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DATE: January 17, 2002
TO: Mr. Jim Thomson, P.E., HNTB Corporation sonon
FROM: Doug Lindquist, P.E., Reda Mikhail, P.E., Michael Bailey, P.E.

RE: Third Runway FLAC Analysis of MSE Walls
4978-40 Cricago
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 Iinternational Airport.
Fairbanks

SUMMARY

Results of the analyses presented herein provide an independent verification of acceptable Jersey City
performance for the Third Runway MSE walis that are designed in accordance with
AASHTO.

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

Juneau

Long Beach

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

occur regardless of when liquefaction 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) Portiand
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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of wall displacement and stress in the MSE reinforcing was reduced when iiquetaction
occurred at tne beginning ot shaking, compared to liquefaction that follows the end ot

shaking.

The wall secuons analyzed show levels of seismic deformation generally iess than 1 foot.
Some of the liquefied soils bevond the limits of the runwav embankment have predicted

displacements of 2 to 3 feet.

Predicted stresses in the reinforcing elements did not exceed the yield strength of the
reinforcement for any of the cases analyzed with FLAC. While in some cases the stress in
some of the reinforcing strips exceeds the limiting value (0.55 times yield) allowed by
AASHTO, the magnitude and extent of this is so limited that it falls within the performance
criteria descriped below. In our opinion, the FLAC results should be used to focus further
discussions with the design team, and not as the sole basis for final design.

In our opinion, the FLAC analyses demonstrates that the proposed MSE design satisfies the
seismic performance objectives previously presented to the Corps of Engineers (Hart
Crowser 2001b).

a The MSE walls and embankment fill will remain stable. Some deformation is acceptable
(up to a few feet) provided stress in the retaining wall materials are typically below the
value allowed by the AASHTO code;

8  There will be no wetland or creek impacts due to seismic shaking of the embankment or
MSE walis; and

®  There will be no operational impacts to the new runway related to movement of the
embankment slopes and walls during an earthquake.

INTRODUCTION TO FLAC ANALYSES

FLAC analyses were accomplished to provide information on wall performance at the end of

construction, and during and after a design level earthquake. Results of the analyses that

are presented include horizontal and vertical deformations of the walls and areas adjacent
to the walls, and stresses in the reinforcing for various load conditions.
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Seismic liquefaction due to the design level earthquake is anticipated to occur at or near
three of the four sections analyzed. The effect of the development of liquefaction relative to
the start and end of shaking is encompassed by the range of conditions presented herein.

Soil Properties

The soil profile, shear strength, and unit weight parameters for each of the FLAC cross
sections ‘were based on the parameters used in the limit equilibrium siope stability analyses.
The soil moduli for glacial soils were based on the shear wave velocity measurements. The
soil moduli for the embankment fill and non-glacial soils were based on empirical
correlations and our experience. After comparing results of preliminary analyses, these
FLAC analysis are based on our best estimate of shear moduli. We discussed the effect of
variation of shear moduli on predicted deformations and reinforcement stresses in our
memorandum dated December 20, 2001 (Hart Crowser 2001¢). Table 1 summarizes the
soil property values that were used.

Wall Sections

FLAC analyses were accomplished for four MSE wall sections selected to represent the
variable range of wall and slope heights for the project as a whole, see Table 2.

Structural Properties

Components of the RECo wall design included in the FLAC analysis consist of the concrete
facing panels and steel reinforcement strips extending from the back of the concrete panels
some length into the soil mass. The concrete panels are typically 4.92 feet tall, 4.92 feet
wide, and 5-1/2 to 7 inches thick (typically the 7-inch panels are used where wall stresses
are greater or equal to 2.55 ksf.) Layers of reinforcement (one layer per facing panel) were
modeled to extend from the facing panels into the soils mass. Hart Crowser assigned
length, tensile, and pull-out capacity properties to each reinforcing layer to represent the
actual length, cross section, and number of reinforcing strips for each panel in RECo’s design
for these sections. For three of the sections the reinforcing was modified to incorporate the
changes recommended to meet target factor of safety criteria, as discussed in our memo
dated january 9, 2002. The analysis for section 105+20 is based on RECo's original 50x4
mm reinforcing instead of the 50x6 mm strips recommended by Hart Crowser. The resuit of
this is likely less deformation but somewhat higher stress in the reinforcing, but we do not
consider this would change our recommendation. Also, dimensions of the steel
reinforcement were reduced by 1.008 mm per side to account for corrosion during the 100-
year design life span per AASHTO recommendations. This is a conservative assumption for
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the end of construction case, but it allows for direct comparison of stresses between the
cases. Table 3 presents the concrete facing properties and Table 4 presents the steel
reinforcement properties used in the FLAC analyses.

Dynamic Parameters

The 10 percent probabiiity of exceedence in 50 years (475-year return period) seismic event
was selected as the seismic basis of design event. Hart Crowser developed a response
spectrum for this ievel of event based on the results of a site-specific probabilistic seismic
hazard analysis (see Hart Crowser 2001a). Professor Steven L. Kramer developed synthetic
seismic time histories (earthquake record) for the FLAC analyses. After analysis of several
alternatives, a time history referred to as Motion E was selected for final design. Motion E
was input into the 2-D ground response analysis program QUAD4 as an outcrop motion at
an 2quivalent bedrock depth of 250 feet. For each FLAC model cross section, a
corresponding QUAD4 analysis was used. In each case, an acceleration time historv was
obtained from QUADA4 at an elevation corresponding to the base of the FLAC mode! for
input into dynamic FLAC analyses.

With regard to timing of liquefaction, we considered two scenarios:

8 liquefaction would occur at the beginning of shaking; and

® Liquefaction would follow the end of shaking.

