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1.0 INTRODUCTION

This report presents the results of a geotechnical investigation by Group Delta Consultants
(Group Delta) to support the seismic evaluation and retrofit of three City of Inglewood Civic
Center buildings (City Hall, Main Library, and Police Department) located Inglewood, California.
The location of the site is shown in Figure 1, Site Vicinity Map.

The purpose of this report is to provide geotechnical information to support the seismic
evaluation and retrofit design for the project. This report provides interpretations of the geologic
and geotechnical conditions observed and recommendations to support the seismic retrofit.
Group Delta developed the recommendations from reviewing the previous studies referenced in
this report, recent supplemental subsurface exploration, geologic and geotechnical engineering
interpretation and analyses, and our previous experience with similar geologic conditions.

1.1 Scope of Services

Group Delta provided the following scope of services:

e Review of available background information, including geologic maps, fault maps, hazard
maps, topographic and aerial photographs, as well as available existing geotechnical
reports prepared by Amec (2017) and their legacy company, LeRoy Crandall and
Associates, as-built plans, and documents pertaining to the site conditions. Figure 2 shows
the approximate locations of the relevant historical borings. Appendix B contains relevant
Previous Boring Records and pertinent laboratory test data.

e Ageotechnical supplemental field investigation to obtain supplemental geotechnical data
consisting of one cone penetration tests (CPT) and two seismic cone penetration tests
(SCPT) to a maximum depth of about 87 feet below ground surface. Figure 2 shows the
approximate locations of these explorations. Appendix A provides current field
exploration results.

e Development of site-specific ARS for two seismic hazard levels (BSE-2E and BSE-1E) for
the site.

e Development of site-specific ground motion time histories for use in nonlinear dynamic
analyses the City Hall structure for the two seismic hazard levels (Appendix C).

e Engineering analysis of the field and laboratory data to develop geotechnical parameters
for evaluation of the existing foundations, as well as design of new foundation elements.

e Preparation of this report with our findings, conclusions and recommendations.
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1.2 Site Description

The project site is L-shaped and bounded by Manchester Boulevard to the South, South La Brea
Avenue to the East, East Regent Street to the North and, North Grevillea Avenue, West Queen
Street, and South Fir Avenue to the West. The approximate centroid of the site is at a latitude of
33.96312 and longitude of -118.35499. The site gently slopes from northeast of the site down to
the southwest toward S Fir Avenue, with the elevation ranging approximately from 130 feet
above Mean Sea Level (MSL) at the northeast to about 115 feet above MSL at the southwest.

The Police Department, City Hall, and the Main Library Buildings, all connected through
pedestrian bridges, occupy the site. The City Hall Building, a nine-story structure, is located in the
middle of the site as shown in Figure 2. The Police Department building is located in the
northeastern side of the site, and the Main Library is located in the southeastern side of the site.
Additional improvements include, walkways, paved parking lots, landscaped areas with grass,
shrubs and trees. Various subsurface utilities exist on the site.

1.3 Proposed Seismic Upgrades

The project consists of the design and construction of seismic retrofits for the three Civic Center
Buildings. The primary purpose of this voluntary seismic retrofit is to improve the seismic
performance of the existing structures by correcting identified structural deficiencies against the
selected hazard levels in ASCE 41-17 for ground shaking.

The proposed development for the City Hall Building includes expanding and thickening of
existing shallow foundations, strengthening of structural elements with fiber reinforced polymer
(FRP) and adding rebars (longitudinal and shear), and adding new concrete beams and walls. The
seismic retrofits for the Police Department Building includes enlargement of concrete columns
and footings, adding rebars to structural elements, addition of new concrete walls, and
strengthening of existing concrete walls, beams and slabs with FRP. The proposed development
for the Main Library Building includes enlargement of existing footings, adding grade-beams,
addition of new concrete walls, adding new rebars to existing beams and footings, and widening
of existing beams.

1.4 As-Built Information

The City of Inglewood Civic Center buildings, including City Hall, the Police Department and the
Main Library, were constructed in 1971. City Hall is a 9-story reinforced concrete structure with
two subterranean levels. There is a 12-inch thick concrete retaining wall extended along the East,
South, and West edges of the building, supported by shallow continuous footings. The first
basement level of City Hall is shared with basement of the Police Department building for parking.
A smaller second basement extends below a portion of the City Hall building on the northern side
for the Emergency Operations Center. The basement foundations are supported by shallow
continuous wall footings and spread footings. The Police Department building is a 2-story

ke GROUP DELTA 2021-03-03 City of Inglewood Seismic Retrofits GeoRpt (Rev 1 4-22-2021).docx



Report of Geotechnical Investigation Project No. LA-1474
City of Inglewood Civic Center Seismic Upgrades March 3, 2021 (Rev. 1 4-22-2021)
1 W. Manchester Boulevard Page 5
Inglewood, California

reinforced concrete structure that is partially supported by the basement level, and with the
extension supported by a combination of deepened spread footings and belled caissons.

The Main Library building consists of four stories above grade with additional mechanical
penthouse at roof level. The first level shares a larger floor with an outdoor plaza area and lecture
hall. The lecture hall is its own structural system that is different from the main library building
portion, but they share the common first level diaphragm above grade. The library is supported
by shallow spread footings.

AMEC (2017) reported that their legacy company, LeRoy Crandall and Associates performed
geotechnical inspection and testing services during the construction of the civic center buildings
in the 1970’s, and observed that the foundations are properly supported on competent, native
alluvial soils, as recommended in their reports.

2.0 FIELD AND LABORATORY INVESTIGATION
2.1 Previous Investigation

The geotechnical investigations for the original construction of the Civic Center development
were performed by Leroy Crandall and Associates in 1964 and 1970. The geotechnical
information (boring logs and laboratory test data) from these investigations, along with the
recent geotechnical report by AMEC (2017) that was prepared for the previous Tier 2 seismic
evaluations of the Civic Center buildings, were reviewed in support the current investigation. We
used the boring logs and pertinent laboratory data to support geotechnical analyses and
conclusions.

In the original geotechnical investigations, LeRoy Crandall and Associates drilled 22 borings to
depths ranging 20 to 77 feet below the grade. Laboratory tests, including moisture content and
dry density determination, consolidation, direct shear, maximum dry density and optimum
moisture determination, and expansion tests, were performed. Figure 2 shows the approximate
location of these borings. Appendix B provides relevant boring logs along with their pertinent
laboratory test results.

2.2 Current Field Investigation

The field investigation included geologic reconnaissance and subsurface exploration consisting
of two (2) seismic cone penetration tests (SCPT) and one (1) cone penetration test (CPT). The
locations of the explorations are shown in Figure 2. The CPTs were advanced to depths ranging
from 70 to 87 feet below existing grades. Shear wave velocity measurements were obtained
within the SCPTs at 5-foot intervals to the depths explored. No groundwater was encountered
during drilling. Details of the field exploration program, including CPT logs and CPT
interpretations are presented in Appendix A.
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3.0 GEOLOGY AND SUBSURFACE CONDITIONS

3.1 Geologic and Seismic Setting

Regionally, the site is located within the seismically active Los Angeles Basin area of the southern
California Peninsular Ranges geomorphic province. The Peninsular Ranges are characterized by a
series of northwest trending mountain ranges separated by valleys, with a coastal plain of
subdued landforms. The Los Angeles Basin is filled with sediments thousands of feet thick,
structurally influenced by thrusting fault blocks and strike-slip faults dividing the basin into
northwest trending valleys and ridges.

Numerous faults are located in close proximity to the site which are sources of strong ground
shaking, ground deformation, and surface fault rupture. The State of California define active
faults as Holocene-active faults that have ruptured in the last approximately 11,000 years. The
closest active fault is the Newport-Inglewood fault zone (NIFZ), which is mapped as crossing the
Civic Center property. A list of nearby active faults and further discussion of the site seismicity is
included in Appendix C.

3.2 Local Geology

Locally, the site is situated within an elevated alluvial plain at the southern edge of Baldwin Hills.
Baldwin Hills are the result of faulting along the Newport-Inglewood fault zone. The entire site
is underlain by Holocene to Pleistocene-aged Old Alluvial Valley Deposits (Qoa), which locally
include dense sand, silty and clay. The geologic conditions in the site vicinity are depicted on the
Regional Geologic Map, Figure 3.

3.3 Subsurface Conditions

Existing fill is present at the site, mantling the underlying Old Alluvial Valley Deposits (Qoa).
AMEC (2017) noted that during the original site development, up to eight feet of existing fill was
encountered, but it was removed during construction activities for the basement. Some fill is still
present at the site, as backfill for walls, subgrade for pavements, etc. During our subsurface
investigation, fill was undifferentiated from the underlying alluvial soils.

Subsurface soils encountered consisted of interbedded silty sand (SM), sandy silt (ML), sandy lean
clay (CL), and poorly-graded sand (SP). Sands are interpreted to be dense to very dense, and fine-
grained soils such as silt and clay are interpreted to be stiff to very stiff based on penetration
resistances and descriptions of the soils encountered in previous investigations.
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34 Groundwater

No groundwater was encountered in our geotechnical explorations nor in previous investigations
in the 1960’s and 1970’s. Our previous experience in the site vicinity suggests that the local
groundwater table is relatively deep.

4.0 GEOLOGIC HAZARDS

The publicly available USGS and CGS resources along with the Seismic Hazard Zone Report for the
Inglewood 7.5-Minute Quadrangle (CDMG, 1998) and the City of Inglewood, 1995, Safety
Element were reviewed for the evaluation of geologic hazards at the project site. A summary of
our limited geologic hazard evaluation is presented in this section.

4.1 Strong Ground Motion

The primary geologic hazard at the site is the potential for strong ground shaking due to nearby
or distant seismic events. The site could be subject to moderate to strong ground shaking from
nearby or more distant, large magnitude earthquakes occurring during the expected continued
life span of these buildings. This hazard is being managed through the seismic retrofit process
following structural evaluation in accordance with ASCE 41-17. Seismic parameters and ground
motion recommendations are provided in the Recommendations section of this report (Section
6.2).

4.2 Earthquake Surface Fault-Rupture Hazard

4.2.1 General

Surface rupture is the result of movement on an active fault reaching the ground surface. The
site is located within an Alquist-Priolo Earthquake Fault Zone associated with the Newport-
Inglewood fault. The Newport-Inglewood fault zone (NIFZ) is a zone of discontinuities, folds and
faults which stretches across the Los Angeles basin in a northwest/southeastern orientation from
Beverly Hills to Newport Beach. The mapped location of the fault traverses the project site
through the Police Department and parking structure to the south of the Police Department
(Figure 4). Therefore, there is a potential for surface rupture at the site from movement of
Newport-Inglewood fault reaching the ground surface.

An Alquist-Priolo Earthquake Fault Zone requires a special study for new structures, which is a
site-specific surface fault rupture investigation. The requirements of this special study are
governed by the California Public Resources Code (CPRC), Division 2, Chapter 7.5. However, for
the City of Inglewood Civic Center, due to both the age of the structures and type of construction,
there are two exceptions that exempt this current project from meeting the requirements the
special study requirements of the Alquist-Priolo Act (CPRC, Division 2, Section 2621.7):
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Exception 1 [Section 2621.7, subdivision (b)]:

(b) Any development or structure in existence prior to May 4, 1975, except for an
alteration or addition to a structure that exceeds the value limit specified in
subdivision (c).

(c) An alteration or addition to any structure if the value of the alteration or
addition does not exceed 50 percent of the value of the structure.

Exception 2 [Section 2621.7, subdivision (e)]:

(e) (1) Alterations that include seismic retrofitting, as defined in Section 8894.2
of the Government Code, to any of the following listed types of buildings in
existence prior to May 4, 1975:

(A) Unreinforced masonry buildings, as described in subdivision (a) of Section
8875 of the Government Code.

(B) Concrete tilt-up buildings, as described in Section 8893 of the Government
Code.

(C) Reinforced concrete moment resisting frame buildings as described in Applied
Technology Council Report 21 (FEMA Report 154).

