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Abstract
Post-disaster reconnaissance of areas affected by recent earthquakes in Japan
and New Zealand has documented extensive damage to buildings with shallow
foundations resulting from liquefaction-induced settlement. Current practices in
predicting degree of liquefaction-induced settlement are based on semi-empirical
relationships for free-field conditions and do not consider external loadings from
structures. However, field observations have noted that liquefaction settlement

from buildings can be considerably greater than the semi-empirical estimations.

The controlling mechanisms of liquefaction settlement under load are not well
understood and are currently being investigated by researchers within the Geo-
seismic community. Our research is based on a series of 1-g shake table
experiments using a transparent soil box to reproduce liquefaction-induced
building settlements. Settlements were evaluated using a scaled model of a
building foundation representative of a lightly loaded single to double story
building. Experimental testing included use of manually induced shaking,
implementation of an eccentric-mass shaker and use of a biaxial large scale
shake table. Comprehensive parametric study was carried out to establish the
effects of several parameters on free-field and building settlements such as
building width, relative density, ground motion duration and thickness of
liquefiable layer. Experiments included use of accelerometers, pore water
pressure sensors and linear variable differential transformers (LVDT) to monitor

behavior in both free-field and model building footprints during induction of



liquefaction. A comprehensive parametric study was conducted evaluating the
influence of key parameters. Results of this study suggest the following on
liquefaction settlement behavior. Increases in foundation width showed
decreases in settlement. Increases in relative density of soil also showed
decreases in settlement. Increases in ground motion duration lead to increases in
settlement. Increases in thickness of liquefiable layer lead to increases in
settlement. Free-field settlement was predicted using two common methods in
practice and compared with the settlements measured directly in our
experiments. These predictions are shown to be lower than measurements
observed for building foundations and also slightly over-predict settlements
observed in the free-field. Results of these studies are also compared with
previous centrifuge, shake table and field observations normalized for width of
foundation and thickness of liquefiable layer and are generally in good
agreement. Lastly, a brief discussion is presented suggesting the use of helical
piles as a mitigation strategy in reducing the building settlements of structures

founded over liquefiable soils.

The width of the soil container used in experimentation restricted use of larger
model foundation diameters. Current model diameters used in experimentation
suggest that prototype foundations are more typical of isolated piers and footings
rather than mat foundations when considering laws of similitude. Additionally, soil
model grain size characteristics are representative of a coarse sand to fine

grained gravel.
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Chapter 1 Introduction

1.1 General Introduction

Recent earthquakes in New Zealand and Japan have documented extensive
settlement and damage to buildings and residential structures resulting from the
effects of liquefaction. Depending on the type of foundation, settlement can
translate damage to the superstructure of the building. The Canterbury
Earthquake Sequence (2010-2011) saw as many as 20,000 residential homes
damaged from poor ground conditions that were susceptible to liquefaction
(Henderson 2013). Almost half of those structures were deemed a total loss. The
Great Tohoku Earthquake of 2011 produced similar effects to structures. Field
reconnaissance of the areas affected by these earthquakes noted several
observations in regards to performance of foundation types and degree of
settlement. In Christchurch, certain foundation types performed better in terms of
damage not translating to the superstructure, while other foundation types settled
and resulted in large differential displacements and damage to the building

superstructure.

Until recently, liquefaction-induced settlement has been estimated for free-field
conditions, meaning a liquefiable area not subject to the influence of external
loadings such as buildings. Methods to develop these estimates provide a
general range of probable settlement in liguefaction susceptible soils. Estimates

have been proposed by Tokimatsu and Seed (1987), Ishihara and Yoshimine



(1992). However, it has always been understood that structures founded over
liquefiable soils will typically show greater settlement than predicted using the
free-field settlement estimates. Current standards of practice in estimating
probable liquefaction-induced settlements are solely based on volumetric strains.
These volumetric strains are a result of dissipation of excess pore water
pressures and assume that the majority of settlement occurs in post-liquefaction.
Numerous experimental studies have been conducted in an effort to improve the
methods that predict liquefaction-induced building settlement. These studies
included centrifuge and 1-g shake table tests to monitor behavior of settlement
during development of solil liquefaction. Additionally, previous research has
focused on isolating the mechanisms controlling the settlement to gain further
insights on the behavior and relationships of governing liquefaction settlement.
Field observations of building foundation settlement and research have illustrated
that liquefaction settlement tends to decrease with increasing foundation width.
However, further research is needed to better isolate and define other factors
that influence and contribute to the settlement of such structures within

liquefiable soils.

1.2 Problem Description

Current practices used to predict liquefaction-induced building settlement are
based on semi-empirical relationships in the free-field. The controlling
mechanisms of liquefaction-induced building settlement are not well understood.

Research focused on identifying the controlling mechanisms and influence of



parameters such as foundation width, relative density of soil, thickness of
liquefiable layer and ground motion duration on liquefaction settlement will
provide additional insight on this issue. Improved understandings and better
insights on liquefaction-induced building settlement will ultimately lead to better
design procedures and mitigations for foundations residing over liquefaction
susceptible soils. Additionally, these insights will also lead to improved semi-

empirical methods in predicting liquefaction settlements.

1.3 Scope

A comprehensive parametric study was conducted to evaluate liquefaction-
induced settlement for a series of model structures founded over liquefiable soils.
However, before commencement of any experimentation, a thorough review of
previous research and literature concerning the effects of liquefaction-induced
settlement was conducted and used as a guide to narrow our experimental focus.
Review of these previous studies allowed us to identify parameters that were well
understood as well as parameters that could benefit from additional research.
Our literature review also included field reconnaissance reports of previous
earthquakes that documented extensively the effects of liquefaction on
structures. Review of previous research and field observations assisted in
refining our experimental models to draw focus to specific fundamental
parameters contributing to liquefaction such as ground accelerations and excess

pore water pressures.



Each model structure was representative of a typical one-to-two story building.
The models consisted of circular “rigid shallow” foundations of various diameters,
each applying a similar contact pressure on the soil model. The study also
evaluated the efficacy of helical piles as a mitigation strategy for underpinning of
these foundations in liquefiable soils. In total, 56 experiments were conducted on
a scaled model with liquefiable soil conditions. Liquefaction was induced using a
1-g shaking table for each experiment. The experiments were carried out in four
phases. Phase 1, the initial phase, was used mainly to gain an understanding of
how best to construct each model and implement instrumentation. Phase 2,
continued to refine and calibrate the models, however it included pressure
sensors to measure pore water pressure and one linear variable differential
transformer (LVDT) to observe settlement for our model buildings. Phase 3
testing was more of the production phase. In Phase 3, the model included all
instrumentation and model buildings. These results were used to conduct the
majority of our parametric study. Phase 4 tested our soil model on a large scale
shake table equipped with hydraulic actuators. In addition, it also used a realistic
input motion for the 1979 EIl Centro Earthquake. Results of Phases 2 through 4
were compared to previous experimental studies and field observations that have
focused on defining the relationship between width of foundations and magnitude

of settlement during instances of liquefaction.



Chapter 2 Literature Review

Although devastating and oftentimes tragic, earthquake events provide the
opportunity for observation of both the mechanisms of earthquake induced
failures as well as the performance of structures and their various types of
foundations. Often these observations lead practitioners to new insights on soil
structure interactions, soil mechanics and new designs or mitigation strategies
towards preventing future catastrophes. Commonly, these insights are observed
and then evaluated through means of experimental studies, where researchers
draw inferences based on the outcomes of those experiments with the ultimate
goal of deriving new understandings and building upon the standards of practice

in engineering design.

The following sections will explore in detail some of the more recent field
observations of past earthquake events that are providing greater insight into the
controlling mechanisms of liqguefaction and their subsequent damage. These
observations, coupled with recent experiments into the behavior of structures
founded on liquefiable soils are intent on furthering the understanding of the
behavior and improving the standards of practice used in designing structures in

such environments.

2.1 Observations from Past Earthquakes
Recent large magnitude earthquakes have caused significant damage both in

Japan and New Zealand. These earthquakes were centered near large



population centers with structures and appurtenances ranging from lightly loaded
to larger multi-story buildings. Immediately after each event, researchers
mobilized to document the damage and effects resulting from these catastrophic
events. Both the March 11, 2011 M9.0 earthquake centered off the northeastern
coast of Japan and the 2010-2011 Canterbury earthquake sequence centered off
the New Zealand coast near Christchurch were equally devastating.
Unfortunately, these events also provided the opportunity for observations on the

performance of many foundation types subjected to these events.

March 11, 2011 Tohoku Earthquake

The March 11™ event in Japan was centered approximately 200 miles northeast
of Tokyo Bay. The magnitude 9.0 earthquake was responsible for generating a
catastrophic tsunami that inundated the coastlines. The long duration event was
also responsible for causing severe liquefaction. In fact, the areas of highest
liquefaction-induced damage within the Tokyo Bay and surrounding areas were
identified as those constructed over reclaimed soils (Ashford et al. 2011, Yasuda
et al. 2012). According to Yasuda 2012, a great deal of land has been reclaimed
in the Tokyo Bay area since the seventeenth century. More recently in the
1960’s, Tokyo began dredging marine sediments from the bay and reclaiming
them to accommodate growth in industry and increase land for residential
property. Figure 2-1 presents a typical schematic of the dredging operation that
was employed for land reclamation. In the figure it can be clearly seen that the

dredged marine sediments were re-deposited below the sea level (ground water



table). As a result, the soils were largely loose, unconsolidated and saturated
based on the nature of their deposition. Yasuda also noted that historically, land

reclamation had occurred in the original estuaries along the Tokyo Bay region.

Composition of the dredged fill soils from Tokyo Bay were characterized as being
mostly a sandy soil, however it was also noted that at times the fill material did
contain a higher fines content. Subsurface characterization of the Tokyo Bay
area after the March 11™ event identified that the reclaimed soils in the Urayasu
District were as much as 6-9 meters in thickness below the groundwater table
and contained SPT N-values ranging from 2-8 blows (Yasuda et al. 2012). It was
further identified that although the fill soils with higher fines contents should have
been less susceptible to liquefaction, the long duration of the seismic event was

likely a contributing factor.

Pump dredger
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Figure 2-1: Typical Schematic of Dredging Operations for Reclaimed Soils (Yasuda et al. 2012)

According to Yasuda et al. 2012, as many as 27,000 structures within the Tohoku

and Kanto regions of Japan were damaged as a result of liquefaction.



Performance of these structures varied considerably based on their foundation
type and whether ground improvement methods had been implemented. Ashford
et al. 2011 observed that many light residential and commercial structures
experienced a large degree of settlement and tilting. These structures were
typically founded on a rigid mat foundation with deep grade beams and also
noted that damage usually did not translate to the super structure despite the
large degree of tilting and settlement. Figure 2-2 presents the typical damage
incurred as a result of liquefaction-induced settlement. The figure shows two
buildings with an adjacent sidewalk. It is apparent that one building has
experienced minimal settlement and the other has experienced significant
settlement and appears to be tilting. The building that experienced the large
degree of settlement is founded on a mat-type foundation while the other is
supported by a pile foundation system. Liquefaction-induced damages were also
observed to have impacted buried utilities and lifelines as well as levee structures

and many other appurtenances of infrastructure.
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Figure 2-2: Liguefaction-Induced Building Settlement in Uraysu,\JapaTr(Ashford etal. 2011 and
Bray 2016)

During the field reconnaissance after the March 11" event both Yasuda et al.
2012, and Ashord et al. 2011 observed foundations that had previously employed
ground improvement methods. Ground improvement methods have been
employed within the Tokyo Bay region as a liquefaction countermeasure since
the 1980’s. These methods consist of vibratory sand compaction piles SCP),
non-vibratory SCP, gravel drains and lattice-type deep mixing (Yasuda et al.
2012). Reconnaissance of the areas that implemented ground improvement
methods typically showed good performance and minimal damage (Ashford et al.

2011, Yasuda et al. 2012).
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2010-2011 Canterbury Earthquake Sequence

The Canterbury earthquake sequence also provided good grounds to observe
the performance of structures and foundations subjected to the effects of
liquefaction-induced settlement. Between September 2010 through December
2011, New Zealand was affected by a series of strong motions that triggered
localized to widespread, minor to severe liquefaction in the Canterbury region
(Bray et al. 2015, Henderson 2013, van Ballegooy et al. 2014). Reconnaissance
of the affected areas identified that the Central Business District (CBD) of
downtown Christchurch experienced the most significant damage resulting from
liquefaction. Furthermore, it was observed that liquefaction-induced damage
produced varying effects on buildings with different structural and foundation
systems (Bray et al. 2015). Four types of foundations were identified on lightly
loaded structures in the heavily affected area, (1) concrete perimeter with short
piers, (2) concrete slab on grade, (3) RibRaft slabs and (4) driven pile
foundations (Henderson 2013). Figure 2-3 presents an aerial view of
Christchurch region and the corresponding ground surface observations of
liguefaction-induced damage resulting from the February 22", 2011 event. The
areas of highest liquefaction damage can be seen within and around the
channels and flood plains of the Avon River. Subsurface conditions throughout
the CBD and Christchurch can be characterized as having highly variable,
alternating deposits of sands and gravels with overbank deposits of silty soils
(Bray et al., 2015). The water table throughout the area is relatively shallow, 1-3

meters below the ground surface (Bray et al. 2015).
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Approximately 20,000 homes were identified to have experienced some degree
of damage and approximately 7,000 of those homes were deemed uninhabitable
due to the severity of the damage incurred (Henderson 2013). Reconnaissance
teams performed detailed inspections of these homes and areas subjected to the
effects of liquefaction. These detailed inspections focused on level of
subsidence, degree of tilting and any noticeable damage incurred to the

foundation and superstructure (Henderson 2013).

Ground Surface
Observations

No observed ground cracking or
ejected liquefied material

Minor ground cracking but no observed
ejected liquefied material

No lateral spreading but minor to
moderate quantities of ejected material

Moderate to major lateral spreading or
large quantities of ejected material

Severe lateral spreading;
ejected material often observed

No observations (uncoloured)

Figure 2 3: Severlty of quuefactlon Induced Damage within Christchurch after February 22, 2011
Event. (Henderson 2013)

In addition, these inspections led to the development of a qualitative system of
seven groupings that defined the severity of damage to foundations and
structures, ultimately defining a “red zone”, where reconstruction of damaged
structures was no longer feasible. These groupings also included three “technical

land categories” to assist in repair and reconstruction; where each category is
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based on severity and potential for future liquefaction-induced damage effecting
performance of foundations (van Ballegooy 2014). In the case of van Ballegooy
et al. 2014, the field reconnaissance was conducted to assist in insurance
compensation purposes given the scale of homes effected by liquefaction-
induced damage. Figure 2-4 presents the liquefaction-induced damage resulting
from the February 22, 2011 event. Considerable amounts of sediment ejecta can

be seen in addition to the water inundation of homes resulting from liquefaction.

Figure 2-4: Liquefaction-Induced Damage Christchurch (van Ballegooy 2014)



13

2.2 Prior Experimental Studies

Liu and Dobry (1997)

Liu and Dobry (1997) conducted 8 centrifugal tests that investigated the seismic
response of shallow foundations on liquefiable soil. Two series of experiments
were conducted that evaluated the settlement of shallow foundations subjected
to soil liquefaction; Series C focused on varying the depth of compaction of soll
beneath the model foundation while Series G investigated the effects of soil
permeability on seismic response. Series C utilized vibrocompaction methods to
vary the depth of compaction for five model tests (CO through C4). Test CO
served as a base model for the case of zero compaction. Series G focused on
effects of different cohesionless grain sizes by employing a glycol solution in the
centrifuge to model permeability of a finer grained soil. Three tests were
performed for Series G (GO, G55 and G85). Each suffix for Series G represents
the percentage of glycol present in solution for the centrifuge model. Series C
testing was completed using a model footing, representative of a shallow
foundation that induced a prototype dimensions and contact pressure of
approximately 4.56 m and 100 kPa respectively. Series G testing was completed
using a model footing, representative of a shallow foundation that induced a
prototype dimensions and contact pressure of approximately 2.85 m and 122 kPa
respectively. Liu and Dobry (1997) concluded in Series C that as the compaction
depth increased, so did the acceleration of the building footing during shaking.
With increased compaction and footing acceleration, the settlement of the

building decreased as well. Series G showed that with decreasing grain size, or
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decreasing permeability, the dissipation of excess pore water pressure
increases. Series G also suggest that with decreasing soil permeability in sands,
post-liquefaction settlement is likely to increase. The data for each series were
validated by comparing the results to the bounds presented in Figure 2-5. Figure
2-5 presents two plots, the first plot is the data set from two historic earthquakes
(1964 Niigata and 1990 Luzon) where liquefaction-induced settlement was
prevalent. Each event allowed researchers to document first-hand the degree of
settlement for varying widths of foundations. The data resulted in the two
bounded curves and is commonly used today to compare liquefaction-induced
settlement data. The curves suggest based on observations that settlement is
proportional to the foundation width. The second plot in Figure 2-5 presents the
results of both the Series C and G experiments. Series C data clearly shows that
with increasing compaction of soils and reduction in thickness of liquefiable layer,
the settlement is decreased. Series G shows that results without ground

improvement fall within the bounds of previous observations.
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Figure 2-5: Normalized Settlement versus Normalized Building Width for Centrifuge Testing (Liu
and Dobry 1997)

Dashti et al. (2010a)

Current state of practice in estimating liquefaction-induced settlement is to use
procedures that evaluate postliquefaction settlement in the free-field
environment. However, recent earthquakes have shown that seismically induced
settlement for buildings on shallow foundations can be considerably larger.
Dashti et al. (2010a) have identified the need to identify the key mechanisms
involved in liquefaction-induced building settlement. A series of centrifuge
experiments evaluating model buildings on shallow foundations seated over a
layered liquefiable stratum were performed to identify those key mechanisms.
Each test included three model foundations A, B and C. Model foundation A
represented a two-story structure, Model B represented a two-story structure with
wider footprint and Model C represented a four-story structure. Contact

pressures for Models A, B and C ranged from 80, 80 and 130 kPa respectively.
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Dashti et al. (2010a) indicated through the results of the centrifuge testing that
building settlement is not directly proportional to the thickness of the liquefiable
layer. Additionally, the results show that the majority of settlement occurs during
strong shaking with minimal settlement occurring as a result of postliquefaction
excess pore water pressure dissipation. Past investigations of the relationship
between building settlement and liquefaction have identified other important
factors such as intensity of shaking, relative density of soils, thickness of
liquefiable deposits and contact pressure of the structure in question. Commonly,
these parameters, excepting contact pressure, are used in the 1D free-field
liquefaction settlement procedures proposed by Tokimatsu and Seed (1987);
Ishihara and Yoshimine (1992). Dashti et al. (2010a), however, point out that
these procedures ignore the partial drainage that occurs during strong shaking
and important deviatoric strain mechanisms. It was observed during testing that
partial drainage existed both horizontally and vertically away from each model
building in response to the increased pore pressures, while each model footing
generated a soil-structure cyclic response in both inertial forces and pore water
pressure. Bray et al. (2014) also noted that settlement of the building occurred
linearly with duration of shaking and dramatically decreased upon cessation of
shaking. Significant settlements were also observed in the free-field during
shaking suggesting partial drainage. Lastly, Dashti et al. (2010a) concluded that
for each scenario in centrifuge testing, static and dynamic deviatoric-induced
movements in combination with sedimentation and localized volumetric strains

due to partial drainage during earthquake shaking were responsible for most of
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settlements measured in the experiments. Similar inferences can be assumed for
the case of free-field settlement excluding the influence of static and deviatoric-
induced movements. In Figure 2-6, Dashti et al. (2010a) expand on the previous
results from the Liu and Dobry case study in an attempt to validate their data.
Normalized results in this plot do not show good agreement with the Lui and
Dobry centrifuge tests. It should be noted that the contact pressure for the Dashti
experiments were quite large, on the order of 80 and 130kPa which is not

characteristic of a shallow lightly loaded foundation.
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Figure 2-6: Normalized Foundation Settlements of Dashti Centrifuge Experiments (Dashti et al.
2010a)
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Dashti et al. (2010b)

Dashti et al. (2010b) further elaborates on their previously published research.
The author further iterates that estimating postliquefaction settlement in the free-
field is not an appropriate measure to evaluate settlement of buildings founded
over liguefiable soils. Dashti et al. (2010a) performed centrifuge experiments to
identify controlling mechanisms governing seismically-induced settlement of
buildings with rigid mat foundations over thin layers of liquefiable soils. To further
understand the controlling mechanisms of settlement, specific mitigation
techniques were employed on each model in an attempt to isolate selective
parameters. Dashti et al. (2010b) observed that denser liquefiable soils lead to
increased stiffness and thus decrease likelihood of bearing failure. However, an
increase in relative density of liquefiable solil, also leads to an increase in
demand on the structure, thus promoting ratcheting of the soil-structure.
Ratcheting can be described as an accumulation of strain during each cycle
during strong ground motion. Results of these experiments have revealed that
the initiation, rate and amount of liquefaction-induced building settlement follow
the rate of ground shaking intensity. The shaking intensity rate (SIR) can be
measured as the slope of the arias intensity at its strongest time of shaking.
Dashti et al. (2010b) surmise that the SIR along with other key parameters may
be useful in developing a framework for estimating liquefaction-induced building
settlement. Specific mitigation strategies were implemented in each model to
reduce influence of certain key parameters while isolating others. Latex water

barriers were installed on some model perimeters to reduce horizontal flow of
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water while more rigid structural walls were used to reduce effects of shear-
induced deformations and volumetric strains. Each subsurface remediation

reduced overall settlement of the model building.
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Figure 2-7: Comparison of Settlement Rate to Shaking Intensity Rate with Increasing Relative
Density (Dashti et al. 2010b)

Bray and Dashti (2014)

Liguefaction-induced ground displacement has contributed greatly to differential
movements of buildings founded in liquefiable soils during earthquakes.
Settlement based damage has been observed in buildings that experience
punching, tilting and lateral sliding as a result of bearing failure. Bray and Dashti
(2014) have observed in previous centrifuge experiments that much of the

building movement occurs during earthquake strong shaking. Bray and Dashti
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(2014) further clarify that shear-induced movements resulting from shaking-
induced ratcheting of the buildings into the softened soil and volumetric-induced
movements due to localized drainage in response to high transient hydraulic
gradients during shaking are important effects that are not captured in most
design procedures. More specifically, importance of each mechanism are
dependent upon earthquake motions, the liquefiable soil and structure. These
mechanisms are further dependent upon the shaking intensity rate (SIR) of the
ground motion. Sediment ejecta, resulting from dissipation of excess pore water
pressure, tended to have more of an influence on building settlement when
founded over shallow thin deposits of liquefiable material. Bray and Dashti (2014)
have identified that the dominant mechanisms for many cases of liquefaction-
induced settlement are, sediment ejecta, foundation ratcheting, bearing failure
due to soil strength loss and localized volumetric strains resulting from transient
hydraulic gradients. Building settlement was also observed to increase
significantly after Ru ~ 1 with minor contributions in consolidation-induced
volumetric strain after shaking had ceased. Lastly, Bray and Dashti (2014)
reassert that current engineering practices use an empirical based solution to
estimate liquefaction-induced settlement for free-field conditions. The empirical
approach does not take into consideration other dominant key parameters that
contribute to liquefaction settlement of structures during seismic loading events.
Although a simplified approach currently does not exist, Bray and Dashti (2014)
provide recommendations to help guide the engineer in performance-based

engineering assessment. Bray and Dashti (2014) recommend performing a well-
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calibrated, nonlinear, effective stress, dynamic analysis to provide further insight
into the problem and has been implemented with reasonably well results using
the UBCSAND model within FLAC-2D. Figure 2-8 presents the Liquefaction-
induced displacement mechanisms typically of a structure during seismic events.

These movements contribute to development of deviatoric and volumetric strains.

Figure 2-8: Liquefaction-Induced Displacement Mechanisms (Bray and Dashti 2014)

Rasouli et al. (2015)

Liguefaction-induced settlement of lightly loaded structures, such as residential
properties, in liquefaction prone areas is very common. To date, cost-effective
solutions in mitigation of these settlements is not very prevalent. Rasouli et al.

(2015) performed a series of 1-g shake table experiments that investigated the
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performance of sheetpile walls as a potential mitigation strategy in reducing
settlements experienced from the effects of liquefaction. It was believed that by
restricting the lateral displacement of liquefiable soils during earthquake events,
the overall settlement of structures founded within the perimeter of those

sheetpile walls could be reduced.

The study focused specifically on four scenarios of evaluation; (1) Baseline (no
mitigation employed), (2) Full embedment of sheetpiles in a non-liquefiable
bearing layer, (3) Staggered embedment of sheetpiles into non-liquefiable
bearing layer and (4) Half-length embedment of sheetpiles terminating in
liquefiable soils. In addition, evaluations were conducted that compared degree
of settlement resulting from different depths of ground water table (shallow vs.
deep). Rasouli et al. observed that in all cases that lower groundwater table, or
non-liquefiable surface layer, the ultimate settlement is reduced. Sheetpiles with
non-liquefiable surficial layers tend to increase the fixity of the sheetpile system
and protect the foundation against settlement (Rasouli et al. 2015).

Continuous sheetpiles were observed to delay the generation of excess pore
water pressure ultimately offsetting the initiation of liquefaction-induced
settlement. Rasouli et al. (2015) surmised that this is beneficial for cases of
weaker shaking. Cases of staggered embedment of sheetpile systems into
bearing stratum also showed a delay in generation of excess pore water
pressure. However, the staggered approach did not restrict lateral movement of

liquefiable soil and in some cases was observed to increase the degree of
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settlement. Cases of half-length embedment of sheetpile walls into the
subsurface showed no reduction in liquefaction-induced settlement. Lastly,
Rasouli et al. (2015) touch on the subject of post-liquefaction settlement in
structures. It was observed during some evaluations that thin pockets of water
developed within the liquefiable stratum beneath the foundation as a result of the
large excess pore water pressures. As the pressures dissipated after cessation

of shaking the settlement of the model structure continued.

2.3 Current Practices in Estimating Liquefaction Induced Free-Field
Settlements

According to Kramer (1996) the tendency of sands to densify when subjected to
earthquake loading is well documented. The process of densification, or
settlement, frequently causes distress to structures and foundations. However,
reasonably approximate estimations of this settlement have proven to be
complex. Several semi-empirical methods have been developed to evaluate
settlement of sands subjected to earthquake loadings (Tokimatsu and Seed
1987; Ishihara and Yoshimine 1992). These semi-empirical methods are derived
largely from theory in liquefaction susceptibility based on the relationship
between cyclic stress and cyclic resistance ratios. Theory and practice of
evaluating liquefaction resistance has more recently been discussed by leading
practitioners, providing new recommendations and updates to current standards

of practice (Youd et al. 2001; Idriss and Boulanger 2004).
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Tokimatsu and Seed (1987)

Tokimatsu and Seed propose a simplified approach in evaluating settlement of
saturated and unsaturated sands subjected to earthquake loading. This simplified
method of analysis considers the cyclic stress ratio and maximum shear strain to
be the primary controlling factors of liquefaction-induced settlement for saturated
sands. Additionally, the relative density of the soil or standard penetration value
(N-value) along with earthquake magnitude also contribute to the degree of
settlement. Tokimatsu and Seed present observed settlements at 6 sites and
compare those observations with the predictions using their simplified approach.
Results of these observations compare well with the predictive chart presented in
Figure 2-9. Tokimatsu and Seed noted that, under static conditions, this
predictive analysis can pose error on the order of 25-50%. They further point out
that this method becomes less reliable when considering more complex soll
conditions associated with earthquake loadings. Use of this method can be
considered a first case approximation in evaluating settlement of saturated sands

based on volumetric deformations.