To assess the range in wall performance considering variation in potential timing of the
liquefaction relative to shaking, Hart Crowser modeled a range in conditions as indicated on
Figure 1.

Results

Displacement of the representative MSE sections and stresses in the reinforcing were
determined for the following conditions:

1) At the end of staged construction;
2) During ground shaking without liquefaction:;
3) At the end of ground shaking without liquefaction;

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

5) During ground shaking, 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
stiffness after 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.

m Negative vertical displacement contours indicate settiement; values of positive vertical
displacement contours indicate heave.

m Positive stress values indicate tension in the reinforcing, negative values refer to
compression.

it should be noted the FLAC modeis 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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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

Tabie 8 - NSA Wall, Station 105+20, Maximum reinforcement Stresses - During
Shaking Without Liauefaction

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 105+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

Tabie 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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Table 24 - NSA Wall, Station 110+47, Permanent Horizontal Displacements in Feet -
End of Shaking Without Liquefaction

Table 25 - NSA Wall, Station 110+47, Permanent Vertical Displacements in Feet - End
of Shaking Without Liquefaction

Table 26 - NSA Wall, Station 110+47, Permanent Reinforcement Stresses - End of
Shaking Followed by Liquefaction

Table 27 - NSA Wall, Station 110+47, Permanent Horizontal Displacements in Feet -
End of Shaking Followed by Liquefaction

Table 28 - NSA Wall, Station 110+47, Permanent Vertical Displacements in Feet - End
of Shaking Followed by Liquefaction

Table 29 - NSA Wall, Station 110+47, Maximum Reinforcement Stresses - During
Shaking With Concurrent Liquefaction

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

Table 31 - NSA Wall, Station 110+47, Permanent Horizontal Displacements in Feet -
End of Shaking With Concurrent Liquefaction

Table 32 - NSA Wall, Station 110+47, Permanent Vertical Displacements in Feet - End
of Shaking With Concurrent Liquefaction

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

Table 34 - West Wall, Station 180+00, Cumulative Horizontal Displacements in Feet -
End of Staged Construction

Tabie 35 - West Wall, Station 180+00, Cumulative Vertical Displacements in Feet - End
of Staged Construction

Table 36 - West Wall, Station 180+00, Maximum Reinforcement Stresses - During
Shaking Without Liquefaction

Table 37 - West Wall, Station 180+00, Permanent Reinforcement Stresses - End of
Shaking Without Liquefaction

Table 38 - West Wall, Station 180+00, Permanent Horizontal Displacements in Feet -
End of Shaking Without Liquefaction

Tabie 39 - West Wall, Station 180+00, Permanent Vertical Displacements in Feet - End
of Shaking Without Liquefaction

Table 40 - West Wall, Station 180+00, Permanent Reinforcement Stresses - End of
Shaking Followed by Liquefaction

Table 41 - West Wall, Station 180+00, Permanent Horizontal Displacements in Feet -

End of Shaking Followed by Liquefaction
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Attachments (Continued):

Table 42 -
Table 43 -
Table 44 -
Table 45 -
Table 46 -
Table 47 -
Tabie 48 -
Table 49 -
Table 50 -
Table 51 -
Table 52 -
Table 53 -
Figure 1 -
Figure 2 -
Figure 3 -
Figure 4 -
Figure 5 -

Figure 6 -

West Wall, Station 180+00, Permanent Vertical Displacements in Feet - End
of Shaking Followed by Liquetaction

West Wall, Station 180+00, Maximum Reinforcement Stresses - During
Shaking With Concurrent Liquefaction

West Wall, Station 180+00, Permanent Reinforcement Stresses - End of
Shaking With Concurrent Liquefaction

West Wall, Station 180+00, Permanent Horizontal Displacements in Feet -
End of Shaking With Concurrent Liquefaction

West Wall, Station 180+00, Permanent Vertical Displacements in Feet - End
of Shaking With Concurrent Liquefaction

South Wall, Station 147+25, Reinforcement Stresses - End of Staged
Construction

South Wall, Station 147+25, Cumulative Horizontal Displacements in Feet -
Erd of Staged Construction

South Wall, Station 147+25, Cumulative Vertical Displacements in Feet End
of Staged Construction

South Wall, Station 147+25, Maximum Reinforcement Stresses - During
Shaking

South Wall, Station 147+25, Permanent Reinforcement Stresses - End of
Shaking

South Wall, Station 147425, Permanent Horizontal Displacements in Feet -
End of Shaking

South Wall, Station 147+25, Permanent Vertical Displacements in Feet - End
of Shaking

Comparison of FLAC Analysis Cases

NSA Wall, Station 105+20, Cumulative Horizontal Displacements - End of
Staged Construction

NSA Wall, Station 105+20, Cumulative Vertical Displacements - End of
Staged Construction

NSA Wall, Station 105+20, Permanent Horizontal Displacements - End of
Shaking Without Liquefaction

NSA Wall, Station 105+20, Permanent Vertical Displacements - End of
Shaking Without Liquefaction

NSA Wall, Station 105+20, Permanent Horizontal Displacements - End of
Shaking Followed by Liquefaction
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Attachments (Continued):

Figure 7 - NSA Wall, Station 105+20, Permanent Vertical Displacements - End of
Shaking Foliowed 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 Foliowed 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 Horizonta!l 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):

Figure 25 - Waest Wall, Station 180+00, Permanent Vertical Displacements - End of
Shaking with Concurrent Liquefaction
Figure 26 - South Wall, Station 147+25, Cumulative Horizontal Displacements - End of

Staged Construction
Figure 27 - South Wall, Station 147+25, Cumulative Vertical Displacements - End of