Nevertheless, since the Civic Center buildings have been in existence prior to May 4, 1975, and
the new alterations only include seismic retrofitting of these structures, the proposed
developments are exempt from site specific fault rupture hazard investigation (Section 2621.6 of
Chapter 7.5 of the CPRC).

Since the buildings were constructed prior to 1975 and the planned seismic retrofit does not
exceed 50 percent of the value of the structure, it meets the exception stated in Section 2621.7,
subdivision (b). In addition, the buildings are reinforced concrete moment resisting frame
buildings undergoing a voluntary seismic retrofit, so they also meet the exception stated in
Section 2621.7, subdivision (e). Therefore, a special study for potential surface fault rupture is
not required for this current project.

The proposed seismic retrofits will not increase the risk of damage to the structures if surface
fault rupture occurs at the site (i.e., the retrofitted structures will not be more likely than
unretrofitted structures to collapse due to fault displacement).

Note that future major renovation or modernization projects at the Civic Center site, or new
planned structures or improvements will likely require a site-specific surface fault rupture
investigation performed in accordance with California Geological Survey (CGS) Note 49,
Guidelines for Evaluating the Hazard of Surface Fault Rupture.

4.2.2 Limited Earthquake Surface Fault-Rupture Hazard Evaluation

Although the project is exempted from the Alquist-Priolo Act, a limited assessment of the
potential deformations associated with surface fault rupture has been performed to support the
City of Inglewood’s understanding of this risk. A simplified probabilistic evaluation of fault

)
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displacements was performed using the procedure developed by Caltrans for calculation of fault
rupture (Shantz, 2013) at the BSE-1E and BSE-2E hazard levels. The resulting hazard curve is
presented in Figure D-1 in Appendix D. Based on this methodology, the estimated fault
displacements at the BSE-1E and BSE-2E hazard levels are negligible. Details of the evaluation are
included in Appendix D.

Note that in a deterministic evaluation of fault displacement (i.e., assuming the fault ruptures to
the surface in the characteristic earthquake, regardless of the likelihood of this occurring), the
average displacement is estimated to be 0.95 meters (about 3.1 feet). However, the deterministic
evaluation is provided only to better understand the risk of surface fault rupture at the site, since
it does not take into account the likelihood that it will rupture within a given period of time, only
the estimated fault slip that will occur when it does rupture.

This limited fault displacement hazard evaluation is for information only, and not intended for
design purposes. If structural mitigation for the surface fault rupture hazard is desired, a more
comprehensive study, such as additional field investigation and site-specific fault displacement
evaluation, may be required.

4.3 Liquefaction and Seismic Settlement

Liquefaction is the sudden loss of soil shear strength within saturated, loose to medium dense,
sands and non-plastic silts. Liquefaction is caused by the build-up of pore water pressure during
strong ground shaking from an earthquake. Secondary effects of liquefaction are sand boils,
settlement and instabilities within sloping ground that occur as lateral spreading, seismic
deformation and flow sliding. Seismic shaking can also cause seismic compaction, which is the
densification of loose to medium dense granular soils that are above groundwater. Loose
unsaturated coarse-grained soils were generally not observed at the site.

Considering the dense condition of the soils underlying the site and the relatively deep
groundwater, the potential for earthquake induced ground failure due to soil liquefaction and
seismic compaction should be very low.

44 Landslides and Slope Stability

The site and site vicinity are relatively flat. Evidence of ancient landslides or slope instabilities
were not observed during our literature review, site reconnaissance, or subsurface exploration.
Based on our understanding of the current project, landslides and slope stability are not
considered hazards for the site.

4.5 Tsunamis, Seiches, and Inundation

The site is located about 5.3 miles from the Pacific Ocean, with an approximate Elevation of 115
feet above Mean Sea Level (MSL). No bodies of water are located above or near the site. The site
is not located within a Tsunami Inundation Area as mapped by the California Emergency
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Management Agency (2009). Therefore, the potential for a tsunami, seiche, and inundation is
considered very low for this site.

4.6 Flooding

The site is located within a densely populated and developed area. Storm water is largely
controlled by engineered drainage. The site is outside of the 100-year flood plain and it is located
in an area of minimal flood hazard (Federal Emergency Management Agency, 2020). Therefore,
the risk of flooding is considered very low.

4.7 Compressible Soils

In general, the site is underlain by Holocene to Pleistocene-aged alluvial deposits that are not
considered compressible and provide good support for any existing or new foundations.
However, any locally encountered undocumented fill is considered compressible due to the
variable physical characteristics and apparent densities that can stem from uncontrolled
placement and compaction of the fill. These soils are typically removed entirely and recompacted
where the new footings or other improvements are placed.
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5.0 CONCLUSIONS

Based on the findings and interpretations from our investigation, the following is a summary of
our primary findings.

e The existing City Hall, Police Station, and Main Library are supported within the underlying
native Pleistocene-aged alluvial soils as recommended in the original geotechnical
reports. The native alluvial soils are generally dense and firm, with low compressibility
and high shear strength, and they are competent for support of foundations.

e These 3 structures are all supported by shallow spread and continuous footings, with the
exception of four belled caissons supporting a portion of the Police Department building.

e Some existing fill underlies the site to a maximum depth of about 8 feet. Without review
of as-built reports of the compaction of this fill, these materials are considered potentially
compressible and therefore they are not suitable for the direct support of structures or
slabs or walkways without remedial grading.

e The primary geologic hazards are the site are seismic shaking and surface fault rupture.
There is high potential for strong ground shaking due to nearby or distant seismic events.
This hazard is being managed through the seismic retrofit process following structural
evaluation in accordance with ASCE 41-17. The subject site is located within the Alquist-
Priolo Earthquake Fault Zone (A-P Zone) for the Newport-Inglewood fault, but it is exempt
from a site-specific fault rupture hazard investigation for this voluntary seismic retrofit as
discussed in the Earthquake Surface Fault-Rupture Hazard section of this report (Section
4.2).
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6.0 RECOMMENDATIONS

The remainder of this report presents geotechnical parameters and recommendations for the
analysis of existing foundations and retaining walls, which are supported by native alluvial
deposits, as well as recommendations for the proposed new improvements. If these
recommendations do not address a specific feature of the project, please contact Group Delta
for additions or revisions.

6.1 Foundation Recommendations

6.1.1 Existing Shallow Foundations

Bearing Value

The net allowable bearing capacity for existing footings may be calculated through the following
equations:

qyy (ksf) = 8.90 +0.75 x D¢+ 0.27 X B (column footings)
qay(ksf) = 6.85 +0.75 x D¢+ 0.34 X B (wall continuous footings)

In the above equations, Dy, is the footing’s embedment depth and B, is the footings width. It

should be noted that for rectangular footings, B = /Bf X L¢, where B and Ls are the actual
width and length of the footing, respectively. The bearing capacities obtained from the above
equations can be varied by 50 percent for upper and lower bounds.

Settlement

We don’t expect significant increase in loads as a result of the planned retrofit. Therefore, the
anticipated settlements resulting from the additional load of the retrofit are expected to be
negligible for existing footings.

Lateral Resistance

Lateral loads against the structure may be resisted by friction between the bottoms of footings
and the soil, and passive pressure from the portion of vertical foundation members embedded
into the native alluvial deposits. A coefficient of friction of 0.45 and a passive pressure of 350 psf
per foot of embedment may be used.

Ultimate Resistance

The recommended bearing and lateral resistance values provided above are allowable pressures
used in Working Stress Design. For Ultimate Resistance, these allowable values may be multiplied
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by the following factors:

Parameter Ultimate Factor
Bearing Value 3.0
Coefficient of Friction 1.5
Passive Pressure 1.5

Dynamic Modulus of Subgrade Reaction

For evaluation of transient loading, such as seismic loading, the load-deformation characteristics
for existing foundations supported on native older alluvial deposits may be evaluated following
Section 8.4.2 of ASCE 41-17. The initial (small-strain) shear modulus (Go) may be calculated using
Equation 8-4, and the effective shear modulus ratio (G/Go) may be evaluated using Table 8-2 of
ASCE 41-17. The parameters given in the following tables are recommended to be used for
evaluation of the dynamic modulus of subgrade reaction for the existing footings:

Unit Average Shear Poisson’s Average Initial

Existing Foundations Location = Weight Wave Velocity, Ratio Shear Modulus,
(pcf) Vs (ft/s) Go (ksf)
City Hall (1%t Basement Level) 120 1,150 0.35 4,930
City Hall (2" Basement Level) 120 1,300 0.25 6,300
Police Department 120 1,150 0.35 4,930
Main Library 120 1,150 0.35 4,930

Based on site-specific shear wave velocity measurements, the variation in average shear wave
velocity is about 15 percent (corresponding to a coefficient of variation of approximately 0.3).
However, per Section 8.4.2, the coefficient of variation (Cy) may not be taken as less than 0.5 in
the analyses for determining the upper and lower bounds of the dynamic stiffnesses.

Hazard Level Effective Peak Acceleration Effective Shear Modulus Ratio
Sxs/2.5 (G/Go)
BSE-1E 0.346 0.786
BSE-2E 0.641 0.660

These values may be used with either Methods 1, 2, or 3 described in Sections 8.4.2.3, 8.4.2.4, or
8.4.2.5 of ASCE 41-17, depending on the rigidity of the foundation relative to the older alluvial
deposits.
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6.1.2 Existing Belled Caissons

Axial Capacity

The four existing belled caissons supporting a portion of the Police Department building may be
evaluated use an ultimate axial capacity of 45 kips per square foot (ksf). If needed, allowable
axial capacity can be estimated by applying a factor of safety of 3. The ultimate axial compressive
capacity mobilization curve for the 10-foot and 12-foot diameter belled caissons are included in
Figures 6A and 6B, along with a curve presenting the secant axial springs in kips per inch. The
ultimate tensile capacity mobilization curves for the 10-foot and 12-foot diameter belled caissons
are included in Figures 6C and 6D.

Lateral Capacity

Lateral capacity curves as a function of deformation for the two 10-foot belled caissons for both
fixed head and pinned head conditions have been developed using the computer program LPILE,
version 2019-11.005 (Ensoft, 2019). Nonlinear material properties were used for the upper
portion of the drilled shaft with uniform cross-section and reinforcement, with concrete and
reinforcing steel dimensions and properties obtained from the as-built plans. The belled portion
of the drilled shaft was modeled as an elastic section with varied diameter from top to bottom
of the bell. The elastic section was modeled assuming cracked concrete with 60% gross moment
of inertia. Note that a sensitivity evaluation using a cracked section compared with an uncracked
section in the bell resulted in very minor differences in overall behavior and capacity.

An axial load of 350 kips was used in the analyses (the static load on the drilled shafts provided
by KPFF). The lateral capacity curves for two different pile cutoff elevations (at basement level
and at first floor) are included in Figures 7A through 7D.

6.1.3 New Shallow Foundations

New shallow foundations planned as part of the retrofit should be embedded within the
undisturbed native alluvial deposits for consistency with the other existing foundations
supporting the structures.

New footings with a minimum depth of 24 inches below the lowest adjacent grade may use a net
allowable dead-plus-live load capacity of 7,000 psf. This value may be increased by a factor of 3
for ultimate bearing capacity.

Settlement

We estimate that the total and differential settlement of the new foundations will be less than
1/2 inch and 1/4 inch in 40 feet, respectively.
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Lateral Resistance

Lateral loads against the structure may be resisted by friction between the bottoms of footings
and slabs and the soil, and passive pressure from the portion of vertical foundation members
embedded into undisturbed native soils. A coefficient of friction of 0.45 and a passive pressure
of 350 psf per foot of embedment may be used. The allowable lateral resistance may be increased
by a factor of 1.5 for ultimate lateral resistance.

6.1.3.1 New Foundations Adjacent to Existing Foundations or Utilities

Numerous existing foundations are present supporting the existing buildings, walls, and other
improvements at the site. New foundations planned adjacent to existing foundations or utilities,
should be deepened such that they do not surcharge the existing foundations or utilities. For
preliminary design, any new foundations should be placed such that a 1H:1V slope descending
from the bottom of the new foundation projects below the adjacent existing footing or utility.

