresses- During

ShakingWith Concurrent Liquefaction
Table 44 - West Wall, Station 180+00, Permanent Reinforcement Stresses- Endof

ShakingWith Concurrent Liquefaction
Table 45 - West Wall, Station 180+00, Permanent Horizontal Displacements in Feet -

Endof ShakingWith Concurrem Liquefaction
Table 46 - West Wall, Station 180+00, Permanent Vertical Displacements in Feet - End

of ShakingWith Concurrent Licluefaction
Table 47 - South VVall,Station 147+25, Reinforcement Stresses- Endof Staged

Construction

Table 48 - South Wall, Station 147+25, Cumulative Horizontal Displacements in Feet -

End of StagedConstruction
Table 49- SouthWall, Station 147+25, Cumulative Vertical Displacements in Feet - End

of StagedConstruction
Table SO- SouthWall, Station 147+25, Maximum ReinforcementStresses- During

Shaking
Table 51 - South Wall, Station 147+25, Permanent ReinforcementStresses- Endof

Shaking

Table 52 - South Wall, Station 147+25, Permanent Horizontal Displacements in Feet -
Endof Shaking

Table 53 - SouthWall, Station 147+25, Permanent Vertical Displacementsin Feet - End
of Shaking

Figure1 - Comparisonof FLAC AnalysisCases
Figure2 - NSA Wall, Station 105+20, Cumulative Horizontal Displacements- Endof

StagedConstruction

Figure3 - NSA Wall, Station 105+20, Cumulative Vertical Displacements- End of
StagedConstruction

Figure4 - NSA Wall, Station 105+20, Permanent Horizontal Displacements- Endof
ShakingWithout Liquefaction

Figure5 - NSA Wall, Station 105+20, Permanent Vertical Displacements - End of
ShakingWithout Liquefaction

Figure6 - NSA Wall, Station 105+20, Permanent Horizontal Displacements. Endof
ShakingFollowed by Liquefaction
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Attachments (Continued):

Figure 7 - NSA Wall, Station 105+20, Permanent Vertical Displacements - End of

Shaking Followed by Liquefaction

Figure 8 - NSA Wall, Station 105+20, Permanent Horizontal Displacements - End of

Shaking with Concurrent Liquefaction

Figure 9 - NSA Wall, Station 105+20, Permanent Vertical Displacements - End of

Shaking with Concurrent Liquefaction

Figure 10 - NSA Wall, Station 110+47, Cumulative Horizontal Displacements - End of

Staged Construction

Figure 11 - NSA Wall, Station 110+47, Cumulative Vertical Displacements - End of

Staged Construction

Figure 12 - NSA Wall, Station 110+47, Permanent Horizontal Displacements - End of

Shaking Without Liquefaction

Figure 13 - NSA Wall, Station 110+47, Permanent Vertical Displacements - End of

Shaking Without Liquefaction

Figure 14- NSA Wall, Station 110+47, Permanent Horizontal Displacements - End of

Shaking Followed by Liquefaction

Figure 15 - NSA Wall, Station 110+47, Permanent Vertical Displacements - End of

Shaking Followed by Liquefaction

Figure 16 - NSA Wall, Station 110+47, Permanent Horizontal Displacements - End of

Shaking with Concurrent Liquefaction

Figure 17- NSA Wall, Station 110+47, Permanent Vertical Displacements - End of

Shaking with Concurrent Liquefaction

Figure 18 - West Wall, Station 180+00, Cumulative Horizontal Displacements - End of

Staged Construction

Figure 19- West Wall, Station 180+00, Cumulative Vertical Displacements - End of

Staged Construction

Figure 20 - West Wall, Station 180+00, Permanent Horizontal Displacements - End of

Shaking Without Liquefaction

Figure 21 - West Wall, Station 180+00, Permanent Vertical Displacements - End of

Shaking Without Liquefaction

Figure 22 - West Wall, Station 180+00, Permanent Horizontal Displacements- End of

Shaking Followed by Liquefaction

Figure 23 - West Wall, Station 180+00, Permanent Vertical Displacements - End of

Shaking Followed by Liquefaction

Figure 24- West Wall, Station 180+00, Permanent Horizontal Displacements - End of

Shaking with Concurrent Liquefaction
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Attachments(Continued):

Figure25 - West Wall, Station 180+00, Permanent Vertical Displacements. End of
Shakingwith Concurrent Liquefaction

Figure26 - South Wall, Station 147+2.5, Cumulative Horizontal Displacements. End or;
Staged Construction

Figure27 - South Wall. Station 147+25, Cumulative Vertical Displacements- End of
Staged Construction

Figure28 - South Wall, Station 147+25, Permanent Horizontal Displacements - Endof
Shaking

Figure29 - South Wall, Station 147+25, Permanent Vertical Displacements- End of
Shaking
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Table 6 - NSA Wall, Station 105+20

Cumulative Horizontal Displacements in Feet

End of Sta, ed Construction
Depth Below I

Top of Wall in HorizontalDistance Measuredfrom Wall Face in Feet
Feet 0 4 8
2.5 -0.04 -0.04 -0.04
7.5 -0.05 -0.05 -0.05
12.5 -0.06 -0.06 -0.05
17.5 -0.06 -0.06 -0.06
22.5 -0.07 -0.06 -0.06
27.5 -0.07 -0.06 -0.06
32.5 -0.06 -0.06 -0.06
37.5 -0.06 -0.06 -0.06

Note NegativenumDersindmateoutwardclspiscements.
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Table 7 - NSA Wall, Station 105+20
Cumulative Vertical Displacements in Feet
End of Sta ed Construction
Depth Below
Top of Wall HorizontalDistance Measuredfrom Wall Face in Feet

in Feet 0 4 8
2.5 -0.01 -0.02 -0.02
7.5 -0.02 -0.04 -0.04
12.5 -0.03 -0.05 -0.05
17.5 -0.03 -0.06 -0.06
22.5 -0.04 -0.06 -0.06
27.5 -.0.05 -0.06 -0.06
32.5 -0.05 -0.06 -0.07
37.5 -0.06 -0.07 -0.07

Note Negat]venumDersinclcate¢lownwarclcltsplacements.
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Table 10. NSA Wall, Station 105+20
Permanent Horizontal Displacements in Feet

=.ndof Shakin _ Without Liquefaction
Depth Below

Top of Wall in Horizontal Distance Measured from Wall Face in Feet
Feet 0 4 8
2.5 -0.43 -0.43 .-0.42 _.