The following equations (2.1 through 2.4) are used when evaluating the
settlement for clean saturated sands in conjunction with Figure 2-9. Figure 2.9 is
an empirical chart that relates the cyclic stress ratio and corrected standard blow

counts to a corresponding volumetric strain.
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Cyclic Shear Stress

amax

tcyc = 0.65 * ( ) xgoxrd (2.1)

amax = Maximum horizontal acceleration at the ground surface
Oo = Total overburden stress at target depth

ra = Stress reduction factor

Cyclic Shear Stress Ratio

CSR = ¢ (2.2)

oo’

oo = Effective overburden stress at target depth

SPT N-Value — Normalized to an effective overburden pressure of 1 tsf and effective drill rod
energy equal to 60%.
(N1)60 = CER *CN * N (2.3)

Cer = Correction factor for drill rod energy during SPT.

Cn = Correction factor for effective overburden pressure.

Free-Field Settlement

AH = ev (%) *H (2.4)
&v = Volumetric Strain (%)

H = Thickness of Liquefiable Layer
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Figure 2-9: Volumetric Strain for Clean Saturated Sands (Tokimatsu and Seed, 1987)

Ishihara and Yoshimine (1992)

Ishihara and Yoshimine (1992) evaluated laboratory data on sands tested using
a simple shear apparatus. The results of this evaluation were used to generate a
series of curves defining volumetric strains resulting from the dissipation of pore
water pressures. Ishihara and Yoshimine (1992) further correlated these
volumetric strains to the relative density of sand and factor of safety against
liquefaction. Similar to the original methodology presented by Tokimatsu and
Seed (1987), Ishihara and Yoshimine (1992) augmented the methodology to
include the factor of safety. According to Ishihara and Yoshimine (1992), the

factor of safety considered using the maximum shear strain is a key parameter in
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identifying changes in volumetric strain. These volumetric strains and their
corresponding relationships with relative density can be used to estimate the
probable liquefaction induced settlement for a given site by integrating the
volume changes for each subsurface layer. Ishihara and Yoshimine (1992) used
the proposed methodology to compare estimated liquefaction induced settlement
for sites damaged during the 1964 Niigata earthquake. They conclude that the
methodology enables an approximate estimate of liquefaction-induced

settlements resulting from postliquefaction volumetric strains.

The following equations (2.5 through 2.10) are used when evaluating the

settlement for clean saturated sands in conjunction with Figure 2-10.

Cyclic Shear Stress

Tcyc = 0.65 * (aTZax> * go *rd (2.5)

amax = Maximum horizontal acceleration at the ground surface
Oo = Total overburden stress at target depth

ra = Stress reduction factor

Cyclic Shear Stress Ratio

CSR ==X (2.6)

ago/

0o = Effective overburden stress at target depth
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Cyclic Shear Stress Ratio (Liguefaction)

CSRL = CSRM7.5 (MCF) (2.7)

CSRwm75 — CSR from equation 2.6, representative of a M7.5 event.

MCF — Magnitude Correction Factor = 1.0

Factor of Safety (Liquefaction)

FsI = et (2.8)

Tcyc

tcyc, L= CSRL* Ov

SPT N-Value — Normalized to an effective overburden pressure of 1 tsf and effective drill rod
energy equal to 60%.
(N1)60 = CER *CN * N (2.9)

Cer = Correction factor for drill rod energy during SPT.

Cn = Correction factor for effective overburden pressure.

Free-Field Settlement

AH = v (%) *H (2.10)
&v = Volumetric Strain (%)

H = Thickness of Liquefiable Layer

Figure 2-10 is an empirical chart based on similar correlations to Tokimatsu and
Seed. However, Figure 2-10 uses the cyclic stress ratio to estimate the factor of

safety against liquefaction and relates it to the corrected standard blow count,
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relative density of soil or tip stress using (CPT) to derive an estimate volumetric

strain.

Factor of safety for liquefaction ,

0
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Figure 2-10: Volumetric Strain as a Function of Factor of Safety (Ishihara and Yoshimine, 1992)

Youd et al. 2001

Standard practice for evaluating liquefaction resistance of soils has commonly
employed a “simplified approach” originally investigated and proposed by Seed
and Idriss (1971). Youd and Seed stated that the largely empirical method has
not undergone any general peer review nor updates to the procedure. A
sponsored workshop was conducted in 1996 by the National Center for

Earthquake Engineering Research (NCEER) to discuss developments and
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implement improvements to the simplified approach. Recommendations were
developed for the following topics. (a) criteria based on standard penetration
tests, (b) criteria based on cone penetration tests, (c) criteria based on shear
wave velocity measurements, (d) use of the becker penetration test for gravelly
soil, (e) magnitude scaling factors, (f) correction factors for overburden pressures
and sloping ground, (g) input values for earthquake magnitude and peak

acceleration.

The workshop participants proposed the following equations for determining the
mean stress reduction factor when evaluating the cyclic stress ratio (CSR). The
following equations (2.11 and 2.12) are recommended for noncritical and routine

practice.

Stress Reduction Factors

rd = 1.0 — 0.00765z (for < 9.15m) (2.11)

rd = 1.174 — 0.0267z (for 9.15m < z < 23m) (2.12)

z = depth below ground surface in meters.

In regards to the CSR, the workshop also proposed an updated plot for clean
sands for a Magnitude 7.5 earthquake. The following plot presented in Figure 2-
11, recommended limiting the low end of the CSR at 0.05 for lower values of

(N1)so. Additionally, they also provide recommendations to updating the
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estimation of (N1)eo through a series of corrections that account for hammer
energy ratio, borehole diameter, rod length and sampler corrections. Most

importantly there is also a correction factor for overburden stress. The following

equation presents the proposed correction factors.
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Figure 2-11: SPT Clean-Sand Base Curve for Evaluating Cyclic Stress Ratio (Youd et al., 2001)
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SPT N-Value — Normalized to an effective overburden pressure of 1 tsf and effective drill rod
energy equal to 60%.
(N1)60 = Nm x CN * CE « CB * CR x CS (2.13)

Nwm = Measured standard penetration resistance

Cn = Correction factor to normalize Nm to common reference overburden stress.
Ce = Correction factor for hammer energy ratio.

Cg = Correction factor for borehole diameter

Cr = Correction factor for rod length

Cs = Correction for SPT samplers with or without liners

The magnitude scaling factor is also an important factor when evaluating the
liquefaction resistance of soils. The simplified methods and recommendations
discussed in Youd et al. 2001 were intended to put qualitative measures for an
earthquake representative of a M7.5 event. The recommended revised
Magnitude Scaling Factors based on the moment magnitude are presented in

Figure 2-12.
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Figure 2-12: Recommended Magnitude Scaling Factors (MSF) (Youd et al., 2001)

2.4 Shake Table Testing Model Similitude

According to Kramer (1996), shake table testing has been used in geotechnical
research for quite some time. Shake table testing allows for the model to be
viewed from many perspectives during testing and can be constructed for many
different sizes. Depending on the facilities available, shake tables can be so large
that they allow for testing of soils and structures in prototype “actual” scale.
However, this is not very common and therefore testing usually requires
evaluations be completed on a scaled model with soil conditions at much lower
in-situ stress levels. As a result, correction procedures have been developed to
aid in the interpretation of shaking table test results (Kramer 1996). These

correction procedures applied are known as the law of similitude.
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The laws of similitude govern the scaling of specific parameters for a model
whose corresponding dynamic behavior the model is trying to reproduce
(Towhata 2008). The law provides basic scaling factors that consider geometry,
stresses and strains for both soils and structures as well as dynamic behavior. lai
(1989) developed a theoretical consideration for similitude for shaking table tests
of saturated soil-structure-fluid systems in the 1-g gravitational field. This theory
was based on the basic equations that govern the equilibrium and the mass
balance of soil skeleton, pore water and structures. Table 2-1 presents the
scaling factors considered in our experimental evaluation using a 1-g shake
table. Similitude for 1-g shake table tests assumed the special case as presented
in lai (1989) where the scaling factor for density of testing medium was assumed

to be equal to 1. This is a reasonable assumption for soils.



35

Table 2-1: Similitude for 1-g Shake Table Tests (Adapted from lai, 1989)

Parameter Item Scaling Factors
X Length A

p Density of Saturated Soil 1*

€ Strain of Soll A0®

t Time A0S

o Total and Effective Stress A

p Pore-Water Pressure A

u Acceleration of Soil or Structure 1

El Flexural Rigidity A3S

EA Longitudinal Rigidity ALS

Lastly, consideration is being given towards the density of the soils utilized in
shake table testing. Table 2-1 assumes that the density of the soil has a scale
factor equal to one, meaning that the model and prototype densities are equal.
However, discussion has arisen if testing would be more accurate to prototype
conditions by considering the shape of the stress-strain curve and dilatancy in
model tests under low-effective stresses rather than assuming equal soil density
(Towhata 2008). The brittleness index is a quantitative measure of the difference
between peak and residual shear stress in relation to the peak shear stress.
Research has identified through ring shear testing that confining stress plays an
important role when choosing an appropriate relative density between prototype
and model scales. The following Figure 2-13 presents the results of an

experimental study that evaluated strength softening of soils. According to
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Towhata (2008) the results of the study concluded that strength softening is a
result of pore water pressure and soil dilatancy. Towhata further defines that soil
dilatancy is influenced by both stress and density. Therefore consideration
should be given when using 1-g shake table models of a scaled size because the

stresses will not be representative.

Constant volume ring shear tests
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- e 20- 30kPa
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Figure 2-13: Combination of Relative Density and Effective Stress Level (Towhata, 2008)
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Chapter 3 Test Procedures and Materials

3.1 Soil Container

Each experiment utilized a transparent soil box fitting the dimensions of 6.7 feet x
2.1 feet x 2.7 feet (Ilength - width - height). The box was constructed of 1-inch
thick lexan and reinforced along the corners by a rigid steel frame. Two valves
were installed near the base of the box, allowing for saturation of the soil medium
prior to testing. The inside base of the soil box contained 1-inch thick spacers
and a perforated 0.25-inch thick acrylic sheet. The perforated acrylic sheet
assisted in allowing the soil medium to be drained upon completion of each test.
The inside of the soil container was fit with thin sheets of plexiglass. A grid
pattern was marked on each plexiglass sheet with the dimensions of 5 by 10-cm
and was used to make observations in settlement of the surface and placement
of instrumentation. Lastly, the inside ends of the soil container were fit with 3-inch
thick high density foam pads to reduce boundary effects during experimentation.
Figures 3-1 presents the soil tank with corresponding dimensions utilized for

experimental evaluations.
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Figure 3-1: Soil Tank Dimensions

Figure 3-2 presented below shows our soil model consisting of two 1-foot thick

layers of sand (non-liquefiable and liquefiable).

| Test #5/ |
lo/21 /201 (|8

|
Figure 3-2: Soil Tank used in Experimental Evaluations

38



39

3.2 Shake Table Fabrication

A simple constructed shake table was utilized to perform the majority of our
experimental evaluations. The table consisted of two 2-inch thick pieces of
plywood separated by three equally spaced vertical support members (VSM)
constructed of steel. The outer VSM were 1/16-inch in thickness and the center
VSM was 1/8-inch thickness. The table was designed to seat the soil container
with input motion being induced by displacing the top half of the table in relation
to the bottom half of the table. The table was designed for approximately 1-inch
of displacement and produce a frequency of 5-6 Hz. Configuration of the shake
table and fabrication are presented in the following Figures 3-3 and 3-4. Figure 3-
3 presents the bottom half of the shake table and VSM used to support the top

half of the table.



Figure 3-3: Fabrication of Shake Table

Figure 3-4: Construction of top half of Shake Table

40
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3.3 Shake Table Evaluations

Throughout the course of our research, three separate methods of shaking were
employed to apply input-motions to the soil container. The first method utilized a
simple 1-g manual shaking table. The second method, in an attempt to induce
more consistent input motions, incorporated an eccentric-mass shaker to the
shake table. The third method was performed using the facilities at the

Earthquake Engineering Laboratory located at the University of Nevada, Reno.

3.3.1 Manual Shaking

Displacement or input shaking motion was implemented by inducing a horizontal
force on the soil container for a specified duration. Repeatability of generating
identical input acceleration characteristics between experiments presented

challenges when applying shaking through means of manual shaking.

3.3.2 Eccentric Mass Shaker

In an effort to produce more consistent input motions for the experimental
evaluations, an eccentric-mass shaker was installed on the shake table. An
eccentric-mass shaker consists of a series of counter-rotating weights that are
able to induce motions ranging from purely horizontal direction to purely vertical
direction. The University of Nevada, Department of Civil and Environmental
Engineering purchased the eccentric-mass shaker from ANCO in 1991. Itis a
Model # MK-12.2-49 and produces a maximum eccentricity of 49 Ib-in over a

range of 0 — 40 Hz. The mass shaker is capable of producing a maximum
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allowable force of 8,000 Ibs. Figure 3-5 presents the inner workings of the
eccentric-mass shaker. The counter rotating weights and shafts are protected by
a thick aluminum housing and have been adjusted to induce a purely horizontal

force.

Figure 3-5: ANCO Eccentric-Mass Shaker

The intent in utilizing the eccentric-mass shaker was to produce more consistent
input motions and thus reliable experimental results. Upon implementation, it was
noted that the mass shaker was unable to induce liquefaction in the soil container
at full capacity (2 feet of soil as presented in Figure 3-1). Therefore, the soil
model was reduced by half to be able to induce liquefaction. As a result the soil

model consisted of two 0.5 foot thick liquefiable and non-liquefiable layers.
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3.3.3 Earthquake Engineering Laboratory (EEL)

The University of Nevada, Reno is home to one the largest full scale earthquake
simulation laboratories in the world. The new building was opened in the summer
of 2014 and includes a 10,000 square foot facility that hosts three-biaxial shake
tables and one 6-degree-of-freedom-shake table
(http://www.unr.edu/cceer/facilities-and-equipment/earthquake-laboratory). One
experimental evaluation was completed using one of the biaxial shake tables
located in the EEL and is presented in Figure 3-6. Each biaxial table has the
dimensions of 14 feet x 14.5 feet and is capable of displacing a 50-ton payload to
a peak acceleration of 1g. Each table is operated by a series of hydraulic

actuators with operating frequencies ranging from 0 — 50 Hz.

Wi/,
Figure 3-6: Biaxial Shake Table with Soil Container Located in EEL.
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3.4 Liquefaction Testing Medium

The experimental evaluation utilized a fine to medium grained, poorly graded
sand as our testing medium (Dso = 0.32mm, Cu = 1.75, Cc = 1.04, emin = 0.73,
emax = 1.01). The locally sourced material, Sierra Silica #60 Mesh, was
purchased from Basalite located in Sparks, Nevada. Figure 3-7 presents the dry
material ready for placement in the soil container. Figure 3-8 presents the

average grain size characteristics of Sierra Silica #60Mesh.

———

Figure 3-7: Sierra Silica #60 Mesh in Storage Container
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Figure 3-8: Average Grain-Size Distribution of Sierra Silica #60 Mesh

3.5 Construction of Liquefaction Evaluation Model

Each test was prepared by first constructing a moisture conditioned non-
liquefiable layer. The non-liquefiable layer was conditioned to 5% moisture and
then compacted in lifts within the base of the transparent soil box to a uniform

thickness of 1.0 foot as presented in Figure 3-9.
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Figure 3-9: Preparation of Non-Liquefiable Layer

Saturation of the non-liquefiable layer was then completed through use of a
spigot located at the base of the soil box. Water was slowly introduced into the
box, thus saturating the soil from the bottom up. Saturation continued until a
sufficient height of standing water resided over the non-liquefiable layer, typically

0.5 feet or half the model liquefiable stratum thickness. The liquefiable layer was
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then constructed by means of dry pluviation. The sand was poured over a fine
mesh screen situated over the transparent box assisting in uniform deposition
and complete saturation of the liquefiable layer through the standing water. The
phreatic surface, in each test, was located at the surface of the liquefiable layer.
Figure 3-10 presents the soil model with the dense layer constructed and

saturation completed and prior to construction of the liquefiable layer by means

of pluviation through water.

Figure 3-10: Soil Tank with Prepared Saturated Dense Layer Prior to Placement of Liquefiable
Layer.

3.6 Instrumentation

Each experiment utilized a combination of instrumentation to assess behavior in
ground acceleration, generation of excess pore water pressures and settlement
behavior of model buildings. Table 3-1 summarizes the type, model number and
guantity of instrumentation used during the final configuration of the experimental

evaluations. Input and model accelerations were measured using a single-axis
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accelerometer capable of accelerations of up to 4g. Porewater pressure was
measured using a pressure sensor cell modified to withstand submersed
conditions. The pressure cell was housed in a plastic cylinder and waterproofed
using a clear silicon glue. As an additional precaution, each sensor was then
inserted into a thin membrane finger-cot. Displacement of model structures
during testing was measured using a LVDT and is capable of measuring
displacements up to approximately 4 inches. Figures 3-11 through 3-13 present

the instrumentation used in the experimental evaluations and summarized in

Table 3-1.
Table 3-1: Instrumentation used in Experimental Evaluation
Instrument Type Make Model No. Quantity
Accelerometers Memsic CXL04GP1 6
LVDT Novotechnik TR-0100 3
Pressure Cells Baystar Electrument BH19MM 4

Figure 3-11: Memsic Accelerometers used in Experimental Evaluations.
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Figure 3-13: Typical LVDT used in Experimental Evaluations.

The following schematic presented in Figure 3-14 shows the orientation of each

instrument for each experimental configuration. The schematic includes two
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distinct soil layers differentiated by relative density and two model footings on

either end with the free-field condition located at the center.

mmm Model Footing
i * i m  Accelerometer

AV
T Sierra Silica =
1.0ft #60 A HA A A Pore Water
(Dr = 35%) Pressure Sensor
l LVDT
1.0ft
Base
1 ~

| 6.7 ft |
Figure 3-14: Schematic of Soil Profile and Instrumentation Layout

3.6 Foundation Models

3.6.1 Model Rigid Shallow Foundations

The model structures used in each experiment consisted of circular concrete
footings of an equivalent approximate contact pressure of 12.5 psf. Model
contact pressures were based on the average loading combinations (dead and
live load) for a single family residence of approximately 125psf (Perko, 2009).
Further discussion on scale of the model contact pressure was discussed in
chapter 2 under similitude and further in Chapter 4. These footings represented
the model buildings for two scenarios (1) unsupported rigid mat foundation (2)
rigid mat foundation supported on helical piles. Figure 3-15 presents the range in
foundation model sizes utilized in the experiments. Foundation model sizes
included in the experimental evaluations were 3, 4.5, 6, 8 and 10-inch in

diameter. The models supported by helical piles are aligned along the bottom
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portion of the figure. To maintain consistent measurement of building settlement,
each model was marked to note north, east, south and west corners. In addition,
one model was embedded with steel spacers which allowed each model to be
supported on helical piles which are discussed in the following section. One
accelerometer was secured to each footing in addition to a frictionless plate used

to accommodate the needle on the displacement transducer.

Figure 3-15: Foundation Models Utilized in the Experiments

3.6.2 Model Helical Pile Foundations

Some experiments evaluated settlement of model structures founded on helical
piles. Helical piles consist of a slender shaft and contain a helix at the tip. These
piles are advanced into the ground by application of torque to a target depth,
usually a more competent bearing layer. Figure 3-16 presents the model helical
piles used in our experiments. Each helix was constructed using a 3-dimensional
(3D) printer located at the University of Nevada, De La Mare Library. Use of a 3D

printer ensured fabrication of true helices. These helices were secured to a solid
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aluminum shaft using a heavy grade clear epoxy capable of withstanding
saturated conditions. Each helical pier was advanced to target depth into the
model subsurface using a drill set to a nominal torque setting. The model footing
with steel sleeves could then be placed over the aluminum shafts. Small rubber
O-rings were placed over each shaft and used to secure the model structure to
each shaft. Each helical pile was 22 inches in length to accommodate different
bearing depths based on liquefiable layer thickness and was equipped with a

single 1.2-inch diameter helix at the tip.

Figure 3-16: Model Helical Pile Foundations Utilized in the Experiments
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3.6.3 Model Similitude

Our model was configured using the similitude laws defined by lai (1989) and
presented in Chapter 2. Each experiment assumed a scaled factor of similitude

equal to 10. Our scaled model factors are presented below in Table 3-2.

Table 3-2: Similitude Laws for 1-g Shake Table Tests (A = 10, scaling ratio in this study)

Variable Model Prototype
Length X 1/A 1
Density of Soil/Water | p 1 1
Strain of Soil € 1//1 0.5 1
Time t 1//1 0.75 1
Total and Effective o 1 //1 1

Stress o’

Pore-Water pressure | p 1//1 1
Acceleration a 1 1
Flexural Rigidity El I/A 3.5 1
Longitudinal Rigidity | EA 1/115 1

Table 3-3 presents the similitude for material properties used to construct the
helical piles and implemented in the experimental evaluations. Solid aluminum
rods were chosen in lieu of aluminum tubing to more closely match flexural and

longitudinal rigidity in similitude.
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Table 3-3: Material Properties of Helical Pile Foundation

Material Aluminum
Height (in) 22
Diameter (in) 0.375
E (ksi) 10,000
I (in%) 0.00097

Material properties for the helices on each helical pile are not presented. Specific
material properties of the plastic used to print each 3D helix were not known and

thus similitude could not be determined.

3.6.4 Model Static Bearing Capacity

Bearing capacity was determined for our benchmark model foundation. The
benchmark foundation was 6-inches in diameter. Our calculation used the
following equation 3.1 suggested by Meyerhof in determination of the general

bearing capacity (Das 2015).

2

qu=c'(Nc)Fcs(Fcd)Fci+ q(Nq)Fqs(Fqd)Fqi + (1) y(B)Ny(Fys)Fyd(Fyi)

(3.1)

¢’ = cohesion

q’ = effective stress at the level of the bottom of the foundation
y = unit weight of saoill

B = width of foundation (or diameter for a circular foundation)
Fcs, Fgs, Fys = foundation shape factors

Fcd, Fqd, Fyd = foundation depth factors

Fci, Fqi, Fyi = foundation inclination factors

Nc, Ng, Ny = bearing capacity factors
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Our calculation assumed the footing was founded directly on the ground surface
with no depth of embedment. It also assumed that the water table was located at
the surface. An angle of internal friction for the cohesionless sand in our model

was assumed to be 30 degrees.

The ultimate static bearing capacity of our benchmark model was determined to
be approximately 180 psf. A factor of safety of 3 was used to determine an
allowable bearing capacity. The allowable bearing capacity is 60 psf, which is

greater than our model footing contact pressure.

3.7 Experimental Testing Input Motions
In addition to all instrumentation, all testing was documented by means of
photographs and video. Initial and final conditions of each test included photos in

profile and plan view as well as video in profile and plan view.

3.7.1 Manual Shaking

Experimental evaluations #1 through 9 and #30 through 52 were conducted
using input motions generated by means of manual shaking. Each experiment
completed using methods of manual shaking had a predominant frequency that

ranged between 3-4 Hz.
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3.7.2 Eccentric Mass Shaker

Experimental evaluations #10 through 29 were conducted using input motions
generated by the eccentric mass shaker. Each experiment completed using the
eccentric-mass shaker had a predominant frequency that ranged between 4-5

Hz.

3.7.3 Earthquake Engineering Laboratory (EEL)

Experimental evaluation #53 was conducted using input motions generated by
the biaxial shake table located in the EEL. The biaxial shake table utilized a
historic earthquake record, commonly used in seismic testing and evaluations.
We used the EI Centro 1979 record and scaled it to 0.25g. It is important to note
that because we only performed one test on the biaxial shake table, we were not
able to calibrate the table to achieve a perfectly scale input motion. As a result

our input motion was slightly larger.



57

Chapter 4 Experimental Program

4.1 Model Configuration and Preparation

Our initial model configuration was derived from a project located in South Lake
Tahoe, Nevada (Figure 4-1). Project specific information was provided by the
local foundation design company VersaGrade (a subsidiary of RamJack) and is
located in Sparks, Nevada. The Landing Resort and Spa (formerly the Edge
Resort and Spa) was undergoing facility upgrades and facility improvements to
existing structures. These upgrades consisted of construction of a new one-to-
two story resort administration building and an additional two story maintenance
building. In the project geotechnical report, completed by HEM Consulting, LLC.,
liquefaction susceptible soils were identified within the project footprint.
Subsurface investigations noted considerable clean deposits of loose coarse
grained sand with a relatively shallow water table (approximately 2.5ft below
ground surface). Using the boring logs and subsurface conditions encountered,
we created a generalized geologic profile. The profile was used to identify a
probable “worst case condition” of liquefaction susceptibility consisting of a loose,
saturated ten-foot thick deposit of coarse sands. As a result, our model
configuration adopted a basic profile consisting of similar conditions, however for
simplicity the water table was located at the ground surface. For simplicity we
assumed a ten-foot thick liquefiable layer over an equal non-liquefiable layer.
Figure 4-2 presents the configuration of our soil model used for 1-g shake table
testing. The model utilized a scaled factor of 10 for our experiments. Each

experiment was constructed and prepared as described in Chapter 3.
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The Landing Resort
' Stateline, NV

Figure 4-1: Location of “The Landing Resort” Adjacent to Beach in South Lake Tahoe, NV
(Google Earth, 2016).

I = Sierra Silica =
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Figure 4-2: Profile View of Soil Model Configuration for 1-g Shake Table Testing
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Figure 4-3: Plan View of Soil Model Configuration for 1-g Shake Table Testing

4.2 Phase 1 - Initial Testing and Model Calibration

Initial testing and model calibration consisted first of determining the properties of
the Sierra Silica #60 Mesh and selecting relative densities that were
representative of loose and dense sands for our liquefiable and non-liquefiable
soils. Typically, liquefaction susceptibility increases as the relative density

decreases in granular (cohesionless) soils.

For our liquefiable soil, we chose a target relative density of 35% and for our non-
liquefiable soil we chose a target relative density of 70%. Table 4-1 presents the
general variation of relative density compared to denseness of soils. Based on
Table 4-1, our liguefiable layer ranged from loose to medium and our non-

liquefiable layer was considered dense.
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Table 4-1: Denseness of Granular Soil (Das 2015)

Relative Density, Dr (%) Description
0-15 Very Loose
15-35 Loose
35-65 Medium
65-85 Dense
85-100 Very Dense
Relative Density
Dr (%) = ——2°_ (4.1)

emax—emin

Dry Unit Weight

yd = &2 (4.2)

1+e

Saturated Unit Weight

(Gs+e)xyw (43)

ysat = 1+e

Equation 4-1 was used to determine the approximate void ratio of our testing
medium for each target relative density of 35% and 70%. For our calculations we
utilized the emax and emin presented in Chapter 3. Each corresponding void ratio
could then be used to determine the dry unit weight of each model layer within

the configuration (equation 4.2). Equation 4.3 was utilized when calculating the
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effective stress parameters to use for estimation of pore pressure ratios (Ru)

equation 4.4.

Pore Pressure Ratio

Ru = Z/(excesspwp) (4.4)

= -
Table 4-2 presents the estimated void ratio, relative density, saturated and dry

unit weights of sand utilized to construct the model layers.

Table 4-2: Soil Model Properties

Relative Density Void Ratio Ysat Yd
(Dr) (e) (pcf) (pcf)
25% 0.940 115.47 85.24
35% 0.912 116.25 86.58
45% 0.884 117.05 87.77
55% 0.856 117.87 89.09
70% 0.814 119.16 91.16

Note: Relative Densities and subsequent void ratios based on emax = 1.01 and emin = 0.73.