If foundations are planned in close proximity, it is recommended that the Geotechnical Engineer
review the plans and provide recommendations as needed.

6.2 Seismic Design
6.2.1 BSE-2E and BSE-1E Site-Specific Response Spectra and Ground Motions

The seismic evaluation for the retrofit of Civic Center buildings will be performed in accordance
with ASCE 41-17. Both site-specific response spectra and ground motion time histories for the
BSE-2E and BSE-1E seismic hazard levels have been developed to support this evaluation. A
detailed discussion of the analysis procedures, the resulting site-specific ARS and ground motion
time histories are presented in Appendix C. The site-specific seismic design parameters for
BSE-2E and BSE-1E are presented in the table below.

Site-Specific Seismic Design Acceleration Parameters

Site-Specific Seismic Design
Design Parameters Parameters
(ASCE 7-16 Section 21.4)
Site Class C
BSE-2E Sxs(g) 1.603
BSE-2E Sx1i(g) 0.907
BSE-1E Sxs(g) 0.865
BSE-1E Sxi(g) 0.428
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6.3 Lateral Earth Pressures for Existing Subterranean Walls

Existing permanent subterranean walls that are restrained from lateral movement (such as the
structural basement walls) may be evaluated using an at-rest equivalent fluid pressure for static
conditions, and an active-plus-seismic equivalent fluid pressure under seismic loading as shown
in the table below.

Load Case Equivalent Fluid Pressure (pcf)
Static At-Rest 55
BSE-2E 35 (active) + 12 (seismic increment)
BSE-1E 35 (active) + 8 (seismic increment)

Any surcharge loads, as a result of traffic, live loads, adjacent foundations, or others should be
included in the evaluation as appropriate. Surcharge loading may be taken as a uniform lateral
earth pressure of 0.35q, where ‘q’ is the surcharge in pounds per square foot (psf). Surcharges at
least a distance of the wall height, H, away from the wall may be neglected. Other loading may
be provided as needed upon request.

6.4 Grading and Excavation

Significant grading is not anticipated as part of the seismic retrofits but may be required locally
for the enlargement of existing shallow foundations. The recommendations in the following
sections are provided to support this anticipated scope of work.

Prior to the start of any earthwork or demolition, the project civil engineer should locate any
existing utilities in the area. Existing utilities should be removed, relocated, or protected, as
appropriate.

6.4.1 Site Restoration and Earthwork

During construction, any subgrade disturbed by demolition (not supporting structural
foundations) should be restored to the satisfaction of the geotechnical engineering
representative. All grading activities should conform to the requirements of the 2019 California
Building Code and the general grading recommendations outlined below.

1. Anyfill placed as part of this restoration should be placed in lifts that do not exceed an 8-

inch loose lift thickness, and compacted to a relative compaction of 90 percent or more
(or 95 percent, where specified) of the maximum dry density based on ASTM D1557.
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2. The existing site soils may be reused for fill, as long as they are free of expansive clay,
organics, debris, rocks greater than 3 inches in maximum dimension, and any other
deleterious material. All soils to be used as fill should be approved by the project
geotechnical engineer. Any import soils should be approved before being brought to the
site. If expansive soils are found, they should be removed and replaced with non-
expansive compacted fill.

3. All earthwork and grading should be performed under the observation of the project
geotechnical engineer. Compaction testing of the fill soils shall be performed at the
discretion of the project geotechnical engineer.

6.4.2 Excavation

Vertical cuts for the temporary excavations may be used provided that adjacent underground
utilities and structures are adequately supported. The sides of the temporary excavations made
in fine grained soils should stand with vertical cuts to a max depth of 4 feet. Temporary
excavation slopes in sandier non-cohesive soils should be constructed at an angel of 1H:1V
(horizontal to vertical ratio) or flatter or shoring should be used.

Surcharge loads from equipment or stockpiled material should be kept behind the top of the
temporary excavations a horizontal distance of at least twice the depth of the excavation.
Surface drainage should be controlled and prevented from running down the slope face. Ponding
water should not be allowed within or near the excavation. Even with the implementation of the
above recommendations, some sloughing of slopes and unstable soil zones may still occur within
temporary excavations, and workmen should be adequately protected. Construction equipment
and foot traffic should be kept off excavation slopes to minimize disturbance/ sloughing.

Where there is insufficient room to excavate slopes, or where an existing structure or other
improvement requires protection, temporary shoring should be used.

The excavations should be readily accomplished using conventional heavy construction
equipment. All excavation slopes and shoring systems should meet minimum requirements of
the Occupational Safety and Health (OSHA) Standards. Maintaining safe and stable slopes on
excavations is the responsibility of the contractor and will depend on the nature of the soils
encountered and the contractor’s method of excavation.

Excavations during construction should be carried out in such a manner that failure or ground
movement will not occur. The short-term stability of excavation depends on many factors,
including slope angle, engineering characteristics of the subsurface materials, height of the
excavation, and length of time the excavation remains unsupported and exposed to equipment,
vibrations, rainfall, and desiccation. The contractor should perform any additional studies
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deemed necessary to supplement the information contained in this report for planning and
executing their excavation plan.

6.4.3 Subgrade Preparation

During excavation for any proposed new foundations, the exposed subgrade for the design
foundation depth should be evaluated by the geotechnical engineering representative to confirm
that the subgrade soils consist of undisturbed native soils, and that conditions are suitable for
structural support. Should the exposed conditions encountered at the design foundation depth
require over-excavation, any required over-excavation should be backfilled with three-sack sand
and cement slurry with a 28-day compressive strength of 300 pounds per square inch (psi).

7.0 ADDITIONAL GEOTECHNICAL SERVICES
7.1 Response to Peer Review Comments and Plan Review

We understand this project will be peer-reviewed, and therefore we may need to respond to
seismic peer review comments pertaining to the geotechnical recommendations as part of the
peer review process.

We recommend that any demolition, grading, foundation retrofit, and new foundation plans be
reviewed by Group Delta Consultants prior to construction. We anticipate that some changes
may occur during the structural evaluation and retrofit design phase from the concepts used for
this investigation. Such changes may require additional geotechnical evaluation, which may
result in modifications or additions to the grading and foundation recommendations provided in
this report.

7.2 Excavation and Grading Observations

Excavations for foundations and compaction of all fill should be observed by the project
geotechnical consultant during construction. During grading, the geotechnical engineer’s
representative should provide observation and testing services continuously. Such observations
are considered essential to identify field conditions that differ from those anticipated by this
investigation, to adjust designs to the actual field conditions, and to determine that the remedial
grading is accomplished in general accordance with the recommendations presented in this
report. Geotechnical observations may include:

e Observe exposed subgrade for foundations, slabs, and areas to receive new fill to confirm
appropriate subgrade conditions, probe as needed, observe any scarifying and
recompaction, and determine if any overexcavation is required.

e Evaluate suitability of on-site soils and any import soils for new fill placement, obtain
appropriate samples of selected soils for laboratory testing.
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e Observe placement of fill and backfill and perform sufficient testing during grading
operations for evaluation of the relative compaction and to support our professional
opinion as to compliance with compaction recommendations.

The recommendations provided in this report are contingent upon Group Delta Consultants
providing these services.

8.0 LIMITATIONS

The recommendations in this report are preliminary and subject to revision from changes that
occur during design development or from the results of field testing or actual subsurface
conditions encountered during construction. Group Delta needs to continue to be part of the
project design and construction for these recommendations to remain valid. If another
geotechnical consultant provides these services, they should prepare a letter indicating their
intent to assume the responsibilities of the project Geotechnical Engineer-of-Record. This letter
should also indicate their concurrence with the recommendations in the report or revise them as
needed to assume the role of the project Geotechnical Engineer-of-Record.

The limited fault displacement hazard evaluation presented in Appendix D of this report is for
information only, and not intended for design purposes. If structural mitigation for the surface
fault rupture hazard is desired, a more comprehensive study, such as additional field
investigation and site-specific fault displacement evaluation, may be required.

This report was prepared using the degree of care and skill ordinarily exercised, under similar
circumstances, by reputable geotechnical consultants practicing in similar localities. No warranty,
express or implied, is made as to the conclusions and professional opinions included in this
report.

The findings of this report are valid as of the present date. However, changes in the condition of
a property can occur with the passage of time, whether due to natural processes or the work of
humans on this or adjacent properties. In addition, changes in applicable or appropriate
standards of practice may occur from legislation or the broadening of knowledge. Accordingly,
the findings of this report may be invalidated wholly or partially by changes outside our control.
Therefore, this report is subject to review and should not be relied upon after a period of three
years.
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types; unconsolidated to moderately well-consolidated

Landslide Deposits - may include debris flows and older landslides of various earth material and movement \ 3/ ‘i
g )

Beach Deposits - unconsolidated marine beach sediments consisting mostly of fine- and medium-grained, ~
well-sorted sand

Alluvial Wash Depaosits - unconsolidated sandy and gravelly sediment deposited in recently active channels
of streams and rivers; may contain loose to moderately loose sand and silty sand

Alluvial Fan Deposits - unconsolidated boulders, cobbles, gravel, sand, and silt recently deposited where a
river or stream issues from a confined valley or canyon; sediment typically deposited in a fan-shaped cone;
gravelly sediment generally more dominant than sandy sediment

2
.24

Alluvial Valley Deposits - unconsolidated clay, silt, sand, and gravel recently deposited parallel to localized
stream valleys and/or spread more regionally onto alluvial flats of larger river valleys; sandy sediment
generally more dominant than gravelly sediment

Terrace Deposits - includes marine and stream terrace deposits; marine deposits include slightly to
moderately consolidated and bedded gravel and conglomerate, sand and sandstone, and silt and siltstone;
river terrace deposits consist of unconsolidated thin- to thick-bedded gravel

2]

Lacustrine, Playa, and Estuarine (Paralic) Deposits - mostly unconsolidated fine-grained sand, silt, mud,
and clay from fresh water (lacustrine) lakes, saline (playa) dry lakes that are periodically flooded, and
estuaries; deposits may contain salt and other evaporites

Eolian and Dune Deposits - ur i 1[} ll-sorted wind-bl sand; may occur as dune
forms or sheet sand

[ ]
| o |
[or ]
[a]

Holocene to Late Pleistocene (Surficial Deposits)

ayf Young Alluvial Fan Deposits - unconsolidated to slightly c i i to slightly dis
Y boulder, cobble, gravel, sand, and silt deposits issued from a confined valley or canyon
Young Alluvial Valley Deposits - uncor to slightly ,ur d to slightly
Qya clay, silt, sand, and gravel along stream valleys and alluvial flats of larger rivers

Late to Middle Pleistocene (Surficial Deposits)

Old Alluvial Fan Deposits - slightly to moderately consolidated, moderately dissected boulder, cobble,
gravel, sand, and silt deposits issued from a confined valley or canyon

QOld Alluvial Valley Deposits - slightly to cor " I clay. silt, sand,
and gravel along stream valleys and alluvial flats of larger rivers

Old Terrace Deposits - slightly to i y I di ted marine and stream
terrace deposits

Old Lacustrine, Playa, and Estuarine (Paralic) Deposits - slightly to moderately consoli
dissected fine-grained sand, silt, mud, and clay from lake, playa, and estuarine deposits of various types

‘
2
e] el ] [

Middle to Early Pleistocene (Surficial Deposits)

Very Old Alluvial Fan Deposits - moderately to well-consolidated, highly dissected boulder, cobble, gravel
sand, and silt deposits issued from a confined valley or canyon

Very Old Alluvial Valley Deposits - ly to well i d, highly di: d clay, silt, sand, and
gravel along stream valleys and alluvial flats of larger rivers; generally uplifted and deformed

Qvoa

Quaternary (Bedrock)

C grained i of Plei age and younger - primarily sandstone and conglomerate

Qoa

Fine-grained formations of Pleistacene age and younger - includes fine-grained sandstone, siltstone,
mudstone, shale, siliceous and calcareous sediments

Tertiary (Bedrock)