Staged Construction
Figure 28 - South Wall, Station 147+25, Permanent Horizontal Displacements - End of

Shaking
Figure 29 - South Wall, Station 147+25, Permanent Vertical Displacements - End of
Shaking

F:\Docs\Jobs\497840\FLAC Memo\MSE_FLAC_v2.1.doc
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Table 6 - NSA Wall, Station 105+20
Cumulative Horizontal Displacements in Feet

End of Smgcd Construction
pth Below
Top of Wall in Horizontal Distance Measured from Wall Face in Feet

Fest 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
375 -0.06 -0.06 -0.06

Note Negative numbers indicate outward displacements.
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Table 7 - NSA Wall, Station 105+20

Cumulative Vertical Displacements in Feet
End of Staged Construction

pth Below
Top of Wall | Horizontal Distance Measured from 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
225 -0.04 006 -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

Negative numbers indicate downward displacements.

AR 053269
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Due to a clerical error this
number has been omitted.
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CASE 2

Hart Crowser
497840 January 17, 2002
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Hart Crowser
4978-40 January 17. 2002

AR 053275



'Ssans pidh ay) Jo % GG PapaadXd $SIIS JUSWSDIOJUIBL BY) jey) 3jedlpul SIAQUINU PapeYyS

‘pabueyoun suiewas Jybiay yem

€10} '321S ysaLL AlePOLILIOIO. 0) DV T4 Ul 193} GE O} | Wwosy paseaisut ARybys sem Jybiay jjem pasodx3

‘Juaibas 6uoy-100j-y yoea 10) umoys (pjaik jo Juadsad e se) ssasg JUBWBOIOJUIBY  'SAION

L T [zv ev | sy v | ve 26 6
b | 8z | 8 | v | Oy | ¥s |79 | 22 sze L
8 9z 144 26 .89 s i |-e9- | 22 S22 S
L 14 9¢ 1] 19 o i 6¢ L} Huswedioujey gee S
8 ve D14 0§ [169 ;] 14 14 wury Sii 4
6 L2 44 oy 0s 1€ 17 S 1 4
L ve 9¢ oy 34 1 G¢ S/ 1 4
€ S £l 81 14 114 Ll [*'4 [ 4
8 4 9 S 4 Z ] 1924 ujjiemjo  jaued
Jequiny JuawBasg doj mojeg ywdaqg jAnsueq

ding |

uopaejanby Jnoyum Bupyeys jo pug

(P131£ 40 Juadiad e se) sassang juswvaiojuiey juaueuiiag

0Z+50} uone}s ‘jlem vSN - 6 alqel

AR 053276



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

End of Shaking without Liquefaction
epth Below

Horizontal Distance Measured from Wall Face in Feet

Top of Wall in
Feet 0 4 8
2.5 -0.43 -0.43 -0.42 B
7.5 -0.39 -0.39 <038
125 T To38 TTTTT Te3s T T35
17.5 - -0.31 -0.31 -0.31
22.5 -0.27 -0.27 _ -0.27
27.5 -0.23 -0.24 -0.23
325 -0.20 020 -0.19
37.5 -0.17 0.17 -0.16
Note Negative numbers indicate outward displacements.

AR 053277



Table 11 - NSA Wall, Station 105+20
Permanent Vertical Displacements in Feet
End of Shalg;r_rg Without Liquefaction

pth Below
Top of Wall | Horizontal Distance Measured from Wall Face in Feet

in Fest o 4 8
2.5 0.17 -0.21 -0.17
7.5 ___-0.17 921 07 |
12.5 | 016 <020 _0.17
17.5 _-0.16 -0.20 -0.16
22.5 -0.16 .18 -0.15
27z -0.16 -0.17 -0.15
32.5 | 016 0.16 -0.14
37.5 -0.16 -0.15 0.4

Note Negative numbers indicate downward dispiacements.
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Table 13 - NSA Wall, Station 105+20

Permanent Horizontal Displacements in Feet

End of Shaking Followed by Liquefaction

epth Below

Top of Wali in Horizontal Distance Measured from Wall Face in Feet
Feet 0 4 8
2.5 -0.42 042 — 041
7.5 038 -0.38 0.38
125 | -0.34 0.34 034
17.5 -0.30 0.31 -0.30 B
225 -0.26 027 _ 027
27.5 023 0.24 -0.23
32.5 020 0.20 018
37.5 017 -0.17 T 016

Note

Negative numbers indicate outward displacements.
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Table 14 - NSA Wall, Station 105+20
Permanent Vertical Displacements in Feet
End of Snckglg Followed by Liquefaction

pth Beiow
Top of Wall | Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4 8
2.5 - 0.16 -0.21 017
7.5 ___ 016 %20 017
12.5 ..o __ 020 ___-01®
17.5 -0.16 01 016
22.5 <015 -0.18 o _.__5 |
275 01 017 {14
325 -0.15 -0.16 -C.14
375 -0.15 015 -0.13

Note Negative numbers indicate downwarg displacements

AR 053284
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Hart Crowser
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Table 17 - NSA Wall, Station 105+20
Permanent Horizontal Displacements in Feet
End of Shaking with Concurrent Liquefaction

epth Below
Top of Wail in Horizontal Distance Measured from Wall Face in Feet

Feet 0 4 8

2.5 -0.30 -0.30 -0.30

7.5 -0.28 -0.28 028 |
12.5 0.27 -0.27 -0.27

17.5 -0.25 -0.25 -0.25 ]
225 -0.23 -0.23 -0.23
27.5 -0.21 -0.21 -0.21
32.5 -0.19 -0.19 0.18
37.5 -0.18 -0.18 0.17