Our initial model evaluations #1 through 9, were conducted to develop
experimental methods that were both consistent and repeatable. Each model
evaluation consisted of a one-foot thick non-liquefiable layer overlain by a one-
foot thick liquefiable layer. Only accelerometers were utilized during the first
series of tests. The first series of tests included rough model buildings and

excluded the use of helical piles. Figure 4-4 is a typical representation of our
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series of calibration models (Tests 1 through 9). The figure includes a model
building (background) and free-field area (forefront), each equipped with an

accelerometer.

The initial phase of our testing posed three significant challenges to overcome.
The first became evident during the saturation portion of constructing the
liquefiable layer. As water inundated the soil tank, the water began to creep
between the lexan walls and rub sheets creating a large void of water between
the rub sheet and lexan wall. When shaking commenced, the void collapsed,
thus generating the large cracks in the soil surface as seen in Figure 4-4. This
issue was remedied by placing multiple rows of clear double sided tape in
between the lexan walls and rub sheets. The second issue observed were large
deformations generated on either side of the soil tank. These deformations were
a result of boundary effects generated by the direction of excitation and lack of
damping at either end of the tank. These effects can also be seen in Figure 4-4.
The boundary effects were reduced by placing 3-inch thick high density foam
pads along the entire space of the soil tank at each end (Figure 4-5). Lastly, the
gridlines observed on the soil tank in profile were intended to use as guides in
creating a visual representation of the soil profile as it deformed during seismic
induced liquefaction. Numerous attempts were made to create those grids within
the soil profile using a colored sand of the same gradation. It was nearly
impossible to place the colored sand below the water table in a clean orderly

fashion thus matching the existing gridlines or baselines. All attempts to locate a
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matching colored sand or produce a colored sand of equal gradation fell short of
the goal. Attempts at implementing colored sand delineators are presented in
Figure 4-6. As a result, only the surface of the model was noted, before and after

testing, depicting degree of settlement using dry erase markers.

Figure 4-4: Phase 1 Boundary Effect Model Deformations
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1!l

Figure 4-6: Phase 1 Tbical Soil Tank Profile with Colorec‘i“ and Delineator
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Figures 4-7 through 4-8 present the typical measured soil model accelerations
and liquefaction-induced settlement for Phase 1 testing. Each experiment
included accelerometers at the base of the model, center of each layer
(liquefiable and non-liquefiable) as well as the surface (model building and free-

field.) Each record is labeled according to their respective soil model depth.
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Figure 4-7: Test #9 — Soil Model Accelerations

The hand measured surficial settlements are presented below in Figure 4-8.

Each experiment included manual measurement of the settlement using a fixed

66

reference point to the surface of the soil model. Measurements were made using
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a grid pattern across the plan of the soil model before model excitation and post-

liquefaction.
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Figure 4-8: Test #9 — Observed Soil Model Settlement (Manually Measured)
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Table 4-3 is a summary of the Phase 1 testing and includes basic model
information regarding configuration parameters of each model. Appendix A
presents plots of measured data for all experiments. A more comprehensive

summary Table of all experiments is presented in Appendix B.

Table 4-3: Summary of Phase 1 Experimental Program

1)
o &| Z ~ | 8| @
Y - 2 U o 3 o
— W) 73 o < » 5 ) S —
@ o ® c ® - 3 a p ® <
@ @ T o O SR 3 % =
® o 2 ® 3 o o
> S o T - =] o )
(9] — lw) = o
< (72 a
# (m/d/yr) (9) (Br) (ft) (ft) No. No. No.
1 8/12/15 0.23 35 1/1 0.75 -- -- -
2 8/20/15 0.22 35 1/1 0.75 - - -
3 8/25/15 0.44 35 1/1 - - - -
4 9/4/15 0.03 35 1/1 - - - -
5 9/18/15 0.36 35 1/1 05 4 - -
6 9/25/15 0.40 35 1/1 05 5 - -
7 10/2/15 0.44 35 1/1 05 5 - -
8 10/7/15 0.38 35 1/1 05 5 - -
9 10/30/15 | 0.36 35 1/1 0.75 5 - -

4.3 Phase 2 - Eccentric Mass Vibrator Testing

Eccentric Mass Vibrator Testing was utilized in an effort to produce consistent
repeatable results. However, limitations in the peak horizontal force the shaker
could induce prevented us from conducting experiments using thicker 1 foot
liquefiable and non-liquefiable layers. As a result, we decreased the thickness of
the model layers to 0.5 foot in thickness. Testing included the use of model

buildings more representative of a 1-2 story home and began to incorporate the
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use of a pressure sensor to monitor behavior of pore water pressure. Helical
piles were not utilized during this series of testing. Figures 4-9 and 4-10 presents
a typical model profile of our evaluations that utilized an eccentric mass shaker.
Note the high density foam pads on each end of the soil tank to reduce boundary
effects. All testing was performed using layers that were 0.5-feet in thickness.
Locations of buried instrumentation are marked on the face of the soil tank and
are denoted using the symbol “x” while horizontal lines symbolize both the non-
liquefiable and liquefiable layers. Figure 4-9 shows a similar model configuration
to Phase 1 with one model structure and accelerometer to monitor behavior in
the free-field. Note the strings across the top portion of the soil tank in Figure 4-

10. These strings were used in every model configuration and served as the grid

pattern for manual measurement of liquefaction-induced settlement.

Figure 4-11 presents the measured soil model accelerations and includes the
pore pressure ratio at the center of the liquefiable layer in the free-field
environment. Figure 4-12 presents the results of the hand measured liquefaction-
induced settlements for both free-field and model building foundation. Figure 4-
13 presents the estimated spectral accelerations determined from filtered data
using the Seismic analysis software Seismosignal. Tests 10 through 29 were
performed using an eccentric-mass shaker and a summary of each configuration

is presented in Table 4-4.



" Figure 4-10

:est #24 prior to Shaking
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Table 4-4: Summary of Phase 2 Experimental Program
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o &| & | 2 3
Y - 2 o o ® o
4 o o | & < » 5 o S e
@ o T ® U U R 3 n S
| » 2 T 3 o g
> S o T - = o o
[9) Z o a %
# (m/d/yr) (9) (Dr) (ft) (ft) No No. No.
10 11/6/15 | 0.31 35 1/1 0.5 5 - -
11 11/13/15 | 0.30 35 05/05 0.5 5 -- -
12 11/20/15 | 0.33 35 05/05 0.5 5 -- --
13 12/1/15 0.30 35 05/05 0.5 5 --
14 12/8/15 0.20 35 05/05 0.5 5 --
15 12/11/15 | 0.16 35 05/05 0.5 5 -- --
16 12/15/15 | 0.17 35 05/05 0.5 5 -- -
17 12/18/15 0.17 35 05/05 0.5 5 - -
18 1/5/16 0.39 35 05/05 0.5 5 -- ="
19 1/8/16 0.37 35 05/05 05 5 -- --
19.1 1/22/16 0.36 35 05/05 0.5 5 -- --
19.2 2/5/16 0.34 35 05/05 0.5 5 1 --
20 1/12/16 0.36 35 05/05 0.5 5 -- --
21 1/14/16 0.37 35 05/05 0.5 5 -- --
22 1/20/16 0.34 35 05/05 0.67 5 -- --
22 2/12/16 0.34 35 05/05 0.67 5 1 --
23 2/19/16 0.33 35 05/05 0.83 5 1 -
24 2/26/16 0.34 35 05/05 1 5 1 --
25 3/1/16 0.33 35 05/05 0.25 5 1 --
26 3/9/16 0.37 35 05/05 0.375 5 1 --
27 3/16/16 0.49 35 0.75/ 5 1 --
0.25 0.25
28 3/18/16 0.44 35 0.75/ 0.375 5 1 --
0.25 )
29 3/24/16 0.5 35 0.75/ 05 5 1 --
0.25 )

4.4 Phase 3 - Manual Shaking Testing Results

Because of the limitations of the eccentric-mass shaker, testing reverted back to

using the manual shaking method. This series of testing incorporated the final
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suite of instrumentation that included the use of 6-accelerometers, 4-pressure
sensor cells and 3-LVDT’s as defined in the previous Chapter in Table 3-1. In
addition, this series of testing utilized two model buildings; one unsupported rigid
shallow foundation and one rigid shallow foundation supported on three-helical
piles. Each model foundation was approximately equal in contact pressure. Tests
#30 to 47 were performed using the helical pile and unsupported foundation
configuration. Once it was established that helical piles provided a significant
reduction in liquefaction-induced settlement, the use of helical piles was
discontinued. The remaining Tests #47 through 52 were completed using
unsupported model foundations of varying diameter. These tests were completed
to better establish the relationship that foundation width has on degree of
settlement. Figure 4-14 shows the final configuration of foundation models and
instrumentation prior to testing for Phase 3. Figures 4-15 and 4-16 show the
typical settlement observed during liquefaction evaluations. Figure 4-17 presents
the soil model accelerations for Phase 3 experiments. Phase 3 include
accelerometers on each model building foundation including the free-field
environment. Figure 4-18 presents the pore pressure ratios located at the center
of the non-liquefiable layer, and center of liquefiable layer located beneath each
model building foundation and free-field environment. Figure 4-19 presents the
estimate spectral accelerations and recorded model building settlement from
LVDT'’s. Figure 4-20 presents the manually measured settlements. Table 4-5

provides a summary of all Phase 3 experiments.
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Figure 4-14: Test #43 Prior to Shaking

(a) (b)
Figure 4-15: Test #52 Depiction of Settlement Resulting from Liquefaction (a) before and (b) after
shaking.



(b) j
Figure 4-16: Test #52 Plan View of Settlement Resulting from Liquefaction for both Model
Foundations (a) before and (b) after shaking.
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Figure 4-17: Test #38 — Soil Model Accelerations
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Table 4-5: Summary of Phase 3 Experimental Program

82

o &| Z S 3
Tl = 2 o o ® w
o 0 512 5| | 8§ 2| ¢ > 2 <
43 5 T | % U ° 8| 3 o g S
© 1 a2 3 @ o @ I
1523 °| B
< (2]
# (m/d/yr) (9) (Dr) (ft) (ft) No No. No.
30 4/1/16 0.3 35 1/1 0.25 5 1 --
31 4/20/16 - 35 1/1 0.5 6 1 -
32 5/12/16 0.33 35 1/1 0.5 6 1 -
33 6/15/16 0.18 35 1/1 0.5 6 1 --
34 6/22/16 0.26 35 1/1 05 6 1 1
35 7/1/16 0.14 35 1/1 0.5 6 4 3
36 7/15/16 0.25 35 1/1 05 6 4 3
37 7122/16 0.2 35 1/1 0.5 6 4 3
38 7127/16 0.26 35 1/1 05 6 4 3
39 8/4/16 0.29 35 1/1 0.75 6 4 3
40 8/9/16 0.279 35 1/1 0.25 6 4 3
41 8/17/16 0.335 35 1/1 0.36 6 4 3
42 8/27/16 0.276 35 1/1 0.67 6 4 3
43 9/9/16 0.259 35 1/1 0.83 6 4 3
44 9/16/16 0.234 25 1/1 0.5 6 4 3
45 9/19/16 0.298 45 1/1 05 6 4 3
46 9/23/16 0.318 55 1/1 05 6 4 3
47 9/26/16 0.356 35 1.25/ 6 4 3
0.75 0.5
48 9/30/16 0.306 35 10.?5/ 05/0.83 6 4 3
49 10/5/16 0.393 35 16_65373/ 05/0.83 6 4 3
50 10/14/16 0.248 35 1/1 | 05/0.83 6 4 3
51 10/21/16 0.254 35 1/1 | 05/0.83 6 4 3
52 10/24/16 0.205 35 1/1 | 05/0.83 6 4 3

4.5 Phase 4 - EEL Validation (El Centro Input Record)

The final experiment was conducted on the biaxial shake table located in the

EEL. Special care was taken to protect the large hydraulic actuators on the
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shake table from sand particulates by draping plastic sheeting over the areas
where the actuators were exposed. The soil tank was lifted to the table surface
and secured using dunnage that was anchored to the table surface. All
instrumentation was channeled using the data acquisition system provided by the
EEL. The model and placement of instrumentation was constructed using the
same configuration as Tests #47 through 52. The EEL equipped the soil tank
with GoPro cameras located at each condition representing foundations and free-
field environment. An additional camera was placed at a distance away from the
shake table to record performance of all the foundations in profile during
excitation. Figure 4-21 presents Test #53 on the biaxial shake table prior to
excitation. Figure 4-22 is a plan view of test #53 showing model building

foundations situated on top of the liquefiable layer before testing.

Figure 4-21: Test #53 Positioned on Biaxial Shaking Table



84

Figure 4-22: Test #53 Prior to Shaking

Figures 4-23 through 4-26 present the typical measured and observed recording
similar to those presented for Phase 3 testing. Because of the characteristics of
the input motion, including the ground motion duration, settlement was
considerably greater than those observed during Phase 3 evaluations.
Settlements recorded using the LVDT’s do not present an accurate record of
settlement. Settlement was so great during model excitation that the model
building foundations settled beyond the limits of the LVDT’s. In addition, at the
beginning of ground motion input, the LVDT pin lost contact with the platform
used to monitor free-field settlement and subsequently provided an exaggerated
degree of settlement as shown in Figure 4-25. A summary of the model

configuration is presented in Table 4-6.
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Table 4-6: Summary of Phase 4 Experimental Program

o | Z . >
Tl o 2 o 9 o w D
0] o X
3 > 81 2 5| g 2 2 S5 8 <
~ © 2| & 9 CO 3 o Z S
> & 2| T & 9 2 s 3
D é (W) a
# (m/d/yr) (9) (Br) (ft) (ft) No. No No.
53 10/31/16 | 0.33 35 1/ 0.5/0.83 6 4 3
1

4.6 Semi-Empirical Estimation of Liquefaction-Induced Settlement

As discussed in Chapter 2, semi-empirical methods are often used to evaluate
the settlement of saturated clean sands in the free-field environment. There are
currently no methods that exist to provide an accurate estimation of liqguefaction-
induced building settlement. Each experiment in Phases 3 and 4 recorded the
settlement of each model structure and free-field environment using LVDT’s. In
addition, to the LVDT’s manual measurements were also recorded to document
degree of settlement. These measurements were conducted by recording the
initial height of the model surface from a known reference point and also
immediately after testing. Figure 4-27 depicts the methods used to manually

measure the settlement of the model surface for each test in Phases 3 and 4.

Using the semi-empirical methods discussed in Chapter 2 (Tokimatsu and Seed;
Ishihara and Yoshimine), estimations of the theoretical settlement were

calculated and compared to the actual values measured using the LVDT'’s.




Figure 4-28 presents a comparison of semi-empirical liquefaction settlement

estimates with the average measured settlement in the free-field.
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Figure 4-27: Typical Measurement of Settlement upon Completion of Shake Table Testing
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Figure 4-28: Comparison of Semi-Empirical Estimates of Liquefaction Settlement to Average
Measured Settlement for Free-Field.

A comparison of our results of hand measured settlement values versus the
LVDT measurements for free-field conditions are presented in Figure 4-29.
Recorded values observed using the LVDT show that the hand measured values
are not in agreeance with the LVDT readings. During experimentation, it was
noted that the LVDT influenced the values because of the spring loaded pin that

measured the subsequent deformation.
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4.7 Results and Findings from Parametric Study

The results presented in the following section represent data from benchmark
evaluations during our testing. Our series of evaluations considered a range of
foundation diameters as well as variations in shaking duration, relative density

and thickness of the liquefiable stratum.
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4.7.2 Influence of Relative Density

Figures 4-30 and 4-31 present the measured benchmark settlements for both the
Free-Field and 6-inch diameter Foundation condition over a range of increasing
relative density of the liquefiable soil layer. Each scenario clearly shows that as
relative density increases, the measured settlement for a nominal 12-inch thick
liquefiable layer decreases. The settlement in the free-field appears more
gradual, while the settlement for the benchmark foundation decreases at a

greater rate.
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Figure 4-30: Comparison of Relative Density of Liquefiable Soil and Measured Settlement in
Free-Field.
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inch Diameter Foundation.

4.7.3 Influence of Foundation Diameter

Figure 4-32 presents the measured settlements over a range of building
foundation diameters. For these benchmark evaluations, the relative density was

maintained constant at 35% with a liquefiable layer thickness of 12-inches. The
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figure suggests that liquefaction-induced settlement decreases with increasing
foundation diameter. Dashti et al. (2010a, 2010b) have previously stated that a
linear relationship between observed settlement and foundation diameter does
not exist, suggesting that there are greater factors influencing the behavior of the
settlement. Our results do suggest a linear relationship in settlement behavior in
regards to foundation width as well as normalized widths and liquefiable layer

thicknesses.
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4.7.4 Influence of Ground Motion Duration

Figures 4-33 and 4-34 present the measured settlement compared to shaking
duration. For these benchmark evaluations, the relative density was maintained
constant at 35% with a liquefiable layer thickness of 12-inches. The shaking
duration was varied between 2, 4, 6 and 8 seconds. The values plotted represent

the significant duration of shaking for each evaluation. The significant duration
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was estimated using the duration of strong motion for the base acceleration data
for the time interval at which 5% and 95% of the recorded strong motion (Kramer,
1996) It is apparent that liquefaction-induced settlement increases with
increasing shaking duration for both cases in the free-field and building

foundation. Building settlement is observed to increase at a greater rate.
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Figure 4-33: Comparison of Ground Motion Duration and Measured Settlement in Free-Field.
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Figure 4-34: Comparison of Ground Motion Duration and Measured Settlement for 6-inch Building
Foundation.

4.7.5 Influence of Thickness of Liquefiable Layer

Figures 4-35 and 4-36 present measured settlement in comparison to thickness
of liquefiable layer. For these benchmark evaluations, the relative density was

maintained constant at 35% and the liquefiable layer thickness was varied from
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12-inches to 18-inches. Observed settlements are plotted for each case
representing free-field, 6-inch and 10-inch building foundations. Most notable, it
is observed that settlement increases with increases thickness of liquefiable
layer. Also, it can be seen that increasing foundation diameters show reduced
settlements and increase at roughly the same rate with increasing liquefiable

layer thickness.
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Figure 4-35: Comparison of Liquefiable Layer Thickness and Measured Settlement for Free-Field.
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Figure 4-36: Comparison of Liquefiable Layer Thickness and Measured Settlement for 6-inch and
10-inch Building Foundation.

4.7.6 Normalized Settlement

Figures 4-37 and 4-38 present our results in comparison to previous studies of
liquefaction-induced settlement for shallow foundations. The plot provides a

normalized comparison of foundation settlement in regards to building width. This
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plot was previously presented in Dashti et al. (2010b) and Bray and Dashti
(2014) and has been updated to include the results of our experiments. The
updated plot is comprised of a series of field observations, centrifuge and shake
table studies. The upper and lower bound plots are also based on previous field
observations as described in Chapter 2. Liu/Dobry, Hausler, and Dashti plots are
based on results from centrifuge testing while the Yoshimi results are based on
shake table testing. Results show a similar scatter of data for normalized
foundation settlements based on overall sources provided in the plot. It should be
noted however, that the Liu/Dobry and Dashti data represent points for
foundations of considerable contact pressure (approximately 2000 psf). Our data
represented points for foundations with contact pressures closer to 125 psf and
are more representative of a lightly loaded 1-to-2 story structure. In addition, the
plot also shows that for our evaluations comprising the use of helical piles, a

dramatic reduction in settlement is observed.
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Figure 4-37: Comparison of Unsupported Foundations with Previous Research (Adapted from
Dashti et al. 2010b)
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Figure 4-38: Comparison of Helical Pile Supported Foundations with Previous Research (Adapted
from Dashti et al. 2010b)

4.7.7 Comparison of Hand Measurements versus LVDT

Settlements for our experiments were plotted comparing free-field with building
settlement using both hand measured values and LVDT. Figure 4-39(a) presents
the comparison of those results. Hand measured values comparing free-field to

building settlements suggest that buildings experience settlement on order
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approximately 4.6 times greater than in the free-field. Measured values for LVDT
show an increase in settlement on the order of 1.6 times greater. Measured
values using the LVDT show a greater range in free-field values, suggesting that
the LVDT had considerable influence on the degree of free-field settlement
measured using LVDT’s. Figure 4-39(b) presents a proposed correction factor
that could be applied to the results of the LVDT. The figure presents the hand
measured free-field settlement values in relation to the ratio of the free-field
measurements of hand and LVDT measurements. It was our observation that the
spring within the lever pin of the LVDT exaggerated the settlement measured in
the free-field. By applying the average of the ratio presented in Figure 4-39(b) to
the LVDT values, the exaggeration effect of the spring should be accounted for

and thus removed. We estimated an average ratio of approximately 0.33.
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To further investigate the influence of LVDT’s on measured Free-Field
settlement, a comparison of measured free-field values and building footprint
values were individually plotted using the hand measured and LVDT results.
Figure 4-40 is a comparison of hand measured and LVDT values for the free-
field. Figure 4-41 is a comparison of hand measured and LVDT values for the
building footprint. It is clearly observed in Figure 4-41, that hand measured and
LVDT values for the building footprint have an excellent correlation, suggesting
consistency in the measured values. However, Figure 4-40 does not show that
strong of a correlation. In the free-field case the implementation of the LVDT
influenced our results, because of the downward force created by the spring
loaded pin. At the moment of liquefaction when the soil lost its strength, the

spring loaded pin tended to push the base plate further into the soil.
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4.7.8 Limitations in Scaled Model

Our experiments had certain limitations in regards to model scale. The soil used

in each experiment was determined through laboratory testing to be a fine to

medium grained, poorly graded sand. The sand had a Dso equal to approximately

0.3mm. Dso represents the corresponding particle size at 50% passing. When

considering similitude for our model soil type and applying a similitude factor of
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10, the Dso grain size in prototype becomes roughly 3mm in particle diameter.
This suggest that our soil grain size characteristics in prototype are more

representative of a coarse grained sand and possible fine grained gravel.

The dimensions of the soil container used to construct our soil model was limited
in lateral extents with dimensions of only 2.1 feet in width. This restricted our
experiments in using larger foundation models which would be more
representative of a mat foundation. Considering similitude for the dimensions of
the model foundations we used, our prototype mat foundation diameters would
be more representative of isolated piers and footings. Prototype foundations

dimensions based on our model diameters range from 2.5 ft to 8.3 ft.

Limitations were also present in regards to the influence of the footing over the
depth of the layers within the soil model. Consideration was given to ensure that
model diameters chosen, had a zone of influence that terminated within the soil
model. The zone of influence was determined using Schmertmann’s method
assuming a circular foundation with L/B ratio equal to 1. The maximum zone of

influence was calculated by multiplying the diameter of the footing by 2.
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Chapter 5 Conclusions and Recommendations

Field observations based on post-earthquake reconnaissance of structures
founded over liquefiable soils has provided a trove of data on their performance.
Major seismic events in both New Zealand and Japan have shown the high
severity and large scale of damage resulting from liguefaction-induced
settlement. The Canterbury Earthquake Sequence of 2010-2011 damaged as
many as 20,000 homes resulting in enormous recovery costs. In order to limit the
scale of damage generated by these events, new understandings and insights on
the performance of these foundations would provide considerable benefit and
possibly a reduction in costs to mitigate existing structures and to implement new
design guidelines for future structures in areas susceptible to the effects of

liquefaction.

Current standards of practice are used to estimate settlement of saturated
liquefiable soils in the free-field environment. However, these procedures have
not been able to account for settlement of structures founded over these soils. As
a result, estimation of liquefaction-induced settlement can be considered a large
approximation with sizeable uncertainty. In addition, these procedures assume
settlement to occur as a result of volumetric strain in post-liquefaction pore-
pressure dissipation. Recent centrifugal testing conducted to evaluate
liquefaction-induced settlement has identified that very little settlement occurs in
the post-liquefaction state and rather the majority of building and free-field

settlements occur during strong ground motion events. Researchers have also
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identified other key parameters that influence the settlement of these structures.
Dashti et al.(2010a and 2010b), surmise based on results of their centrifugal
testing that deviatoric strains resulting from ratcheting of building foundations and
the shaking intensity rate of the strong ground motion may be a large contributing

factor to settlement.

5.1 Summary of Findings
A comprehensive parametric study was conducted to evaluate liquefaction-
induced settlement over a range of parameters. These parameters included the
following

a. Relative Density of Liquefiable Layer

b. Foundation Diameter

c. Ground Motion Duration

d. Thickness of Liquefiable Layer

The study was conducted using a simple 1-g shaking table to induce strong
ground motions. The experimental evaluations utilized accelerometers to monitor
excitation of each soil layer and model structure, pore-pressure sensors to
monitor increases in pore-water pressure within each soil layer and beneath each
foundation and LVDT’s to monitor subsequent settlement of both model

structures and free-field environment.
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Generally, we observed that in each experiment, settlement of the model building
was greater than the free-field environment. In conjunction with previous field
reconnaissance observations and research of foundations subjected to
liquefaction, current procedures used to predict liguefaction settlement are

inadequate.

Influence of Relative Density

Results of benchmark testing were able to identify that liquefaction-induced
settlement decreases with increasing solil relative density. It can be also be
inferred that building settlement decreases at a greater rate with increasing soil

relative density.

Influence of Foundation Diameter

Results have shown that liquefaction-induced settlement decreases with
increasing foundation diameter. An approximate 45% reduction in settlement was

observed between a 7.62cm foundation versus a 25.4cm foundation.

Influence of Ground Motion Duration

Results have also shown that longer ground motion durations tend to increase
liquefaction-induced settlement. The increase in settlement is likely a result of
increasing excess pore-water pressures with longer ground motion durations. It
was observed during experimentation that the model foundations tilted and

swayed when subjected to strong motions. This tilting and swaying can be
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interpreted as ratcheting of the soil-structure. This effect was likely responsible
for the increase in settlement.

Influence of Thickness of Liquefiable Layer

Results of benchmark testing have shown that liquefaction-induced settlement
increases with increasing liquefiable layer thickness in both the free-field

environment and for model structures.

Normalized Foundation Settlement

Results of Phase 2 through 4 experimental evaluations were normalized in
relation to the thickness of liquefiable layer. These results are compared to a
previous research comprised of field observations, centrifuge and 1-g shake
table evaluations. Overall, our data fit the curves bounded by upper and lower
bound Niigata event and also show general agreement with Liu/Dobry, Hausler
and a few of the points included by Dashti. Tests 19 through 24 can be seen
extending beyond the upper bound of the Niigata event. It is believed that these
points are outliers based on the soil model configuration of those experimental
evaluations. Test 19 through 24 were performed using a half-scale soil model
configuration of 15.24cm in thickness for both the liquefiable and non-liquefiable
layers. The foundation diameters ranged from 15.24 to 25.4cm and subsequently
created a strain influence factor that extended beyond the soil profile of the
model. As a result, the settlements were exaggerated in those cases. It is likely

that a similar situation existed for Dashti 2010a.
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Our results for cases that implemented helical piles as an underpinning mitigation
for rigid shallow foundations were also normalized and plotted in comparison to
previous the research. The helical piles show a tight cluster and obvious

reduction in liquefaction-induced settlement.

Lastly, the grain size distribution presented limitations within our model when
considering the laws of similitude. Based on similitude laws, our soil model was
more representative of a coarse grained sand to fine gravel in prototype.

The soil container dimensions also presented limitations when considering the

width of the model mat foundation.

5.2 Recommendations for Future Research

To continue to improve on our existing experiments and build upon past research
we recommend additional experiments. Benchmark testing allowed us to
establish a general relationship on settlement of liquefiable soils over influence of
parameters such as relative density, foundation diameter, strong motion duration
and thickness of liquefiable deposit. To better define the relationship it is
important to conduct additional benchmark testing using the same parameters.
Doing so would provide confidence in the parametric relationships through

repeatability.