@

|| = 2

Coarse-grained Tertiary age formations - primarily sandstone and conglomerate

Fi ined Tertiary age i - includes fine-grained sandstone, siltstone, mudstone, shale,
siliceous and calcareous sediments

<

ER
:

Tertiary age formations of volcanic origin

Mesozoic and Older (Bedrock)

&

C grained Ci age i of i y origin

sl Fine-grained Cretaceous age formations of sedimentary origin

EE

C and pre-Ci

phi i of i 'y and volcanic origin

sp

Serpentinite of all ages

Granitic and other intrusive crystalline rocks of all ages

B N Qyf || - S

SYMBOL EXPLANATION
Contct & L] (\ Hawthorne™ + 7 =
N —l It 6\
R ————— \ S| YL 0 10000
T st ;
— Reference contact — Used to delineate geologic units that were mapped as Qb 3 \ 3
separate units on the original source map, but are consolidated on this map 3 5 [ & — E o \

Fault - Includes strike-slip, normal, reverse, oblique, and unspecified slip

—— — ——  Lineament

;\
-
J
i
™,
i
|
|
)
Wi
4’/“

Folds — S.howmg direction of plunge where appropriate 1 \ %) v L‘ / 7 E} \ ¢
Anticline ; o WS, x / Say an \
REFERENCE: CGS, 2010, GEOLOGIC COMPILATION OF QUATERNARY SURFICIAL DEPOSITS IN SOUTHERN CALIFORNIA, LOS ANGELES AND LONG BEACH 30X60 QUADRANGLE 3 ail!
Overturned anticline DATE: DRAWN BY: G RO U P D E LTA PROJECT NUMBER:
Syncline
| 12/17/2020 JMT REGIONAL GEOLOGIC MAP LA1474
Zt‘ke REVIEWED BY: APPROVED BY: CO N S U LTAN TS ’ I N C SCALE:
Sl LK KC 370 Amapola Ave. AS SHOWN
. — Suite 212 1 W. MANCHESTER BOULEVARD et
——=——=——_ County boundary - Torrance' CA 90501 INGLEWOOD, CALIFORN'A 3
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MAP EXPLANATION

EARTHQUAKE FAULT ZONES

4 r Earthquake Fault Zones
- Zone boundaries are delineated by straight-fine segments: the
- ies define the zane active faults that
constitute a potential hazard to structures from surface faulting or
fault creep such that avoidance as described in Public Resources
Code Section 2621.5(a) would be required

Active Fault Traces

Faults considered to have been active during Holocene time and
to have potential for surface rupture: Solid Line in Black or

Red where Accurately Located: Long Dash in Black or Solid Line in
Purple where Approximately Located; Short Dash in Black or Solid
Line in Orange where Inferred; Dotted Line in Black or Solid Line in
Rose where Concealed; Query (?) indicates additional uncertainty.
Evidence of historic offset indicated by year of earthquake-
associated event or C for displacement caused by fault creep.

SEISMIC HAZARD ZONES

Liquefaction Zones
Areas where historical occurrence of liquefaction, or local geological,
geotechnical and ground water conditions indicate a potential for
permanent ground displacements such that mitigation as defined in
Public Resources Code Section 2693(c) would be required

Earthquake-Induced Landslide Zones

Areas where previous occurrence of landslide movement, or local
geological, and water conditions

indicate a potential for permanent ground displacements such that

mitigation as defined in Public Resources Code Section 2693(c) would

be required.

OVERLAPPING EARTHQUAKE FAULT AND SEISMIC HAZARD ZONES

Overlap of Earthquake Fault Zone and Liguefaction Zone
Areas that are covered by both Earthquake Fault Zone and Liquefaction
Zone.

Overlap of Earthquake Fault Zone and Earthquake-Induced Landslide Zone
Areas that are covered by both Earthquake Fault Zone and Earthquake-
Induced Landslide Zone.

M

Los anceres
preewtions. 2/0
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PREPARED BY: FIGURE NUMBER:
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Group Delta Consultants
370 Amapola Avenue, Suite 212
Torrance, CA 90501
http://www.groupdelta.com
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Project: City of Inglewood Seismic Retrofits CPT: SCPT-1
Location: 1 W Manchester Blvd., Inglewood, CA 90301 Total depth: 82.88 ft, Date: 10/23/2020
Cone resistance qt Sleeve friction Pore pressure u Friction ratio Soil Behaviour Type
0 ; 0 ; 0 0 0
HAND AUGER HAND AUGER HAND AUGER HAND AUGER HAND AUGER
57 57 57 57 5 Sand & silty sand
— Very densel/stiff soil
104 10+ 10+ 104 10 Clay &silty clay
= Very denselstiff soil
Clay
15+ 15 15 15+ 15 (== Clay & silty clay
Sand & silty sand
20 20+ 20 20 20 Silty sand & sandy silf
= Clay & silty cla
25 25 25 25 25_15; Clag&siltzclaz
— Silty sand & sandy sil}
30 30+ 30 30 30 ]
Sand & silty sand
354 354 354 354 3540 Silty sand & sandy sil
Silty sand & sandy sil
. . . . Sand & silty sand
:41740 940 :4__740 :41740 :4__740 — Clay & silty clay
~ ~ ~ ~ ~ Very dense/stiff soil
-%_45_ %45_ %45_ -%_45_ %45_ Silty sand & sandy silf
g g g g g Ve densoi sl
50 50 50 50 5045 Sand&silty sand
Sand & silty sand
554 554 554 554 554
Sand & silty sand
60 60 60— 60 60—

Silty sand & sandy sil

. . . . . Sand & silty sand
65 65 65 65 65 Silty sand & sandy sil

Silty sand & sandy sil

. . . . — Silty sand & sandy sil|
70 70 70 70 701 Clay & silty clay
Clay & silty clay
754 754 754 754 75 Sand & silty sand
Very dense/stiff soil
Sand & silty sand
80 80 80 80 80 Sand & silty sand
Sand
85 85 85 85 85
90 T 90 % T T T T T 9I0—+—T—T——T T 90 — T T T L o o o o o e e e B e L B
500 0 5 10 -6 -4 -2 0 0 2 4 6 8 10 0 2 4 6 81012141618
Tip resistance (tsf) Friction (tsf) Pressure (psi) Rf (%) SBT (Robertson, 2010)

Figure A-1
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Project:

Group Delta Consultants

370 Amapola Avenue, Suite 212
Torrance, CA 90501

http://www.groupdelta.com

City of Inglewood Seismic Retrofits
Location: 1 W Manchester Blvd., Inglewood, CA 90301

CPT: CPT-2
Total depth: 86.95 ft, Date: 10/23/2020
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Soil Behaviour Type

|

|

I

HAND AUGER
57 Sand & silty sand
Very denselstiff soil
10— Very densefstiff soil
—— Very dense/stiff soil
1 Clay & silty clay
5 ﬂ% Clay & silty clay
Silty sand & sandy sil
204 Silty sand & sandy sil
— Silty sand & sandy sil
s i Clay & silty clay
% Clay & silty clay
Sand & silty sand
304
Sand & silty sand
354
Silty sand & sandy sil
Silty sand & sandy sil
401 — Silty sand & sandy sil
e e 0,
— Very denselstiff soil
45+
Very dense/stiff soil
50— Very denselstiff soil
Very dense/stiff soil
55 Sand & silty sand
Very denselstiff soil
Sand & silty sand
60 Very dense/stiff soil
Sand
651 Sand & silty sand
70JE T — Silty sand & sandy sil
Silty sand & sandy sil
Silty sand & sandy sil
7 5 e Very densefstiff soil
=
- Sand&siltysand
so4 = Sand & silty sand
Very dense/stiff soil
Silty sand & sandy sil
85 Sand &silty sand
Sand
R o o o o o e e e o e R B

0 2 4 6 81012141618
SBT (Robertson, 2010)

Figure A-2
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City of Inglewood Seismic Retrofits
Location: 1 W Manchester Blvd., Inglewood, CA 90301

CPT: SCPT-3

Total depth: 70.17 ft, Date: 10/23/2020
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PRIOR FIELD INVESTIGATIONS AND LABORATORY TESTING
(AMEC, 1970)
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-'0-.E. VM

-26-70

JOB.J-70 230 DATE /0

BORING |
DATE ODRILLED October 6, 1970
EQUIPMENT USED: 18"~Diumeter Bucket

ELEVATION 125.7*

1207

- 10
115-

15
110+

1054 20

25
lOOJ

-30

T 3" Asphaltic Paving - &" Sand Base
MLl CLAYEY SILT - brown
13.1 | 118 L [.f SM| SILTY SAND - fine, brown
14.8 | 122 ACL| SILTY CLAY - brown
i///
///
/ Sﬂndy
18,0 | 113 /
7
ML1 SANDY SILT - brown
15.2 | 11 | o
ML} CLAYEY SILT - brown
33.0 | 87 ‘
THHSM| SILTY SAND - fine, greyish-brown -
14.2 | 14 | il .
8.2 | 106 ‘
2irlsP | SAND - fine, greyish-brown
6.3 |109 | o
T t [ SM] SILTY SAND ~ fine, brown
8.6 1109 | gilii |

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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JOB A7oZ30 _ DATE _/0 -Z&-79 o‘ﬂ 0 VM ZcHxp. <

BORING [ (CONTINUED)
DATE DRILLED. October 6, 1970
EQUIPMENT USED: 18"-Diometer Bucket

Cloyey

- \\\‘ % *\\.
0@ N 4\\) RPAS
NI
Q;o S/ W S
95 -
8.9 | 119
00 J 35
7.8 1 17 | dlfif]
- 40 il
85 -
4.7 | 108 e
- 45 ﬁ
80 -
6.2 | 105
50

ISP | SAND - fine, light brown

NOTE: Water not encountered, No caving.

* Elevations refer to datum of reference drawing;
see Plote 1.

Soils classified In accordance with the Unified
Soil Classification System.

LOG OF BORING
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> 4 BORING 2
v"\} \‘\\\' OQ.{J\\ c;\\\‘-\ % DATE DRILLED October 7, 1970
NI &*QQ,'S‘\&'QQ\’ EQUIPMENT USED: 18"~Diameter Bucket
LY ORI
S YATZ I
< ELEVATION lﬁé ]
125 R 47 Asphaltic Paving = 47 Silty Sand Bose
.11 109 ML| SANDY SILT ~ brown
Logl1n.4) 122
120 THASM| SILTY SAND - fine, brown
10,1 17 el
Z C SILTY CLAY = brown
UERSLRr N RIF) R 7
7
7
/:///
7
. MC] SANDY.SILT - light greyish~brown
16.1 | 10 | o
105+ 20
12.0 17
HSM}  SILTY SAND - fine, light greyish-brown
1.2 | 121 1 g
_25 1H b

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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L

s

P

DATE /O - E&

-DE3O

Jos

BORING 2 (CONTINUED)
DATE DRILLED . October 7, 1970
FQUIPMENT USED. 18"-Diometer Bucket

70 69'.77-’0.5.% FHKD.

SAND - fine, light brown

17.0 | 95 TTSA| SILTY SAND - fine, greyish-brown

CLAYEY SAND ~ fine, greyish-brown

SILTY SAND - fine, clayey, brown

10,1 ;105
85143 ;;;;.‘;;Fp SAND - fine, light brown

5ol 6.9 1 95 | i

NOTE: Water not encountered. No caving,

LOG OF BORING

A2-33 of 84
LEROY CRANDALL AND  ASSOCIATES

PLATE A-4




BORING 3

4
¥ %é.'*" % DATE DRILLED. October 7, 1970
Y/ EQUIPMENT USED: 18"-Diometer Bucket

ELEVATION ]
; Y Concrefe ylab

TTML] SANDY SILT - brown

120 14.2] 100 | o

N | 13.51 121
X 115-

CLAYEY SAND =~ fine, brown

CL| SILTY CLAY - light brown

-0 15.11 113
i 10
. Q
11
18.41 106

£ 110- |

" 15 ML{ SANDY SILT - light greyish-brown
-EP'_ 16,1 | 106

A

N 1051 19,71 99 | o
£ |

| " 20 TITSM| SILTY SAND - fine, light brown

N 13,91 113 | ®]f]

N . {05

v 1007 el

Q 25 10.3 | 112 .- q b
W 20 ISP | SAND = fine, light brown

- Ll

L Z.'-‘:-':

° o5 127 1100 | BOEER] SILTY SAND - fine, light brown
Q - 1HF

ffy ~30 :: 11

\s 7.7 1 94 | wlfjt

N d

8 907 CLAYEY SAND - fine, brown

I -35 '

1.1 1125
85 -
NOTE: Water not encountersd. No caving.
40
. 7.3 |1
LOG OF BORING
501 A2-34 of 84
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i 3

0E WM Ecuxo.