Note

Negative numbers indicate outward displacements.
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Table 18 - NSA Wall, Station 105+20
Permanent Vertical Displacements in Feet
End of Shaking with Concurrent Liquefaction

SRR
Depth Below
Top of Wail | Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8
2.5 -0.12 -0.14 <0.13
7.5 -0.12 -0.14 0.12
12.5 -0.12 -0.14 <0.12
17.5 0.12 014 012 |
22.5 | -0.12 -0.13 -0.12 ]
27.5 0.12 0.13 011
32.5 -0.12 -0.12 -0.11
37.5 2012 011 040 ]
Note Negative numbers indicate downward dispiacements

AR 053292
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Table 20 - NSA Wall, Station 110+47
Cumulative Horizontal Displacements in Feet

End of Staged Construction
Depth Below
Top of Wall Horizontal Distance Measured 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
225 Tier 1 -0.07 -0.07 -0.07
27.5 -0.08 -0.08 0.08 |
32.5 -0.09 -0.09 -0.08
375 -0.09 0.09 -0.09
425 -0.10 -0.08 -0.09
47.5 -0.08 -0.08 -0.10 -0.10 -0.08
50 -0.10 -0.10 -0.10 -0.09 EXIN
55 -0.10 -0.11 -0.10 -0.10 -0.09
60 -0.10 -0.11 -0.10 010 009 |
65 Tier 2 -0.10 -0.11 -0.10 010 - -0.09
70 -0.10 -0.10 -0.10 -0.09 -0.08
75 -0.10 010 008 - -0.08 -0.08 |
80 -0.08 -0.09 -0.09 008  -008
85 -0.08 -0.08 -0.08 -0.07 -0.07
80 -0.07 -0.07 -0.07 -0.07 -0.06
92.5 -0.07 -0.07 -0.06 -0.06 -0.06
Note Negative numbers indicate outward dispiacements.
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Table 21 - NSA Wall, Station 110+47
Cumulative Vertical Displacements in Feet

End of Staged Construction
pti fow

Top of Wall Horizontal Distance Measured from Wall Face in
in Feet 0 4 8 12 16
2.5 -0.01 -0.02 -0.02
7.5 -0.03 -0.04 -0.04 |
12.5 -0.04 -0.06 -0.06
17.5 -0.05 -0.07 -0.07
22.5 Tier 1 -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 0.1
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 0.12 011 |
60 005 011 _ -0.11 0.12 011
65 Tier 2 006 ¢ -0.11 <0.11 <0.11 0.1
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 0.08 |
90 -0.08 -0.08 -0.09 -0.09 -0.09
92.5 -0.08 -0.08 -0.08 -0.08 -0.08
Note Negative numbers indicate downward displacements.
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Table 24 - NSA Wall, Station 110+47
Permanent Horizontal Displacements in Feet

N

End of Shaking Without Liquefaction
Depth Below

Horizontal Distance Measured from Wall Face in Feet

Top of Wall
in Feet 0 4 8 12 16
25 034 034 033
7.5 __030 031 _ 030
12.5 028 028 027
17.5 025 026 -0.25
22.5 Tier 1 022 024 023
27.5 021 021 -0.21
32.5 019 _ -0.20 -0.19
37.5 0.18 -0.18 -0.18
42.5 -0.17 -0.17 0.7 |
47.5 -0.16 -0.19 0.15 0.15 ~0.15
50 -0.14 0.17 0.16 0.15 0.14
55 T 013 014 014 013 013
60 02 0T 03 012 012
65 Tierz | 041 041 __ 011 041 __  -0.10
70 -0.09 010 ~ 010 __ -009 009
75 | _-0.08 008 008 008 _~ -008
80 -0.07 -0.08 007 007 007
85 006 006 006 006 006
50 006 T 006 005 005 005
92.5 -0.06 -0.06 -0.05 005 ~  -0.05
Note Negative numbers indicate outward displacements.
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Table 25 - NSA Wall, Station 110+47
Permanent Vertical Displacements in Feet

End of Shaking Without Liquefaction
epth Below
Top of Wall Horizontal Distance Measured from Wall Face in
in Feet 0 4 8 1216 |
2.5 020 017 __ 011 _
7.5 020 016 011 _
12.5 -0.19 015  -0.10
17.5 -0.19 -0.13 -0.09
22.5 Tier 1 -0.19 -0.11 -0.08
275 -0.08 -0.09 -0.08
32,5 -0.08 -0.08 -0.07
375 -0.08 -0.08 -0.07
42.5 -0.08 -0.07 0.06 |
475 005 __ 000 _ 008 __ -0.07_ _ -0.06
50 — 005 _ -0.07 -0.08 -0.06 -0.06 |
55 005 0.7 007 _ -0.06 -0.05
60 | T-0.04 -0.08 -0.06 0.06 005
65 Tier2 | 004 007 006 -005  -0.05
70 004 007 006 005 004
75 -0.04 -0.06 -0.05 0.05 004
80 -0.04 -0.06 -0.05 -0.04 004
85 004 005 005 004 004
90 004 005 -0.05 004 003
92.5 -0.04 -0.05 -0.04 -0.04 -0.03 |
Note Negative numbers indicate downward displacements.
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Table 27 - NSA Wall, Station 110+47
Permanent Horizontal Displacements in Feet