Our soil model assumed continuous horizontal liquefiable stratums. Future

testing should include spatial variability of liquefiable soil layer on settlement.
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Due to time constraints in physical modelling, our parametric study was not able
to consider the influence of inertial forces on liquefaction-induced settlement. We
recommend conducting experiments that vary the weight of a benchmark model

foundation diameter to draw inferences on settlement behavior.

Field reconnaissance and experimental studies have identified that for liquefiable
soils that contain a non-liquefiable crust, the initiation of liquefaction is oftentimes
delayed, resulting in reduced settlements. Future experiments should evaluate
liquefaction settlement with soil models that include a crust of non-liquefiable soil,
exhibiting cohesion. Additionally, experiments should evaluate the degree of

settlement of with variation in the water table.

Lastly, future experimental studies should include testing on a larger or full-scale

shake table using models in prototype or closer to prototype scale.
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Appendix A — Experimental Results
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Test # 7. Settlement (cm)
10/2/2015
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Test # 8: Settlement (cm)
10/7/2015
PGA: 0.38g
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Test # 9: Settlement (cm)
10/30/2015
PGA: 0.36g
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Test # 10: Settlement (cm)

11/6/2015

PGA: 0.31g
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Test #11 (November 13, 2015)
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Test# 11: Settlement (cm)
11/13/2015
PGA: 0.30g
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Test #12 (November 20, 2015)
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Test # 12: Settlement (cm)
11/20/2015
PGA: 0.33¢g
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Test #13 (Dejcember 1, 2015)
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Test # 13: Settlement (cm)
12/1/2015
PGA: 0.30g
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Test # 14. Settlement (cm)
12/8/2015
PGA: 0.20g
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Test # 15: Settlement (cm)
12/11/2015
PGA: 0.16¢g
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Test # 16: Settlement (cm)
12/15/2015
PGA: 0.17¢g
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Test# 17. Settlement (cm)

11/6/2015
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Test # 18: Settlement (cm)

1/1/2016

PGA: 0.39g
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Test # 19: Settlement (cm)

1/8/2016

PGA: 0.37g
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Test# 19.1: Settlement (cm)
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Test # 19.1: Ground Motion Characteristics
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Test # 19.2: Settlement (cm)
2/5/2015
PGA: 0.34g
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Test # 19.2: Ground Motion Characteristics
2/5/2016
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Test # 20: Settlement (cm)
1/12/2015
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Test # 20: Ground Motion Characteristics
1/12/2016
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Test #21 (January 15, 2016)
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Test # 21: Settlement (cm)
1/15/2015
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Test # 21: Ground Motion Characteristics
1/15/2016
PGA: 0.37g
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Test #22 (January 20, 2016)
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Test # 22: Settlement (cm)
1/20/2015
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Test # 22: Ground Motion Characteristics

1/20/2016
PGA: 0.34g
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Test # 22.1: Settlement (cm)

2/12/2015

PGA: 0.34g

Settlement (cm)

10

Settlement (cm)
N

170

North Free-Field

South Free-Field 8-inch Model

40 80 120
Longitudinal (South-North) (cm)

Model Footprint

160 200

Longitudinal
—<— East

C — @ — West

Center Line

Perpendicular

—&>—  South Free-Field

—@ — 8-inch Model
— — — North Free-Field

40 80

Perpendicular (East-West) (cm)

56.6

Longitudinal 196.2

8-inch Model General Plan

Perpendicular



Test # 22.1: Ground Motion Characteristics
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2/12/2016
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Test # 23. Settlement (cm)
2/19/2015
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North Free-Field

South Free-Field 10-inch Model <

0
— 2
e
o
- 4 —
C
GEJ _
o 6
"G—)' |
0 g |

" | | | |

0 40 80 120 160 200
Longitudinal (South-North) (cm)
Model Footprint
0 Longitudinal
—<— East
€2 — | | -~ @ West
% i “‘ ‘w‘ Center Line
o e
04
iE,) il Perpendicular
5 6 —<>— South Free-Field
o @ 10-inch Model
| — — — North Free-Field
° | |

0 40 80
Perpendicular (East-West) (cm)

0 0 Longitudinal 196.2
| \ |
e - - — — — - - — — =
IR - @ — - — Perpendicular

56.6

10-inch Model General Plan



Test # 23: Ground Motion Characteristics
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2/19/2016
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Test #24 (February 26, 2016)
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Test # 24. Settlement (cm)
2/26/2015
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Test # 24: Ground Motion Characteristics
2/26/2016
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Test # 25: Settlement (cm)
3/1/2015
PGA: 0.33g
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Test # 25: Ground Motion Characteristics
3/1/2016
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Test #26 (March 9, 2016)
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Test # 26: Settlement (cm)
3/9/2015
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Test # 26: Ground Motion Characteristics
3/9/2016
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Test # 27. Settlement (cm)
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Test # 27: Ground Motion Characteristics
3/16/2016
PGA: 0.49¢g
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Test #28 ch 18, 2016)
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Test # 28: Settlement (cm)
3/18/2015
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Test # 28: Ground Motion Characteristics

3/18/2016
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Test # 29: Settlement (cm)
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Test # 29: Ground Motion Characteristics
3/24/2016
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Acceleration (g)
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Test #34 (June 22, 2016)
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Test # 34. Settlement (cm)
6/22/2016
PGA: 0.269g
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Test # 34: Ground Motion Characteristics
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Test #35 (July 1, 2016)
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Test # 35: Ground Motion Characteristics
7/1/2016
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Test # 35: Settlement (cm)
7/1/2016
PGA: 0.14¢g
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Test #36 (July 15, 2016)
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Test #36 (July 15, 2016)
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Test # 36: Ground Motion Characteristics
7/15/2016
PGA: 0.25g
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Test # 36: Settlement (cm)
7/15/2016
PGA: 0.25¢g
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Test #37 (July 22, 2016)
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Test #37 (July 22, 2016)

05 —
3 0-
05 Depth = 18.0 in.
| | | | | |
0 10 20 30 40
Time (sec)
1 5 [‘\/\J\VAV/\VAVI\VA WAL
05 — J \\\\
S0 —
05 —| 6-inch Model (Depth = 6.0 in.)
-1 \ \ \ \ \ ‘
0 10 20 30 40
Time (sec)
- faepasecoss
. ]
S0 —
-o.? — Free-Field (Depth = 6.0 in.)
- \ \ \ \ \ ‘
0 10 20 30 40
Time (sec)
1 —
0.5 ]
20— Sensor Damaged: No Record
'0-:" ] 6-inch Helical Model (Depth = 6.0 in.)
- \ \ \ \ \ ‘
0 10 20 30 40
Time (sec)

PGA = 0.20g



208

Test # 37: Ground Motion Characteristics
7/22/2016
PGA: 0.20g
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Test # 37. Settlement (cm)
7/122/2016
PGA: 0.20g
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Test #38 (July 27, 2016)
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Test #38 (July 22, 2016)
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Test # 38: Ground Motion Characteristics
7/127/2016
PGA: 0.269g

2 1T T T TTTI T T TTTI I
N Input ]
o) 16 Depth (6.0 in.) |
~ Depth (18.0in.)
S | Free-Field ]
'-tc_-U' ——— 6-inch Model
E) 1.2 — ——— 6-inch Helical Model —
(]
(& N _|
(&}
< o8 |
©
= i _
(&
3 0.4
0 \_\’—
0 \\\HH‘ \\\HH‘ \ I
0.01 0.1 1
Period (sec)
8
—— 6-inch Model
B Free-Field
—— 6-inch Helical Model
—~6 —
=
O ]
N
)
C
O 4
=
@ |
=
O
n2 -
0
\ \ \ \ \
0 10 20 30 40

Time (sec)



213

Test # 38: Settlement (cm)
7/127/2016
PGA: 0.269g
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Test #39 (August 4, 2016)
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Test #39 (August 4, 2016)
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Test # 39: Ground Motion Characteristics
8/4/2016
PGA: 0.29¢g
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Test # 39: Settlement (cm)
8/4/2016
PGA: 0.29¢g
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Test #40 (August 9, 2016)
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Test #40 (August 9, 2016)
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Test # 40: Ground Motion Characteristics
8/9/2016
PGA: 0.28g
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Test # 40: Settlement (cm)
8/9/2016
PGA: 0.28¢g
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Test #41 (August 17, 2016)
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Test #41 (August 17, 2016)
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Test # 41: Ground Motion Characteristics
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Test # 41: Settlement (cm)
8/17/2016
PGA: 0.34¢g
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Test #42 (August 27, 2016)
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Test #42 (August 27, 2016)

227

| Note: All Data for this Test are Invalid
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Test # 42: Ground Motion Characteristics
8/27/2016
PGA: 0.28¢g
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Test # 42. Settlement (cm)
8/27/2016
PGA: 0.28¢g
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Test #43 (September 9, 2016)
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Test #43 (September 9, 2016)
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Test # 43: Ground Motion Characteristics
9/9/2016
PGA: 0.269g
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Test # 43. Settlement (cm)
9/9/2016
PGA: 0'269 8-inch Helical
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Test #44 (September 16, 2016)
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Test #44 (September 16, 2016)
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Test # 44: Ground Motion Characteristics
9/16/2016
PGA: 0.23¢g
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Test # 44. Settlement (cm)
9/16/2016

PGA: 0.23g ...
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Test #45 (September 19, 2016)
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Test #45 (September 19, 2016)
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Test # 45: Ground Motion Characteristics
9/19/2016

PGA: 0.30g
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Test # 45: Settlement (cm)
9/19/2016
PGA: 0.30g
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Test #46 (September 23, 2016)
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Test #46 (September 23, 2016)
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Test # 46: Ground Motion Characteristics
9/23/2016
PGA: 0.32¢g

4

Spectral Acceleration (g)

6

Settlement (cm)

Input

Depth (6.0 in.)
Depth (18.0in.)
Free-Field

6-inch Model

6-inch Helical Model

0.01

0.1 1
Period (sec)

—— 6-inch Model
Free-Field
——— 6-inch Helical Model

\ \ \ \ \
10 20 30
Time (sec)

40



Test # 46: Settlement (cm)
9/23/2016
PGA: 0.329 ...
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Test #47 (September 26, 2016)
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Test #47 (September 26, 2016)

05 —
30
05 7 Depth = 18.0 in.
\ \ \ \ \ \ \
0 10 20 30 40

0.5
S0

—

-0.5

0.5
>0

—

-0.5

0.5

20

-0.5

Time (sec)

:

6-inch Model (Depth = 6.0 in.)
| | | | | |

20 30 40
Time (sec)

Free-Field (Depth = 6.0 in.)
| | | | | |
20 30 40

Time (sec)

o
-
o

o
-
o

:

6-inch Helical Model (Depth = 6.0 in.)
| | | | | |

20 30 40
Time (sec)

o
-
o

PGA = 0.36g



248

Test # 47: Ground Motion Characteristics
9/26/2016
PGA: 0.369g

4 T T T TTTI T T T 1T I

4 Input

Depth (6.0 in.)
Depth (18.0in.)
Free-Field
6-inch Model
6-inch Helical Model —

Spectral Acceleration (g)
|

0 \\\HH‘ \ T T T TT] I
0.01 0.1 1
Period (sec)
8
—— 6-inch Model
7 Free-Field
——— 6-inch Helical Model
—~ 6 —
-
O |
N
)
C
O 4
-
Q _
=
()]
wm 2 -
0 o
\ \ \ \ \
0 10 20 30 40

Time (sec)



249

Test # 47. Settlement (cm)
9/26/2016
PGA: 0.36g
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Test #48 (September 30, 2016)
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Test #48 (September 30, 2016)
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Test # 48: Ground Motion Characteristics

9/30/2016
PGA: 0.31g
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Test # 48. Settlement (cm)
9/30/2016
PGA: 0.31g
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Test #49 (October 5, 2016)
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Test #49 (October 5, 2016)
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Test # 49: Ground Motion Characteristics
10/5/2016
PGA: 0.39¢g
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Test # 49: Settlement (cm)
10/5/2016
PGA: 0.39¢
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Test #50 (October 14, 2016)
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Test #50 (October 14, 2016)
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Test # 50: Ground Motion Characteristics
10/14/2016
PGA: 0.25g
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Test #51 (October 21, 2016)
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Test #51 (October 21, 2016)
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Test # 51: Settlement (cm)
10/21/2016
PGA: 0.25¢g
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Test #52 (October 24, 2016)
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Test #52 (October 24, 2016)
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Test # 52: Ground Motion Characteristics
10/24/2016
PGA: 0.21g
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Test # 52. Settlement (cm)
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Test #53 (October 31, 2016)
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Test #53 (October 31, 2016)
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Test # 53: Ground Motion Characteristics
10/31/2016
PGA: 0.33¢g
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Test # 53: Settlement (cm)
10/31/2016
PGA: 0.33g
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Appendix B — Testing Summary Table
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Soil and Foundation Model Configuration

Instrumentation

Observed Base

Observed Settlement

Theoretical Settlement

Parameters (Free-Field)
Contact :
Phase | Test# Date Model D 4L | HD D Pressure Helical Pi Accel Pressure LVDT PGA Shaking Free-Field Model LVDT Tokimatsu and _M\:_:qu .m:o_
Scale ' F (Unsupported/S elical Fier ccelerometers Sensors Duration (avg.) Building (#1, #2, #3) Seed (1987) oMo_@:N::m
Factor upported) ( )
(%) | (ft) | (ft) (ft) (psf) # # # # (9) (sec) (in) (in) (in) (in) (in)

1 8/12/2015 10 35 1 1 0.75 -- -- -- -- - 0.23 14.50 -- -- -- 0.612 0.810

2 8/20/2015 10 35 1 1 0.75 -- -- -- -- - 0.22 10.05 -- -- -- 0.612 0.810

3 8/25/2015 10 35 1 1 -- -- -- -- -- - 0.44 8.7 -- -- -- 0.636 0.870

M 4 9/4/2015 10 35 1 1 -- -- -- -- -- - 0.03 15.9 -- -- -- 0.492 0.600

2 5 9/18/2015 10 35 1 1 0.5 -- -- 4 -- - 0.36 4.6 -- -- -- 0.636 0.870

N 6 9/25/2015 10 35 1 1 0.5 25 -- 5 -- - 0.40 7.8 0.961 1.22* -- 0.636 0.870

7 10/2/2015 10 35 1 1 0.5 -- -- 5 -- - 0.44 6 0.602 2.087* -- 0.636 0.870

8 10/7/2015 10 35 1 1 0.5 -- -- 5 -- - 0.38 6.88 0.638 1.953* -- 0.636 0.870

9 10/30/2015 10 35 1 1 0.75 -- -- 5 -- - 0.36 8.35 0.657 1.134* -- 0.636 0.870

10 11/6/2015 20 35 1 1 0.5 -- -- 5 -- - 0.31 5.3 0.531 1.354* -- 0.624 0.870

11 11/13/2015 20 35 0.5 0.5 0.5 -- -- 5 -- - 0.30 14.25 0.370 3.567* -- 0.312 0.435

12 11/20/2015 20 35 0.5 0.5 0.5 -- -- 5 -- - 0.33 4.65 0.248 1.252* -- 0.315 0.435

13 12/1/2015 15 35 0.5 0.5 0.5 -- -- 5 1 - 0.30 135 0.280 1.205* -- 0.312 0.435

14 12/8/2015 20 35 0.5 0.5 0.5 -- -- 5 1 - 0.20 15.9 0.307 1.795* -- 0.300 0.375

15 12/11/2015 20 35 0.5 0.5 0.5 -- -- 5 -- - 0.16 11.75 0.201 1.173* -- 0.246 0.300

16 12/15/2015 20 35 0.5 0.5 0.5 -- -- 5 -- - 0.17 125 0.008 0.039* -- 0.246 0.300

17 12/18/2015 20 35 0.5 0.5 0.5 -- -- 5 -- - 0.17 8.85 0.189 1.323* -- 0.246 0.300

18 1/5/2016 10 35 0.5 0.5 0.5 13.17 -- 5 -- - 0.39 11 0.291 1.323* -- 0.318 0.435

19 1/8/2016 10 35 0.5 0.5 0.5 13.17 -- 5 -- - 0.37 20 0.213 1.008* -- 0.318 0.435

ﬂ 19.1 1/22/2016 10 35 0.5 0.5 0.5 13.17 -- 5 -- - 0.36 6.75 0.224 1.102* -- 0.318 0.450

2 19.2 2/5/2016 10 35 0.5 0.5 0.5 13.17 -- 5 1 - 0.34 5.75 0.193 1.102* -- 0.315 0.450

g 20 1/12/2016 10 35 0.5 0.5 0.5 13.17 -- 5 -- - 0.36 6.75 0.173 1.276* -- 0.318 0.450

21 1/14/2016 10 35 0.5 0.5 0.5 13.17 -- 5 -- - 0.37 5.25 0.189 1.26* -- 0.318 0.450

22 1/20/2016 10 35 0.5 0.5 0.67 12.36 -- 5 -- - 0.34 5.75 0.193 1.276* -- 0.315 0.450

22.1 2/12/2016 10 35 0.5 0.5 0.67 12.36 -- 5 1 - 0.34 6.96 0.185 1.339* -- 0.315 0.450

23 2/19/2016 10 35 0.5 0.5 0.83 12.79 -- 5 1 - 0.33 6.85 0.209 1.362* -- 0.315 0.450

24 2/26/2016 10 35 0.5 0.5 1 12.92 -- 5 1 - 0.34 6.01 0.173 1.402* -- 0.315 0.450

25 3/1/2016 10 35 0.5 0.5 0.25 11.67 -- 5 1 - 0.33 6.45 0.220 0.669* -- 0.315 0.450

26 3/9/2016 10 35 0.5 0.5 0.375 12.05 -- 5 1 - 0.37 5.64 0.248 1.205* -- 0.318 0.450

27 3/16/2016 10 35 | 0.75 | 0.25 0.25 12.5 -- 5 1 - 0.49 5.36 0.299 0.85* -- 0.399 0.525

28 3/18/2016 10 35 | 0.75 | 0.25 0.375 12.05 -- 5 1 - 0.44 511 0.323 1.047* -- 0.399 0.525

29 3/24/2016 10 35 | 0.75 | 0.25 0.5 12.59 -- 5 1 - 0.5 5.61 0.374 1.323* -- 0.399 0.525

30 4/1/2016 10 35 1 1 0.25 12.2 4 5 1 - 0.3 9.1 0.476 0.055-Helical -- 0.624 0.900

31 4/20/2016 10 35 1 1 0.5 12.77(12.43) 4 6 1 - (Note 1) - 0.406 2.024(0.055)** -- -- --

32 5/12/2016 10 35 1 1 0.5 13.2(12.65) 3 6 1 - 0.33 4.46 0.417 1.732(0.055)** -- 0.630 0.900

33 6/15/2016 10 35 1 1 0.5 12.5 3 6 1 - 0.18 5.73 0.331 1.543(0.004)** -- 0.600 0.600

34 6/22/2016 10 35 1 1 0.5 125 3 6 1 1 0.26 4.65 0.437 2.150(0.087)** 2.35-F.F. 0.618 0.858

35 7/1/2016 10 35 1 1 0.5 12.5 3 6 4 3 0.14 5.54 0.343 1.835(0.039)** | (1.661/0.831/0.004)* 0.492 0.600

36 7/15/2016 10 35 1 1 0.5 125 3 6 4 3 0.25 4.93 0.319 1.598(0.016)** | (1.618/1.091/0.008)* 0.618 0.852

37 7/22/2016 10 35 1 1 0.5 12.5 3 6 4 3 0.2 5.26 0.358 2.087(0.031)** | (2.098/ 1.350/0.008)* 0.600 0.750

38 7/27/2016 10 35 1 1 0.5 12.5 3 6 4 3 0.26 4.73 0.311 2.457(0.079)** | (2.327/1.512/0.047)* 0.618 0.858

39 8/4/2016 10 35 1 1 0.75 -- 3 6 4 3 0.29 4.31 0.358 1.693(0.094)** | (1.693/1.150/0.075)* 0.624 0.900

M 40 8/9/2016 10 35 1 1 0.25 13.54(13.8) 3 6 4 3 0.279 5.02 0.413 2.693(0.039)** | (2.752/1.323/0.035)* 0.624 0.900

@ 41 8/17/2016 10 35 1 1 0.375 12.58(12.45) 3 6 4 3 0.335 4.25 0.409 2.307(0.024)** | (2.201/1.555/0.024)* 0.630 0.900

o 42 8/27/2016 10 35 1 1 0.67 12.71(12.83) 3 6 4 3 0.276 4.65 0.374 1.677(0.228)** (Note 2) 0.618 0.900

43 9/9/2016 10 35 1 1 0.83 12.82(12.84) 3 6 4 3 0.259 4.53 0.346 1.543(0.087)** | (1.571/1.012/0.094)* 0.618 0.858

44 9/16/2016 10 25 1 1 0.5 12.5(11.7) 3 6 4 3 0.234 4.78 0.358 2.173(0.039)** | (2.378/1.492/0.012)* 0.732 0.960

45 | 9/19/2016 10 45 1 1 0.5 12.5(11.7) 3 6 4 3 0.298 4.35 0.358 1.543(0.165)* | (1.591/1.362/0.039)* 0.492 0.780

46 9/23/2016 10 55 1 1 0.5 12.5(11.7) 3 6 4 3 0.318 4.31 0.319 1.693(0.071)* | (1.642/1.193/0.047)* 0.396 0.672

47 9/26/2016 10 35 | 1.25 | 0.75 0.5 12.5(11.7) 3 6 4 3 0.356 4.67 0.449 2.465(0.142)** | (2.535/1.606 / 0.063)* 0.713 0.975

48 9/30/2016 10 35 | 1.50 | 0.50 | 0.5(0.83) 12.5(12.82) -- 6 4 3 0.306 4.47 0.622 2.394(2.071)*** | (2.728 /1.925/ 1.795)* 0.792 1.050

49 10/5/2016 10 35 | 1.67 | 0.33 | 0.5(0.83) 12.5(12.82) -- 6 4 3 0.393 4.49 0.673 2.087(2.055)*** | (2.126 / 1.287 [ 2.122)** 0.851 1.099

50 10/14/2016 10 35 1 1 0.5 (0.83) 12.5(12.82) -- 6 4 3 0.248 1.83 0.350 0.961(1.244)*** |(0.969 / 0.654 / 1.236)** 0.612 0.852

51 10/21/2016 10 35 1 1 0.5 (0.83) 12.5(12.82) -- 6 4 3 0.254 3.51 0.386 1.362(1.362)*** | (1.386/0.819/ 1.354)** 0.612 0.852

52 10/24/2016 10 35 1 1 0.5 (0.83) 12.5(12.82) -- 6 4 3 0.205 7.23 0.496 2.165(1.819)*** |(2.185/1.213/1.811)** 0.600 0.750
<t

m 53 10/31/2016 10 35 1 1 0.5(0.83) 12.5(12.82) -- 6 4 3 0.329 24.25 0.752 4.063(2.913)*** | (3.551/ 3.693/ 3.591)** 0.630 0.752
T

Notes: Dr - Relative Density of Liquefiable Layer

HL - Thickness of Liquefiable Layer

HD - Thickness of Non-Liguefiable Layer
D¢ - Diameter of Model Foudation

Observed Building Settlement - * Unsupported Foundation, ** Unsupported Foundation(Helical Supported Foundation), *** 0.5ft Unsupported Foundation(0.83ft Unsupported Foundation)
Observed LVDT Settlement - *(Unsupported Foundation / Free-Field / Helical Supported Foundation), **(0.5ft Unsupported Foundation / Free-Field / 0.83ft Unsupported Foundation)

Note (1) - Data Acquisition Malfunction - No Instrument Data Recorded for Test #31, Only Manual Measurements.

Note (2) - Data Acquisition Malfunction - PWP and LVDT lost power to DAQ during testing, Data not Valid, Only Manual Measurements.



276

Appendix C — Laboratory Notes and Measurements
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- 4 4 34.443 32.9%°
5 5 34,89 31498 )
6 6 33.942 ’*‘
7 R 298
8 8 M.55¢
9 9 34.46
10 10 34.52¢
11 11 33.38%
12 12 34,558
13 13 34.385
14 14 23,920
15 15 32.637
16 16 34, Fite
- v 1731880
18 18 34.034
19 19 33.129
20 20 33.314
21 21 33.7%S
2 22 3407
23 23 34,390
24 24 34007
25 25 32977
26 26 33.0M
27 27 33.9¥7
28 28 33.449] L
29 “29 J3.204
20 - w0

NOTES: M%MAMM_M{E&MM

S

949-0953



Shakle Table Test # ‘/
Date: 9/ ‘1/ 20lS

Dense Layer

Joseph Toth

Liquefiable Layer

R Ws (Ibs) Ww (lbs) Ws (lbs)
— 1 49.# 2. 485 1 517
e 2_ 545 2,725 2 53.8
udey 3 20 2.6 lbs 3 44.0
*‘ﬂ*‘:—g 4 SH.2 2.7 s 1.3
o 5 559 2795 s 55.8
o= L1835 6 spy 2.92 6 0.4

7. 592 2.9 7 54.(

g 55,7 2. 785 8 a4.0

9 Cl:2 3.06 9 59.¢

10 (0.2 3.01 10 444
i 11 58.6 2,93 11 2.8

12 590 2.98 12 50.1

13_(52.9 3-1 13 50.1 5837

14 59,7 2.985 14 kg

15 (o O 3.05 15 49.9

16 59.8 298§ 16 (3.0
hnd 17 59,0 2.95 17 51.5

18 56,0 2.83 18 29.9

19_54.9 2,745 19 54.8

20 'ﬁi\isw — 20 C‘qéﬁ

21 21 54,1

22 2 439

23 23_51.8 5159

24 24 350-(s3= 1079

25 25

26 26

27 27

28 28

29 29

30 30

NOTES:
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Shakle Table Test# 5 Joseph Toth
Date: o’/l—*/LolS
Dense Layer Liquefiable Layer
Ws (lbs) Ww (ibs) Ws (lbs) P- 3 2lbg -
W’ito\bs S | 1__40.5 SR
v 2519 2 45.5 e
Q?Wi’ 35213 3.45.8 P o Ws
X e :
> SW?Q 5 56 5_43.2 p
o 6 503 3704 6 368 5 4
N 7 52.( 7 43.0 B
g8 8% | 8 H2.9 2
9 579 9 dl.q 7
10 51.3 10 Yo .9 ?
1 (0.9 11 _42.8 p
12 5%F 12 43.5 e
13 5¢.0 374.5 13 44, | p
14 SL6e 1436.% o
15 54.0 ' 15 39,0 3
16 515 16 44,0 P J 63-3%
= 7023 Y 9.5 207,94 17 5‘4,3 ’(»:)8.{!&:;
18 54.3 18547 s
19 545 19 49,7 ,
20 569 20 U5
21 44\ ' 2 404
e N g2 2 40,4
§1pdw? 2 23 59.1
24 24 (.S
g 25 25 28.1-349
26 6 N\ s Tofd
. 27 27 \/ = led2H |
\Q(\' 28 ' 28 /\
O) 29 29 / )
30 30 /
NOTES:
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Shakle Table Test # (o

Date: 3/2,1/&0’5.