7.5 -0.39 -0.39 -0.39 ....
12.5 -0.35 -0.35 -0.35
17.5 --- -0.31 -0.31 -0.31 ..
22. 5 -0.27 -0.27 -0.27
27.5 -0.23 -0.24 -0.23
32.5 -- -0.20 -0.20 -0.19
37.5 -0.17 .0.17 -0.16

Note Negative numbers indicate outward dlsplacernents.
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Table 11 -NSA Wall, Station 105+20

Permanent Vertical Displacements in Feet

End of Shakin_ Without Liquefaction
Depth Balow_
Top of Wall Horizontal Distance Measuredfrom Wall Face in Feet

in Feet 0 4 8
2.5 ..0.17 -0.21 -0.17
7.5 -0.17 -0.21 -0.17
12.5 -0.16 -0.20 -0.17
17.5 -0.16 -0.20 -0.16
22.5 -0.16 -0.18 -0.15
27._ -0.16 -0.17 -0.15
32.5 -0.16 -0.16 -0.14
37.5 - -0.16 -0.15 -0.14

Note Negatwenuml)ersindc,,atedownwardasplacements.
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Table 13 - NSA Wall, Station 105+20
Permanent Horizontal Displacements in Feet

End of Shakir _ Followed b_ Liquefaction
Depth Below

Top of Wall in Horizontal Distance Measured from Wall Face in Feet
Feet 0 4 8
2.5 -0.42 -0.42 -0.41
7.5 -0.38 -0.38 -0.38
12.5 -0.34 -0.34 -0.34
17.5 -0.30 -0.31 -0.30
22.5 -0.26 -0.27 -0.27
27.5 -0.23 -0.24 -0.23
32.5 -0.20 -0.20 -0.19

37.5 .... -0.17 -0.17 -0.16 "
Note Negative numDers incl,cateoutwarO d,;placements.
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Table 14 - NSA Wall, Station 105+20
Permanent Vertical Displacements in Feet

End of Snakin_ Followed br Lil_uefaction
Depth Below

Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8

2.5 -0.16 -0.21 -0.17
7.5 -0.16 -0.20 .0.17
12.5 -0.16 -0.20 -0.16
17.5 .0.16 .0.19 -0.16
22.5 -0.15 -0.18 -0.15
27.5 -0.15 -0.17 -C !4
32.5 -0.15 .0.16 -.C.14
37.5 .0.15 -0.15 -0.13

Note Negative numl=ers indiciit8 dowrlwllrOdliplacilmerl_
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Table 17, NSA Wall, Station 105+20

Permanent Horizontal Displacements in Feet

End of $hakin _ with Concurrent Liquefaction
Depth Below

Top of Wall in Hortzontal Distance Measured from Wall Face in Feet
Feet 0 4 8

2.5 -0.30 -0.30 -0.30
7.5 -0.28 -0.28 -0.28
12.5 -0.27 -0.27 -0.27
17.5 -0.25 -0.25 -0.25
22.5 -0.23 -0.23 -0.23
27.5 -0.21 -0.21 -0.21
32.5 -0.19 -0.19 -0.19
37.5 -0.18 -0.18 -0.17

Note Negatwe numOers,ncl,cateoutwar0 dmplacements.
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Table 18 -NSA Wall, Station 105+20
Permanent Vertical Displacements in Feet

End of Shakin_ with Concurrent Li(_uefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8
ii

2.,5 -0.12 -0.14 -0.13
7.,=: -0.12 -0.14 -0.12
12.5 -0.12 -0.14 -0,12
17.5 -0.12 -0.14 -0.12
22.5 -0.12 -0,13 -0.12
27._ -0.12 -0.13 -0.11
32.5 -0.12 -0.12 -0,11
37.5 -0.12 -0.11 -0.10

Note Negativenumbersindicateaownwamdmplacements
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Table 20. NSA Wall, Station 110+47
Cumulative Horizontal Displacements in Feet

End of $ta_led Construction
Depth Below
Top of Well Horizontal Distance Meuumd from Wall Face in Feet

in Feet 0 4 8 12 16
2.5 -0.02 -0.02 -0.02
7.5 -0.04 -0.03 -0.03
12.5 -0.05 -0.05 -0.05
17.5 -0.06 -0.06 -0.06
22.5 Tier I ..0.07 -0.07 -0.07
27.5 _.08 -0.08 -0.08
32.5 -0.09 -0.09 -0.08
37.5 -0.09 -0.09 -0.09
42.5 -0.10 -0.09 -0.09
47.5 -0.08 -0.09 -0.10 -0.10 -0.09
50 -0.10 ; -0.10 -0.10 -0.09 -0.09
55 -0.10 -0.11 -0.10 -0.10 -0.09
6o -0.1o -0.11 -0.10 -0.1o -0.09
65 Tier2 -0.10 -0.11 -0.10 -0.10 -T .... _0.09 -
70 -0.10 -0.10 -0.10 -0.09 -0.09
75 -0.10 -0.10 -0.09 -0.09 -.Oib-8
80 -0.09 -0.09 -0.09 -0.08 -0.08
85 -0.08 -0.08 -0.08 -0.07 -0.07
90 -0.07 -0.07 -0.07 -0.07 -0.06

92.5 -0.07 -0.07 -0.06 -0.06 -0.06

Note NegatNe nurnDersindicate outwarcld,splacaments.