End of Shaking Followed by Liquefaction
epth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Fest 0 4 8 12 16
2.5 — 034 034 = 033
7.5 031 031 030
12.5 028 028 027
17.5 0.25 -0.26 0.25
22.5 Tier 1 -0.22 024  -023
27.5 -0.21 022 021
32.5 -0.20 -0.20 -0.20
37.5 o8 018 -0.18
42.5 -0.17 -0.47 017
47.5 [ 016 019 __-015 015 015
50 | -0.14 0417 016 _ 015 015
55 013 _ 015 014 014 -013
60 ToA2 043 013 0 012 012
65 Tier2 | 011 012 _ 011 _ -0M 011
70 -0.10 -0.10 -0.10 010 T -0.09
75 -0.08 -0.08 -0.09 -0.08 008
80 -0.07 0.08  -0.07 007 007
85 -0.07 007 006  -0.06 © 006
90 [T 006 006 006 006 005
92.5 -0.06 -0.06 -0.06 005 005
Note Negative numbers indicate outward displacements.
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Table 28 - NSA Wall, Station 110+47
Permanent Vertical Displacements in Feet

End of Shaking Followed by Liquefaction
Bupth Eolow
Top of Wall Horizontal Distance Measured from Wall Face in
in Feet 0 4 8 12_ 16
2.5 020 = 017 011
7.5 018 016 011
125 _-0.19 -0:15 0.10
17.5 019 -013 __ -008
22.5 Tier1 | 018 -0.11 0.08
27.5 008 005 _ -0.08
325 -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 .06
50 | 005 005 008 _ -007 __ -0.06 |
55 005 007 007 006  -0.05
60 004 007 006  -006 _ -005
65 Tier2 | 004 007 006 _ -005 005
70 -0.04 -0.07 .06 005 ~ -004
75 004 006 005 005 "0.04_
80 | -0.04 006 005  -0.04 -0.04
85 -0.04 005 005  -004 = -003 |
90 004 005 004 004  -0.03
92.5 -0.04 -0.04 -0.04 -0.04 003 |
Note Negative numbers indicate downward displacements.
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Table 31 - NSA Wall, Station 110+47
Permanent Horizontal Displacements in Feet

End of Shaking with Concurrent Liquefaction
pth Below

Horizontal Distance Measured from Wall Face in Feet

Top of Wall
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 -0.28 028
17.5 -0.26 -0.27 -0.26
22.5 Tier 1 -0.24 025 024
27.5 -0.23 -0.23 -0.23
325 -0.21 022 -0.21
37.5 -0.20 -0.20 0.20 |
425 -0.19 -0.19 -0.18
47.5 0.17 -0.20 0.17 0.17 017 |
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 -0.13 013
65 Tier 2 -0.12 -0.13 -0.12 0.12 -0.12
70 -0.11 -0.11 -0.11 -0.11 011 |
75 -0.10 -0.10 -0.10 -0.10 -0.09
80 -0.08 009 ~  -0.08 008 | -008
85 -0.07 -0.08 -0.07 -0.07 007
90 -0.07 -0.07 -0.07 -0.06 -0.06
92.5 -0.07 -0.07 -0.06 -0.06 0.06
Note Negative numbers indicate outward displacements.
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Table 32 - NSA Wall, Station 110+47

Permanent Vertical Displacements in Feet

Top of Wall

End of Shaking with Concurrent Liquefaction
pth Beiow

Horizontal Distance Measured from Wall Face in

in Feet 4 8 12 16
2.5 -0.09 -0.10 -0.08
7.5 -0.09 -0.10 -0.08
12.5 -0.09 0.10 -0.08
17.5 -0.08 -0.08 0.07

22.5 Tier 1 -0.08 -0.08 -0.07
27.5 -0.08 -0.08 -0.07
325 -0.08 -0.08 0.07
37.5 -0.08 0.07 0.06
425 -0.08 -0.91 -O.E_
47.5 -0.05 -0.01 -0.08 -0.07 -0.06
50 -0.05 -0.06 -0.08 -0.06 -0.06
55 -0.05 -0.07 <0.07 -0.06 -0.05
60 -0.05 -0.08 -0.07 -0.06 -0.05
65 Tier 2 -0.05 -0.07 -0.06 -0.05 -0.05
70 -0.05 -0.07 -0.06 -0.05 -0.04
75 -0.05 -0.07 -0.06 -0.05 -0.04
80 -0.05 -0.06 -0.05 -0.04 -0.04
85 005 = 005 005  -004 -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 Negative numbers indicate downward dispiacements.
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Table 34 - West Wall, Station 180+00
Cumulative Horizontal Displacements in Feet

End of Construction
Depth Beiow
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 28 32
0 -0.10___-0.10 _ -0.10
5 012 -0.12 _ -0.12_
10 Tier1 | -0.15 -0.14  -0.14
15 0.17  -0.16__ -0.16 |
20 018 -0.18 -0.18
25 020 -020 -020 -020_ -0.20 |
30 022 022 022 022 _-021
35 024 023 023 023 -0.23
40 026 025 -024 -024 -0.24
45 Tier2 | 027 025 025 -025 -0.24
50 027 -026 026 -025 -0.25 |
55 028 -027 026 026 -026_
60 027 027 026 -026 -0.25
65 027 028 027 027 _-027 -0.26 -0.26 |
70 028 -028 028 -027 -027 -027 -0.26
75 029 029 -028 -028 -0.27 -027 -0.27 |
80 Tier3 | 029 -029 029 -028 -028 -027 -0.27
85 029 -029 -028 -028 -0.28 -027 -0.27
90 029 029 -028 028 -0.27 -027 -0.27 |
95 028 028 028 -027 027 -027 -0.26
100 026 026 -0.28 -0.28 -0.28 -0.27 -027 027 _ -0.26 |
105 030 029 -028 -027 027 027 026 -026 -0.26
110 030 028 -027 -027 027 -026 -026 -026 -0.25
115 030 027 027 026 026 025 025 025  -0.25
120 029 026 026 -025 025 -025 024 024 -0.24
125 Tiera | 028 025 025 024 024 -0.24 023 023  -0.23 |
130 026 024 023 023 023 022 -022 -022 022
135 024 023 -022 -022 -021 021 021 -021 -0.20
140 021 021 -021 021 020 020 -0.20 0.19 _ -0.19 |
145 020 020 020 019 -019 _ -0.19 018 -0.18 017
Note: Negative numbers indicate outward dispiacements
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Table 35 - West Wall, Station 180+00