408 -0 30 DpATE 2~ 2&-7p

BORING 4
DATE DRILLED: Qctober &, 1970
EQUIPMENT USED: 18"-Diameter Bucket

ECLEVATION 122.8

ZAACL] FILL - CLAY and SILT - brown
S i 4" clay pipe
120+ ) ?__ Piece of concrete
15.4 | 112 Piece of brick
— 5 3 “).‘
ICL | FILL - SILTY CLAY - mottled brown
115- A Piece of concrate
AY - b
i 16.8 | 116 /‘CL SILTY CLAY - brown
! =10 /
f | 4
11o- MC] SANDY SILT - greyish-brown
15,3 ) 113 ]
=15 : LHISM|  SILTY SAND - fine, light brown
i ML| CLAYEY SILT - brown
1057 !
15.3 i 11
L 20 i ML) SANDY SILT =~ greyish-brown
| BTHTHSM] SILTY SAND - fine, greyish-brown
oo 13.5 |3 | & il |
s 1.7 | 103 j SP | SAND - fine, light grey

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LERoy CranDaLL anND REHciates

PLATE A-$




Ionuxo. e

-2G-70 i’?’f—“‘-’o.e.

4087 7TE32  DATE (U
v

o A BORING 4 (CONTINUED)
S8 &S84, /0 DATE DRILLED . October 6, 1970
«\0 o ‘5\\2 Yy 0@'&\0“'\‘3?\’ EQUIPMENT USED. 18"-Diameter Bucket
\OHYOOR Yo
@5:7\ 4 \"oq\' NNV
95 2.2 (103 | M
- 30 THUSM]  SILTY SAND - fine, brown
70 071 R
90 10 Few gravel
! 14 F
- 357 5;;
| il
851 | 1 |%t
[ it 3 .
- 40 ‘; ISP SAND - fine, brown
57110 | o
804 ! -
i n
- 45 Light brown
501100 | o
75__ .....
- 50
5.2 | 105
70+
55

NOTE: 1) Water not encountered. Caving from 234" to
30' (to 2' in diameter).

2) Encountered 4" clay pipe ot 18". Moved
drilling rig 3' east and completed boring.

LOG OF BORING
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zee TF

ZHKD.

-0 S0

Job

DATE U~ 26—/081.‘ 7T 0.6 VA

S N A BORING 7
YA e\‘f,\“\\-\ DATE DRILLED October 7, 1970
RIATIL A EQUIPMENT USED' 18"-Diameter Bucket
\§§? & iﬁ@@oéfHS?'
<

ELEVATION 119.8

J ML SANDY SILT = brown

115+ 5 17.3] 113 /CL SANDY CLAY - brown
.

CL| SILTY CLAY - light brown

16,11 115
110110

19.9: 105 7

MU] SANDY SILT - light greyish-brown

17.80 109, o
10515

31,00 9| o

13 :SM SILTY SAND - fine, light greyish=brown
20 1 15.3] 113 mlE

NOTE: Water not encountered. No caving.

LOG OF BORING
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Joaz¢202_90 DATE /0~£—z—7<76n A 0.€. ¥YM  cHkp. =

A BORING 8
v DATE DRILLED: October 6, 1970
Y/ EQUIPMENT USED: 18"-Diameter Bucket

1154

IIO‘_]O

105
15

100

25

-25

X
ELEVATION 119.3
ML| SANDY SILT = brown
13.6] 120 ‘ SANDY CLAY = light brown
7 .
-b
14.2) 116 %CL SILTY CLAY -~ brown
% Light brown
TRINCIN
/)
ML | SANDY SILT - greyish~brown
20,41 1031 =
28,6 90 1
18.0| 108 [
15.6; 11N
g E: .EM { SILTY SAND - fine, light brown
19.5] 94 | il

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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> P

ZCHKOD.

0.€. VH

———

JOB./- 70 &30  PATE - &6 0 ‘n AR

70 ~

NS U RS

108

T

5.9

99

BORING 8 (CONTINUED)
DATE ORILLED October 6, 1970

EQUIPMENT WSED: 18"-Diometer Bucket

SAND ~ fine, few gravel, light grey

o

.

=

N

CLAYEY SAND - fine, brown

G

B N

ISP | SAND - fine, light brown

Few gravel

NOTE: Water not encountered. No caving.

LOG OF BORING

LEROY CRANDALL AND R8¢ ATES
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CHKD,

DR A~ 0.E. W

JOB /S0 E 30 DATE L2~ E6 70

BORING 9
DATE ORILLED . QOctober 6, 1970
EQUIPMENT USED. 18"~Diameter Bucket

ELEVATION 118.3

37 Asphaltic Paving
SANDY SILT - brown

CL| SANDY CLAY - brown

CLY SILTY CLAY - brown

ML} ‘SANDY SILT - light greyish=brown

10.1] 109 >
115- 97
D ST 2.7] 122 %
[A
110+ 18.7! 10 V
L 10
17,41 111
105
| 18.4] 109 7,
— 15 g
18.4/ 99! o
100-
- 204
19.11 105
95 T
% Fi:
[ gl L9 L 10 i B

THHSM] SILTY SAND - fine, light brewn

5[SP | SAND - fine, few gravel, light grey

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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> A BORING 9 (CONTINUED)
SR & 88O 4,/ DATE DRILLED | October 6, 1970
O S0/ EQUIPMENT USED: 18"-Diameter Bucket
® ORI
q/\, Q o 0 A%
85 + ML} SANDY SILT - clayey, light brown

L 35 8,3: 110, o

i
3

SC | CLAYEY SAND =~ fine, brown

3 | 404-.2.21 116 /
; gﬁ
e 751 %
w 451 7,61 08| &7
O

" SP | SAND - fine, light brown

| 50 3.8 107 j

657 l ‘ ' L

LT Layers of Sandy Silt

NO TE: Water not encountered. Caving from 28" to 33
{to 3' in diometer).

408 A- V230 OATE - EC D ‘n.

LOG OF BORING
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e 2

Fouxo.

Ui

JoB - V230 DATE O~ L6~ DR .~ 0E.

o A ) BORING 10
LS &0 &%,/ DATE DRILLED: October 8, 1970
O o \‘5\ &*oq}‘\<,~>"§‘f EQUIPMENT USED: 18"=Diameter Bucket
) oé, SIS
N SN
< ELEVATION 118.9
ML SANDY SILT - brown
13.2] 118
1157 THHOM ] SILTY SAND - fine, light brown
- 5 i H
13.00 115 J i
1o. 7 ATC] SILTY CLAY - brown
- 10 '
15.7, 114 7
105 -
' 15 19.4, 107 fé
i ' ML] CLAYEY SILT - light brown
24,5 99
100+ 31.6, 84 2 Loyer of Clay
- 20 7 6 112 ﬁ ML] SANDY SILT ~ light greyish-brown
i 95 28,00 91 J
~23
14.4) 104 '
1t :__SM SILTY SAND - fine, light grey
m— L1 b
Lol 8.8 1091 itll
ISP L SAND = fine, light grey
229 106| Wiy Layer of Silty Send
85 R
L35

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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Y-

=T0.e._M E#cHko.

=

bR ./

f-20230 DATE A0 ~P6~705

JOB8. 5

BORING 10 (CONTINUED)
DATE DRILLED  October 8, 1970
EQUIPMENT HSED . 18"~Diaometer Bucket

\'\O Ly O ‘KJ\‘\
= & QQ‘ - & .k\'
YA VOTIS
C’Q/ *ele A3 3
2.7] % €
80 & 5C
- 40 ‘
12.6] 122
75
TPT A 7 4
i THHsm
1HH
70 s
- 50 U
* 9.4 102| Wl
| 111
657 L
L 5: i
; o}
! 7.8 104 15
ilsP
60
- 60
14,0/ 103
55
L 45 ]

CLAYEY SAND ~ fine, brown

SILTY SAND - fine, light brown

Layer of Silty Clay

SAND - flne, light brown

. NOTE: Water not encountered. Caving from 32' to 38'

{to 3' in diameter).

LOG OF BORING

LEROY CRANDALL AND ‘A5sD&ates
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3 CHKD.

DR~ 0€._Vh

Cd

- &7~ 70

408 5-70 230 . DATE 2

A NP BORING Il
YOI 4\\ DATE DRILLED: October 5, 1970
N R \%0 Q,'S“ \tg EQUIPMENT USED: 18"~Diometer Bucket
&/ \!‘0\0\' qi\}‘" <,
< N ELEVATION  118.8
ML] SANDY SILT - brown
12.81 116 .] ‘:SM SILTY SAND' - fine, brown
ns7 - HH
- 5 T
15.07 115 1 14
Z72SC] CLAYEY SAND - fine, brown
110- 17.3) N4 €%
- 10 Z
CL| SILTY CLAY = brown
16.2] 116
| iy
105+
517,90 111 7 |
1 i HASMY SILTY SAND - fine', greyish-brown
21.6; 105 : Loyer of Clayey Silt
{1004 1 31
] 2 M| SANDY SILT - brown
20.9) 103 N
Layers of Clayey Silt
95 S
L 95 23,8 101! w
f HSM1 SILTY SAND - fine, light greyish~brown
90 - 7.1| 100 {1
- 30 JAsEY
LonSP 1 SAND - fine, light greyish-brown
8.8 103 o
85
- 35

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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P

3.
CCHKD.

M

e

.‘ (//“ ) OE,

‘DATE. Q@ — 27-70

Jog 4- 2 =30

o A BORING !l (CONTINUED)
S S0 DATE DRILLED: October 5, 1970
O A \‘;\?\bd * EQUIPMENT USED:. 18"-Diameter Bucket
\'a Q (o }K) o
*’(;\’Q’ gq" ke QQZ"
4.6] 108): g
Layer of Sandy Siit
80 - le 12| WTTTTMC] SANDY SILT - grey
—{0 THHSM] SILTY SAND - fine, brown
9.3 131} wW{i
75+ i
L 452,01 118 w: e
ISP | SAND - fine, light brown
7 6| 109 .
6. ]
50 '
65 7 3
60 -
401l 4.31 109 [

NOTE: Water not encountered. No caving.