AR 053296



Table 21. NSA Wall, Station 110+47

Cumulative Vertical Displacements in Feet
End of Staged Construction
Depth Below
Top of Wall Horizontal Distance Measuredfrom Wall Face in

in Feet 0 4 8 12 16
2.5 -0.01 -0.02 -0.02
7.5 -0.03 -0.0J," -0.04 .....
12.5 -0.04 -0.06 -0.06
17.5 -0.05 -0.07 -0.07
22.5 Tier I -0.06 -0.09 -0.09
27.5 -0.08 -0.10 -0.09
32.5 -0.09 : -0.10 -0.10
37.5 -0.10 -0.11 -0.11
42.5 -0.11 -0.11 -0.11
47.5 -0.04 -0.08 -0.13 -0.12 -0.12
50 -0.04 -0.09 -0.13 -0.11 -0.11
55 -0.05 -0.11 -0.12 -0.12 -0.11
60 -0.05 -0.11 -0.11 -0.12 -0.11
65 Tier2 -0.06 _, -0.11 _ -0.11 -0.11 -0.11
70 -0.06 -0.11 -0.11 -0.11 -0.11
75 -0.06 -0.11 -0.10 -0.10 -0.10
80 -0.07 -0.10 -0.10 -0.10 -0.10
85 -0.07 -0.09 -0.09 -0.09 -0.09
90 -0.08 -0.08 -0.09 -0.09 -0.09

92.5 -0.08 -0.08 -0.08 -0.08 -0.08
Note NegativenumDersinclicateclownwarOcltsplacements.

AR 053297







CASE2

Hart Cro_r
4978-40 January 17, 2002

AR 053300
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CASE 3

Hart Crowser
4978-40 January 17, 2002

AR 053302



A_053303



Table 24- NSA Wall, Station 110+47
Permanent Horizontal Displacements in Feet

End of Shakin_ Without Liquefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8 12 16
2.5 -0.34 -0.34 -0.33
7.5 -0.30 ____-0131 ..... :-0.30

12.5 -0.28 -0.28 - -0.27
17.5 - -__2-5- .... --612-6.... --0-i5
22.5 Tier "1 -0.22.... _-(__._24_......__'0_'2_

27.5 -0.21 -0.21 -0.21
32.5 -0.19 -0.20 -0.19
37.5 -0.18 -0.18 -0.18
42.5 -0.17 -0.17 -0.17
47.5 -0.16 -0.19 -0.15 ,-0.15 -0.15
50 -0.14 -0.17 -0.16 -0.15 -0.14
55 -0.13 -0.14 -0.14 -0.13 -0.13
60 -0.12 -0.13 -0.13 -0.1-2 ...... -_0112-
65 Tier2 ---0.11 ....._0._ ....._11i........_0.;1-1..... _0.10

70 -0.09 -0.10 -0.10 -0.09 -0.09

75 -0.08 -0.09 --,,_08 ..... -0.08 ..... -.6.08
80 -0.07 -0.08 -0.07 -0.07 -0.07
e5 -0.06 -0.06 -0.06 -0.06......--0.06
90 -0.06 -0.06 -0.05 -0.05 - --o765

92.5 -0.06 -0.06- _.0-5 ...... --0.05 ...... -O.05

Note Negative numbers indicate outward displacements.

AR 053304



Table 25. NSA Wmll, Station 110+47

Permanent Vertical Displacements in Feet

End of Shakin_ Without Liquefaction
Depth Below
Top of Wall HorizontalDistance Measuredfrom Wall Face in

in Fast 0 4 8 12 16
2.5 -0.20 -0.17 -0.11
7.5 -0.20 -0.16 -011
12.5 -o.lg -0.15..... ld--
17.5 -0.19 -0.13 -0.09
22.5 Tier1 -0.19 -0.11 -0.08
2".5 "0.08 -0.09 -0.08
32.5 -0.08 -'0.08 "0.07
37.5 -0.08 -0.08 -0.0?
42.5 "0.08 "0.07 -0.08
47.5 -0.05 0.00 -0.08 -0.07 -0.08
50 -0.05 -0.07 -0.08 -0.08 -0.08
55 -0.05 "0.07 -0.07 -0.08 -0.05
50 -0.04 -0.08 -0.08 -0.06 -0.08
65 Tier 2 -0.04 "0.07 -0.06 -0.05 "0.05
70 -0.04 -0.07 -0.08 -0.05 "0.04
75 -0.04 "0.05 -0.05 "0.05 -0.04
80 -0.04 -0.08 -0.05 -0.04 -0.04
85 -0.04 ..0.05 -0.05 -0.04 -0.04
90 -0.04 "0.05 "0.05 -0.04 "0.03

92.5 "0.04 "0.05 -0.04 "0.04 "0.03"
Note Negat=venuml)ersindicateaownwarcldtsplacemente.

AR 053305







CASE 4

Hart Crowser

4978-40 January 17.2002

AR 053308



AR 053309



Table27 - NSA Wall, Station 110+47
Permanent Horizontal Displacements in Feat
=.ndof Shaking Followed by Liquefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8 12 16
2.5 -0.34 -0.34 -0.33
7.5 -0.31 -0.31 -0.30
12.5 -0.2s .... _._.s .... -_.2__
17.5 -0.25 -0.26 -0.25

22.5 Tier I -0.22 -0.24 -0.23
27.5 -0.21 -0.22 -0.21
32.5 -0.20 -0.20 -0.20-

-0.18 -0.18 -0.1837.5 ....
42.5 -0.17.... :_._7-...... --_ _-i -
47.5 -0.1e -0.19 -0.1s -0.1s -0.1s
50 -0.14 -0.17 ....:0-i6-......=0-'1-5-..... b-:T5--...............................

55 -0.13 -0.15 -0.14 -0.14 -0.13
60 -0.12 ---0.13 - -:().-13- ..... ._._ ........ -_-, 12
65 Tier2 -0.11 -0.12 -0.11 -0.11 -0.11
70 -0.10 ---0.10 -0.10 -0.10 -0.09
75 -0.08 -0.09 -0.09 -0.08 -0.08
80 -0.07 -0.08 -0.07 -0.07 -0.07 -
a5 -0.07 -0.07 -0.o6 -0._--.... -o.oe....
90 -0.0s -0.0s --.6._ ...... -0.0s..... --0.0s

92.5 -0.06- ---.0.-_ ...... -0.06 LO.05 LO_05 "

Note Negabve numt)ers indicate outward displacements.