Cumuiative Vertical Dispiacements in Feet

End of Staged Construction
Depth Below .
Top of wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 28 32
0 -0.05 -0.06 -0.06
5 _-007 008 -0.08_
10 Tier1 | -008 -0.11__ -0.11 |
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_|
30 014 017 018 _ -0.18__-0.18_
35 -0.16 -0.19 -0.19 -0.18 -0.19 |
40 -0.17 -0.20 -0.20 -0.20 -0.20_
45 Tier2 § 019 0.2t -0.21 -0.21  -0.21
50 020 -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 -0.24 -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
80 -0.23 -0.25 -0.24 -0.24 -0.24 -0.24 -0.23 |
95 -0.24 -0.24 -0.24 -0._2L4 -0.24 -0.23 -0.23
100 -0.15 -0.19 -0.26 025 -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 -0.23 |
115 -0.17 -0.24 -0.24 -0.24 -0.24 -0.23 023 -0.23 -0.23 |
120 -0.17 -0.24 -0.24 -0.23 -0.23 -0.23 023 -0.22 -0.22
125 Tier4 | -0.18 -0.23 -0.23 -0.23 -0.22 -0.22 022 -0.22 -0.21
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 -0.21 020  -0.20 -0.20
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
Note: Negative numbers indicate downward dispiacements
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Table 38 - West Wall, Station 180+00
Permanent Horizontal Displacements in Feet

_End of Shaking Without Liguefaction
Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 28 32
0 <031 -031_ -031_
5 _-030___-030 _-0.30_
10 Tier1 } -029 -029  -0.29
15 028 -0.28 _ -0.28 |
20 027 -027 026
25 025 -0.26 025 -025 -0.25 |
30 T026 025 024 024  -0.24 |
35 025 -024 -023 023 -023
40 023 023 022 -022 022 |
45 Tier2 | 022 021 021 -0.21  -021
50 021 020 -020 -020 -0.20
55 020 -020 019 -0.18  -0.19 |
60 019 -0.19 -0.18 -0.18 -0.18
65 0.8 -0.18 -0.18 -018 -0.17 -0.17  -0.17
70 : 017 047 047 047 017 _ -017  -0.17
75 016 -016 016 -0.16 -0.16 -0.16 _ -0.16 |
80 Tier3 | 015 -0.46 -0.15 -0.15 -0.15 -0.15  -0.15 |
85 0.15 -0.15 -0.15 -0.14 -0.14 014  -0.14
90 014 -014 014 -014 -014 -0.13  -0.13
95 013 -013 013 013 013 013 -0.13
100 0.13 013 -0.12 -0.12 012 -012 -0.12 -0.12  -0.12
105 015 -013 -043 -0.42 -012 012 -0.12 -0.11  -0.11
110 0.14 012 042 -0491 -011 011 041  -0.11  -0.11
115 013011 011 091 011 010 -0.10__ -0.10 _ -0.10
120 012 011 010 -010 -010 -010 -0.10 -0.10 -0.10
125 Tier4a | -011 -010 010 -0.10 -010 -0.10 -0.09 -0.09 -0.09 |
130 011  -010 -009 -0.09 -009 -009 -0.09 -009 -009
135 2010 -0.09 -0.09 -009 -009 -009 009 -009 -0.09
140 009 -009 -009 -009 -009 -008 -0.08 -008 -0.08
145 011 -009 -009 -008 -008 -0.08 -0.08 -008 -0.08 |
Note: Negative numbers indicate outward dispiacements

AR 053333



Table 39 - West Wall, Station 180+00
Permanent Vertical Digplacements in Feet
End of Shaking Without Liquefaction

Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 é 12 16 20 24 28 32
0 -0.08 _ -0.08__ -0.07
5 | -008 _-0.08 _-0.07_
10 Tier 1 -0.08 -0.08 -0.07 |
15 -0.08 -0.07 -0.07 |
20 -0.08 -0.07 -0.06
25 o007 007 -008 -0.07  -0.06_
30 0.07 -008 008 -007 -0.06
35 20.07 008 007 -006 -0.06 |
40 0.07 008 007 -0.06 -0.06
45 Tier2 | -0.07 -0.08 -0.07 -0.06 -0.05
50 0.07 -0.07 -0.07 -0.06 -0.05
55 007 -0.07 006 -0.06 -0.05 |
60 -0.07 -0.07 -0.06 -0.05 -0.05
65 007 006 -C07 006 0.06 -0.05 -0.05 |
70 -0.07 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05
75 -0.07 -0.07 -0.06 -0.06 .05 -0.05 -0.04 |
80 Tier 3 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05 -0.04
a5 -0.07 -0.07 -0.06 -0.06 -0.05 -0.05 -0.04
90 -0.07 -0.06 -0.06 -0.05 -0.05 -0.04 -0.04
95 -0.07 -0.06 -0.06 -0.05 -0.05 -0.04 -0.04
100 -0.05 -0.04 0.07 -0.06 0.0 -0.05 -0.05 -0.04 -0.04
105 -0.05 -0.06 -0.07 -0.06 -0.05 0.05 -0.04 -0.04 -0.03
110 -0.05 -0.06 -0.06 .06 -0.05 -0.05 -0.04 -0.04 -0.03
115 -0.05 -0.06 -0.06 0.05 -0.05 -0.05 -0.04 -0.04 -0.03 |
120 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04 -0.04 -0.04 -0.03 |
125 Tier 4 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04 -0.04 -0.03 0.03
130 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03
135 005 -006 -0.05 -0.05 -005 -004 -004 -0.03 -0.03 |
140 -0.05 -0.06 -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 |
Note: Negative numbers indicate downward dispiacements
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Table 41 - West Wall, Station 180+00
Permanent Horizontal Displacements in Feet