LOG OF BORING
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By~ 2

SCHKD,

3_.‘
o

‘nﬁ 0.€_vM

- JoB 770230 DATE 2

BORING (2

N L
S o‘?“q’cx*\e"\«f‘\\ DATE DRILLED " October 8, 1970
%«ko & \¢> EQUIPMENT USED:. 18"<Diameter Bucket
O O/ /¥
$ <

- 8.7_:70

110+

~ 10
105-

- 15
100

- 20
95 4

-25

- 30
85 -

35

L 40

ELEVATION ”é']
4 phaltic Paving ~ se Course
JSM] SILTY SAND - fine, brown
11.5 118 :
11.6| 120
ZICL| SILTY CLAY - brown
15.7) 116
16.3] 114
FAL} CLAYEY SILT - brown
29.2] 90| W
ML! SANDY SILT - brown
17.2| 107 o |
Layer of Clayey Silt
17.7]- 108
10.5, 110 ETHTHM] SILTY SAND - fine, brown
7,71 109 1
19.01 101 &l
15.3| 108 | WL -
SAND - fine, light grey
| TML| SANDY SILT - greyish-brown
13,6 121
HHSM]  SILTY SAND - fine, brown ,
L
(CONTINUED ON FOLLOWING PLATE) ' :

LOG OF BORING
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P

Jo8 A0 235 DATE - E7- 20 ‘R. A0 NM_ 2 ckko

BORING 12 (CONTINUED)
DATE DRILLED . Qctober 8, 1970
EQUIPMENT USED . 18"~Diameter Bucket

o N
TR
«\0 I\Q‘ G;K bd @é\b\)'
R\ Qo ¢ &-
2 Q Qiele Q'.J\
& N9
75 - _ :; i A
10.8] 120 T
-45 i
70 - J
10.6| 114 | Wit
’ :4 E' r
30 ISP
65 S
4.7 108 | W
. 55
60 - -
3.4 103 | o
60 TifE
55 Ry
12.8 94
- &5 T ML
50 -
33.9| 87| W
ML
— 70
- ISP
® 9.7 106 1 o
1
75
40 - : ' SE
3.3 ] N2 [
80

SAND - fine, light brown

Layer of Silty Send

Layer of Sandy Siit

CLAYEY SILT - brown

SANDY SILT = light brown

SAND - fine, light brown

Layer of Son&y Silt

NOTE: Water not encountered. No caving,

LOG OF BORING

 A2-470f 84
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ZcHKo. e 2&F

DR
@

J08 - PE39 _ DATE LO-E2-0

BORING |3

110-

1054

100 4

95

—~10

- 15

-20

-25

' A
Y e L8O/ DaTE DRILLED October 7, 1970
fb‘*&‘\c’"\g" EQUIPMENT USED 18"~Diameter Bucket
Q G
NI
YA ELEVATION 1}15.8
43" Asphaltic Paving -~ 6" Bose Course
1 ;SM SILTY SAND = flne, brown

9.7] 17| #hk

i H

1N
1307 121 g

ya SILTY CLAY - brown
6.3 130 /

7 '
16.3] 112 /
18.4| 112 Z '
28.8 95 | /

IHHSM | SILTY SAND - fine, brown
12.4) 15| &l

- “ML SANDY SILT - greyish-brown

16.2| 110 o
3.3 86 ' ML | CLAYEY SILT ~ greyish-brown

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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Py

Mh__Zewko.

- 0.E.

e

_EJ/
7

408 - 30 DATE 2

BORING 13 (CONTINUED)
DATE DRILLED. Qctober 7, 1970
EQUIPMENT USED. 18"-Diameter Bucket

14.7] 104 | WEESm
31 H
- 30 1
85 5.7 1T -
-35 4795
80
THSM
1H
40T TS 11
75 - 'E1 (1
ke
| i
- 45 BE
701 .71 123 il
L
ih
5057 Tie T WAL
65J 1HE
Sipse
-55 T 5.3 T10 "
60 7
60T 104 HE
55
65

SILTY SAND - fine, brown

SAND - flne, greyish=brown
Layer of Silty Sand

Light grey

Leyer of Clayey Silt

SILTY SAND - fine, brown

SAND - fine, light grey

Loyer of Silty Sand

NOTE: Water not encountered. No caving.

LOG OF BORING -
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SCHKD.

DATE 2= £ 70 ‘a‘/ ~ og M

JOB 470230

BORING 14

4
“&\‘\O </ DATE DRILLED  October 9, 1970

\c’\gz\’ EQUIPMENT USED: 18"=Diameter Bucket
SN
2

ELEVATION  115.7

ML| SANDY SILT - brown

&745C | CLAYEY SAND - flne, brown

CL| SANDY CLAY = light brown

TL| SILTY CLAY - light brown

ML] SANDY SILT - light brown

a
4.6 108 +

5
1o 7.2 nsl o
o
n.el nel d%
]
L7
1054 "7 765 31 7
' 7
7
7
100 /,;
ol16.5] 97| o

NOTE: Water not encountered. No caving.

LOG OF BORING
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JM o BoHkD, <A<

———

S ‘n A 0E
s

7

N

JoBA- 70230 _ DATE D

BORING .15

- 3
Ve &S DATE DRILLED. October 9, 1970
S Q,'e'\ , EQUIPMENT USED: 18"~Diometer Bucket '
AV
AN
© ELEVATION 116.4
37 Asphaltic Paving - 4" Base Course
HL{Sro SILTY SAND - fine, few pieces of concrete,
128 SILTY SAND fine, brown
. 5
8.6, 113
110
7.7| 18 1
7 A1SC | CLAYEY SAND - fine, brown
0811 117 br
1057 | 15.0] 116 CL| SILTY CLAY - brown
| 1501890110 Z
7/
1001 MT] CLAYEY SILT - brown
28.3! 94
— 20
95 ML| SANDY SILT - brown
g Layer of Sand
16.2l N3 e
- 25 ' THSM| SILTY SAND - fine, brown |
90 11 T .
ML| - CLAYEY SILT -~ brown
18.5| 105| o |
- 30 TS SILTY SAND - fine, brown
85 ] %
8.1 110 JSP SAND - flne, brown
.- 35 Dl

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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-

VA

230 OATE/ O -E7-7 R/~ - o0e. MM 3 cHxD.

JOB

BORING 15 (CONTINUED)
DATE DRILLED: October 9, 1970
EQUIPMENT USED: 18"-Diameter Bucket

14.7] nal d i
AT
- 40
757 f:-']::SM
fi0 H
18.51 109 of|li|IMt
-—45.—
70—
12.00 122 ; .
50 B

Layer of Silty Sand

SANDY SILT - brown

SILTY SAND - fine, brown

CLAYEY SILT = greyish=brown

SILTY SAND - fine, greyish-brown

NOTE: Water not encountered. Caving from 344" to 385"

(to 24* In diameter).

LOG OF BORING
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g CHKD. A~ ﬂ

;fzan./ < . g N

- E:/-—._

108470230 pATE L0

BORING (6

N
& 7 -
NS 0@;\&‘5:\\.\ %/ DATE DRILLED' October 12, 1970
W SR SN SIS/ EQUIPMENT USED: 18“-Diameter Bucket
C\v & Qe R S,
5. e/
% ELEVATION 116.1 —
0 3" Asphaltic Poving ~ 6" Base Course
115- HHHSM| SILTY SAND = fine, brown
10,5 114] #{H ]
110 ]
8.9/ 107| ®
6,41 114 CLAYEY SAND - fine, brown
—10
1054
13.1) 114
Linnl P Toaa]
100~ ) SILTY CLAY - light brown
SILTY SAND - fine, light brown
95 _""20 4.0 105 SAND = ﬁne, “gh" brown
SILTY SAND = fine, light brown
-25

(CONTINUED ON FOLLOWING PLATE)

¥

LOG OF BORING
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2CHKD. &

DATE DRILLED ! October 12, 1970
EQUIPMENT USED:. 18"~-Diameter Bucket

BORING 16 (CONTINUED)

CLAYEY SILT ~ greyish-brown

ML] SANDY SILT ~ light brown

Clayey

[ HSM]  SILTY SAND - fine, light brown

SP | SAND - fine, light brown

| ML| SANDY SILT - light greyish-brown

- 301 -
85 28.6| 88
- 35 —
|
-4 2 02
}
!
- 45
70 16.5| 112
so-16.41 108

JOB A-70230 DATE SO-E7-72 pR.AA~. 0.€._Jh

NOTE: Water not encountared. No caving.

LOG OF BORING
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C CHKD. el

3

A

4

L0 %/f' 0.€.

rd

DATE 7O-C7

70230

JOB

BORING 7
&% DATE DRILLED @ Octcber 9, 1970
~/ EQUIPMENT USED! 18"-Diameter Bucket

ELEVATION ]15.5

3" Asphaltic Paving
ML| SANDY SILT - brown
5.3 105] o
st 720 19| o
1o TEISMT SILTY SAND - fine, light brown
6.11 106 .( i
1y |
7.8/ 120} ¥ ST CLAYEY SAND - fine, brown
] prs
105+ [7Z1CL] SILTY CLAY = brown
14.5 110 %
| Z
s
1007 166l M //
ML] SANDY SILT = light brown
20
95 11.1] 103
L 25

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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BORING |7 (CONTINUED)

NS AL DATE DR ' ber 9, 1970
W OQ.c\ & & ILLED . October 9,

Q«Q\ LS EQUIPMENT USED. 18"-Diameter Bucket
A \

N ®ole lek\*o

20.0/ 98 | o

o
7T

5 SMT SILTY SAND - fine, brown

Layer of Clay

Ll

10.3 105| aff

! TTSP1  SAND - fine, light brown

5.0] 102] W

TTML  SANDY SILT - grey

- s?ih 0E VM FHHKD.

v

7

—

18.0, 108 W&

f/ SC| CLAYEY SAND - fine, brt;:wn

DATE =2

10.4] 120

NOTE: Water not ancountered. No caving.

- 7O,

Jos

LOG OF BORING

A2-56 of 84
LEROY CRANDALL AND ASSOCIATES

PLATE A-29




Wit

CHKD

VA

it e

70 3. ZT0.E.

g

5 DATE SO-&3-

A 7OE 3

JOB

BORING 18
DATE DRILLED: October 9, 1970
EQUIPMENT USED. 18"-Diameter Bucket

ELEVATION 116.6

~ S
egﬁﬁb\y
Q/\o“\,g
o/,
1154 ML
6.0f 17| o
-5 I
6.6/ 102] il M
1104 ik
B.6| 16| W[l
15 1
101 Z,3 1091 i
CL
1054 1400 116 /
)
150 15.4 115 %
100 /2
L CL
%
| 201206, 102 .{//
’
95 ML
{f{SM
L 251 13.3] 102] gt}

2" Asphaltic Paving - ose Course
SANDY SILT = brown

SILTY SAND - fine, brown

SANDY CLAY - brown

SILTY CLAY = brown

SANDY SILT ~ light brown
SILTY SAND ~ fine, brown

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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CHKD. & Jatias

-0 E. M

o«

e

-
-

0B 4- 70280 DATE @-E3-72. 3

N A ' BORING 18 (CONTINUED)
&8,/ DATE DRILLED:  October 9, 1970
Qﬂ'}\\d’ \,g\’ EQUIPMENT USED . 18"=Diometer Bucket

\\,ots' ,.-a?'

' % CL| SILTY CLAY - brown
. 301-36,2] 821 %

ML| CLAYEY SILT - light brown

' 1 SM{  SILTY SAND ~ fine, brown
35|84 105 &1}

a
Pr——r——v

80 :’-_:;j.-; SF| SAND - fine, light brown
| apl sl 97 #
75 1 T ML| SANDY SILT - light brown
| 450 14,7 110 J
70 4
sol13.50 1051 allll

NOTE: Waoter not encountered. MNo caving.

LOG OF BORING
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A

N ZcHKD.

"~ 0E.

DATE (2 -23-7 s’

=30

JOB

N BORING 19

'y -4
~ \a}\- 04& 'y ’:\\-\ % DATE DR!ILLED ™ October 9, 1970

O
OSSR/ EQUIPMENT USED. 18"-Diameter Bucket
\&v (QQ 0\ < Yy \\p‘a' cov'
RPA AR AN
< ELEVAT'ON 115,2
1197 TS 2" Asphaltic Paving - 3" Silty Sand Base
8.2 106| HIUH>"] SILTY SAND - fine, brown
1or 51811128 Ly
7,70 7l q{f
6.8 113} R
105+ 10 11
9.6 116 Tij
15.6l 115 ZICT]  SILTY CLAY - brown
/
100+ 157 “
7
ML} CLAYEY SILT - greyish~brown
17.4) 114 4
95+ 20 |
F{ SMp SILTY SAND - fine, brown
9.1| 108] W}
4 [
- 25 -

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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Wit

3’77” o€e._J4 Fcuxo.

DATE A O—-E3-70

08 A 70230

BORING 19 (CONTIMNUED)
DATE ODRILLED . October 9, 1970
EQUIPMENT USED: 18"-~Diumeter Bucket

32.5| 87
g5 20
8 b
6.4 112
1 as.
30" )
3.1 | 101
75T 40 TTML
16.0{ 117
N Bl
70 43
16.2| 113
_.L 50 NOTE:

CLAYEY SILT - brown

SAND - fine, light brown

SANDY SILT - greyish-brown

Water not encountered. No caving.