AR 053310



Table 28 - NSA Wall, Station 110+47
Permanent Vertical Displacements in Feet

End of Shakin_ Followed by Liquefaction
FDepth Below
Top of Well Horizontal Distance Measured from Well Face in

in Feet 0 4 8 12 16
2.5 -o.2o -0.17 -0.11
7.5 -0.19 -_o_6..... :o:11-
12.5 -0.19 -0:15 -0.10
17.5 -0.19 -0.13 -0.09
22.5 Tierf -0.18 -0.11 -0.08

.._

27.5 -0.08 -0.09 -0.08
32.5 -0.08 -0.08 -0.07
37.5 -0.08 -0.08 -0.07
42.5 -0.08 -0.07 -0.06
47.5 -0.05 0.00 -0.08 -0.07 -0.06
50 -0.05 -0.05 -0.08 -0.07 -0.06
55 -0.05 -0.07 -0.07 -0.06 -0.05
60 -0.04 -0.07 -0.06 -0.06 -0.05
65 Tier 2 -0.04 -0.07 - -0.06 .... --_:0-S..... _505- -
70 -0.04 -0.07 -0.06 -0.05 -0.04
75 -0.04 -0.05 -0.0s -0.0-_..... :-01&i-
so -0.04 -o.o6 -0.05 -0.04 -0.04
s5 -o.o4 -0.05 -0.05 _i_ .... :.0.03--
90 -0.04 -0.05 -0.04 -0.04 -0.o3

92.5 -0.04 -0.04 -0.04 -0.04 -0.05
Note Negativenum_rs indicatedownwarddisplacements.

AR 053311







CASE 5

Hart Crowser

4978-40 January 17, 2002

AR 053314



AR 053315



CASE 6

Hart Crowser
4978-40 Januan/17, 2002

AR 053316
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Table 31. NSA Well, Station 110+47

Permanent Horizontal Displacements in Feet

End of Shekin_ with Concurrent Liquefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8 12 16
2.5 -0.32 -0.32 -0.32
7.5 -0.30 -0.30 -0.30
12.5 -0.28 -0.28 -0.28
17.5 -0.26 -0.27 -0.26
22.5 Tier I -0.24 -0.25 -0.24
27.5 -0.23 -0.23 -0.23
32.5 -0.21 -0.22 -0.21
37.5 -0.20 -0.20 -0.20
42.5 -0.19 -0.19 -0.18

47.5 -0.17 -0.20 -0.17 -0.17 -0.17
50 -0.16 -0.18 -0.18 -0.16 -0.16
55 -0.15 -0.16 -0.15 -0.15 -0.15
60 -0.13 -0.14 -0.14 -0.13 -0.13
65 Tier2 -0.12 .0.13 -0.12 -0.12 -0.12
70 -0.11 -0.11 -0.11 -0.11 -0.11
75 -0.10 -0.10 -0.10 -0.10 ' -0.09
80 -0.08 -0.09 -0.08 -0.08 , -0.08
85 -0.07 -0.08 -0.07 -0.07 -0.07

90 -0.07 -0.07 -0.07 -0.06 -0.06
92.5 -0.07 -0.07 -0.06 ' -0.06 -0.-06---

Note NegaTJvenumbers indicate outward displacements.

AR 053318



Table 32. NSA Wall, Station 110+47
Permanent Vertical Displacements in Feet

End of Shakin_ with Concurrent Liquefaction
rDepth Below
Top of Wall Horizontal Distance Measured from Well Face in

in Feet 0 4 8 12 16
2.5 -0.09 -0.10 -0.08
7.5 -0.08 .0.10 .0.08
12.5 -0.09 -0.10 -0.08
17.5 -0.08 -0.09 _ -0.07
22.5 Tier I .0.08 .0.09 -0.07
27.5 .0.08 -0.08 -0.07
32.5 .0.08 -0.08 .0.07
37.5 -0"08 i -0.07 -0.06
42.5 .0.08 _ .0.07 = -0.08

47.5 .0.05 .0.01 .0.08 ; .0.07 -0.06
50 -0.05 ; -0.08 -0.08 : -0.08 -0.06
55 -0.05 -0.07 -0.07 .0.06 -0.05
60 .0.05 : -0.08 -0.07 ' -0.05 -0.05
65 T/er2 -0.08 .0.07 -0.08 -0.05 -0.05
70 -0.05 , -0.07 -0.08 -0.05 -0.04
75 .0.08 .0.07 .0.06 _ -0.05 -0.04
80 -0.05 -0.08 -0.05 -0.04 , -0.04
85 -0.05 _ -0.05 -0.05 -0.04 -0.03
90 .0.05 -0.05 -0.05 -0.04 -0.03

92.5 -0.05 -0.05 .0.04 .0.04 -0.03

Note Negativenurnl_rsindmatedownwarddisplacements.

AR 053319
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Table 34 - West Wall, Station 180+00
Cumulative Horizontal Displacements m Feet

of F._ned Construction , ,
Depth BeJow
Top of Wall HorizontM Distance Measured from Wall Face in Feat

in Feat 0 4 8 12 16 2_ 24 28 32

o ..O.lO -O.lO -O.lO
.5 --:0.12 -0.12 -0.12
10 Tier I ---0.35 :0114 - :0114-
15 --0-17 -(il-6 -0.16
zo -0.18 -0.18 .0,8
25 -0.20 -0.20 -0.20 -0.20
30 -0:22 -0.22 -0.22 -0.22:____ -0._21__
35 -0.24 -0.23 -0.23 -0.23 -0.23_"
40 -0.26 -0.25 -0.24 -0.24 -0.24
45 Tier 2 -0.27 -0.25 -0.25 -0.25 -0.24
50 -0.27 -0.26 -0.26 -0.25-----0.25
55 -0.28 -0.27 -0.26 -0.26 -0.26
60 -0.27 -0.27 -0.26 -0.26----6_25--
65 -0.27 -0`28 -0.27 -0.27 -0.27 -0.2(_ -0.26
70 -0.28 -0.28 -0.28 -0.27 -0.27 -0.27 -0.26
75 -0.29 -0.29 -0.28 -0.28 -0.27 -0.27 ----0.27
80 Tier 3 -0,29 -0.29 -0:29 -0.28 -0.28 -0.27 -0.27
85 -0.29 -0.29 -0.28 -0.28 -0.28 -0.27 -0.27
90 -0.29 -0.29 -0.28 -0.28 -0.27 -0.27 -0.27
95 -0.28 -0.28 -0.28 -0.27 -0.27 -0.2,7 -0.26
100 -0`26 -0.26 -0.28 -0.28 -0.28 -0.27 -0.27 -0.27 -0.26
105 -0.30 -0.29 -0,28 -0.27 -0.27 -0.27 -0.26 -0.26 -0.26
110 -0.30 -0.28 -0.27 -0.27 -0.27 -0.26 -0.26 -0.26 -0.25--
115 -0.30 -0.27 -0.27 -0.26 -0.26 -0.25 -0.25 -0.25 -0.25
120 -0.29 -0.26 -0.26 -0.25 -0.25 -0.25 -0.24 -0.24 -0.24
125 Tier4 -0.28 -0.25 -0,25 -0.24 -0.24 -0.24 -0.23 -0`23 -0.23
130 -0.26 -0.24 -0`23 -0.23 -0.23 -0.22 -0.22 -0.22 -0.22
135 -0.2_, -0.23 -0.22 -0.22 -0.21 -0.21 -0.21 -0.21 :0.20
140 -0.21 -0.21 -0.21 -0.21 -0.20 -0.20 -0.20 -0.19 -0.19
145 -0.20 -0.20 -0.20 -0.19 -0.19 -0.19 -0.1-8 -0.18 -0.17