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (Ibs) Ww (lbs) Ws (lbs)
,:f‘”'”} 1 25 hs @ 5. roistue 1 58.1.
g|.w5“’°z 47.1 2.1 2 S4.8
(3"/ 3 S2.2 2.0 3 S65
4 537 27 2.6% a_59.4
s 2.2 Z2.09¢ 5_S8.%
6 4.3 2,2 6 £9.9
.3 7500 1L.504 7 Gl F
8 52/ 2.60S 8 Gl.9
s 17.0| 2,35 9 2.9 340
10 S5+ 2.38 10 Gl
1 Y75 2.38 11 58.1
12 Y49.5 2.5 12 @l.0
b2 208 13_Y 7T fLﬁf 13 (6.0
14 52.3-3.3= 41 -\ 14 62.1
15 48.9 3.4 455 - ) o 107/ paish, 15 5H2 g4
=204 16 #.2-3.3-424 — L(l‘ln,\ws-—Zoﬁa 16 5.5
~ 17 $p.3-3.3-49%4 » 17 _56M
18 49,4-3.3= 4.1 — / 18 18,4 10283
19 56.S 2825 19
20 5.7 2488 20
21 535 2.675 21
\os5 229700 2950 22
23 23
24 24
25 25
26 26
27 27
28 28
29 ! 29
30 30
NOTES: £ Derse | - ore o] b A tue =0 \bs .
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LU
.«f
- 0 3 e 9 | 5 g 20
2 b Je h % C.Q/
PRI U LSRN L B L S ® o nonc
w ;.,, Mr Il ACCELEROMETER
+~ " / <7 % 0 Y
- A W o A /.v,. ° A /m./vz, D/r/.«w D/u.w A \w D/e NWm.* re \w WmeMm&WMm%mZmon
% C\\r C/ P..v “\\ AQ .\X\x\ \J\ o muw m ¢[H. |M|mxoczn<<>.=mx LEVEL
o& RV/\¢ .A A \> D«w,ﬂ er DWI& D/,vi RV/J ’ %.D Rva_\f\_‘ Jh m.mﬂr%ﬁﬂﬁzq LOCATIONS
T
W_.M -~ v 5| S
S8 @ R K% @1 5.3 a° W N o %M 2
/\J jrammy o= 77— ymm | .
- 196.2 Lﬂl
HS i+ hﬁ.‘
4%/ e pa- b age a0 ATl N NOTES:
o 1 fo AN
A0 UGN 1 Y AW o\ N300
o\wc% A 0" L' o Qe Vg
ke A I\ N B A N,
ah % ) < 45 W ™ R AR
R AP SR
PLAD [ —.
| SOIL BOX RROFAUE, TESTNO: & DATE: J\ 25115 Fina JOSEPH TOTH



Shakle Table Test#

Joseph Toth
Date: 10/2/2.015
Dense Layer Liquefiable Layer
Ws (lbs) Ww {lbs) Ws (Ibs)
- 1 45.8-33= N\ 1 Y9, 7+
e 2. 480733 % — NG 2 47,7
a8l 3?33 _— 3 48> Y82
e 4 475 2.4 b= s 3.8
s S2Y 244 | 5 48,3
6 53,7 2.68 6 0.0
7 490 Z.48 7 58.0
8 $2.6 7.63 8 St.5
952, % 1.6 2 s 53.4
310 4% Z.14 10_Sl.o ol
11 53.2 .66 11 55.2
2 55,7 ). 76 12 So0.5
13 S2.§ 7.63 13 579
14 ;_Z'( 2.6 1u_ 54.8 7205
15 $3.0 2.. 65 15 56.5
287 152+ 4 2.65 16 57.4 836
- 17 455\ 7.65S 17 54.8 ]
18 $o3 2.5 18 463
1518 2.5 9 19 S3.4
soute 207149 2.57% 20 35.%F e
o9 1 S4S 7.73 21 18,5
” ey o7 . — 1043
lo33.31bs 23 S—— 23
24 24
5 25
26 2%
27 27
28 28
29 29
30 30
NOTES:
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(©) MODEL BUILDING WITH
ACCELEROMETER

B ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

Modol Structuse
2852 e x&m.«*

= Lo

imﬁa n\& \»\NLn\Q \(Pﬂ'
*5: 20mm

.rt\“_ x&m, kv FZN

JOSEPH TOTH

0 30 60 90 120 150 180 196.2cm
0 ped a5 a0 A% e ae Aef pe?
17 ASE A S AN et e e
w TN Z
o e 63.5 2
= 5 w_ - . o
T 4650198 A5 AleB  Alsn AYD ABL A Al T
TT@R«S A ﬁmoﬂ\ 5 1 14 ] ,m.} 5 A >,;.m 159 .
63.5em T : - 196.2 — T s &%k
/84 B2 AMF— A0 Aed Mgl AGDAG.S B
NV’\_.\— Dwd.ﬁq Dwd.w D_wfﬁ A ,J.G D—J % Dﬂ.\_ RV‘_@,O
—— A
‘/O P 4
ADA AR AR A A AS AT A
/5.@ ib..«w ,.\TM... Yo A >({ A A W9 >J€EV/) 0
A A A A A 6
A lﬁ\?
SOIL BOX PLAN TESTNO: 7 DATE: ‘o[2/2015 ()

RN



Shakle Table Test # '8

NOTES:

Joseph Toth
pate: (o/7/2015
Dense Layer Liquefiable Layer
Ws (Ibs) Ww (ibs) Ws (lbs) foa =1 7lbs

- 1_Spue |ougen. o0 T2 A 1 4.0

2 2 HE.9

3 3 45351

4 4 4S5

5 5 45,9

6 s 54

7 7 U433

8 s 4Z.0

9 s 4.3

10 10 52.5

11 1 Y¢.0

12 12 52.1

13 13 H7S

14 1 4g 7

15 15 53,2

16 16 H6.3 .

17 17 52.1 <! lé

18 18 51.9

19 19 56.3

20 20 44 #

21 21 S4.9

22 2 65 02§ b

23 23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

| foracke piach dosloped a/emj -

__Pw’n' bfw lexor and (‘wbsl?(-u/ta
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0 30 60 90 150 780 196.2cm
/m_m >/r.ﬁ /\y..@ (3 A _VQ %4 h 5t
O my gy gy yamy yamy oy Ay \W I
) q i N
& \b A .l 55 c.4 65 s "
17 Ay A & DD A . A A N
» - \l* 4. S. 5.0 ) Z
o! pu A o & LI A7 A5 S
— / b -~ 3
T 4560 AW Al D\/«h AR ¢ B T
| A s |~
&° e S & Tl \ 0O «,/rm T ¢
63.5cm = = A = ik =
| 196.2 R YA
_ Bofne C 2
N TAES 85 it 180 85 A\Bo
A7 Y D/m A D& ° D& ¥ F N D& 9 D/aa@
o 80 o \3F 180 0.0 ) b
=) — — C v ALY ZAN
X s 5 0 2.8 5 5
A AV N N AL A AP AT
S S % S 9 !
o : (o o %0 b A A
A N Al A : A oAV &
&
\hor 1.5 o)
SOIL BOX PLAN TESTNO: S DATE: [0/ #/ 2515 g

(O MODEL BUILDING WITH
ACCELEROMETER

l ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

1

JOSEPH TOTH

Y



Shakle Table Test# 9

289

NOTES:

Joseph Toth
Date: iof29/2015
Dense Layer Liquefiable Layer
Ws (ibs) Ww (lbs) Ws (lbs)

o~ 1 553 2.3F 1 G[.5
2 566 2.2 2 0. F
3 52.1 2.66 3 @l
4 4.1 2.46 4 (3.3
5 S1G 254 s (pl.3
6 96L& 2.83 6 63.7
7 £1.8 759 7 &l 433,21bs
8 53.2 2.060 g &4
9 55.| 2.7 9 59.5
10565 2.82 10 Gl b
11 32,9 7.69 11 (2.6 £78.8
12 53.8 v 17 12 62,2

15813 55 7.736 13 6.8 802.8

14 558 2.79 14 2.2
15 59.1 7,71 15 42
16 511 2.40. 164,

— aqus 17 53,9 2.3 17 944,32 ot
18 54,5 2Z,%3 18

__ 19228 13 19

20Tolt 395.81bs 20
21 21
2 22
23 23
24 24
75 25
26 26
27 27
28 28
29 29
30 30

Tervet woidds {‘e\)‘is ed baged s Lo vied 1o OIL%_/.& seal motion bourday ofiects
Dr= (/- —> 915 lbs s

De-20/.—> 944 [bs.




290

12 (242) ~ 0,04

1)
Q
<
?
N
&
™~
0 30 60 90 120 150 180 196.2cm J
5% w? N 5 50 \ 0 s ,
0o A —A A AL PACAI\ B\ | O oommmoncyr
[l ACCELEROMETER
N w° 158 55 e 6.0 W5 | FOREMATES o
17 N VAN A A A A A N
wn 565 Z SETTLEMENT
m 18 Yo 0 \6 2 \6:5 0 154 Vo \ 60 /«w 635 “Od MEASUREMENT LOCATIONS
= S 2 160 o p 63 55 &2 3
T 4654 A A A N A AN T
Bl o |NOTES:
1o :
%_o W Wb W >€fﬁ ne w> g
63:5cm A5 VAN A
e - 1962 O
-4
i @ \HA A N AT 3T S
o 35 15 18 s & S 3.0
A A A A A" A ATA
N A 135 O VA V33 L A Y 3
L A *° X
AV AT AP A AT A ATAS®
W \o? 7.0 2 Vo? @° W’ V/«./
A I\ A A A o
- . G
12.8 127
SOIL BOX PLAN TEST NO: & DATE: \Q\wo\.w&\m. 3.0 |JOSEPH TOTH

N



Shakle Table Test# /0

Joseph Toth
pate: |1 [/5/205
Dense Layer Liquefiable Layer
Ws {lbs) Ww (lbs) Ws (lbs)
- 1 SH9 . 2.9 1 4,2
2 58.8 1.34 2 38.4
3 [Relie) 3.07 3 9.6
4 t7.7 3.09 )
5 00.6 2.07 5 Al
6 62.6 2.lb 6 27-0
7 Gl 4 2.1% 7 29.0
8 2,2 3.4 8 27.\
9 62,0 2.4 9 RY.6
10 (0,7 3.09 10 3>
€7, 11 Ll. Y %.04 1 36.9 7P
12 62 -0 2.2 12 379
7225‘//‘;3 bl. 3.09 13 37.2
- 14 53.9 7119 14 38.|
15 5%-9 .64 15 20 4
16 53%.3% )b 16 27 .\
7 25.49 2.09 17 39.5 sy
18 18 3%. b
19 19 35.6
20 20 26.9 _
21 21 37.3 o -~
22 22 39,5 002 5
23 23 41.6 864, o
24 5 )
5 : i-j(j _ne
26 2% __totd Y1
27 27
28 28
29 29
30 30
NOTES:

De ~ 6o, (15ibs)

307, (9441bs)
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0 30 60 90 120 150 180 196.2cm
, 5 1
0 A5 A48 DS\.» FNERY Ataof AE.4 DG& uﬁ
= 6N g
17 Nwv.a  AV%A YA L9 AT-\ ANS A5 A A
% a-A po A7 50.65 Z
Q A9 A3 AB.04-@o-43 LA aizo AV A ess 2
e a0 A han z
465 MN\5.5  A15A4 AT Aldd A3 Ak AN AN T
94
4.9 15 \AL 2.9 A 14.0 ALG.D W /}m\
63.5cm L= £ = £ = i q0
- 196.2 | 4 .3
8.8
AV AN b4 Aot Loy Hoz A\ . %
AN JANL Bl Ale.5 D_:m_ Ao AVe-§ A0 N15.9
1.
Dis.g Dis.? DF.WL,M_@M!Z;L Alpy Aly .o Alby VS5
L
M54 Aisg  Awz Ao Nt D3 AI5.5 AR
AN ALT.3 \5.7 NLZP) Alb.0 Ale-0 Aldie A NS4
SOIL BOX PLAN TEST NO:_lo

(©) MODEL BULDING WITH
ACCELEROMETER

Il ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

DATE: :\m\wo_m

JOSEPH TOTH

[



Shakle Table Test# | { Joseph Toth
Date: || ( lZ-/ZO\S
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (ibs)

1554 .91 1Yl b

2 (,0-4 2.1\ 2 45,2

3 55.4 7.0 3 Ho.8

4 59.2 2.43 a 40,2 106, 8
Al4 s Go.S 2.0 5 371
263 08 (2, 2 3.10 6 43.2

7 52.0 154 7 379

8 (2.5 3.14 g 39.2 22

9 9 Hb,3 2

10 44 hted T 10 43.| 1076

11 11 35.4

12 12_44S ks fkd

13 13

14 14

15 15

16 16

17 17

18 18

19 19

20 20

21 21

22 22

23 23

24 24

25 25

2 - T

27 27

28 28

29 29

30 30
NOTES: Dense = “I(:9!bs

Lovae — Y4YSIbs
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0 30 60 90 120 150 180 ¢ 196.2 Initial Surface
0 A2%5:9 Dﬁ.m A41T A4R.0 A41-8 Dﬁ.q Ey), / e -
A F).&
17 MNALS AdL2 A1 hatA AATE A4l YA 4
n H_AN Al =z
Q JACT A4TA4 AL @ 2-45 A 414 A44.6 AMVT A 56.6cm w
3 424 =
T s06ha0s  Ap  Aqrz  Ae  AdLe  Ades AR pwe? T
. . 4 Ab.0 6 Lan®
56.6 cm 4b-§ Adb. 2 N2 M.meoa Adeq b A _Ls O
. _
Ao A @ = 40 o Lo FANY/ W B A P AahA B Final Surface
A/j A | X0 oom iy 7 ) <10 4 pamy ﬁ%}
Aars  A4s3  Adgs %Ma.ﬂ Ads.6  Adgq AT AxT
pHAar-l Aas.o  N4se ﬂa\@.m‘aw A48 A45-4 AT A0
T DN fap@
Ngv.0 A 4%.0 AT A4t A 4g. Aar-g JAY INAe
A1.0 A5 .4 AAT4  AA14 A 414 P
SOIL BOX PLAN TESTNO: || paTE: 11/13) 2015
) )

(O MODEL BUILDING WITH
ACCELEROMETER

I ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

JOSEPH TOTH




Shakle Table Test# |2 Joseph Toth
pate: |1[20]2015
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws {lbs)

1 35,4 L34 1 39.9
2 3yl [. 3 2 30.\
3 36 F [ <61/ 3 27\

s 3HF [.%9 4 35.7
s 32,5 1,93 5 24.2
6 36.5 145 6 3e .y
7 378 (.32 7 37.5
8 25, 7Z [, 76 8 35.9
g 370 %S 9 36 4
10 33.% |, &9 10 27.6

293 u 3L .63 1 36.7 — 376 3

12 376 [.€& 12 ©.3

13 343 1, #1S 13 4) .4

1 14

15 15

16 16

17 17

18 18

19 19

20 20

21 21

2 22

23 23

24 24

25 25

e T

27 27

28 28

29 29

30 30

NOTES: Denef=HiAlbs

Lot = ‘4"{5\\75

295



296

0 30 60 90 120 150 180 196.2 Initial Surface
0 paLo  pald  AfD.Z a1.5 A4 AM)-] XL L O opeLaurone v
Il ACCELEROMETER
PORE WATER
17 Aas  Adeo  Adwo  AdL4 A4 TS AR AR
(72} Al 468 zZ SETTLEMENT
Q Ag1.l A A41a ab@.ﬁb A41s A4 A AB66cm Q| T Ve LomTIoNS
= 3
47,7
T 396 Ades  A4T.c  AATA Raed  Ades  Adeg AT p%e0 =
NOTES:
56.6 cm N‘L%o.m. 470 ANde-q 410 Adb:I A5 N paed Semsan 2 ia
, 196.2 cm - O doree lox "
e al.mn\q mvomm.vau
ﬁ?ﬁ.m A48-0  A48.2 A4%.-0 A48-4 4% .4 p48.5 ne-5 Final Surface .\ll.*ﬂ.ml
Ar Aaso Aas.o  A48.5 A4 AsRd pa ARTY
4172
Ad1.3 Ad1LA Ade-0 L g55-415 Adsn Aased N A
]
4.4 .
A A6 Adrg Rans A AAET O ART ARe®
E&J\o .Lf.m Dx._‘m al.4 A4 q1-2 b,%:o D».s,&
SOIL BOX PLAN TESTNO: [2 DATE: ///2o] 2015 _ |JOSEPH TOTH
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_Lorag - 445 tbs

U ot o Libfeco, T ?\fer‘mm»é;ﬁyf

ghakle Table Test# |3 Joseph Toth
pate: [2]1fzols
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (Ibs)
- 1 33 1,42 1 3lo
2 370 185 . 2 33,8
3 34,3 1.%2 3 328
4 25.8 .29 4 270
5 365 [.83 5 34,3
e 6 370 [.8S 6 32.3
7 3*F 1.89 7 35.% — 22¢.9
8 394 z.0 g 4.5
9 349 175 o Y2
g2 10343 174 0 _38.5
11 31.8 z.0 11 6.6
qeg —2 g4.0 I+ 12_3¢.|
13 338 I.# 13 3.l
14 7.2 0.4 14 54
15 449 Hied 15
16 16
- 17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 2%
27 27
28 28
29 29
30 30
NOTES: _Dorae - (Ilbs poltec 4o odd oddihral Hineles dr Ligyefelle bpra




298

0 30 60 % 90 120 150 180 »\A 96.2 Initial Surface
AN L AU S LN B AT O tooe umomcuur
I ACCELEROMETER
o ; PORE WA
17 A _\?‘M A Wt D;\f_o D_\/é o A _\/ao : A yi DLP P RV;\?W PRESSURE SENSOR
wn 4 § 0 =z EN
m A (/f. DC« b A ol ﬂ .W O A (/\.__ ,«) A c/) ,«) DL#J‘ RV;%@ 6 cm w _,m\_mﬁmrcmkmsquq LOCATIONS
o | ) b ue b 1 e \30 o
SN S U (SN L SN AN LS L T T
- NOTES:
459 ;,Q_e 45t 4b.5 e de® b |46t _
56.6 cm A A M A—oh @ c fr%
. - N = 44,
196.2
! o ! S - 4up
AN Algo A8 AN N 33 Augl r\wé.. Final Surface| W\ H “Mom
25 5 ! ol
A NN N AR s AN T
AN Adpo AUB.0 O AT Awa AW At
ATEATT o amE AR e oama ARE
De?.m Wb WP W\ >,>\.fo A Yt \l/,ﬁ,é D&?\« R
&
P
oy 2
SOIL BOX PLAN TEST NO: _W DATE: _N\\_ \No 18 w_n JOSEPH TOTH




Shakle Table Test # } L,l Joseph Toth
Date: /1/3/2_0,5
Dense Layer Liquefiable Layer
Ws (ibs) Ws {ibs)
- 1 39,7 .99 1 Z0.8
2 35.8 1. 78 2 H43.0
3 39,% .77 3 3%2
15,4 4 40,5 2.03 4 H1.5 s
5 2 F .84 5 8%.%
6 36.S .82 6 9.4
2223 _7 43, F 2.19 7 23.)
g8 4Ho.0 2.0 8 3% |
—24S.{
9 38.5 193 9 24.6
10 _8%2 1. 86 10 26.3
388.0 11 4.6 2.08 1 3%.3
12 43.2 2.6 12 39.8
972.8 T3 3, ¢ [.8Y¢ 13 33.9 T3
14 /(.0 0.8 14 30.2
15 fotad 525.5 (b 15 H1.3 e
16 16 H18.5+opsf
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26‘%“ o
27 27
28 28
29 29
30 30
NOTES: Derse - 525.6 lbs

Logee. = 498.5 tbs
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0 30 60 90 0 120 150 180 196.2 Initial Surface
. A L PR C L B\, O ovet eutone v
Il ACCELEROMETER
VA SN AT pR® PN S A T POREWATER s
0 o 2 1.5 Z SETTLEMENT
m > NV%\ D_\_w.m D;w..w Oﬁ, D;w.ﬁ Dr::u. D;ﬂ.& mysmm.m cm nuw MEASUREMENT LOCATIONS
3 5 2 R 2 3
T Faoe AW AN AR AT pwe A N N -
S N woy |NOTES:
W £ W w8 wLs BYR-S uo  |Wo
56.6 cm A A A A A
R_L 196.2 cm - ()-8
Ho,0
ABA P AW ATD PN wiM A2 3 Final Surface
» 00 4! .0 A A 5
Da. AN N N Dé D%Z AW\
Dﬁ.@ Ds?» A0 oure Ao AMBLe AU 30 |
5 s 5 5 > |
AN AP N N AN TN S L |
|
ﬁ
Wy D&wlo D;w.w [v:.,m b,rﬁ.o .L;N.J >;w.0 D_\ﬁ..\# v
Jso |
44, cw.ﬁ
SOIL BOX PLAN TESTNO: [ { DATE: \N\ 8liols 494 _,_Omm_uI TOTH
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Shakle Table Test# |5 Joseph Toth
Date: ’Z/H(Zotg
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (Ibs)
- 1 H2.8 2.14 1 .6
2 3.6 .83 2 375
3 4,7 2.09 3 38.4
1578 4 38.%F 1,94 4 H0.3
5 35.6 [, 78 5 3% F b
6 H43.5 2.18 6 39.3
7 38,2 1,91 7 39.8
8 36.3 .82 g8 378
3134 —
9 32,92 ].a4 9 3S5.| — 385
10 40.8 2.04 10 Ho.5
434 1 4o 2.05 11 _H0.6 3913
12 b 1,78 12 353
soas 3520 L3 13361 — 471 Y
14 (9.4 0. 76 14 2%
15_tofed 575, 6 —t————_. 15 _fotad _78.5 —
16 16
- 17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
2 26
27 27
28 28
29 29
30: 30
NOTES: Losse - 498, 5 tbs

Desst - 525.6 lbs
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|
(©) MODEL BUILDING WITH
ACCELEROMETER

Il ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

JOSEPH TOTH

0 30 60 90 120 150 180 196.2 Initial Surface|
0 },w.rv \Ip;w./ S_X) Ee’mb us.e [;m.c [&ML >r_&_m
25 ws> S H& . 5 :
17 A A N N AT AT pusS A%
8 ) . * o s z
m D%\ D_i._) D;«, 9 Ow; Dsm.. Dsw.w Di..v A6 cm m
I Ul W 4 s Audo T
39.6 A% AW AN AT A NS AR/ N T
Py Jl.8
- uie w3 0 w3\ YLe .0 ws w3
56.6 cm £ A . A A
R__L 196.2 cm r~_L ;rwl@l::
“u.F
\‘ AN3.® ANS w55 AISE AUS L AU EF A1 Final Surface
Wy . \ *
NN NN P L X
MH NVAw,o D;LMJ DSW% O;@.w Dr«w.i DSN.@ D_\_m.o RV_\_.._.w
_.V,ﬁo u K] Lo
m. AuB° A ..,c,m D;.‘rm Di A0 A ug.0 Dr_; A
w A gt ud.5 Vi.; A P il U
45.0
é.;.\mwa:.
DeA=0 o8 B
SOIL BOX PLAN P TEST NO: IS DATE: 12/uf2o15 i 3
) )



Shakle Table Test # Tear #16
pate: 12/15/z2015

Joseph Toth

Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) W (Ibs)

1 Yo.5 2.03 1 36.8

2 34, L 2 34.7

3388 174 3_36.6 )
iso. 4. 371 .86 4 375

5 363 1.82 5 2G.3

6 38,3 1432 g "l.o

7_43.7 2.19 7 3.6 — 2566
20,3 B ul.s 2.08 g 39.5

9 388 1.4 9 4,3 3373

10 376 [, 88 10 38.9

11_38.9 [.95 1 4.9 _Ue.c
yorq L2 Hi.8 2.09 12 Ho.F —ys92
Sie 2.6 2.13 13 39,3

14 15.6 0.8 14 478.5 totel

15 525 to Adnded T 15

16 16

17 17

18 18

19 19

20 20

21 21

22 22

23 23

24 24

25 25

2 T

27 27

28 28

29 29

0__525.6 30 4985 oted

NOTES:
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(O monEL BuILDING WITH
ACCELEROMETER

M AcCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

0 30 80 90 120 150 180 196.2 Initial Surface
0 A%° W i AL ag) 4.8 usL 448
17 D&.; D»%\u Ds;... D%E D;m./ D;m.c, D&Ae D,__\_.ﬁd
wn &.a s
Q I N et PN DN L INC ) . S
= . 5
Y N LN N N R pust A T
yl,o
. w? we W\ Y3 yH 4.5 ugd [y3d
56.6 cm A A A A a—a wf
i 196.2 cm i ‘
Yl
\w&.o AM0 Eé.c T [;E A A A5 A v4-SFinal Surface
A
A D&R AR A N A4SH A8 Aud
Y LN NS X LN T A453 A\ 438
1
AT AR AT R S iy ) Ame
i 415 2 P At Y25 W)y
A A A A A A al L
é.fmvré,
SOIL BOX PLAN TESTNO: 216 DATE: /2/15/2015 ul.3

—y

JOSEPH TOTH



Shakle Table Test# | 7 Joseph Toth
Date: 12/18[2015
Dense Layer Liquefiable Layer
Ws {lbs) Ww (lbs) Ws (lbs)
1 35.7 .79 1 35.3
2 35. 6 .78 2 339
| 08 .03 36.F [, 84 — 3 38.0 (0.2
4 37,0 )88 — 4 239
5 3%| [.86 — . 5 355
2212 8 39.{ [ — 6 3914
7 376 /.88 — 7 36.2 7%56.2
8_34.3 [.72 — 8 39,6
2299 2.36.8 .84 — 9 _36.0 _331.8
10 36.2 L8[ 10 35.0
Yoy 1.3G.2 [.8] — 11 35.6 o2
12 349 L35 — 12 33.8
13 359 1,80 — 13 35.0 —4H.2
snel 384 (92 — 14 233
15 [ 0.7 15 4985 o frd——
16 S28 e fofef —F— 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
25 T
27 27
28 28
29 29
30_8525.¢cls 30498 Siks

NOTES:

305



306

0 " 30 60 90 120 150 180 196.2 Initial Surface
S wsH WA > 0
0 A A A A% A% ANS2 AP A O yopeL sutome
] ) [l ACCELEROMETER
X x
17 RV}&_ Dc,c/ D}m./ DLW .0 D;L.J DL% z D;m A RV..E.% mmmemdemMmEom
[%2] pd SETTLEMENT
3 & o o\ w3
|ﬁn.u_ . NV} D,i . DL; O(/ D_.E.w D;N.w A% A'56.6 cm m MEASUREMENT LOCATIONS
o)
T a9 pM° AN S AWT s A A pide T
% NOTES:
W w3 uAD A3 43 A7 440 pu.0 ML
56.6 cm £ £ £ L 4 P "y
I 196.2 cm _
42.0
52 ANST 4s.8 U5 4SF 2 A4S AU5.© \wﬁ.& Final Surface
Lo : )
. RV&} D;m.m DSm_w Dv_m. DLm.F D;m.m RV..E.».
LA ANSE owt pus3 A2 AZ A s
i
M A AHS© A8 AUS0 A4S AHA A3
x ¥ * ! ,
43 [i ; ! A g [;;.w A qd.5 A4 AHo
45,6
450 45,0
SOIL BOX PLAN TESTNO: |7 DATE: |2/i8/z015 | 45,5 |JOSEPH TOTH




Shakle Table Test # 18
Date: ’/‘f/ZDl(,

Dense Layer

Joseph Toth

Liquefiable Layer

NOTES:

Ws (Ibs) Ww (lbs) Ws (Ibs)
~ 1 372 B¢ 1 42.1
2 28.6 (,93 . 7 2 4l.6
3 40,8 2,04  — 3 388
4_36.4 1,82 . 4 33.%F
5 Ho,4 2,02 — L
6 3.2 1.81 6 388
2657 — 7.3 1.8 = 7386
3021 _ 8 3.4y 1.2 — g8 SA2 —7052
9 39,0 .95 9 Ho.zZ
10 6.6 /. 83 - 10 39.3
11 35 # 1.7 - 1 29,3
4539 12 4Y0.5 2.03 — 12 41.9 4659
13 32.4 [.62 13 32,6
14 3720 1.85 14
15 2,3 0.12 15498, 5t
16 525 (e fofed 16
- 17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
e T
27 27
28 28
29 29
30 §25.G Ibs 30 _494,5 lbs
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180 19672 Initial Surface

g 30 60 90 120 150
0 A WA [‘;AA/ D‘;a«; D\:Fﬂ [\;ﬂ.»\ A 4H.bo A e) opeL o v
B AcCELEROMETER
17 4 AT pE st ae L we T e PO som
m . A D\c{;.(.. D\Zy“ Q\J)C A us\ D\#N‘w D.\Ew A 56.6 cm w m,mwﬂm_%%smﬂm.za LOCATIONS
\
T 64 aRt o pR A AWM AusS pma T
4lbw) NOTES:
56.6 cm & A \P\w? A7 w0 440 net 5% \
. _ 196.2 cm ) .OL_: )
414 (£)
h\V [\g [\S.ﬂ;h D\ vs.% D\Lﬂ.? ¥ D\Im.ﬂw D\Lﬂ.& —H:JN_ mcqmom
AN AUSTE ALULO Ao A r_ﬁ.mD
LA Grief AU pemed pus?)
_ N D\ 4.2 A HE3 A-UGT D\:acb
MW— m\/\ﬁ.Q e L\\*O \/\E.N >\£LLPV
B N = 43 ()
Wr Q) 4.8 (W)
SOIL BOX PLAN TEST NO: 18 DATE: [ /5/201(, wAale) |JOSEPH TOTH




Shakle Table Test # - Joseph Toth
Date: |/8/zs " SFR2o, b fegen, Cﬁ""ﬁ"”ﬁ"ﬁ i
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (lbs)
- 1 30.8 .54 1__ 357+
2 317 .59 . 2 39,0
3 3o0.5 553 3 386
4 33.4 .67 4 35,2
5 35.0 [,.75 5 37.4
6 373 1.87 . 6_38.0
7 31.8 1,59 7 33.8
8 32.1 [. 6| * 8 259
9 36.8 .84 : 0 3L — 330,20
3364 10 3%, 0 .85 L4 10 3%:3
1 397.¢ |.96 . 11 38.2
12 30.7 .54 * 12 374 —
13 28 6 l.43 - 13 225
473 8 14 39.0 195 14 {6 -
$02.8 15 29.0 L5 15— Sy
16 22.8 {14 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
e T
27 27
28 28
29 _575.61bs 29 498.5 ibs
30 30
NOTES: SF-20

in 461(‘& (13,5psf)

Mo ?w? Serddl
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RPN
ecﬂﬂms el 0 3%
Wb
0 30 60 90 120 150 180 196.2 Initial Surface
0 A w8 ARG usA us 457
7 a ) a F 50
17 A A AM AMT AN A AT A
wn prd
4.5 A . ;
m A A 4 . Dc.&,w Ow) DJ; < D..:.w D_E.m A 56.6 cm m
0
T 3964 AME L AWME AWE AW e A T
: oW, e US 3 : 4.0 1t .
56.6 cm + A N A% A8 AM AT s
_ 196.2 cm | 108 ;
q1,2
A Wt L) CHE) AMSS PCEE] A%S A Final Surface
M
A D;m.e D;mm‘ Dﬁ. Dzm.; D;m.u A
m, ST\ o
A aee o AN N AR
2 LAY ) 0 ]
A AN AC A /N TN
3 ! 2
A >;> D&.s. [;ws D%_,o Dci A
94,0
.m.wQﬁm
SOIL BOX PLAN 2 TESTNO: [9 DATE: [ /8/2006 43 F

(O mopEL BuILDING WITH
ACCELEROMETER

B ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

JOSEPH TOTH



“Shakle Table Test # 9. | Joseph Toth
Date: 1/22{ 2016
Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (Ibs)
1_43.8 AL 1 452
2 3.5 (.98 . -~ 2 35,5
3__42o 2.1 - 3421
4_39.6 198 T 4323
5 40,6 2,03 ~ 5 2997
6 A0 .98~ 6_40.Y
7 396 1.98 - 7 Hz,]
8 3.7 1.9 ~ g 399
324475 30 z.i - 9 41.3 m3173
10 38.9 195 - 10 3#.3 - 295 .9
11 44.8 2,24 -~ 1 39.2
Yoy 3t il 203 - 12 39.9 7
13 33.9 l.70 - 13 235
14 525.6 dofud j———e 14 4985 il
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 75
2 g T
27 27
28 28
29 525.¢ lbs e 29 4985 lbs
30 30
NOTES:
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0 30 R 60 90 120 150 180 196.2 Initial Surface
0 TS\ R Y. L O oozt sunong vy
) W AcceLErOMETER
17 D_i 2 D&» % D_i.m Dj.w o A b Dsm © wMMMmQMMmMmZmom
M\uu A ulle Di_ﬁ Ow).w DL:..A\ DS@V D..E.J 56.6 cm w MEASUREMENT LOCATIONS
[ ' e}
3 3
, . L\ 13 A 1.5
T 396 SN s A% AY A =
a NOTES
¥ L o 38 a : .
56.6 cm s TN S, i 3 ¥ G odd bl
‘ 196.2 cm ] Hoa \ foobig
.2
AUSS AMsH ANSS AMSe o puss NER] Final Surface
J\W ¥ Toaf necad tezrndet
X $o 20 secn t, .
s us® ) 9.
N AY N AT AP A
AW>° O;N., AUSA AMZF AYE0 A
; a i
: AMS? AN A AW NN
ad w0 _v oo w3 $iM M4
A A A A A A A a2
,s.mu%
SOIL BOX PLAN ) TEST NO: 23~ DATE: 1/22 [2010 Mt |JOSEPH TOTH

19.1

"



Shakle Table Test # 19,2
Date: 2/5/201¢

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (lbs) Ww (Ibs) Ws (Ibs)

~— 1 36 ¢ 1. 84 1 41,9

2 439 2.20 . 2 448

3 43.3 2.09 3 4./

4 384 115 s H2.5
20d.5 5 41,3 207 5 30.6

6 428 214 6 Hl.o

7 27.9 190 V4 ;422 T 2483

g 42.8 2.4 v g H#F— Ho. ¢

9 43.3 2.0% v 9 Hp.l

10 92.3 2,12 v 10 Y3.]
Y56.8 o 3.2 210 v 11 H4.F —yse.o

12 YoY 2.02 ~ 12 40.3

13 26.1 (.31 v 13

14 14

15 523.3 fobed 15 49C.3 hﬁe

16 16
- 17 17

18 18

19 19

20 20

21 21

22 22

23 23

24 24

25 25

”5 T

27 27

28 28

29 523.30bs T 29 496.2

30 30

NOTES:
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SOIL BOX PLAN

0 30 . 60 90 120 150 180 196.2 Initial Surface
0 4 A% 4% P AR 8 e O oo san s
. I ACCELEROMETER
17 A Dr?.o Dﬁm_& D;m € D}m.m D_.E.W D(,m.o A WMMMQOwmmxmzmom
w =
m A A us5.0 Dsmb Om).c Défw D;L.\P DL&.ﬂ A 56.6 cm vnw MEASUREMENT LOCATIONS
S _ . _ 3
T 3064 AN AN AWE sl ae g T
NOTES:
WS wio ud2 w2 SENG uzd e £
56.6 %irn A A A N A Pwplotr)v Fopsf
" 196.2 cm ] e i
WwE
AWF AR50 A\us.8 A0 o A3 AF A Final Surface
5 5 ; T “ wot
A N N AWT A% N AV A
o 2 A 1 A
. A N A% O A AV A
T w52 3 PR o 10
A AP M n A% AN A A
w oy e s WO S
AN A A A A A A ¢
L
%«mwii
TESTNO: [9.2  DATE: N\ 5 \No:u W WS |JOSEPH TOTH



Shakle Table Test# 2.0

Joseph Toth
Date: /12 /2016
Dense Layer Liguefiable Layer
Ws (lbs) Ww (lbs) Ws (lbs)

14l 2.10 v 1 4.8

2349 3 v 2 Bo

3 4,1 2.0 v 3 39.4

4 373 1L8% v 4 37.3

5 358 )79 v 5 38.%

6_40.9 2.05 g 6 39.2

7 _41.8 2.08 v 7 328 —215.2

s _38.% 194 v 8 37.8

9 325 .88 v 9 37.4
389.c 10 40,8 2,04 v 10 Ho.2

1 26.8 .84 v 11 _36.8 — 427y
%7#_1_2 43. 0 2.5 12 4.9 23

13 39.1 1.9 13 3% 0

14 [7.] 0.8~ 14 29.2

15 £25.66 —1 15 49885 —

16 16

17 17

18 18

19 19

20 20

21 21

22 22

23 23

24 24

25 25

26 25”“

27 27

28 28

29 525,06 1bs 29 498 5 lbs

30 30
NOTES: Sefe= 20

(oiu ng (lZIS?S'P\

Ne FWP S gt
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0 30 60 90 120 150 180 196.2 Initial Surface
0 A AT e a0 pued st s
WX 15 t . :
17 4 A A% NS NS IN L
wn Z
. . 2 | 7
m A D%/ AN O ' A AME® AT A 56.6cm m
W0
T 3964 AN Al AW Al as T
Al 3 4 2
- M\ Wt 0 W, yu. -5
56.6 cm & - A A oM A A b AN
] 196.2 cm | 3 A
%
A 953 ALY ANES A48 AUt A¥> A Final Surface
X g ,
A D;m AUES D; D&.\/ D;m..._ A3 A
v b ot A
A N AT N S N AT LRl
& A o us
A At N ANC o pe AWT A
A [;;.e _D;;.w .b,ri.c, [«1__.’ e D_i.; A
q4.3
;w.fﬂv;i
SOIL BOX PLAN TESTNO: 2O DATE: \/1t/2016 Yo

(O mopEL BuILOING WiTH
ACCELEROMETER

I ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

N

S’

JOSEPH TOTH
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_ Shakle Table Test # 2 | Joseph Toth
Date: 1/15 201t
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (lbs)
- 1 27.6 1.88 — 1 Y454
2 39.0 [95 . = 2 32,2
3 39,0 1,95 - 3 Yoo
a_3%.6 1.98 ~ 4_36.2
5 31.S l.e3 T 5 _3%7 _ 1920
2289 —8.10:5 203 = 6338
7. 3728 L& = 7_Ho.( —2¢59
g 20.%* 199  — 8 35.%
5 38.0 /9 - 9_38.0
10_ 335 88 __— 10_39.4 -37%.0
11 3729 .87 — 11 24,1
457.0 12 3%.9 1.89 // 12 372
13 36,4 182 13 29.5
1w 32,2 4 lel T 14287
15 15
16 525, C 1 4Y98.5 —
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26-“
27 27
28 28
29 29
30_525.¢1bs 30 4585 lbs

NOTES:
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0 30 60 80 120 150 180 ﬂmm.m Initial Surface]
o p2F a® Al PN w3 A A O oo sunonc
B ACCELEROMETER
17 A D.\Ga Dc,m.o D;s.? D;m.o D;m.o D;m.w A wmmm%wqmﬂmzmom
m_ AN D;ﬁ 3 DL&M meﬁ D&.—.? D;N.m D.i.m A 56.6 cm AIM_ mwm_%%smﬂzmz._. LOCATIONS
2 . 3
T 3064 A A AME AW s AR T
s NOTES:
K R WAL k.0 ud.0 WA ? “sod occiderdelly
56.6 cm = [‘_om o = = T £ W\ 1?«&% v\i $ocun
= < om ! 2 leson . See phate
% | oectblefa
; n e cet £ Lo Lo
AW A & Ecm,m [v_m,w [;3 Esm.ﬁ Dﬁ.o A Final Surface #@MMM_«, e
}msm Sﬂ_ﬁ
A AHSH pws aE A A INAWN
05\ . a % s |
A N At ofer A% N AS2 A
. , 4 |
A AWA e A8 _ AN A% AT A
o 1
A Jdo A3 [%_. [,,i A i 344 .
= ™
2 ()%
Wo__. BOX PLAN TEST NO: 2! DATE: !/!S/z016 £ |JOSEPH TOTH




“Shakle Table Test# 22 Joseph Toth
Date: |[zo /201
Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws {Ibs)
~ 1 39.¢ 1,98 1 28.3
2 379.5 .98 4 2 YHo.1
3 29,7 1.99 ’ 3 3%
4 .3 1.92 - 4 39.4
5 4o0.3 .02 ~ 5 34,2
6 4.3 2.0% - 6 Y.+
7 34.0 .7 - 7 3%.0
8 388 lad4 8 Y2.]
9 396 .98 - 9 Yo.o — 3399
10 Ho.2 2.0l - 10 39.#
u3LLe 11 39.8 1.99 - 1 354
12 3.2 .81 - 12 YH2.¢
Sorg _13_Hos 2.03 -~ 13 21.% _ 4s73
14 (8 0.89 -~ 14 1.2
15_5S25.6 et I 15_198.5 fotd —
16 16
~ 17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 %
27 27
28 28
25 29
30_525.6 lbs 30 4985 lbs
NOTES:

Bin d!m&tz:.‘ﬁﬂ;\q
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0 30 60 90 120 150 180 196.2 Initial Surface

® 3
0 4 P S . = S L 2 $ O oom e
. . . ACCELEROMETER
x o
17 A D;& D&m Dsm.o D}mv D;m.w D;m.o A PRESSURE SENSOR
(2] =z SETTLEMENT
o Wl w5 29 M 4S.0 42" a7t I} MEASUREMENT LOCATIONS
s A A A O < A A A /\ 56.6 cm w
i A F .
T 3964 AT AR AR pue A A =
5 . ~ ) ur NOTES:
A $ 3 5 . : >
56.6 cm Nﬂ W [;w [; [:; [%_ [;w.w A - s %:\Sﬁ L‘?,\&ﬁx
_ 196.2 cm _ : (st
yl.o
A AR5 w5H X ANSS 2 Avse ust Final Surface
b\ 5.9 5 : F
A D;w D; D;m D;m 2 D;m A
¥ D wE
A Dsm./ Oi AUS3 ANEO D;m., A
A N A2 puse o ANT AwA A
; . w$
3 ’ e
A [% oM A A3 A2 s AL .
%
4.2 .Q.z._
SOIL BOX PLAN ) TESTNO: 22 DATE: Iz0[201 £ |JOSEPH TOTH
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"Shakle Table Test# 27 _)

Joseph Toth
Date:
2// 2//6 Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (lhs)

1 4.8 2. 04 1 Y3.6

2 44, | 2.21 2 .6

3 43§ 2.8 3 BT

4 434 20% s 4.8

5 37¢ 1.88 —~ 5 42.

6 4.? 2.69 - 6 Yo.8

7 Y.l 2.0l -~ 7 37,3

2000 —8.33:8 1.69 - g ul.3
9 Uo.2 2.0l s 9 465
10 4.6 2.18 - 10 3747
sz, 433 2.1% - 11 397 vl

12 .8 2,23 - 12 3.2

13 257 1,29 7 13 —
14 14

15 15

16 16

17 17

18 18

19 19

20 . 20

21 523.2 Ibs 21_"196.3 ks
22 22

" 23 23

24 24

25 25
© 926 ZGNW..MWMM‘“
27 27

28 28

29 29

30 30

NOTES:

8in_foohva

Lpwp erai (3 )
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0 30 60 90 120 150 780 1962 Initial Surface
0 A >Sm.y A usy vsH AuSA 45,0 453
17 A AN pus AL e s R
9] <, z
2 A A I Tin AUEE A AMY A 56.6cm )
3 . ) 5
;. ¥ —\t‘\
T 3964 A" AWT AME L aWs s AN T
yt.8
566 W0 Ko R .0 W wi.0
.ocm = 2= = ey 7= = Wi.2
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CivA
A AM5.5 AM5B AUEF ) AX.2 XN Final Surface
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= S & = %
v
i.m\mvli
SOIL BOX PLAN Y TESTNO: 201 paTE: 2]i2l2e1uy N

(O MODEL BUILDING WITH
ACCELEROMETER

I ACCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:
% " iﬁm
lpop sengo @ (350)

("

JOSEPH TOTH
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Shakle Table Test # 23

Joseph Toth
Date: 2/!‘7/204(9
Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (Ibs)

S 1 Y20 2.1 1 286
2 439 2.20 . 2_40.6
3 Yy F 2.4 7 3 HLb
4 444 222 7 4 314
5 41,2 206 5 _40.5
6 434 2013F < 6 42.8
7 _H1.8 2.09 -~ 7 43,7
g H.8 2.09 8 448
9 423 202 7 9 42,2
10 343!(; |68 7 w0 4l Wy, c
1 4l 208  — R

532 12 H2.(o 203 — 12 Yo0.3 — Y9%.3

13 Zo. )\ l.o| ~ 13
14_523.2 14_ 196, 2 lbs
15 15
15} 16

~ 17 17
18 18
19 19
20 522.3 |bs 20 496.3 Ibs
21 21
22 22
23 23
24 24
25 5 ———————— ]
N g T ——
27 27
28 28
29 29
30 30

NOTES: (01l Loatime
R 4
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0 30 60 90 120 150 180 196.2 Initial Surface

0 4 Wl 8t A S e s O ez ganeym
) ) I AcCELEROMETER
17 A D;m./ D&W.c Dxm ° Dsm.m D.,E..._ RV_\F.Q A wmmmkwwm%ngx
n o s c \ . MF 4 mmj_.mgmzﬂz« .
m A Dr«m. D;&. Own_. D;m. D;w.u\ AN 56.6cm vnm MEASUREMENT LOCATIONS
5 : : 3
] 3 3 § .
T 3964 A AW AME AW A T
s NOTES:
: w3A m3 we 44 u3.5 y3F ) (- .
| 56.6cm A a7 A Al A AN y 101 Forbeg
h H 196.2 cm _ 4 :
w3
) ANSD N85 A AUSF o aMea AMSS A Final Surface
‘ vs.3
A piss gt T puse A5
e N ~W
A ANSE oW pus) A AET A
! iy A s NN SN
S o, 5 a3
[.i [%: Di \l/_r_;.o D; &
45
Wk
") \O 4
SOIL BOX PLAN . TEST NO: 23 DATE: 2/20/201¢ 453 |JOSEPH TOTH
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" Shakle Table Test # L

Joseph Toth
Date: ?_/‘2(,/“‘
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (Ibs)
1 4346 2.18 1 4Hd2,0
2 41,7 2.09. 2 44.8
3 _37.9 /.90 3 Hl.0
4 38,0 149 4 43,2
5 43,6 .18 - 5 454
6 Hl.| 2.0~ 6 Ho.1 st
7 4Y.6 2.23 - 7 H.(
2320 _8..43.1 2.6~ 8 _43.3
9 396 198 — 9 3%S5 _ 3784
10 43.9 2,20 7 10 398
11 4.5 z.08 -~ 11 H5.F
158.¢
12_36.6 - 12 32.3
13 287 144 — 13 496.3 —r
14 523,3 ] 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
% g T
27 27
28 523.3 jbs T— 28 49¢,.2/bs
29 29 -
30 30
NOTES:

/Zl‘ﬂ "Wﬁn‘? "%‘37 IZv??ff
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180 196.2 Initial Surface

0 30 60 90 120 150
\ -
0 4 N Y . M. L. O yogetaunone
. B AcceLEROMETER
._N RV D;m_w D&m.w D&L,J D _‘_:.: D r_:*& DL.WL, RV mexmmwaMmMmzmom
(9] A 3 Z SETTLEMENT
m A D; ¢ D_\i. Ows.ﬁ A 445 A uus AU A 56.6 cm m MEASUREMENT LOCATIONS
= 35
a ¥ .
T 3964 A A ANE AT Ak ABREA T
) . |NOTES:
W Wi g 40 | 151 .
56.6 cm A A A3 AT A A 9 P Cot
$_L 196.2 cm = “ g
g2
A A A A A e A A/ Final Surface
v Wk usH Us.s uss 450 uls
YAy AWRT A 453 A Hé.l JANCE R JAN LR AusH A
A A0 AUSS  Oms  A4Gl A®6 AdSLA
A AU A aet AT A0 A ge) Audal
A A y44 A_t43 NECL PN 44.3 A Wt Y3 p
ity
4 yu.8
SOIL BOX PLAN_ TESTNO: 24 - DATE: 2/26 /2016 | 7 | josEPH TOTH

S

e

~



" Shakle Table Test# 25

Date: 3/2/201(,,

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (tbs) Ww (Ibs) Ws (lbs)
— 1 42.2 2.1 1 4l.o
2 4dS 2.23 | 2 4
3 4L.? .09 3 43.6
4 36.0 1.8 4 Y43.|
5 H0.2 201 - 5 39.8
6 37.8 (.89 - 6 38.3
7 44,3 2.2y 7 38.0
8__ul.8 2.09 - 8_4Y4.|
9 Y2.2 2.1 - 9 42.72
i 510 43.9 L0 -~ 10 44.8
11 33.0 .65 7 1 _Ho.r — 4.2
H&?,GB ALt 228~ 2, e
13 _33.% .62 -~ 13
145233 C— 14
15 15
16 16
~ 17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 %
27 27
28 28
29 523.3 lbs o A — 29 49.3 Ibs
30 30
NOTES:

2. foofine
~
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0 womo 60 " 90 ) 120 150 180  196.2 Initial Surface
o us. 35, ST ui A 453
0 \W A A A A A A O iovet surome wk
W AccELEROMETER
A
17 A D&; D}; A DLm © Dr_n\o D;L.w D;w.w A wmmwmﬁwm_m%mzmoz
w prd
m N DSLB Dc_s.w Oso.c A ud.3 Ds;.m De_e..\.v A 56.6 cm m N_M)H_%kmﬂm.zﬁ LOCATIONS
X3 a4 0 -
T 3964 AR A NN N ) T
NOTES:
, a0 W0 Wy w2 s w5 3.4 e .
Y
56.6 cm A A A A A A Jin 4ooh
| , 196.2 cm r__L ul A "3
Y2.0
> Woe ANSS AU AMSF T AUs3 AUET S Final Surface]
wsS s
A A D_\,m A yss Dc_ 5.4 D&m 7+ A
’ us . o
A A ot p AMET AN
° o
NV Dr—m De’me D “s D yy ¥ D_\_w o A
: X
< , P <
A o VLI LN R i ?\Mw Mm:%
.Ol N\
SOIL BOX PLAN ) TESTNO: 25 DATE: 3/1/zet Zole JOSEPH TOTH
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’ VShakle Table Test # 'Z(o Joseph Toth

Date: 3/9/z01¢,
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (lbs)
1 A,0 /U5 1 417
2 42,9 2,15 . 2 YoZ
3 282 [, 4] 3 4z
4 40,5 2,03 a 454
5 43g 208 5__47.9
6 45,5 2,18 - 6 H7/ )
7 42.8 7.1y d 7 {430
8_45.8 2.29 -~ 8_97.¢
9 3 2,22 ~ RS
10 434 2,1% -~ 10 Yz
us) .y 11 45.5 228 -~ 11 Y3.9
12 459 2,30 < 12
13 2.0 .3 - 13 _H96.3bs
14 523, 3 ——f——— 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25—
25 g T
27_523.31bs o 27 "196.3 bs
28 28
2 29
30 30

NOTES: Y, Sin footrng
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0 30 60 90 120 150 180 196.2 Initial mclm&‘
0 A 254 T pter et w8 T
o - _ - .
17 A DL Dr, PHS? A4ED ANSS Dﬁ‘.& /
w 2 _ =
m A NHs® A @Yo ATE AYC  AEY A56.6cm 3
| - o |
‘ T 3964 N A AHSL AT A pl A T
% 5.0 0 2 42,3
56.6 cm A A pHE0 ¥ A ALY
196.2 cm 119 "2y
iz
A 46 3 A Y NS 16.0 Ade? Final Surface
L
5
A Ndbb NILY N | INCX A
A A\ HbO 0133 Ner — pusT? AT/
A A TN INZ RN 2
A A ug.| Dﬁi 4s.3 5.0 NGz
153
{hm\Q [%g
TESTNO: 200 ug.dl

SOIL BOX PLAN

3

pATE: 3//z0le

(O wooEL BuiLoING WITH
ACCELEROMETER

M AcCELEROMETER

PORE WATER
PRESSURE SENSOR

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:
4.5~ Foting

o

JOSEPH TOTH
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* ShakleTable Test# 2 7

Joseph Toth
Date: 3/} 5/20)(,
Dense Layer Liquefiable Layer
Ws (lbs) Ww (lbs) Ws (Ibs)
~ 1 3.8 2.9 1. 376
2 43,6 2-18 2 378
3 386 193 3 43,8
4 43.0 2.15 4 384
5 44,5 2.23 5  H4g,2
6 43.1 210 6 9.6
7S 0,26 7 Ho.|
8 g 4.6
9 9 42.)
10 10 42.]
11 1 3R~ 8
12 12434
13 13 4.9
14 14 42,7
_ 15 15, 113 6154
16 16 31.6
o~ 17 17 42.9 — a%9
18 18 3%.Y
19 19 7.2
20 20
21 21
2 26/ . F b —F— 22
23 23
24 28 FYH, §ilbs —
25 25
-6 T
27 27
28 28
29 29
30 30
NOTES:
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0 30 N 60 90 120 150 180 196.2 Initial Surface|
0 A pE NN NS s s, O ez
) ) Il AccELEROMETER
17 A DLPH Dr.m.w D:u.ﬁ DS;.\* Dr_r_.w, D,r_.h.w A PAESSURE SENSOR
w N pd SETTLEMENT
m A DSm. D;;.w Ows A DS:.O D&a.& Dr_ 5.2 A 56.6 cm “hcu MEASUREMENT LOCATIONS
T . w8 udle Wi 43,6 UG T
39.6 A\ A A A A JAX TR AT A
" NOTES:
wi.+ CR u3 4.0 y - .
56.6 cm % N Al N PNEA A4 N A wd 3 m&.;u
_ 196.2 cm ‘ o T2,
3 MN\.‘) L@Tuﬂ _P\MN.(
A ) AEAGE) Ut A6z i aYS3(8)  awee p Final Surface N 1 igpefinble ?Nol
7 457 ;
A D—F.o Dsmb D&m.ﬂ\ D;m A A hﬁx‘_wm’wn + e
P < - e e A u wvee -0. (4%
A A Dsm, O...:.:. A ) D.\_L.J Ds A ? N
¥ g L us) 45,2 us.3 usM peints 2. em
A A yAY A A A N
. + . .
A [;i D;mo D;; D%_ s D;;.e >,E A
/ 03,5
mqa%f.., (s®) ui0 I@rﬁ..
SOIL BOX PLAN ) TESTNO: 27 DATE: 3/Itf20i16 42 |JOSEPH TOTH




* Shakle Table Test # 28

Joseph Toth
Date: 3/ ;8l A
Dense Layer Liquefiable Layer
Ws (Ibs) Ww (Ibs) Ws (lbs)
1 42.] 2.1 1 46.]
2..39.9 [.99. 2 421
3 422 2.1 3 4R
4 Y2L.¥ 2.4 44y, 2
5 Y40.0 2.0 5 4.0
250.3 6. 43.4 2.1% 6 4.6
7 n.3 0.5% 7 W |
g — s 2%
9 9 Yoo
10 10 44,2
11 11 388
@ 2. 28] Yt3.0
13 13 31,9
14 14 429
15 15 38.Y4
1o ... M0 —L!8.2
17 17 H1,2
18 18 39.3
19 19 H1.9 - e
20 20 3.9
2 1 7YY, 5 ——t
22 22
23 23
24 24
25 25
2% ' 26
22l (o 27 PHH,§
28 28
e 29
3% 30