End of Shaking Followed by Liquefaction

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

in Fest 0 4 8 12 16 20 24 25 32
0 067 -067 067
5 ‘066 -066 -0.66
10 Tier1 | 064 -064 -0.63
15 062 -062 -0.61
20 -060 -0.60  -0.59
25 057 __-0.58__-0.58__ -0.57 -0.57
30 059 _-057 _ -056 055 055
35 057 _-054 054 _-053 053
40 085 052 _-052 _ 051 -051
45 Tierz | 052 050 _-050 _ -049  -049
50 049048 _-048  -048 047
55 047 __-046 046 _-046 045
60 044 -044 -044  -044 -D44
65 042 043 -043 -042 042 _ -042  -042
70 T040 041 _-041 _-040 040 _ -040 _ -0.40_
75 036 039 039 -038 -038 -0.38 -0.38
80 Tier3 | 037 037 037 0.6 _ 036 _ -0.36 -0.36 |
85 035 035 035 035 __ -0.34 034 -0.34 ]
90 7033 _ 033 033 033 -033__-032 032
95 031 -031 031 031  -0.31 -031 0.3
100 030 030 -029 -029 029 _-028 -029 -029 -029
105 032 030 029 028 -027 027 _ 027 027 _-027
110 030 _-027 026 -026 026 -025 025 025 __ -0.25 |
115 928 _-025 024 _ 024 024 __-024 _-0.24 024 -0.24
120 026 023 023 022 022 022 022 022 022
125 Tiera | 024 022 021 021 _ 021 021 021 -021__ 021
130 022 020 020 -019 _-0.19 _ -019 019 -019__ -0.19
135 019 018 018 -0.18 018 _ -0.18 _ -0.18 018 __ -0.18
140 018 -017 017 T-017 017 _ 07 | -016 016 _ -0.16
145 018 ~-037  -016 015 -015 015 -0.15 -015  -0.15

Note: Negative numbers indicate outwaro displacements
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Table 42 - West Wall, Station 180+00
Permanent Vertical Displacements in Feet
End of Shaking Followed by Liguefaction

Depth Below
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 26 32
7 012 011 -0.09
5 012 -011  -0.09
10 Tier1 | -012 _ -0.11  -0.09
15 012 _ -011_ -0.09
20 012 -0.10 -0.09
25 0.13 011012 _ -0.10 _ -0.08
30 013___-013__-011 _ -0.10 _ -0.08
as 013 013 -0.11 __ -010_ _ -0.08 _
40 013 _-013 011 __ -0.09 _ -0.08
45 Tier2 | 013 012 -0.11__ -0.09 _ -0.08
50 033012010 -009 _ -0.07
55 013 -012___-0.10_ 009 _ -0.07
60 7013 -0.11 -0.10  -0.08  -007
65 0.3 0.1 __-013 _ -011__ -0.1C__ -0.08  -0.07
70 013 _-013__ 012 010 -009 _-008 __-0.07
75 013013 ___-0.11__ 010 _-0.09 008 -0.06
80 Tier3 | 013 012 _-041__ 010 -009 007  -0.06
85 013012011 -008 -0.06 -0.07 _ -0.06
90 013012 010 009 -008 -0.07 _ -0.06_
95 013 011 -010 -0.08 -008 -0.07 -0.06
100 —-0.08 007 -0.13 _-0.11__ -0.10___-0.09 -0.07 _-0.06__ -0.05_
105 009 011 012 011 -009 -008 -007 006 -0.05
110 009 012 -011 _ -010__ -009 008 -007 -006  -0.05 |
115 009 012 011 010 _-0.09 -0.08 -007 -0.06 -0.05
120 009 -011_ 010 -009 -0.08 -007 _-0.06 -006 _ -0.05
125 Tier4 | -009 011 -010 -009 008 _-007 -0.06 -0.05 -0.04
130 | -009 ~ -0.10 009 -0.09 -008 _-0.07 -006 -0.05 -0.04
135 009 -0.10__-009 008 007 _-007 _-0.06  -0.05 -0.04
140 _-009~ 009 009 -008 -0.07 006 -005 005 -0.04
145 ~-009" -009 -008 -0.08 007 -006 005 ~ -0.04 -0.04
Note: Negative numpers indicate downward dispiacements
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Table 45 - West Wall, Station 180+00
Permanent Horizontal Displacements in Feet