NegativenumDersmOlcazeoutwarclO,splacements

AR 053324



Table 35 - West Wall, Station 180+00
Cumulative Vertical Displacements in Feet

End of Smiled Construction
Depth Below
Top of Waft Horlzontwl D/stance Measured from Wall Face in Feet

in Feet 0 4 8 12 15 20 24 28 32

o ..o.05 -o.o6 .o.o6
5 --o.--o7-o.o8 -o.oe-
10 Tier I -0.09 -0.11- ----0.i i -
15 -0.11 -0.12-- -0._12
20 -0.13 -0.14 -0.14
25 -0.12 -0.15 -0.16 -0.16 -0.17
30 -0.14 -0.17 -0.18 -0.18 -0.1-8-

35 -0.16 -0.19 -0.19 -0.19 -0:19-
40 -0,17 -0.20 -0.20 -0.20 -0-_2(_-
45 Tler2 -0.19 -0.21 -0.21 -0-21 -0.21

50 -0.20 -0.22 -0.22 -0.22 -0.22
55 -0.22 -0.23 -0.23 -0.23 -0.22
60 -0.22 -0.22 -0.22 -0 .22 -0.22-

65 -0.17 -0.21 -0-2,: -0.23 -0.23 -0.23 -0.23
70 -0.18 -0.23 -0.24 -0.24 -0.23 -0.23 -0.23
75 -0.19 -0.24 -0.24 -0.24 -0.24 -0.24 -0.23
80 Tier3 -0.20 -0.24 -0.24 -0.24 -0.24 -0.24 -0.23
85 -0.21 -0.25 -0.24 -0.24 -0.24 -0.24 -0.24
90 -0-23 -0.25 -0.24 -0.24 -0.24 -0.24 -0.23
95 -0.24 -0.24 -0.24 -0.24 -0.24 -0.23 -0.23

100 -0.15 -0.19 -0.26 -0.25 -0.25 -0.25 -0.24 -0.24 -0.24
105 -0.15 -0.22 -0.26 -0.25 -0.25 -0.24 ......-0.24 -0.24 -0.23
110 -0.16 -0.24 -0.25 -0.25 -0.24 -0.24 -0.24 -0.23 -n _

115 -0.17 -0.24 -0.24 -0.24 -0.24 -0.23 -0.23 -0.23 -0.23-
120 -0.17 -0.24 -0.24 -0.23 -0.23 -0.2..3 -0.23 -0.22 -0.22
125 Tmr 4 ....-0.18 -0.23 -0.23 -0.23 -0.22 -0.22 -0.22 -0.22 -0.-2T
130 -0.18 -0.22 -0.22 -0.22 -0.22 -0.21 -0.21 -0.21 -0.21
135 -0.19 -0.21 -0.21 -0.21 -0.21 -0.21 -0.20 -0.20 -0_O
140 -0.20 -0.21 -0.21 -0.21 -0.20 -0.20 -0.20-- -0.19 -0.19
145 -0.20 -0.19 -0.19 -0.19 -0.18 -0.18 -0.18 -0.17 -0.17 -

NegazNe numDers In0=cate0ownwar0 clIsplacements

AR 053325



CASE1

4978-40 January 17, 2002

AR 053326







CASE2

Hart Cringer
4978.40 January 17.2002

AR 053329
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CASE3

Hart Crower
4978-40 January17.2002

AR 053331



AR 053332



Table 38. West Wall, Station 180+00

Permanent Honzonlal Displacements m Feet

of Shakin_ Without IJauefaction
Deprn Below

of Wall Hor_zontml Distance Measun_ from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 28 32

0 -0.31 -0.31 -0.31
5 -0.30 -0.30 -0.30
10 Tier I --0.29 -0.29 -0.29
15 -028 -0.28 -0.28
20 -0-27 -0.27 -0.26

25 -025 -0.26 -0.25 -0.25 -0.25
30 -0.26 -0.25 -0.24 -0.24 -0-24
35 -0-25 -024 -0.23 -0.23 -0.23
40 -023 -0-23 -0.22 -0.22 -0-22
45 Tmr2 -0:22 -0.21 -0.21 -0.21 -0.21
50 -0.21 -0.20 -0.20 -0.20 -0-20
55 -0.20 -0.20 -0.19 -0.19 -0.19
60 -0.19 -0.19 -0.18 -0.18 -0.18

65 -0.18 -0.18 -0.18 -0.18 -0.17 -0.17 -0.17
70 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17_
75 -0.16 -0,16 -0.16 -0.16 -0.16 -0.16 -0.16
80 Tier3 -0.15 -0.16 -0.15 -0.15 -0.15 -0.15 -0.15
85 -0.15 -0.15 -0.15 -0.14 -0.14 -0.14 -0.14
90 -0.14 -0.14 -0.14 -0.14 -0.14 -0.13 -0.13
95 -0.13 -0.13 -0.13 -0.13 -0.13 -0.13 -0.13