NOTES: Y. S\ Yaghine

TVin Lig L;L%
1% J
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0 30 60 90 R 120 150 180 196.2 Initial Surface
0 i;,c yys >££ >..1;w 43.9 142 (O MODEL BUILDING WITH
- pany -y =X yamy X (! — ACCELEROMETER
, ) ) [l ACCELEROMETER
17 D:w. 9 D;w.w Dram_ AR? 428 AR PRESSURE SENSOR
»
m D;HQ U3 O\wm—. A NdZ.? A4l th.,w A 56.6 cm “nNm £\ RERSUREMENT LoGATIONS
l
T 396 N S N A ATE A T
NOTES:
4.8 - 2 e \
56.6 cm 2 WL PN, SN L 2 b HSin fwting
_ 196.2 cm | %8 i
49,0
A AH AT AT uds AWM Yo n\w Final Surface
A D;;.m DL.\_.w DSL.W D;r_.r D;L.o Dr_;_m A
A At A 2 U.s 5 Ao AW NI
A MWD pu p AMO o pme AMis )\
D%& W3S .D%ro phe w2 RS
A A b
- BYRS I@!ﬁ.
SOIL BOX PLAN ) TEST NO: 28 DATE: 3/l 42%  |JOSEPH TOTH



Shakle Table Test # 29

Joseph Toth
Date: 3/ 24 /)4
Dense Layer Liguefiable Layer
Ws (ibs) W (Ibs) Ws (Ibs)

1 29.% 1,49 1383

2 _4Y0.8 2.04. 2 H2.d

3 94y 2,22 3 446

4 45,3 2.27 4 44,8

5 _43.6 2.18 5 4y,

6 Y 2.06 6 43.3
Mg

7 16.8 6.8Y4 7 459

8 R — g 44.3

9 9 382

10 10 42.9

11 11 Y38

12 12 40.8 — coig

13 13 41,9

14 14 vf.2

15 15 H2.0 - 038.9

16 16 44,0

17 17 40,9

18 18 20, F

19 19 —O—

20 20

21 21

22 22

23 23

24 24

25 i 95

26 26 R

27 27

28 261 FIbs — 28 744, S lbs

29 29

30 30
NOTES: (oin f@fmﬁ 2.431bs
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0 30 60 90 120 150 180 196.2 Initial Surface
50 us.t ug.z ys.z .9 smw (O mopEL BUILDING WITH
O =y vy X gy [y = ! ACCELEROMETER
ﬁL ) ] . ) B AcCELEROMETER
17 A D.—f_.u DLL,J D;;,C D&m.o A 444 D.’;m A wmm_mmmﬁmmm%mzmom
m N D&LM D;; 5 Owﬁ.‘v D& 1.5 D_\_; Lo D&To A 56.6 cm M MEASUREMENT LOCATIONS
5 : 0 3
A Y 1 3 r_.w L B L_\_ L
T 3964 A% A N At A A T
NOTES: (oi » footig
%’ an M2 >(,w.w ya. u3.o w¥ 43 _ 2.4921bs
56.6 cm £ £ AN —A £ E—=ah i
‘ - 196.2 cm i é?@va._
. w3
ﬂ . AW XE N AMEL NEET A NS AUS-L Final Surface
‘ 58 usy Lt us.8 5.8 U
A A A N A A A" A
5 WS 5.3 3
NN e A et puse )
i 5 i ys.
D;mm\’ A s AMS 5 A1 g Dc.c_.) De_m.w A
‘ Ws EUh| W\/;s.c ud.s Y LLA
qu.S
wi '
SOIL BOX PLAN Y TEST NO: 29 DATE: 3/ 24/2016 . WF_ |JOSEPH TOTH
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Shakle Table Test# 30 Joseph Toth
Date: !4/(/201&
Dense Layer Liquefiable Layer
Ws (Ibs) Ww (Ibs) Wi {lbs)
1 44, 2.2| 1 403
2 Yot 2.03 2 36.%
s 424 219 3 %37
s 25.8 129 s 383
5 424 2.12 5 LfO.O
6 4.9 z.10 6 36.7
7 43 2.6 7 rN
g .5 2.08 8 Y7.l
9 31.% 99 g 9 40,2
10 43,0 2.8 - 10 27g
11 4Y4.6 2.23 -~ 11 AN
12 41,2 2.06 -~ 12 g
13 4.} 2.09 - 13 40,8
14 92.] 2.1 - 14 U2Z,L
15 43.3 2.7 -~ 15 40,9
e 42.2 2.1) < 16 £0,])
- 17 HI. 0 205 - 17 42,6
18 Y454 .03~ 18 294
19 42,2 20 - 19 37.% 7547
20 44.8 224 7 : 0 40,9
1 435 .18 ~ 2 2%.9
22 43.5 2.18 ~ 22 X
23 40,2 2.0 ~ 23 40,72
24 4S.] 2.23% - 24 4i.|
10%,(,25 ‘“‘3 £.07 « ?(‘7(’ i — 99T
26 —_—] 26
27 27
28 28
29 29
30 | 046.G ibs 30 §92.7 Ibs
NOTES: - foobro ] helioad o

S

; ; le heldise  1.2in (12in prbhpedd
W=0.59% ks~ 12.2 psf e ) o
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0 4 30 /o 60 90 120 150 180 o\_wm.m Initial Surface
o AT W PNLICHEDN SN DA O ogstsuencus
) ) ] Jl ACCELEROMETER
0 -
S S NN S U O o
w \v”& 4 . = b pd SETTLEMENT
m NV/ D_\w. D O ' D _\v,& RV ,\,u,/ D_rﬁw A 56.6 cm m MEASUREMENT LOCATIONS
| O ) 2.% o
T 396" AT A A AVEC ANS  AVWIA T
NOTES:
/\V.nT ’\m..\v gw.eQ W\W._ /A.My /\r.s hw_ﬂ‘ i
56.6 cm A& 4 A A A A—d gs| 3~ froting
_ 196.2 cm _ %3 | hebaloil
4.t phe
A A A A FNEXIN Final Surface
15,0 5.3 150 %{u
)5, oz , b "
NN -G | Ay poplar)
‘ ’ - =232
A M. 7 O ER DE.A A _wwwu D.S_ A ps®
A :C@ D w3 A 1. A .l DZJ A A_v@}. *0.30
e
14,9 >/w~w9 139 A 124 A G.A A
%Qﬁ
TEST NoO: S0 DATE: x& \ 2ol 3% JOSEPH TOTH

—~—”



" Shakle Table Test# 3 J

Date: ‘,’/Za/

2016

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (lbs) Ww (Ibs) Ws (Ibs)
— 1 529 2.65 1 Cyu9
2 5.2 2.8l 2516
3 S86 293 3. 204
4 Gl2 3.06 4 bz | — 2384
5 (09 3.05 5 355
6 Gl.7 3.09 6_25-G
7 bl 3.08 7 §7.8
33,3 8 (0.9 3.05 8 2.3
9 517 29 0. 5%
10 (0.8 3.04 10 3.6
1_55.8 2.7 n %2l
1 AT 1.59 12 56.4
“13 75 4o 8 304 13 563
U_ 2.0 3.09 14 53.2 — Y
15 6Y.0 3.2 15 _358.8
_ qmgl3X 3lle 16 228 8739
17 (b3 3.02 17 29
0 Hle.o— 18332 235 18 116 982.+
19 19 /0,3
20 ~— 1046 (o} —— 2%— 792.%
n 21
2 22
23 23
24 24
25 PAs)
> T
27 27
28 28
2% 046 6 Ibs ——F—— 29 _992.F . —FH—
30 30
NOTES: @i, foghi- Nelicad = 2. 4t jbs
in .MSV?P&«( = 2,.508(bs
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180 _196.2 Initial Surface_~ hJieel fotrg

0 30 . 60 90 120 150
0 £ LA N LT I A L N g o) -
] . AN Iy Il ACCELEROMETER
/},a /crn» 3.6 13 w.d 3 o PORE WATER
\_.N RV D., D X D ral D 2. Dw . D . RV PRESSURE SENSOR
w o\ -~ s [\ pd
m N D/}.c ) @9,1 M, NVG.A D::J o @ﬁ ;su D;q /\ 56.6 cm m Dwmmwﬁm_%kmﬂma_.ooﬁ_ozm
= 5 W awy Y . S T =
T 3964 AV Ape  avt aMd And AN A T
NOTES:
\ 7.1 :
o 1% n! 1] wd n
56.6 cm A A - A R — 7.
- 196.2 cm i '
9.1
A A A A A o A A/ Final Surface
1.4 1.9 RFLS "8 4.7 1.7 ) o
. N elicad foctivg
D N Aty NS AN AN _a/mv'i
- 15 N 1. » Ity ,
9% , - .y 1y, 1,
QAN @wﬂ 134 D 14,3 A i Qs - AME A i
PRLT ” e 17,0 .
A Awt AMT Dy D5 AN
[ﬁw.mV F\V ~w<w. [.w 3 P\V 13,5 [_w_« FV
1y
14,0 144
SOIL BOX PLAN ¥ TESTNO: 31 DATE: {\wo\\ G wi  JOSEPH TOTH

N
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Shakle Table Test # 32
Date: 5/12/20(¢

Dense Layer

Joseph Toth

Liquefiable Layer

NOTES:

Ws (lbs) Ww (Ibs) Ws (Ibs)
S 1 S8.Y 2.92 1 50.3
2 584 2.92. 2 5.9
3 59.3 2.97 3 50.3
4 5724 297 4 5.3 16?8
2945 559 2.80 5 549
6 S57 2.79 6 51,2 - 2739
7 58.3 2.7 7 RO - 320.9
g 58.5 2.93 s L.y
5 529 2:65 9.91.3 ~ 4426
10 55,6 2,78 10 60.9
11_5¢.d 2.82 11 59:¢
12 8.9 /.94 1258, ]
13 §3,§ 2.8 13 £3,1
#9/9 _l £2.9 2.9 14 4.0 ~ 7483
15 51.9 -7.55 15 56.2
832 2 16 548 2,724 16 595 ~ 86y
17 S1.Y 2.5%F 17 55.Y
1852 2.4 18 Y1.> TV
lo 23 —19_S19 5 2. 19 22,6
20 13.6- 0.F 20 .o
21 21
22 |odl e —r— 22
23 23
24 24
25 25
2 26
27 27
28 28
29 Jod4(.( Ibs 29 g92,FIbs
30 0
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14,9

2.4

za._.mm 8. 7Sin ,Dm,}.\.rn, -

w=z 2. NWNRM

a;._ow.«,.

CL?«(J.:\EUQ\*\ = 2592 Ibs

N




* Shakle Table Test# 33

343

Joseph Toth
pate: G [15/201¢, i
Dense Layer Liquefiable Layer ﬁ P
Ws (lbs) Ww (ibs) Ws (Ibs) ‘
N 1 59 ) L. 1 Y4.0
“3 wt.x‘ﬂs 2 Slo N. 55 2 3l,q
3 tr, | 1. 755 3 5119
a_ 49 3 L, 1es 4 1y
5 EIBTL{ 2, 67 5 03¢ A3l
6 5I1.7 L, 5§y 6 43
7 §3.% ), 69 7 53.4
8 49 LY 8 31,1
9 b6\ 1.8l 0 5.5
10 54.3 X715 10 50,0 Kais
1n_Y9.7 \.ygx 1 47.4
12 49,9 AL 12 493
o 13_54.0 1,79 13 44,1
' 14 5| NIy 14 44y ool
731015 L], | Y.558 15 51,8
16 53 1.4 % [y, 3
— 17 509 %845 17 3¢
18 5y L.$7 18 56K 7‘75)9'
19 §).¢ 1,575 19 |/, % "
20 53.1 Y.47 20 374
21 21 3.8
22 2 3% 9154
23 23 570
24 24 20,2
35 25
. T
27 27
8096 6. lbs 8_992.7 |bs
29 29
30 30
NOTES:  Telicod foobis (SG18Y W = 2.263ibs  — 1216 psf
wnsupported Fotieg( i) w= 2. 472 bs ——2 13.13pst.
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30 60 90 120 150 180 196.2 Initial Surface
3 3 z N
’ SRS 11 5 LN e | Oz
1.5 Jll ACCELEROMETER
D /dd‘ D /wr’ D ;w.u D ..w,«.\ D _ww D’wa RV Tc!@dem >_,<Oq
ar 7.4 2.5 \ g q.¢ MERSUREMENT LOGATIONS
A O AT A AT o7 A7 /A 56.6cm

HL1YON

ANE AR AL A
UNSUPPORTED NOTES:

0.0

i@f

97

SOILBOXPLAN

_ TesTno: 33 D/

Final Surface

HELICAL

UNSUPPORTED
13.4

oATE: Gl15 [0t 2 JOSEPH TOTH



" Shakle Table Test# 3¢

345

Joseph Toth
Date: ¢, /22/2016
Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (lbs)
— 1. 5354 2.7% 1 21.0
2 54.8 2,74 . 2 4l
3 His 2.48 3 413 — o3y
4 52.( 2.61 4 4438
202 5 56.3 2.82 5 45,%
6 Bl 2.93 6 H7.2
7 56.G 2.83 7 376 _ 2347
8 5349 2.7 8 4H40.6
9 57 7.6) 9 29. ¢
-~ 10_56.3 2.82 10 59.1
ISR M R
v 11 535 2- 675 1 S7EF -—Yy#HT
12 555 z2.775 12 588
13 5419 2. 72 13 §7.0
14 51.6 2. 5% 14 §2.9 — G454
8176 15 53.2 2.675 15 55| - o0, &
16 53.0 2.65 6 53 #
- 17 51.73 2-5% 17 K2.6
7672 18 50.-2 =2.%2 18 52.3 - 8691
Yo 24 19 52.% 2.69 19 54.9
20 25.6 228 20 4%7.9 261. .
21 21 30.9
22 2
23 23
24 24
25 25
26 2%
27 27
28 28
29 104G, ¢ Ibs 29 992 7lbs
30 30
NOTES:
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0 30 60 90 120 . 150 T 180 196.2 Initial Surface
N (VI SNV SIMYN N O A | O e
Wb Il ACCELEROMETER {+op)
g \ . 92 9% Jins
17 A AR ANt At AR AW° AY A «@ A
%] . ) n 5 4 ™ ab 5 WERSUREMENT LOCATIONS
m PN N OkE B A A @ A A 56.6cm w on
4 . ; . v 4 g T
T 3964 At Al Aer ARY AR AV A T
:zmcm_uo%.mc NOTES:
o . - S A0
' A B B o0 & B o (o Aok
56.6 cm A £ Flam r> a W =
h _V!\‘ — — “e2em— ———— —————J ¢ ®
/C,S
I pAOR ABS ANSC S AND ) mv Final Surface
. a .\\x HELICAL
’ AT avt At AN A AT A N\
1 B
. N 1 nl
% AE @At moCA AN @ut ASTA L@
g
A A Aw AYt Awbk ASTA
N 4 b
rL,f. A o A ;;...w A Bh A w9 ,C/.\J A czm%ﬂmﬂma
:?V.@\ 6.5
.
SOIL BOX PLAN TEST NO: 34 ) DATE: mem\mﬁth 16-¥ _ |JOSEPH TOTH
) ) )



" “Shakle Table Test # 35
Date: (!/30/20 I[A

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (lbs) Ww (Ibs) Ws (Ibs)
1 38.2 [.21 1 62.3
2 A3 | a7 2_56.7
3368 (.84 3 613
a_ 463 2.0% 4.59.2
155 s 374 [ 87 5 5.8 ~ 2995
6 41.9 2.10 6 34.6 ’
7 38.2 [.al 7 36,9
g 4l 2.06 g8 28.0
3M.27g 394 L.93 9 39.5 o3
10 38.7 /.95 10 3¢.6
11 366 .82 11 4,0
12 Ho.3 .02 12 379.2
13 327 (.89 13 39.4
1_3¢.0 /.80 14 3¢.3 ol #
§32.0 15,313 1.78 15386
16 36.F 1.84 16 38,4
17 39.¢ (.93 17 39.1
18 394 (.92 18 §R, 0 A
19 39.6 1,98 19 §7.9
2g1 4 - 20 447 2.24 20 5727
21 Ho.o 2.00 21 55.F _.9357
22 He:! 2.0 2 73 )
23 43.2 2.6 23
q43,3 2 384 .72 24
25 36,8 1 89 25
IOIS_T‘ZB 35.8 {79 ~ 26
27 30,7 1.54 27
28 - 28
29 29
30___104e. L lbs 30 492 % lbs

NOTES:

347



348

0 30 60 90 120 150 180 196.2 Initial Surface
0 YL I 5 BN X E—E L B LRSS I O :cr oy
t, 6 Il ACCELEROMETER
17 Al ples AT Al AL Ales :._\Qf Ao
@ > W4l - - lo.g w MEASUREMENT LOCATIONS
m Ao S ,D A A ME N\ D It | 56.6 cm 7
T 396 Al Al N Ao ALY Aty T
czmcmvoﬂ‘mc NOTES:
0.7
5.8 ALLD 13,7 13,4 AE ALty wp 2-4
S68em — — ~196.2 cm —] o o ﬂg
lo# o
< Z.¢
I5.] 1.9 PNINY 5. 16, NN Final Surface| © °5%" " I
y - oy oy .y X X car _N?h“\ WL
-
Im_w_mnx..v_.
Aty AIS Al A Alg A \
i (3
A 4.7 ® 7.4 AR A AL @y AM3 t L
. . 10,9
A4S A6 N\ ed Ay Alyo Al
AYG DA 1.0 Al A3S Al3.6 czm%”ﬁ,@
SOIL BOX PLAN TESTNO: 35 DATE: #/1 /2010 JOSEPH TOTH
) ) )



" Shakle Table Test# 3(o
Date: 7/15/ 2016

Joseph Toth

Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (Ibs)
1 4Yp.85 2.03 1 624
2 35% .79 2 &9
3 382 191 3 58.3
434 1.92 4 605 ] ~ %00
5.38.% .94 5626
6 Y78 2.3 6 641
2803 7 44.0 2.7 7 _60.5
8 3Y,¢ [, #3 8 (.9 4ar.|
9 4o.4 2.02 9 ¢d4.4 ’
10 3%2.9 1.9 10 5726
11 40.2 7.0 11 (2.2
12 319 2.0 12 64.6 740.9
13 35.3 1.T* 13 62.0
596 102 222 1. L3.9
15_38.3 .92 15 @Y 2782
16 39,2 1.9¢ 16 $8.8
17 35.0 .75 17 6.0
18 32,7 .89 18
19 Yo, ¢ 2.03 19
20 3S.0 - .75 20
gig 213 z.0% T 21
22 42.€ 2.13 - 22
" 23 3eAq 1.8s 23
24 39,2 l.9¢ - 24
9353 =121 £:02 - R g—
2% HG.S 7.35 - 26
27 24.0 l, 2 27
28 28
29 29
30 1046.¢ Ibg  —te 30 992.7 bs
NOTES:
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O MODEL BUILDING WITH
ACCELEROMETER

Il ACCELEROMETER

A ot

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

_\ 0 30 60 90 120 150 180 196.2 Initial Surface
0 4.4 14.5 19.9 A4S 14.4 142
2= =3 = = HELICAL
4‘ 12.4
17 A3 A15F A N N A b.u|Qlﬁm
» 43 123 &
8 AMT @t ATTAR AL @32 A1l 566cm e
3 —
T 306 AI9T Asso  AMF AT Agau AR =
:zmcﬂvohqmu
3.8 « . QSAO . ] 13-
56.6 om | [\_ Di 1 ™z A A 13%.3 A3 L 104
- 196.2 cm -~
11 .4
AlS.2 JNEER N AlS-S 14.9 Als.4 Final Surface
HELICAL
>$ 9 A16.% N N A1E5 D%\Yw 132
P.m'@\r 1.7
Alsz &® 12.2 /NS Pﬂi FANK I D172 AVs.0 1 i
A0 A6z AR A2 ASe  ATES 7
PNCER: BN ES SN b £ S NS\ &P Nk P UNSUFPOgTED
niiﬁwzw
/ ;
| SOIL BOX PLAN TESTNO: 3(»  DATE: Z/1s(2016 1.7
) )

JOSEPH TOTH



* 7 shakle TableTest#  7/21 /2016

Joseph Toth
Date: 37/
Dense Layer Liguefiable Layer
-~ W {lbs) Ww (lbs) W (lbs)
_ 1 4l.o 2.05 1 _6l§
2 Yo0.6 2.03 . 2 573
3 ALy 2.0 ¥ 3 6L.S
4 33.1 (.90 4 580
5 Y. 6 2.08 5 Go.9
6 37. (o 1.88 6 62.6
7 345 .73 7 59.7 — Y25
g 4.4 2.22 8 54.9
042 .12 9557 - 5321
10 35.% .79 10 56-%
11 40.6 2.03 11 54.4 L33
12 34,9 [.75 12 $6.5
13 35.3 .77 13 ©2.7 e rsas
14 32, % 1M 14 §%s _ glo.o
15 4.3 207 15 53.8
) 16 4i.o 205 16 5?_ O — 9208
— 17 2.1 7. 11 17 %0.0
$02.8 _18 38.7 LAy 18 24
19 373 1.8 F 19
20 3.2 - 1.9 70
21 3%y 1.8 F 21
8500 2 38.9 1.95 22
123 Ho,2 2.0 23
q343 2311 L0 24
25 34.3 .71 25
¥ . 2%5S .88 %
2 “o.1 2.01 27
28 [0Y.l i 28 992. 7
29 29
30 30
NOTES: _(pi, foofing
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0 30 60 90 120 150 180 196.2 Initial Surface
0 LA A 2145 4.7 15.8 19.2
= — = = HELICAL
12,5
17 AR D,m.; A AL Af.d AYes DQ.N»O‘S\H
8 .3 0 2.0 46.2 9 12.8 w
c A & VAN R \EVANG @ “o A14.0 | 56.6 cm S
= 5
T 396 AR AWE Az AR Aguz A13S T
UNSUPPORTED
56.6 cm AT >_w,m A28 FNLEES LT N 0 nr
R 196.2 cm | s e
T
11.%
Alse ANS-0 \s.2 JNEL) AMA AlsA Final Surface
15.\ 2 x S 16:0 162 Mee
A A" A¥® A® A A
5.\ 3 a* : ne Iz
D, @.\/.w D.; > D;m./ @—QS D«L)
o Lo . ] [ g
D,m D,m NV; 0 D_s.w D_m\ D_;.
\\eﬁ/w
3.9 5.0 .0 w2 7 .w.uwv \/ﬂw.:\ UNSUPPORTED
A A AN A AN A A
7
: \59. (A
.33 - #/22f20 6.
| SOIL BOX PLAN TEST NO: DATE: 7#/22/2s1c

(©) MODEL BUILDING WITH
ACCELEROMETER

B ACCELEROMETER

A wor

SETTLEMENT
MEASUREMENT LOCATIONS

NOTES:

@amaxmw e %.&,3

-

mﬁwf,/w «frmfb foe m“.n oh -
e

m?v& Ao~ Mv_.ﬁbc .mb
Smeder mm.ﬁfé.vm\

gﬁ,k ‘utmv&aﬁ.

JOSEPH TOTH



- “Shakle Table Test # 328

Date: F/z¢ /2016

Dense Layer

Joseph Toth

Liquefiable Layer

Ws (Ibs) Ww (Ibs) Ws (lbs)
—_ 1 3.4 1.9%F 1 (2.6
2 3.F 1. 84 2 54,8
3 4.2 2.04 3 54.F
4_3B.0 193 4 %83 - 234y
5 3%3 187 5_51.0
6 333 167 6 58,4
7 430 2.15 7 £5.9 — Yo3.37
8 329 .90 8 S*2 -~ ded.g
9 38.4 .92 9 £7.5 '
10 Hi, 6 2.08 10 586
11 41 2.00 11 S7. 4
12 38.6 143 12 S28 ~ 4959
13 325 I3 13 £¢.9
14 332 [ 6t 14 £8.7 - Bi.g
15 31,5 (98 15 582
\> 16 427 2. 14 16 §# 3 P
- 17 339 | 6 17 @2, F
18 384 1.9 18 3.0
19 36.4 [.82 19
20 38.5- 1.93 20
21 38.8 /.9y 21
2 &.o .95 22
VRN (A [.81 23
Gy1.5 20 4.9 2.08 24
25 %7.0 71 25
2% 91.F 199 26
27 3.8 (.84 27
B (.6 0.33 7 28
29 ' 29
0__[0Hb.te |bs T 30_972.% lbs
NOTES:
$ 6 ﬁdhha@
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0 30 o 60 90 o U2 120 150 N 180 196.2 Initial Surface
0 A A > ™ AN W o> (©) MODEL BUILDING WITH
7—X 7= = sy X l‘_i HELICAL ACCELEROMETER
ALt Jl ACCELEROMETER
b 4 ) LA ) % n0
17 AN AN D;;.m D,% AN AR o Y] Avwer
w . 4
m A _ﬁy,.y @& 7 AP LA D/c/,u @\.mq, D?.@ 56.6 cm A M MEASUREMENT LOCATIONS
— X { % on |
T 396 Aw® ASt aet A AW A T
. Y czmcﬂvmmﬂa NOTES:
A @w ,“%, @c, /“_v & " | Gin Fockinos
56.6 cm AN A A o 03 v
= 196.2 cm -
WS
A15.0 15.2 A5 AlS.S A1S:0 ALLE Final Surface
- HELICAL helicd settlesed i«bw
A353 A9 ATSF At1ss  A16.3 ATSS T From model buildis
Vhtl u
Alse  ®F4 A1ARP A ®aU Az »SLQ 13.1| vepositioning o
11.9 halicad piles,
A 19.0 A 1595 N 15.0 A\ 150 A\ 154 AR
A A4.% A4 14.5 149.3% 13.9 14.0 czm:m_quAmu
A AN £ £ £ 1€.
154 IQ 12.2
@_r BOX PLAN TEST NO: 38 DATE: #H2e/2016 94 |JOSEPH TOTH
) . .
) ) )



* 7 Shakle Table Test # 30,
Date: 8/ l—!/ 2016

Dense Layer

Joseph Toth

Liguefiable Layer

- Ws (lbs) Ww (Ibs) W (Ibs)
— 1..38.2 .31 1242
2 4L 2.05. 2 .0
3.1 2 3 573
4 4. % 2.4 4 s5.4
5..57.3 127 5 6[.8
6_ ¥ 132 6 55.8
aat e " 3el - Yo F
8 H2S 2.13 g €72
? 3¢ .42 9 _55.6
10 Ho.y 2.02 10 38.9 - si2.4
1 M4 2.02 1 _Go.2
12 3%y [.87 12 (2.4 W 3se
13 37 Y 1.8% 13 So.g
14 35.4 |, 7?7 14 56.3
1.2 L1223 15_5¢.3
=N 16 3%2 1,86 % o0
— 17 38.Lf‘ (.92 17 5S.o —QIS.L’
18 Yo.8 z.04 18 56.Y
19 Yo,2 2. 01 18 2.9
20 32.9 /.90 20 *"6—“”
21 43S 2.18 o
22 29.4 .97 22
"3 379 {. % 2
qzg.d __24 384 192 o
25 37,7 TG -
2% Yol 7. 01 T
7 34.94 S v
28 f;-».w ’s
» 29
30 lovle, G o
NOTES:
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30 60 90 120 150 180 196.2 Initial Surface
4. Mz s$.3 V5o u.8 .z
0 A A A A Al A e | O™
12,6 Il ACCELEROMETER
.o s A a5 y LN 1 e | Awor
17 A I\ A" N At A Ow
w 232 Z SETTLEMENT
J.le 5.6 2 232 w3 .
m D, @ DZ A A @ 2. D..‘_ ] 56.6 cm nlww_ MEASUREMENT LOCATIONS
2 s K A X
T 396 A A A At Ale.t N T
unsuerorted  |NOTES:
.t 12.8 T e 13,5 1.0 v
AN AN A A\ A
56.6 cm i £ £ J 96.2 om — _?PQ:.Q .ms%\« o wb{ﬁ
, accel # Y ot
1,2 *m.‘éw .@.ﬂh\@hﬁ
AIS:0 158 AVSS 154 NG A Final Surface ’
m v © 3 m W HELICAL
. . IS, X '+ \S, s
A A N\ A I\ 1
) I 3 N ns
D.m.m ) D_m.o A A 5% @w.o Di.? ;\Q
125
0 . 5
D,m A 4.2 Alst A'Se N DE
8- Mo w M S .0 A 128 UNSUPPORTED
= [= 7 = (= E= 165
e \Q I5.5
SOIL BOX PLAN TESTNO: 39 paTE: 8/4 \ 2016 'sS JOSEPH TOTH