End of Shaking With Concurrent Liquefaction
i Depth Below
Top of Wall Honzontal Distance Measured from Wall Face in Feet
in Feet 0 4 12 16 20 24 28 32

i 082 __-082 _-082
5 .08t -0.81 _ -080
10 Tier1 | -0.79 079 -0.79
15 —0.78__ 078 078 _
20 076 076 -0.76
25 o7& -075 075 -075 075
30 076 074 074 073 -073
35 ~0.74 072 072 -072__ -072
40 073071071 071 _ -0 71
45 Tierz | -071 070 069 _ -069__ -069
50 070 -068 068 -068_ -068
55 068 -067 067 067 __-067
60 066 -066 065 -065 -0.65
65 064 -065 -065 -064 -064 -064 -064 |
70 063 064 064 063 063 063 063
75 062 -062 062 -062 -062 -062 062
80 Tier3 | 061 061 061 -061 -060 -060  -0.60_
85 059 060 059 -059 059 -059 -0.59_
90 058 058 -058 -058 -0.58 -0.58 -0.58_
95 057 057 057 057 057 057 -057
100 057 -057 -056 -056 -056 -055 055 -0.55 -055
105 058 056 055 -055 -054 054 054 -054 -0.54
110 056 054 054 053 053 053 -0.53 -053__ -0.53 |
115 055 -053 -0.52 -052 -052 -052 052 -052 -0.52_
120 053 -051 -051 051 -051 051 051 -051__ -0.51
125 Tiera | 052 050 050 050 -049 _-049 049 -049  -0.49
130 050 049 048 048 048 -048 -048 048  -048
135 048 047 047 047 047 047 047 047 _-047
140 2047 __-046 046 046 __-046__ -046 _ 046 -046 _ 046 _
145 046 -045  -045 -045 -044 -044 044 -044 044

Note: Negative numbers indicate outward dispiacements
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Table 46 - West Wall, Station 180+00

Permanent Vertical Displacements in Feet

End of Sham‘ng With Concurrent Liguefaction

Depth Below )
Top of Wall Horizontal Distance Measured from Wall Face in Feet
in Feet 0 4 8 12 16 20 24 28 32
0 014 013 -0.12
5 014013 -0.12
10 Tier1 | 014 -013  -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 0.1
30 -0.14 -0.14 0.13 -0.12 -0.11
35 0.4 015 -013 _ -0.12___ -0.11_
40 014 015 013 012 -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 -a.14 -0.13 -0.12 0.1 -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 -0.1 -0.10
80 Tier 3 -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
80 -0.15 -0.14 -0.13 -0.12 -0.11 -0.10 -0.09
95 -0.15 -0.14 -0.13 0.12 0.1 -0.10 -0.09
100 013012 -015 _-094__ -013 012 -0.11___0.10 __-0.09 |
105 -0.13 -0.14 -0.15 -0.13 -0.13 -0.12 0.1 -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 Tier 4 -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
145 014 013  -013 012 -0.11 _ -0.90 _ -0.10  -0.08 _ -0.08
Note: Negative numbers indicate downward dispiacements
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CASE 1

Hart Crowser
4978-40 January 17, 2002
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Table 47 - South Wall, Station 147+25
Reinforcement Stresses (as a percent of yield)

End of Smged Construction

Notes:
Exposed wall height is 12.5 feet.

Depth
Strip Below Top
hDensityl of Wall in Segment Number
Panel Feet 1 2 3 4
2 2.5 6 mm 8 ] 5 3
4 7.5 Reinforcement 14 15 11 6
‘ 4 12.5 5 5 6 4
Reinforcement Stress (as a percent of yield) shown for each 4-foot-long segment.
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Table 48 - South Wall, Station 147+25
Cumuiative Horizontal Displacements in Feet
End of Staged Construction

Depth Below
Top of Wall | Horizontal Distance Measured frorm Wall Face in Feet
in Feet o _ 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 Negative numbers indicate outward displacements.
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Table 49 - South Wall, Station 147+25
Cumuiative Vertical Displacements in Feet

End of Staged Construction
Depth Below
Top of Wall | Horizontal Distance Measured from Wall Face in Feet

in Feet 0 4
2.5 -0.01 -0.02
7.5 -0.01 -0.02
12.5 -0.01 -0.01
Note Negative numbers indicate downward dispiacements.
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CASE 2

Hart Crowser
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Table 50 - South Wall, Station 147+25
Maximum Reinforcement Stresses (as a percent of yield)

During Shaking

Notes:
Exposed wall height is 12.5 feet.

Depth
Strip Below Top
Homsny/ of Wall in Segment Number

Panel Feet 1 2 3 4

2 2.5 6 mm 7 67 42 1T

4 7.5 Reinforcement | _ 32 38 29 12

4 12.5 12 16 13 5

Reinforcement Stress (as a percent of yield) shown for eacn 4-foot-iong segment.

Shaded numbers indicate that the reinforcement stress exceeded 55% of the yield stress.

AR 053359



CASE 3

Hart Crowser
4978-40 January 17, 2002
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Tabte 51 - South Wall, Station 147+25
Permanent Reinforcement Stresses (as a percent of yield)

End of Shaking
Depth
Strip Below Top
qDonsnyl of Wall in Segment Number

Panel Feet 1 2 3 4
2 25 6 mm 71 | 5 31 11
4 7.5 Reinforcement 30 33 24 9
4 12.5 10 10 7 2

“Notes:
Exposed wall heign: s 12.5 feet.

B
Reinforcement Stress (as a percent of yieid) shown for each 4-foot-long segment.

Shaded numbers indicate that the reinforcement stress exceeded 55% of the yield stress.
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' Table 52 - South Wall, Station 147+25
Permanent Horizontal Displacements in Feet

End of Shaking -
Depth Below
Top of Wall | Horizontal Distance Measured from Wali Face in Feet
in Feet v 4 8

2.5 | -0.43 -0.43 -0.42
7.5 033 _-0.33 030
12.5 -0.05 -0.04 -0.04 ]

Note Negative numbers indicate outward dispiacements.
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Table 53 - South Wall, Station 147+25
Permanent Vertical Displacements in Feet

End of Shaliry

Bopth Elow
Top of Wall | Horizontal Distance Measured from Wall Face in Feet
in Feet 4 8
2.5 -0.03 -0.05 -0.02
vE -0.03 -0.05 0.00
12.5 -0.01 0.00 0.00

Note

Negative numbers indicate downward displacements.
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