100 -0.13 -0.13 -0.12 -0.12 -0.12 -0.12 -0.12 -0.12 -0.12
105 -0.15 -0.13 -0.13 -0.12 -0.12 -0.12 -0.12 -0.11 -0.11
110 -0.14 -0.12 -0.12 -0.11 -0.11 -0.11 -0.11 -0.11 -0,11
115 -0.13 -0.11 -0.11 -0.11 -0.11 -0.10 -0.10 -0.10 -0.10
120 -0.12 -0.11 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
125 Tier4 -0.11 -0.10 -0.10 -0.10 -0.10 -0.10 -0.09 -0.09 -0.09
130 -0.11 -0.10 -0.09 -0.09 -0.09 -0.09 -0.09 -0.09 -0.09
135 -0.10 -0.09 -0.09 -0.09 -0.09 -0.09 -0.09 -0.09 -0.09
140 -0.09 -0.09 -0.09 -0.09 -0.09 -0.08 -0.08 -0.08 -0.08- -
145 -0.11 -0.09 -0.09 -0.08 -0.08 -0.08 -0,08 -0.08 -0.08

Negatwe numDers mcllcate outwarcldisplacements

AR 053333



Table 3.o- Wast Wall, Station 180+00
Permanent venical Displmcernents in Feet

• I

Depth Below
Top of Wall Hortzontml Distance Measutmd from Wall Face in Feet

in Feet G 4 8 12 16 20 24 28 32
0 -0.08 -0.08 -0.07
5 -0.00 _.0_00 -0.07
10 Tier I --0.00 -0.08 -0.(_7-
15 -0.00 -0.07 -0.07-
20 -0.08 -0.07 -0.06 i

25 -0.07 -0.07 -0.00 -0.07 -0.06_
30 -0.07 -0.08 -0.00 -0.07__ -0.00
35 -0.07 -0.08 -0.07 -0.05 -0.06
40 -0.07 -0.00 -0.07 -0.06 -0.06
45 Tier2 -0.07 -0.08 -0.07 -0.00 -0.05
50 -0.07 -0.07 -0.07 -0__.06 -0.05
55 -0.07 -0.07 -0.00 -0.06__ -0.05
60 -0.07 -0.07 -0.06 -0.05 -0.05
65 -0.07 -0.00 -C.07 -0.00 -0.00 -0.05 -0.05
70 -0.07 -0.07 -0.07 -0.00 -0.00 -0.05 -0.05
75 -0.07 -0.07 -0.00 -0.00 -0.05 -0.05 -0.04
80 Tier 3 -0.07 -0.07 -0.00 -0.08 -0.05 -0.05 -0.04
85 -0.07 -0.07 -0.06 -0.00 -0.05 -0.05 -0.04
90 -0.07 -0.08 -0.08 -0.05 -0.05 -0.04 -0.04
95 -0.07 -0.00 -0.00 -0.05 -0.05 -0.04 -0.04
100 -0.05 -0.04 -0.07 -0.00 -0.05 -0.05 -0.05 -0.04 -0.04
105 -0.05 -0.00 -0.07 -0.08 -0.05 -0.05 -0.04 -0.04 -0.03
110 -0.05 -0.08 -0.00 -0.08 -0.05 -0.05 -0.04 -0.04 -0.03
115 -0.05 -0.05 -0.00 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03
120 -0.05 -0.06 -0.05 -0.05 -0.05 -0.04 -0.04 -0.04 -0.03
125 Tier 4 -0.05 -0.05 -0.00 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03
130 -0.05 -0.08 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03
135 -0.05 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03
140 -0.05 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03
145 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03 -0.02--

NegatNenumbersindicate0ownwarclclzsl=acements

AR 053334







CASE 4

Hart Crowser
4978-40 January 17, 2002

AR 053337
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Table 41. West Wall, Station 180+00
Permanent Horizontal Displacements in Feet

End of Shakin_ Follow_,,,,b r M_uetaction ,,,,,
L)eptn Below
lop of Wall Horizontal Distance Memaurecl from Wall Face in Feet

m Feet 0 4 8 12 16 20 24 28 32

0 -0.67 -0.67 -0.67
5 -0.66 -0.66 -0.66
10 Tier 1 -0.64 - -0.64 -0.63
15 -0.62 -0.62 -0.61
20 - .0.6-0 -0.60 -0.59
25 -0.57 :0.58 -0.58 -0.57 -0.57
30 --0.59----0.-57 ..... -0.56 -- -0.55 -0.55
35 --0_57------0.54 - -0.54 -- -0.53 --- -0.53
40 ---0.85 .0.82 -0.52..... :o.s_ -0.5_
45 Tier2 -0.52 -0.50 -(_,50 -0,49 -0.49
50 -0.49 -0.48 -0.48 -0.48 -0.47
55 _b .--4"-7----- 0-46 ..... -"-0_46..... -0.46 " -:0.45--
60 .--_.;M----o.-44---- -o.,_....-o.44 "--o_
65 -0.42 -0.43 -0.43 -0.42 -0.42 -0.42 -0.42
70 -0.40 -0.41 -0_-41---0.40 -0.40 -5.46----'(_.40"

75 -0.38 -0.39 -0.3g -0.38 -0.38-- .... -b,:38- - -0.38-
80 Tier 3 -70.37 -0.37 -0.37 -0.36 -0.36 .... -0_36- - --0.36
85 -0.35 -0.35 -0.35 -0.35-- -0.34- --0.34......-0.34-
90 -0,33 -0,33 -0,33----()_33-- -0,33 ---0_32 - -0132-
95 -.-0._1 -0.31 -0.31 .0.31 -_.31---0.3-_ .... -0.3'i-
100 -0.30 -0.30 -0.29 -0.29 -0.29 -0.29 -0.29 -0.29 -0.29

105 -0,32 -0.30 -0.29 -0.28 -0.27 -0.27 -0.27 -0.27 -0.27
110 -0.30 -0.27 -0.26 -0,26 -0.26 -0.25 -0.25 " :0.25 - --_0.,?.5-"
115 -0.28 -0.25 -024 -0.24 -0.24 -0.24---"_0.24---0,274-- -0.24"