LOG OF BORING
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Y

t~ ZeHKD.

1
~

OE.

J08 ,{Zo E30 'DATE &2~ 2\370&

N A BORING 20

Mg B8 DATE DRILLED October 12, 1970
o SIS EQUIPMENT 1USED . 18"-Dliameter Bucket
Y o" YA

ELEVATION 1
; Z7 Asphaltic Favi
SILTfSAND - ﬁ:g, brown
97
8.1 | 14 g
L5 15k
1o 8.0 16| miH
9.5| 13| gt
105+ 10 7ASC] CLAYEY SAND - fine, brown
9.3 107 %
ML SANDY SILT - light brown
1o 15 17,8/ 106 | A
ML] CLAYEY SILT - light brown
95+ 20 17,91 104 o
HHHSM] SILTY SAND - fine, light brown
sl 12.9] 95 | sifii

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING
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BORING 20 (CONTINUED)

DATE DRILLED October 12, 1970
EQUIPMENT USED 18"-Diometer Bucket

g51 300,592
\
i
i
o | 450 26.4] 95
X 8o 35
mo =[P
g
-
- 4.9! 104
w 75"‘—40 t i
° ML
l\ |
\ .
4 so- 451139 113
N
M
. 2.8| 114
' ‘ 12, 1
N 50
)
. NOTE:
(a]
N
N
A\
1
[+ 1]
2

CLAYEY SILT - Hght brown

SAND ~ fine, light brown

SANDY SILT ~ greyish~brown

Water not encountered. No caving,

LOG OF BORING
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MAJOR DIVISIONS TYPICAL NAMES

Wall graded gravels, grave!-sond mixtures,
littla or no fines,

CLEAN
GRAVELS

{Littte or no fines ) |

Poorly groded gravels or grovel-sond mixtures,

GRAVELS lite or no fires,
{Mors thon 50% of
coarsa fraction is !
LARGER than the Y GM | Siity gravels, gravel- sand - silt mixtures.
No. 4 sieve size) GRAVELS
WITH FINES
ggl?lF:\ISEED (ﬁ?p;i?.':;m omt. GC | Cloysy grovsls, gravel- sand-ciay mixturas.
SOILS

{Mora than 50% of
materiol is LARGER

than No. 200 siave CLEAN SANDS
size) {Lintle or no fines )

Waell groded sonds, graveily sonds, litlle or
no fines,

Poorly graded sonds or gravelly sands, litle

SANDS or no fines.
(More thon 50 % of
coarse froction in
SMALLER than the Silly sands, sand-3ilt mixtures.
No. 4 sieve size) SANDS
WITH FINES
{?p;?nco':?“ amt. Fe & SC | Clayey sands, sond-clay mixtures,

Inorganic silts ard very fine sonds, rock flbur,
ML silty or clayey fine sands or cloyey silts
with slight plosticity.

SILTS AND CLAYS
{Liquid Himit LESS than 50)

Inorganic clays of low to medium plasticity,
CL gravally clays, sandy clays, silty cloys, lean

AN

clays.
' Orgonic silts ond organic silty cloys of low
Gl:'\‘:A”IqPEED oL plasticity .
SOILS s
(Mora than 80 % of N R MH | 'nerganic silts, micaceous or diatomacecus
rr;ier'iuu! i;o%MA_LLER 5 q fina sandy or silty soils, slastic silis.
on No. siove
size) L
SILTS AND CLAYS .
(Liquld limit GREATER than 50) Aﬂ CH | 1norganic clays of high plasticity, far clays,
775
/If/ oH Qrganic clays of medium to high plasticity,
272 organic silis,
7
e
HIGHLY ORGANIC SOILS 4 bt | ewat and other highly organic soils.
reres

BOUNDARY CLASSIFICATIONS' Scilas possessing characteristics of two groups are designoted by
combinations of group symbols. .

P ARTICLE S1ZE LIMITS
SAND GRAVEL -
SILT OR CLAY COBBLES| BOULDERS
FINE | MEDIUM [COH\‘SE FINE CDARSE |
1
NO. 200 NO. 40 NO. IO NO.4 Yain. Sin. 12in)

u. s. STANDARD SIEVE SIZE

UNIFIED -“SOIL CLASSIFICATION SYSTEM

Refarance :
The Unifled Soil Clossification System, Corpa of
Enginesrs, U.S. Army Technical Memorandum No. 3-357, A2-63 of 84

vol. |, March, 1953, {(Revisad April, 1960)
LEROY CRANDALL 8 ASSOCIATES
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e

R CHKD.

O.E.

A

DATE /p-22-7 DR.-7"

JOB -2 30

Square Foot

in Pounds per

SURCHARGE PRESSURE

SHEAR STRENGTH in Pounds per Square Foot

Oo 500 1000 1500 2000 2500 3000
S RS . N ,
07;5\? ‘532:22/ o e/ imz ,
2o - = P 2L )
reet bag, ey 82 s
q » Cag/t
| WV 9
500 |— 3@’(5 -
e 20 BORING NUMBER 8
%E //SAMPLE DEPTH (FT.)
s
ey
2 T B A e o
/06\?:‘5‘. A @Il *
Q00 b = s\ ® ]
\ e af fE@ 23
\ ®
\ 42'%)3/ .35@.@5
1500+
owSo
3
VALUES USED/\
iIN ANALYSES \
. \ W30 6{230 8@.5-;2
2000 p=-~ 3R/EY, Cas E@ 1/ ¢
‘& De e Tazs ® e g @
2ezg ®| ceias 612°
@23, /5@3. 00" Sace 22
@ ® 85827 yog &R ®
2500 L"'/3:@5:.5
' ./;eeo
Galp o
\ P o 35
o RIE
i) 7
3 - _'QE_-'J '@/o
.
\ Lged ./.:”Qc?j
-y
(7o 33;@"
3500
[BORINGS 1-13
c@Eo
/2@304
40
00 KEY .
® Tests at field moisture content
o Tests ot incregsed moisture content
DIRECT SHEAR TEST DATA
A2-64 of 84
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CHKD. sez

Ji

OE.

7y DR.7 =T

-

JOB A 25230

DATE ,p-F72

Square Foot

in Pounds per

SURCHARGE PRESSURE

SHEAR STRENGTH

in Pounds per Square Fool

OO 500 Jolele;} iI500 2000 2500 J000
™
ZZYr Y, s
®/ 0 [ ]
fmo'r c/wdg/of@/ .
iee z?/@a\ ez
2we
PEQE
500 /5M 5 0 bete e’ RE
L
fEaG
G y, BORING NUMBER &
€< ie7 SAMPLE DEPTH (FT.)
ez/as
Q00 \\
7 Y4
\ o
/2@ /3
\ eoa/s T
®
1500 8%
VALUES USED \ /5.@/5
IN ANALYSES \ ® o
2000
rer, | &% zar)
e, R o"/lo. - \ o /d4a/ ;
2R o  poge \2@23 3
w2 d
2500 \
0 Sws @y BARES
1505 39’;@;. PR gcma
A s
[ ] /4 &
/o827 PI‘ 4
®
2/
3000 =2
re@ s
27
\ (" Br20)
&/
Eo@3r @
3500 * \sge]
' \ /Jm 28
BORINGS 14-22 \ (73 37/0)
BEE g
B/ g
GG e
4000 . —
KEY .
® Tesis at field moisture content
© Tests aqt increased moistyre content
DIRECT SHEAR TEST DATA
A2-65 of 84
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CHKD. =< Z7

S o

0.E.

-

OB -7 23 DATE /o— =2-75DR7T7

INCH

INCHES PER

IN

CONSOLIDATION

LOAD IN KIPS PER SQUARE FOOT

OO.d 086 08 i0 20 30 40 6.0 BO 100 200 300
T —l Bo(_::\?ezva;;slo
M —— \E& \... C
! T B -L""'-a...\' .[ ‘
0.02 |- ERESSSsL e %" .
- | | | — \'.\
— e —-J \.\ au
——— .
Fo—— 1| | +— \““&h NG
I ’_'_"""—\_O-“_-_-—_‘- T~ S.
T ——lo
0.04 ! ‘
' 1
‘1 /
3 I Boring 1 at 24"
SILTY SAND
0.06 |-~ et e }
i
!
!
0.08 .3
! !
0.10~
0.12
0.14

NOTE: Water added to sample from Boring 1 after consolidation
under a load of 7.2 kips per square foot. The other sample
tested. at field moisture content.

CONSOLIDATION TEST DATA
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CHKD, =~ &&=

\J]\\_ w

O.t.

VAIL /&~ =y DR S A

PO S T30

INCH

N

CONSOLIDATION

INCHES PER

LOAD IN KIPS PER SQUARE FOOT

(())_4 06 0B 10 20 30 40 60 80 100 200 300
R
= ] Boring 4 at 27'
Mol [T SAND
] .
0.02 5’\,\ —rrpeet—be
.ﬁE___ T \.\
e e .
"Ir.\
TS e ™
| \o.,
0.04|=gutr——i~ SN
! T T ———d N
I N
| ! | >\
0.06 —r y EK
Boring 3 af 18' / \\
O SANDY SILT
—~l_|
0.08 T \ ]
— 1 | ] A;
"-—-—..o___‘_‘_‘_-—
0.10
0.12
0.14
NOTE: Water added to sample from Boring 3 after consolidation
under a load of 7.2 kips per square foot. The other sample
tested at field moisture content,
CONSOLIDATION TEST DATA
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CHKD. e

F

M

0.E.

Joe 4-,"70 & 30 DATE -2 -83770 bR~ AT

INCH

INCHES PER

IN

CONSOLIDATION

0.02

0.04

0.06

0.08

0.12

LOAD IN KIPS PER SQUARE FOOT

20 30 4.0 60 BO 100 200 300
bl
Boring 8 at 16!
~a, [SANDY SILT
.—-'EL--_-_': : -—.—___&Q ~L L
_ —_a-.-}.;.\J\
\N \\
i
i \ \s’ B
e \
T . . \
b T Boring 6 at 8 ay \
T T
{i \‘“‘::-‘.,:.__ ] \ !
! - T
el |
NOTE: Water added to sample from Boring 6 after consolidation
under a load of 7.2 kips per square foot. The other sample
tested at field moisture content.
CONSOLIDATION TEST DATA
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o CHKD. =z G5

M

O.E.

INCHES PER

DATE /O<C&-70 DR /-~

OB _J-70 230

INCH

IN

CONSOLIDATION

LOAD IN KIPS PER SQUARE FOOT
(())_4 0 08B 0 20 3.0 40 60 80 100 200 300
IRIREERR
Boring 9 at 14'
\ SILTY CLAY
e
\"h.
0.02 e -
° { ‘. \
L--._""'-'T_____:-.-_u
{ ‘--.::::\ - \
I iy N
0.04 '-'O-z.__._-x__;l__ "'\.\' t\
RN B
i | l —]
' !
0.06 ”"‘—‘!——; = |
| R \\
e |- Boring 10 at 18'
T~ | CLAYEY SILT \
o "~
0.08}- "m.._ \
\
\
\\\
\.‘\& \
0.10} [ —T~—a
0.12} :
0.14
NOTE: Water added to sample from Boring 10 after consolidation
under ¢ lgad of 7.2 kips per square foot. The other sample
tested at field moisture content.
CONSOLI!DATION TEST DATA
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5

L CHKD, o

NI o

OE.

Ay

DATE ) &2 -2, DR.

OB A7~ 230

INCH

INCHES PER

IN

CONSOL!DATION

0.02

0.04

0.06

0.08

0.10

LOAD IN KIPS PER SQUARE FOOT

06 08 10 20 3.0 40 60 80 100 200 300

T

| IR
m-..\u\ Boring 11 at 28"

L
’*";":“““T_::':"'—‘-_- =——"""::=g§%“;g1
| ' ™ N
\r\ L_N:H_'*'_““—-—-o—_.______& ™~ -«L\_m\\;
T, NSRS
o : N
' —~ 3
| * T+
.
o !
t
b
; Boring 12 ot 11"]

et SILTY SAND

SILTY CLAY
| r

| !

i
1
+

NOTE: Water added to sample from Boring 12 after consolidation
under a load of 7.2 kips per square foot. The other sample
tested at field moisture content.