" Shakle TableTest# 10

Date: &/9/ 2l

Dense Layer

Joseph Toth

Liquefiable Layer

\ Ws (1] Wuw (Ibs) Ws (Ibs)
1 0.8 2.04 1 H.F
TR 2.0 . 2 317 — Y
3 291 .96 3,544
A 4.8 2. 09 4 St
s 25.7 1.7 5 G|
6 H2.2 21 6.5%8
7 .7 2.09 7 38.7F
8 405 2,03 8 (1.0
s HLp Zo05 9 _58.06 uig.a
10 H2.0 2.10 10 _39.6
11_4o.5 203 n 272
2 418 218 12_0.0
13 31.7 1.99 1B 5.2
14 4.0 2.05 1 383
15 _37.2 186 15 562 -825.4
16_38.9 1.3 16 571
17 30“:’ 2.00 17 57-/

18 39.8 1.9 18 _18.8

19 3%.3 187 19

20 U.Y. .07 20
8'47-(0—»2'1 42.3 2,12 2t

2 Ho.e 2,00 22

3 38.3 .92 3

2 39.0 ) 24

B 423 Ziz -

% 39.4 L7 %

27 ———— 27

2 28

" 29

0 10 9.t 1bs 30 792.7/bs

NOTES:

Heligd = ©.cm_ lbs = 138 Psf

WS upp =0, Gl S bs % 13,54 ps¥
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0 30 60 90 120 150 180 196.2 Initial Surface
0 Wl TR A .S Aldd Al MODEL BUILDING WITH
ya— = a— - = iy HELICAL ACCELEROMETER
j J e Jl ACCELEROMETER
17 D._.,.e D_ww\ Di.w D_i\ A0 A3B :.».Q.o.w A ot
@ Z SETTLEMENT
o 133 wl WO 83 ¥ 3 s 5 /\ NEASUREMENT LOCATIONS
c YA\ ® AT KA &® N3S | 56.6cm 7
T 396 N ABE AR N A123 Ao 7
wnsuerorten INOTES:
13,(e AlBA 138 >_w.m 13.2 2.+ e 2inch ‘?0}
56.6 cm £ £ AN 7 oo P
- 196.2 cm —— ’
n+
- 9% Als.e A53 s .9 AMB Final Surface
HELICAL
D-w\— D_wl.m NV.m.m D_ﬂm.& D_W.w D_m.- 1.6
Di.w @_Z. D_m‘o 85 D_m.o Ny Al &.onQ\._o.c
DZU D.E.ux DE.J D,&.\.f D:\_._‘_ RVI,@ 2o
1394 4.3 134 wl 3F .wﬁ UNSUPPORTED
7|\T — 7= p= A 4= £ 1o
133 OV 178
SOIL BOX PLAN TEST NO: 40 DATE: 8/[9 /201G M-l ; JOSEPH TOTH



Shakle Table Test # 11

Joseph Toth
pate: 8[ 13 2016
Dense Layer Liquefiable Layer
Ws {ibs) Ww (lbs) . Ws (Ibs)
1 3.9 1.6S 1211
2 244 bor.25 . 2 15,0
3 %6 i 0. 98 3 Gl.Y =
a4 4yl |l 20w 4 63.4
5 Hl.b z2.08 5__(9!,‘? i
6 435 L 2.18 6 @lilo o
7.3%3 .87 2 S— i asus
g 394 197 8 G6IL2
g 43.2 2.1 9 1.0
10 42} 2.4 10 62.8
11 43.0 2.15 1 68
ys2.212 45! .26 12 po.0 — 62 3
13_41.3 207 13 (o2
14 424 z.(2 14 59.9
15 434 2.7 15 52,8
16 434 ‘-:z.zo 16 59.4 !
17 4.7 i 2,24 17 (0.1
18 H4.0 2.20 18 23.0
19 Yl.G 2.08 19— '
20 H42.G- 2.13 20
832.5/2’1—%'3 1.82 21
22 364 .85 22 :
23 3.8 199 23
24 36.9 1,85 24
7 3.5 9% 25
(0211 26 Hs.a‘ 1229 %
27 18,2 0.7 27 ';
28 28 g
29 § } 29
0 Jodele tbs | 30 992.71bs %

NOTES: . 325 in fwohm
. -

Tahead = [-2671bs

: U/V‘Sv-{):\; = |,2801bs

e

4,375
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0 30 60 90 120 150 180 196.2 Initial Surface
3 4 ) . . *
0 [_L D_:. [_4 3 [E 5 [E o [_.\_ . O m%%mmmﬂcm_?ﬂﬂmmﬂéﬁ:
125 J ACCELEROMETER
a7 I IR A Lot
17 DE.N D- Di.r_ D_L.w D—..Tr_ D_;.w PAQ\ q
% WF o a53 3.6 zs m [\ VEASUREMENT LOCATIONS
2 Am.o @37 AT A AI38 @38 AP 56.6 cm S
= -1
T 39.6 D/w.o. NEX" AI3S D_w‘m D_w.N D_w‘r T
czmc%wﬂmo NOTES:
10/
3 M 2.\ 13.0 37 132 12.9 , ,
56.6 cm T A A A oo A AN A - ,oﬁQv_Pr 1. 30 Sootings
= . )
hF
NLE:S Alse AlS-8 AlS3 AlS.0 Alsio Final Surface
HELICAL
Da_p Als5 AlSS AlS8 IS8 NS 12.6
D—S.W @L.D D_Nr_ ’ﬂ..m D~MQ @&.“ D_mo __.\.WKQ\:.J
2.8
Di.m D.r_.m N8 AMA AM8 Al
37 WS 4.0 4.0 4.0 >_.w.® UNSUPPORTED
£ gy £ £ = (= 16.8
159 \O\ le.s
| SOIL BOX PLAN TEST NO: H! DATE: 8/ (#[2016 1% |JOSEPH TOTH




" Shakle Table Test # 472
Date: § /2_ /i

Dense Layer

Joseph Toth

Liguefiable Layer

Ws (lbs) Ww (Ibs) Ws (Ibs)

1 N.F l.% 1 (4.3

2 44.4 2,22 2 52,6

3 4.8 7.09 3 55,

4 44.3 2,24 4 S|4

5 ¥7F 1,99 5 529

TR S d 6 576 8
7 Ho.G 2.03 7 3.5

g 3727 1,95 8 S4.Y4

9 H4.4 2.22 9 §%.3

10 2.4 2.12 10_58.8 ~ 5614
11 4H0.9 2.05 1 5¢.4

12 35 .98 12 54 |

13 I3 2.12 135/,

1 Y.< 2.08 14 541

15 Y1) 2.0 15 58,0 )
16 43,9 2.20 16 5Y.3

17 M1 2.0 17 35

18 Y90 2.0 18 &/ ] e 9%9 2
19_29.0 .35 19 3.4

20 4.l 2. 11 20

21 Y 2.12 21

2 Y[.6 2,08 22
"3 '3 2.1¢ 23

Ga9 42 Ml 2.06 24

25 Hd4A3 2.3 25

” , g T

27 27

28 28

29 29

30 1046, L —_——— 30 992. %

NOTES: 8irch ﬁ»ahman Heleel - 4.5240s _ unsupp - 483 b
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[ 0 30 60 90 120 150 _ 180 196.2 Initial Surface]
0 a3 AT p150 180 pJRM - plud o | Otz
0.2 Il ACCELEROMETER
17 Al A 156 AMS A 43 A 56 Ay ZQ.@ Ao
8 - g Y . & Dmmﬁ“ﬂmzm\_ﬁ \TIONS
Q A0 @ ALS A A ®T7T Afrg | 568om 10 Q| T NESRRTITE
= 35
T 396 AMO AT AZE Awe A3 T
czmcﬂouamo NOTES:
9.7 ¥ 7 12,7 13,0 I w i polc weber
56.6 cm AL the Aot A A o
— 196.2 cm - | Pressore vedd
1.0 (no D2 Jpowit ,.‘{,\\i.ﬁ
N A A A A Final Surface
“ly7 6.5 ) 153 159 Y
Iw_w_oz.
AISL  AlbN AL AlSE  Aded Alss .
a2 7.! 14 L
A1 [ NE D;,. A A vig A 4.9 '
' 1.y
AIS) ADE DNy A7 A5
ﬁ A3 154 136 JNLAZS N 5.8 UNSUPPORTED
;U\IQ\ 15.%
| SOIL BOX PLAN TEST NO: 41 DATE: 8/ (e 155 JOSEPH TOTH

RN



" Shakle Table Test# &3 Joseph Toth
Date: Ql2sfoote ﬁ/ﬁ/zom
Dense Layer Liquefiable Layer
- Ws (lbs) Ww (Ibs) Ws (lbs)
— 1 526 2.8 1 3.3
2 (0-9 2.05. 2 Hls
3 £S5 2.9¢ 3 39.4
Y 2.9 4 39.6
188.4 _s.Ll¥ i .08 5 ’3'3.9
6 S8 s 6 33.0
7 SG.3 2.82 7 38,5
8 S+ 2.86 8 H42.|
9 (2.1 3.1l 9 H3 2
cr5.c 20 5.t .82 10 429
11 550 2,75 11 M1
12_ 565 1.83 12 43,3
13 9544 2 44 13 44y
1 5| 2.8l 14 43.9
8se b_1_55‘/,? 2.74 15 2.7
L 16 547 2,74 16 Y21
~— 1 577 2.89 17 43,9
18 55,1 47 18 38,9
19 22.4 112 19 Y1.8
20 . 20 5.8
21 21 H4.1 857G
22 22 Ho.2
23 23 Yo.l !,
24 24 'q{,g —a%59.2
25 251375
. " PR 25W-,—-—-—-—-——’ —6725}-
27 ‘ 27
28 28
29 De-1d i 29 Dr =35,
3 104966 — 30 19207 ——
NOTES:
101 foehre helic.t = F.oos\bs

) \A&@;&‘MS\K
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0 90 120 150 180 196.2 Initial Surface
0 a7 plue AT00 | O RS
3 I ACCELEROMETER
L
17 A ly3 A M. A LG RN A vor
m D_i, A Ao RS 56.6 cm RN m A M%_%kmﬂmﬁ_bnﬁ_ozm
= vl =
T 396 AB6 7 A0S =
czmcm_wo«wqmc NOTES:
56.6 cm — L] LN BN Vi : 4] 10inck Rootine
T 196.2 cm 10,3 0.9 S
0.5
A A A Final Surface
15, 5% 96
HELICAL
A5 5.0 Also h
6.9 . 3 0.5
DTw.w A @\.m.. :_v 1.7
. AN
AN i A S Ay
r 14,0 1.0 Al32 UNSUEPORTED
149 9.4
SOIL BOX PLAN TEST NO: 43 oate: 1/a/2016 "4 %Omm_ux TOTH

—



“Shakle Table Test # U4
pate: 9/itf 2016

Dense Layer

365

Joseph Toth

Liguefiable Layer

W (lbs) Ww (Ibs) Ws (Ibs)
— 1319 2.00 - 1 6.y
2 Y3.0 215 . < 2 H45.F
3 Mo .05 -~ 3 44, |
4 480 2.4~ 4 479
5 435 218 - 5 53,2
6 4.6 2.23 - 6 42
7 48.] 2.40 - 7 443
g 381 L9y - g8 Hl.b
9 Y2.6 2,13~ 9 .|
10 4.9 210 - 10 414 - 453
11_45.2 2% - 11 373 2
12 42,2 a7 12 38.2
13 3.7 Lag 13 3729
14 _Y3.9 2,20 - 14 3%2
15 Y(.3 .07 - 15 829 - 2.8
™ 16 H2.1( Z.1 - 16 29.4
’*/ 17 44.0 2.20  ~ 17 29,7
18 4l.o 2.0S -~ 18 3le
19 4.3 207 7 19 32.3
20 H2.3 2,12~ 20 26.8 - 792
gavy _21. 371 a0 7~ 21 352
22 4i.# 2.9 22 30,3
"23 H5.6 .28 23 31.3
ooy 222 2.1 24 3.8
521 23 AL m— ~9484
2 ) e 26 23.4 )
27 27
28 28 d,2
29 D=0, 20 De= 0/ S
30 lo4.6lbs 30 976.3!bs
NOTES: _(gin -ﬁyh,\%/; Oc =207, liguhotle laga Hi-12in Hozlowm
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) ) /
0 30 60 oo_p_ N 120 150 180 196.2 Initial Surface
K4 : _ . 5 "
0 NI L SR PN BN e B 1 | O o
123 I ACCELEROMETER
17 ARG SN LN LU SN __ﬂﬂu.:.w oo
m \ D/\w_& @L_\N\ D_w.& N,\v A 3.9 @ﬁ.@ D/\v.\* 56.6 cm 12.3 m MERSUREMENT LOCATIONS
— b \ -
T 306 A® PR NI AVBO Al AS3 T
unsupported  [NOTES:
; .& Y .n_. , \h§™
56.6 cm | a2 Nl ta Dw N >Go}_ (07| Hi=12in (Or 201.)
= 196.2 cm | 02 _. ,
| ik et
AT aee A A Al50 A T99  Final Surface heliced - 2. 7211 s
Wrsipp = 2. s
4 1 w0 wn | T
INGATN LN N A A .
I s B LN UP S L BN LR hu» "
NN LN NN AW 12.4
\ & 4, .
A 13 ¢ A V3 [_ ! 3 ) A ot D,\w.& czmc_ﬂ.o%«mo
4.6 ‘Q‘ 110
SOIL BOX PLAN TEST NO: 44 DATE: 9/ie]20l60 %l  |j0SEPHTOTH




" Shakle TableTest# @4 45

Joseph Toth
pate: 9[14]2 16
Dense Layer Liguefiable Layer

- Ws (lbs) Ww (lbs) Ws (lbs)
. 1 43.3 LI 1_5%3

2 M2 LA 2 60.0

3 M3 %07 3 (o,

4 H0.2 -0 4 59.2

5 4y3.o N 5 6.3

6 44,0 A 6 Gl7

7436 b 7 _&l.4

g 4. 3,16 8 59.8

9 332 Yel7 9 (o.2

10 386 iy 10 (3.3 — ood.3

11 38.9 fae 1 581

12 “3.0 L) 12 (o.Y

13__40.9 V05 13583

14 H0.L N0 14 6l |

15 40.*F PN 15 59,
™ 16 Hl.u e 16 (00,5@ — L7
—— 17 40.§ 4.6 17 YS.3

18 42 M sl 18

19 40.3 300 19

20 39.5 i 20

2 322 19 21

2 3%.8 1,81 2

"3 4o.3 0% 23

u Hl.o R 24

% L3 707 25

% 56 |51 %

271 27

28 D= 3o/, 28 De= wet USL.

29 29

0o o bs T 30 £ Y%

—

NOTES: bonchmado  Gin footinag
g

De =10 (- Hu=1lin
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0 30 60 90 120 150 180 196.2 Initial Surface]
0 albl 36 p U5 aUT plt  pL | O REZERE™
16 [l ACCELEROMETER
2 log 7 7
17 Al5E ABS A o N /Q\ 7| Aot
|92 3.1 . us Z SETTLEMENT
nﬂu A Az N ERY AL 56.6 cm Hivd m MEASUREMENT LOCATIONS
3 16 3¢ - -
T 396 A AN ABZ ARS +
czmcwwwﬂmo NOTES:
n7 L D X bin Hfootine bendy
56.6 cm _ A [?w 7/ FNRESE. : . :!Q.I 105 9 mo-( 4
_ 196.2 cm to: 5™\ Homze
H3 De o W= 4o YSL
AL AlD% A A A0 A Final Surface
4] 1.3
’ .0 helicot = 2.2911bs
" Im*._ AL .
Aty alsd A NN AN o Unsupp = 2,441 lks
o . :
AME B3 a7 ant| M O st ple
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Shakle Table Test # 4(e
Date: 7/23 /Z.o;(p

Dense Layer

Joseph Toth

Liquefiable Layer

- Ws (Ibs) Ww (Ibs) Ws (lbs)
— 1 4.8 2.04 - 1 56.8
2 419 2.10. - 2 p2Mo ]
3 Y45 2.23 - 3 56.7
4 Y22 2.\t 4 (ll
5 39.3 Laz 4 5 L7 “249.2
6 H2.2 2. 11 - 6 Sk.Y
7 387 [.94 - 7 0.9
g 4.8 2.24 4 8 (09
9 YHo.¥ 2.04 - 9 53y
10 _4H3.0 2.15 - 10 5%.9 ~s5a2.3
11 4?7 Y 2,37 - 11 58,6
12 44.8 2.24 - 12_58.1
13 43,2 2.1 - 13 _81.%
14 Yo,6 2.03 - 14 583
15 H1,F 2.09 - 15 59.] PP
A 16 46,2 2.3( - 16 o, 2.
— 17 44,5 2,23 . 17 L0, 3
18 42.3 2.12 - 18 (4.9
19 _H5.%# 2.29 - 19
20 36.2 1,81 - 20
21 Y2.¢ 2,13 - 21
22 Yo.3 2.02 - 22
" 23 _Yd. s 2,23 - 23
lo21,8 218 2.2 - 2
25 1428 .29 25
s : S
2 27
28 28
29 29
0__104G. e - — 30 _1022.5 —
NOTES: __ Dc=F0 ) De- §Fk 55

Ny

SRR S—
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* Shakle Table Test# U ¥ Joseph Toth
Date: 9[26{2016
Dense Layer Liquefiable Layer
~ Ws (ibs) Ww (lbs) Ws (lbs)
- 1_y4l.z 2.06 — 1 _42.0
2 Y39 2.4o . — 2 22.)
3 Y4 ¢ 2.23 ~ 3 H2.9
4 48.2 .4 7 4 _YHo.o
5 Y6.0 2.30 / 5 43 2
6 _Yo.3 2.02 - 6 15.8
7 _44.0 2.20 ~ 7 44.9 - 2808
8 H(.2 2.21 7 8 (3.8
9 Y3.1 206 9 588
10_39.Y L4y 7 10 55.4
11_4S8.6 2,28 - 11 58.6
12 44,8 2,24 - 12 62,9 — 580
SY.g13 43..2 2.0 - 13 60,2
14 428 2.1y - 14 62.8
15 43,2 2.1 - 15 ©O.5
\ 16 H6.9 2,35 16 59.5
— %ﬂﬁ‘y 42.5 2.3 - 17 5?" - 882.\
18 35.1 A - 18 59.2
19 Y 0 19 55.¢
20 20 (2.1
21 21 57.(
2 22 58.1
"3 23 Y. 2
24 24 ——-§\
25 25
26 26 o
27 27
28 28
29 29
0__78S.0 lbs 30 124p.9 lbs
NOTES:
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) Shakle Table Test # ' Li?)
Date: C’/3O/ZOI(9

Joseph Toth

Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (lbs)

1_321.0 .58 1 YL G

2 38.2 1,91 2 3%.8

3 Hl,o0 Zos 3 384

4 H2.9 2.8 4 329.8

5 |23 0.87% 5 38.4

6 26.5 [,33 6 3719

7 Y2.] 2.1 7 3% 8

8 39.0 1.95 8 424

9 Y.L 2.08 9 3.l

10 377 1. & 10 43.0

11 Y2.6 2.13 14

g - 2 41.3 2.0% 12 Yo, (o

13 Us,3 2.2+ 13 4o, 9

14 36.8 1.84 14 38.¢

15 15 H1.2 -595.0
16 A~ 6 _84.F

17 ] 17 4.2 &
18 18_58.8

19 19 02.3

20 20 62. %

21 21 Gl 2

22 22 59.7
3 23 89.6

24 24 6].8

25 75—otg

26 %6 S6.G (2075
27 27 _l?

28 28.-§23'5

® 2 _bl9 ~ 14si, 2
0 p2ed s 0 _3%8 I

NOTES:

__1M8%.0 Ibs
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Shakle Table Test # uq

Joseph Toth
Date:
Dense Layer Liguefiable Layer
W (Ibs) Ww (Ibs) Ws (Ibs)
_ 1 3ol 1.8l 1083 |uo
2 .3 .22 . 2. 4.8 45.0
3 371 1.86 3 .7 Ho.5
4 36.0 [.80 a Y5 |44.2
5 39.S5 .98 5 4o, | 33,7
6_42.6 2.13 6 2.4 40,9
7 4.0 2.05 7 4.6 4s.y
3 34.7 199 8 45.3 3.1
s 29.F .99 9 354 Yo,/ o4y
10 (2.8 0.64 10 58|
11 ———D— 11 §3.7
12 12 (0.0
13 13 S8.%#
14 14 5.3
15 15 L3.7 |016.2
16 16 G5 3F
~ 17 17 (0.8
18 18 (3.9
19 19 6l7 1224.0
20 20 59.1
21 21 5.0
22 22 (3.1
" 23 23 (0.7
24 !
b ii ja?'.;: o376
. i s
27 27
28 28
29 29
0___348.9 lbs 0_1654,9 bs
NOTES:
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Shakle Table Test# 50

377

NOTES:

Joseph Toth
Date: '0/13/2,01(9
Dense Layer Liquefiable Layer
- Ws (Ibs) Ww (lbs) Ws (ibs)
o 1 429 2,18 1 Y.
2 385 .93 2 (0,2
3 3%3 .8+ 3 2.
4 42,2 2. 1 4 (0.3
5 34.8 (.74 5 60,12 oy
6 45.4 2.2% 6 (2.0
7 Ho Y o2 7 (2.]
8 45 F 2,249 8 (.3
9 Hp.S 2.03 9 (0.2
10 Y2.l .13 10 Gl.3 Gid.3
11 39.0 .95 1 L{.9
12 1.9 2.)0 12 (0. F
13 36.Y 1,82 13 (2.0
1 43.8 2.19 14 §53.F
15 37.Y .87 15 64.5 ‘H'?.l
™y 16 45.3 2.1 % 16 (0.8
e 17 39.2 196 17 {6.|
18 3F.lo 1.88 18
19 3AF .89 19
Bul0_2.H2:4 212 0
21 Yo .o .03 21
2 38.6 1,93 22
"3 42.9 2.1§ 23
u_33.3 L 63 24
loop M 2.4H0.0 ¢ S —
26355 .78 26
277 4.7 6.24 27
" 28 g 28
29 29
0__10Y6. & Ybg 30 192 #

Dr=’35 %7‘0"/1

123n 2 (20 lgeps TRickneeg

O '~ fooFira (Sensor #( )

{oim ‘F”%M’J (Sensore &)

2 sccmnd shalirs duredion
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" " Shakle TableTest# |
Date: ’D/ll/?.al(g

Joseph Toth

Dense Layer Liquefiable Layer
Ws (lbs) Ww (Ibs) Ws (lbs)
1 4.8 2.09 1_38.2
2 315§ 1,98 . 2 44,5
3 Y2.0 2.13 3 39.2
4 36T .84 2 289
5 385 1.93 5 20.%
6 38.6 1,93 6 (o041
7 39,5 l.98 7_60.G
g 45.4 2.2% 8 5.7
9 3%b .89 9 (3.
10 Y2. | 2.11 10 5%,5 — yg4.5
11 Yo.l 2.0l 11 628
12 425 2.13 12 (2.2
13_39.7 1,99 13 63,5
14 43.5 2-18 14 S33
15 43.4 z./7 15 _59.4 7894
16 42, %+ 2.14 16 @.2
17 31.8 1.99 17 (4.0
18 43.8 2.19 18 57,]
19 43.3 2.1% 19 22.0 70.3
20 U3.% - 2.15 20—
21 4o0.2 2.0] 21
22 45.] 2.28 22
"3 U4.3 2.22 23
2 Yo, 2.03 24
25 15,0 Z.15 25
% 8.7 0.4y 26
27 — 27
28 28
29 29
0 04 .6 Ibs 30 792.7 [bs
NOTES: _ H(= | £+ (3= (4 (L)
10iA _wnswpp fpotve(Sumsratt)

(pirm =

#(SM\ <Sor #‘5:)

. J

v egin

379



380

~—

/wq_%vu (pindortins
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" Shakle Table Test# 5 2

Joseph Toth
Date: (o[ 22016
Dense Layer Liquefiable Layer
y Ws (lbs) Ww (Ibs) Ws (lbs)
— 1 28.% .44 1 el1
2 Ho.2 2.0 { 233
3 H9.9 250 3 G4,
a Ui+ 214 4 Gl.9
s 4u.7 2-14 5 4.0 U
6 HO.l 2.03 6 (2-0
éx;/' 7 46.5 2.33 7 @Y
(& & 8424 2:12 8 (1.8
9 4.2 2.06 9 (4.3
10_H45.3 2.2F 10 (4.3 — 295
1 4Y3.6 2.18 11 64,3
12 H1L.7F 214 12 (,3.8
13 Y45.7 2,29 13 68
14 417 2.14 14 (2.5
15 396 1.98 15 (3.5 a48. 3
M 16 He.F 2.34 16 Y40
~ 17 YY.8 2.24 17 —y
18 44.9 2.25 18
19 493.3 2.1% 19
20 Yo.? 2.04 20
21 43.3 2,1F 21
22 4Hz.1 2.11 22 ~
" 23 4l ) 2.06 23
24 38,3 1,92 24
2B 26.°9 [.35 25
26 ' 2%
27 27
28 28
29 29
30 64t lbs 30 99).7bs
NOTES: do (351 Hp =11 (754

[0:iA wepstefD) foohr

o (Semde 2l

erm B

" (Semen #5)

B e hahiey diuretis
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| SOIL BOX PLAN

TESTNO: S 2.

pATE: o /24/2016

,w.;

155 C\_i

.8

0w loin
[ 0 30 60 90 120 150 180 196.2 Initial Surface
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" Shakle TableTest# 5 3
Date: lo/g,/uub

Dense Layer

Joseph Toth

Liquefiable Layer

NOTES:

= Ws (Ibs) Ww (lbs) Ws (lbs)
1 4/[.0 2.05 1 ;go
2 H2.0 2.10. 2 0. T
3 4R.0 2.40 3 S61
4 43,0 218 s 5067
5 1s.1 2.26¢ 5 88 269.9
6 Ho.8§ 2.0% 6 S6.9
7_384 1.95 7_55.4 - 4o0z2.2
8 42.% 2.4 g 553
9 H3 | 2.0l 9 33z
10 43.6 2.18 10 574
1 42.2 2.1 11 50.0
12 41,9 2.0 12 517
13 44, 2.2 13 59,7 + 746
14_38.3 .92 1 G614
15 4o.| 2.01 15 9lL
= 16 (.2 2.06 16 500F
17 Y. % 2,09 17 9%k 19410
18 UYp,5 2.023 18 Y%7
19 39.F .99 19
20 44.9 2.25 20
21 4.9 2.10 21
2 424 Z.12 22
"3 Y43 2,22 ’ 23
\o6.8__ 24 1T 199 24
5 368 Nl 25
2% ' 26
27 27
28 28
29 (046 (p —t—— 29 9927 lbs
30 30
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