120 ....--0126 -0.23 -0.23 .... -0.22 -0.22----0.?,2 _0._ .... _0.22.... -0_22"
125 Tier4 -0,24 -b_22 ...... -O.2i .... -0.21 --- --0.2:i---O-.2_ .... -0.21 - -b121 -0.21
130 -022 -0,20 -0.20 -0,19 -0,19 -0:i§ .... -0719 ..... -0.19_ -_-.19-
135 -0.19 -0.18 -0.18 -0.18 .... -0.:18 -- "20.18-----_0.113 ..... -0.18--- -0_113
140 ---(:).1-8----'0.17 '--0.--17 --0.17 ----0J17-- 0.;17-- -0.16 -0.i6--- -0.16
_45 --0:18 ---0.1-7- -0._6- -0._- -0._5.... -b._5 -0.15 -0.15- -0.1S-

NeQabve numbers mclicate outwaro ci_sDlacements

AR 053339



Table 42. West Wall, Station 180+00
Permmnent vertical Displacements in Feet

En# of Shakm_ Followed b_ Liquefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8 12 16 20 24 26 32
0 -0.12 -0.11 -0.09
5 -0.12 -0.11 -0.09
10 Tier I -0_12 -- -0.11 -0.09
15 -0.12 -0.11 -0.09
20 ---0.1--2.... -0.10- -0.09
25 -0.13 -o.1_ -0.12 -O.lO -o.oe
30 -0.13 -0.13 -0.11 -0.10 -0.08
35 -0.13 -o.13---:0.i?....,O.lO-- -0.08
40 -0.13 -0.13 -0.11 -0.09 -0.08
45 Tkpr2 -0.13 -0.12 -0.11 -0.09 -0.08
50 -0.13 -0.12 -0.10 --0.09- - -0.0"7
55 -0.13 -0.12 -0.10----0.09 .... ---0.07
6C -0.13 -0.11 -0.10 -0.08 .... -0_07-
65 -0.13 -0.'.1 -0.13 -0.11 -0.1C' -0.08 -0.07
70 -0.13 o0.13 -0.12 -0.10 -0.09 .o.oe ,0.1_7
75 -0.13 -0.13 -0.11 -0.10 -0.09..... -_d.08-- --0.06 -
80 Tier3 -0.13 -0.12 -0.11 -0.10 -0.09 -- -0.---07 -0:06
85 -0.13 -0.12 -0.11 -0.09 -0.08 -0.07 -0.06
90 -0.13 -0.12 -0.10 -0.09 -0.08 -0.07---- -(].06-
95 -0.13 -0.11 -0.10 -0.09 -0.08 -0.07 -0.06
100 -0.09 -0.07 -0.13 -0.11 -0.10 -0.09 -0.07 -0.06 -0.05
105 -0.09 -0.11 _0--12 -0.11 -0.09 -0.08 -0.07 -0.06 -0.05
110 -0.09 -0.12 -0.11 -0.10 -0.09 -0.08 -0.07 -0.06 -0.05
115 -0.09 -0.12 -0.11 -0.10 -0.09 -0.08 -0.07 -0.06 -0.05
120 -0.09 -0.11 -0.10 -0.09 -O.OB -0.0-7------0_06 -0-06--- -_(_l_S-
125 Tier 4 -0.09 -0.11 -0_0- - -{_.69 -0.08 -0.07 -0.06 -0.05 -0.04
130 -0.09 -0.10 -0.09 -0.09 -0.08 -0.07 -0.06-- ---0.05-- - -0._, -
135 _b.o_---=0.-_0 -0.09 -0.08 -0.07 -0.07 -o.oe -0.05----6._
140 - :0.0_.... :(_09----5-.09....:o.os -6.i_7---o.os- -o.os----o.0s----(_.04-
1,r5 ---&_- -0.09.... -0.0e....--5.0s.....:oTo_- -o.o6--;E0_ ....-o.d_.....-0.04-

Negative numbers mOcateOownwaraOlsl:)lacements

AR 053340







CASE 5

Hart Crowser
4978-40 January 17, 2002

AR 053343



AR 053344



CASE6

Hart _r
4978-40 January17.2002

AR 053345
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Table 45. West Wall, Station 180+00
Permanent Horizontal Displacements in Feet

of St_._-_#_ With Concurrent Liouetaction
Depth Below
Top of Wall Horfzon_l Distance Measured from Wall Face in Feet

m Feet 0 4 8 12 16 20 24 28 32

0 -0.82 -0.82 -0,82
5 -0s....... --o.81 ;-o,5o
10 Tier I -0.79 -0.79 -0,79 _
15 "--'0.78 ---0.78 -0,78
20 -076 -0.76 -o76-
25 -0.74 -0.75 -0.75 -0.75 -0,75
30 -0.76 -0.74 -0.74 -0.:73 -0.73
35 -0.74 -0.72 -0.72 -0.72. .... -_0.72
40 -0.73 -0.71 -0.71 -0.71 -0,71
45 Tier2 -_0.71 -0.70 -0.69 -0.69 -0.69-
50 -0.70 -0.68 -0.68 -0.68 -0.68

55 -0.68 -0.67 -0.67 -0.67 -----0.67--
60 -0.66 -0.66 -0.65 -0.65 -0.65

064 .....65 -0.64 -0,65 -0,65 -0.64 -0.64 -0.64 - .
70 -0.63 -0.64 -0.64 -0.63 -0.63 -0.63 -0.63
75 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62
80 Tier 3 -0.61 -0.61 -0.61 -0.61 -0.60 -0.6(_..... -0.60
85 -0.59 -0.60 -0.59 -0.59 -0.59 -0.59 -0.59
90 -0,58 -0.58 -0,58 -0.58 -0.58 -0.58 -0.58
95 -0.57 -0.57 -0.57 -0.57 -0.57 -0.57 -0.57

100 -0.57 -0.57 -0.56 -0.56 -0,56 -0.54 -0.55 -0.55 -0.55
105 -0.58 -0.56 -0.65 -0.55 -0.54 -0.54 -0.54 -0.54 -0.54
110 -0.56 -0.54 -0.54 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53
115 -0.55 -0.53 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52
120 -0.53 -0.51 -0.51 -0,51 -0.51 -0.51 -0.51 -0.51 -0.51
125 Tier 4 -0.52 -0.50 -0.50 -0.50 -0.49 -0.49 -0.49 -0.49 -0.49
130 -0.50 -0.49 -0.48 -0.48 -0.48 -0,48 -0.48 -0.48 -0.48
135 -0.48 -0.47 -0.47 -0.47 -0.47 -0.47 -0.47 -0.47 -0.47

140 -0.47 -0.46 -0.46 -0.46 -0.46 -0.46 -0.46 -0.46 -0.46
145 -0.46 -0.45 -0.45 -0,45 -0.44 -044 -0.44 -(_-_,4----()._,_, -

Negatwe numbers mOcate outwar0 Osptacements

AR 053347



Table 46 - West Wall, Station 180+00

Permanent vertical Displacements m Feet

of Shaxln_ With C_n_n_,_;qwntLiaueMction
Depth Below
Top of Wall Horizontal Distance Measured from Waft Face in Feet

inFee_ o , m 1_ 16 20 _d 20 _:
0 -0.14 -0.j_3__-0_1_2
5 -0.14 -0.13 -0.12
10 Tier I -0.14 -0.13 -0.12
15 -0.14 -0.13 -0.12
20 -0.14 -0.13 -0.12

25 -0.14 -0.12 -0.14 -0.12 -0.11
30 -0.14 -0.14 -0.13 -0.12 -0111
35 -0.14 -0.15 -0.13 -0.12 -0.11
40 -0.14 -0.15 -0.13 -0.12 -0.11
45 Tier2 -0.14 -0.14 -0.13 -0.12 -0.11
50 -0.14 -0.14 -0.13 -0.12 -0.11
55 -0.14 -0.14 -0.12 -0.11 -0.10
60 -0.14 -0.13 -0.12 -0.11 -0.10

65 -0.15 -0.13 -3.14 -0.13 -0.12 -0.11 -0.10
70 -0.15 -0.14 -0.14 -0.13 -0.12 -0.11 -0.10
75 -0.15 -.0.15 -0.14 -0.13 -0.12 -0.11 -0.10
80 Tier3 -0.15 -0.14 -0.13 -0.12 -0.11 -0.11 -0.10
85 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09
90 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09
95 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09

100 -0.13 -0.12 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09
105 -0.13 -0.14 -0.15 -0.13 -0.13 -0.12 -0.11 -0.10 -0.09
110 -0.13 -0.15 -0.14 -0.13 -0.12 -0.11 -0.11 -0.10 -0.09
115 -0.13 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.10 -0.09
120 -0.14 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09 -0.09
125 Tier4 -0.14 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09 -0.09
130 -0.14 -0.14 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09 -0.08
135 -0.14 -0.14 -0.13 -0.13 -0.12 -0.11 -0.10 -0_09 -0.08
140 -0.14 -0.14 -0.13 -0.12 -0.12 -0,11 -0.10 -0.09 -0.08
145 -0.14 -0.13 -0.13 -0.12 -0.11 -0.10 -0.10 -0.09 -0.08

Nega.ve numbers ina=cate Oownwam displacements

AR 053348
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CASE1

4978.40 January 17. 2002

AR 053352



Table 47. South Wall, Station 147+25
Reinforcement Stresses (as a percent of yield)

End of Sta_ed Construction
Depth

Strip Below Top
Density/ of Wall in Segment Number
Panel Feet 1 2 3 4

Notes: ReinforcementStress(asa percentofymld)shownforeacl_4-foot-longsegment.
Exposeclwallheaghtis 12.5 feet.

AR 053353



Table 48. South Wall, Station 147+25

Cumulative Horizontal Displacements in Feet
End of SIa Fed Construction

D.prnblo_;
Top of Well Horizontal Distance Measuredfrom Well Fece in Felt

in Felt 0 4 8
2.,5 -0.02 -0.02 -0.02
7.,5 -0.02 -0.02 -0.02
12.5 -0.01 -0.01 -0.01

Note NegativenurnOersmd_ie outwarddmptacernenli.

AR 053354



Table 49 - South Wall, Station 147+25
Cumulative Vertical Displacements in Feet
End of Sta red Construction

I

rDepth Below
Top of Will HorizontalDistanceMeasured from Will Face in Feet

in Feet 0 4 8
'2.5 -0.o_ ...._'.o2 -0.o_
7.5 ..o.ol -0.02 ..o.ol
12.5 -0.01 -0.01 -0.01

Note Negativenurnl)ersinclK:atedownwarOcl_sl_acernen_.

AR 053355







CASE2

Hart Ctowser
4978-40 January17, 2002

AR 053358



Table 50 - South Wall, Station 147+25

Maximum Reinforcement Stresses (as a percent of yield)

Durin_ Shakin_
Depth

Strip Below Top
Density/ of Wall in Segment Number

Panel Feet 1 2 3 4

2 2.5 ,ram J. ._.2 _ 67 42 1-4 7.5 Reinforcement I _ 29 ........ i2

4 12.5 | _2- -_--- -f3....... _- "
Notes: Remforcernent Stress (as a percent of ymld) shown for each 4-foot-long segment.

Exposea wall height is 12.5 feet.

Shaded numbers indicate that the reinforcement stress exceeded 55% of the y=eldstress.

AR 053359



CASE 3

Hart Crowser
4978-40 January17, 2002

AR 053360



Table 51. South Wall, Station 147+25

Permanent Reinforcement Stresses (as a percent of yield)

End of Shakin_

Strip BelowTop
Density/ of Well in Segment Number
Panel Feat 1 2 3 4

2 2.5 6ram I 71 J 56 31 11
4 7.5 Reinforcement I_ _ -_ 24 9 ._
4 12.5 J 1C 10 7 2

Notes: ReinforcementStress(as a percentof yield)ShOWnforeach 4-foot-longsegment.
F_xposeclwallhezgn_m 12.5feel
ShadeclnumOersindicatethatthe reinforcementstressexceeded55% of the ymlclstress.

AR 053361



Table 52 - South Wall, Station 147+25

Permanent Horizontal Displacements in Feet

End of Shaking/

Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet u 4 8
2.5 -0.43 -0.43 -0.42
7.5 -0.33 -0.33 -0.30
12.5 -0.05 -0.04 -0.04

J

Note Negative numbers ,nalcate outwar0 Osplacements.

AR 053362



Table 53. South Wall, Station 147+25
Permanent Vertical Displacements in Feet

End of Shakin_
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8
2.5 -0.03 -0.0s -0.02
7.E -0.03 -0.05 0.00 J
_2.5 -0.ol o.oo o.oo |R

Note NegaDve numbers m0k:ate downward cl_placernents.

AR 053363
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