CONSOLIDATION TEST DATA
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T CHKD.

JM o

0.E.

AT

JOB J-20H23.0 DATE O ~-22-7. DR

INCH

INCHES PER

IN

CONSOLIDATION

LOAD IN KIPS PER SQUARE FOOT

NOTE: Water added to samples after consolidation
under a load of 7.2 kips per square foot.

CONSOLIDATION TEST DATA

04 06 08 0 20 3.0 40 60 80 100 200 300
0Fs
-..""""----.....q —
\.‘
"-.,l
\\
0.02 B B
N \\ A .
~ N\ Boring 13 at 18!
ol | | - \§ [ SILTY SAND
0] ™ .
0.04 - S T
b "-t-—“_Ao
! N
. ST o N\
0-06 | l --—-r.hh—-—-—h---"“—-—-—._._, \
N el Ll
y
| L
i
0.08 *"“*Jr*r- f
{ Boring 16 at 6“/
i SILTY SAND
I |
.10 T
0.12 -
|
0.14

A2-71 of 84
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fal -

CHKD,

N

O.E:

P

-

DATE 5 -=2-2- DR 7.

>~

Y08 _4-7n230

INCH

INCHES PER

IN

CONSOLIDATION

LOAD IN KiIPS PER SQUARE FOOT

8,4 06 08 10 20 30 40 60 80 100 200 30.0

0.02

0.04}

0.06

0.08

0.12

S]] TTTT
e rn a !
\“‘\ SILTY ::7LArY”
\\
W\
L A

T T :c\\
| — SN
B 2 ] [ o)
-‘.._‘_h"" ~—— - \
T --‘-‘—ul—._-_
i ‘\‘_‘\. o

L . e

! |
Boring 17 at 251/

SANDY SILT

|
H
i
!
] S \
o
1 : . ]
L
I
!

NOTE: Samples tested ot field moisture content.

CONSOLIDATION TEST DATA
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- T UHRL, A

U.k.

DAL D -22-7UR. /.~ .

ra

- 30

INCH

INCHES PER

IN

CONSOLIDATION

0.02

0.04

0.06

0.08

0.10

0.12

6).

LOAD IN KIPS PER SQUARE FOOT

4 06 08 10 20 30 40 60 80 10O 200 300
w SN T TTT
\ Boring 18 at 2'
..\ SANDY SILT
\_{\ !
S Q —
O : ‘Q'L
T ‘
-9 I q_—-—-—‘u-‘_-lr-—‘—'—h"—‘——'>. N
‘{ l —-\\-‘-.,_____ .
; ! \‘\ \
L ] T~ ]
l ! ; I ."‘---..___
. | AN
l |
Boring 19 at 27
CLAYEY SILT
! |
e ]
f
! F
NOTE: Water odded to sample from Boring 18 after consolidation

under a load of 3.6 kips per square foot. The other sample
tested af field moisture content. :

CONSOLIDATION TEST DATA
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=z

T CHKD. ¢

0E.

DATE O-2&-70 DR 7 2

OB 4-7pE30

/ .

INCH

INCHES PER

iN

CONSOLIDATION

LOAD IN KIPS PER SQUARE FOOT
8.4 06 08 10 20 30 40 60 B8O 100 200 300
. RN
ol | ring 20 ot 14'
T‘Ji--«.. SANDY SILT
i
0.02 | \
" i X e e e ‘!R - 1"
‘ J \§
| = Boring 21 at 6’
. . !
ol | N SILTY SAND
T‘T—~~ G Q.‘
0,04}ttt T - J
t ; -——--—-\__‘__ “-—..._,__;\ k
m\if\._,! E 5—5“'
- \
. | \
oo b 1 — .
!
0.08
|
0.10 l
0.12
0.14
NOTE: Water added to sample from Boring 21 after consolidation
under o load of 7.2 kips per square foot. The other sample
tested af field moisture content,
CONSOLIDATION TEST DATA
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P

G CHKD

dm

0.E.

DR. 77 AT

‘®

o

DATE D~ 2

OB S-70230

INCH*

INCHES PER

iN

CONSOLIDATION

0.04

0.08

0.20

0.24

0.28

LOAD IN KIPS PER SQUARE FQOT

00.4 06 08 10 20 3.0 40 6.0 80 100 200 300

] BR
- Boring 20 at 1!

N\
| \'\

NOTE: Water added to sample after consolidation
under a load of 7.2 kips per square foot.

* NOTE CHANGE IN SCALE.

CONSOLIDATION TEST DATA
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e 25

Ay

AT

BORING NUMBER

AND SAMPLE DEPTH: 20t 84 10 14 100t 19 1026’  13at 1 to 74

SOIL TYPE: sn.ﬁ' CLAY . SANDYSILT  SILTY SAND

MAXIMUM DRY DENSITY : 118 114 128
(tbs./Cu .Ft.)

OPTIMUM MOISTURE CONTENT : 12 14 10

(% of Dry Wt.)

~TEST METHOD: ASTM Designation D1557-70 modified to use three layers
instead of five,

COMPACTION TEST DATA
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DA

-
et
.

BORING NUMBER

AND SAMPLE DEPTH: 1 at 2 7 at 4' . 12at15
SOIL TYPE: CLAYEY SILT SANDY CLAY CLAYEY SILT
CONFINING PRESSURE: 200 200 200
(Lbs./Sq.Ft.)

FIELD MOISTURE CONTENT: 12.5 17.3 29.2

(Yo}
EXPANSION FROM FIELD 1O
SOAKED MOISTURE CONTENT: 0 0. 1.5

(%)
SOAKED MOISTURE CONTENT: 13.5 18.0 31.9

(%)
SHRINKAGE FROM FIELD TO
AIR-DRIED MOISTURE CONTENT: 5.1 5.8 13.0

{%)
AIR-DRIED MOISTURE CONTENT: 2.3 3.6 : 8.6

(%)
TOTAL VOLUME CHANGE: 5.1 5.9 14.5 ”

(%)

EXPANSION TEST DATA
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AL

 a
s
P LY

LY
. -—

BORING NUMBER
AND SAMPLE DEPTH.

SOIL TYPE:

CONFINING PRESSURE:
{Lbs./Sq.Ft.)

FIELD MOISTURE CONTENT:
(%)

EXPANSION FROM FIELD TO
SOAKED MOISTURE CONTENT:
(%)

SOAKED MOISTURE CONTENT:
(%)

SHRINKAGE FROM FIELD TO
AIR-DRIED MOISTURE CONTENT:
(%)

AIR-DRIED MOISTURE CONTENT:
(%)

TOTAL YOLUME CHANGE
(%)

EXPANSION

13 ot 9° 18 at 2
SILTY CLAY SANDY SILT
200 200
16.3 6.0
0.2 0
17.4 13.0
7.4 2.4
3.6 0.7
7.6 2.4
TEST DATA
A2-78 of 84
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PRIOR FIELD INVESTIGATIONS AND LABORATORY TESTING
(AMEC, 1964)

N
AN GROURP DELTA



A

®

JOB #3536 DATE D ~E7-CF DR 1/ OE. N ,w CHKD,

S
KN
S
’\\ «‘z‘

BORING [
DATE DRILLED . August 10, 1964
EQUIPMENT USED:. 18"<Diameter Bucket

1204 Tmmrzw
8.8 I’IL% - Bl - fina, plecas of asphalt,
7.5 BII.'].'Y SAND - fine, browm .
o 15.1 SANDY CLAY -« dark browm
110
16,3 1
27.0 97 /z SILTY CIAY - browm
THT SILTY SAND - fine, b
s.2| 103] sl ney drowm
L SAKDY SILT - {gheb
100~ 20T 16T 105 g sn.Y c::'r :“y rown
31.1| 89 7 TY CLAY - browm
10.3| 107 TIF EN| SILTY SAND - f£ine, brown
6.9 111 A
4.6| 108 d:;:;j._- BY| SAND -~ fine, greyish-browm
90 30Ty 67 03| W
Grading light greyish=brown
4,3 108 T/ SH| SILTY SAND - fins, brown
80 4015 6T 113
9.8 116 o) y
< [5F] sawp - fine | some-silt, light brown
707 3257160 g
NOTE: Water not encountered} caving from
27' to 35' (to 24" in diameter),

60

Boils classified in accordance with the
Unified S0il Classification System,

* Elevations refer to benchmark shown on Plate 1,

LOG OF BORING
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C.1 Introduction

C.1.1 Background

The City of Inglewood Civic Center buildings, including City Hall, the Police Department and the
Main Library, were constructed in 1971. An evaluation for seismic retrofitting of these buildings
is currently being undertaken.

An ASCE 41-17 Tier 3 Seismic Evaluation is being performed as part of the seismic retrofit. The
Tier 3 Seismic Evaluation will evaluate the performance of the existing structures for two Basic
Safety Earthquake (BSE) hazard levels, BSE-2E and BSE-1E. In order to minimize retrofit work,
nonlinear dynamic analyses are also planned for the BSE-1E and BSE-2E hazard levels, which
require earthquake ground motion records as input.

We understand that the preliminary estimated fundamental periods for the Civic Center
structures vary between 1.1 seconds to 1.2 seconds.

This appendix documents the development of the site-specific Acceleration Response Spectra
(ARS) curves, as well as the BSE-1E and BSE-2E earthquake ground motions.

C.1.2 Purpose and Scope of Services

The purpose of our services was to develop earthquake ground motion recommendations to
support the ASCE 41-17 Tier 3 Seismic Evaluation. We provided the following services:

e Performing document review and site characterization for seismic design, including the
shear wave velocity in the upper 30 meters (Vs 30) for the underlying soil and rock at the
project site;

e Performing site-specific seismic hazard evaluation for the BSE-2E and BSE-1E hazard
levels based on the provisions of ASCE 41-17;

e Development of site-specific ARS for the BSE-2E and BSE-1E hazard levels, following the
ground motion requirements of ASCE 41-17 and ASCE 7-16;

e Evaluation of deaggregation of the seismic hazard at the site for the BSE-2E and BSE-1E
hazard levels;

e Development of criteria and selection of eleven sets of ground motion time histories for
the BSE-1E, and BSE-2E hazard levels based on the provisions of Section 16.2 of ASCE 7-
16, as required by ASCE 41-17;

e Development of amplitude-scaled time histories of the eleven sets of ground motion
time histories selected for the BSE-1E, and BSE-2E hazard levels; and

e Preparation of this report documenting our analyses and recommendations.
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C.2 Seismic Setting

The City of Inglewood Civic Center Buildings are located in a region with high seismic activity. The
adopted coordinates of the site for use in the analyses are latitude of 33.96312 north and
longitude of 118.35492 west.

Figure 4 of the main report presents a Regional Fault Map, and Figure C-1 presents the Seismic
Source Fault Map to be read with Table C-1, which lists the active faults closest to the Site, along
with their Fault Type, Maximum Magnitude (Mw), and Site-To-Source Rupture Distance (Rrup),
which is the closest distance of the fault to the Site. These faults are from the Uniform California
Earthquake Rupture Forecast Version 3 (UCERF3) (Field et al., 2013) seismic source model
developed by the Working Group on California Earthquake Probabilities (WGCEP) in 2013. The
UCERF3 model was subsequently adopted by the 2014 U.S. National Seismic Hazard Mapping
Program (NSHM) (Petersen et al., 2014) to develop probabilistic seismic hazard maps.

Table C-1: Significant Active Faults Near the Site

Fault Fault Type Ma.ximum .Site-to-Source
Magnitude, My | Distance, Rr,p (km)
Newport-Inglewood Strike-slip 7.2 0.04
Newport-Inglewood Connected Strike-slip 7.5 0.04
Puente Hills (LA) Reverse 7.0 7.4
Puente Hills Reverse 7.1 10.6
Santa Monica Reverse 6.8 12.4
Palos Verdes Strike-slip 7.4 13.5
Hollywood Strike-slip 6.7 14.0
Compton Reverse 7.5 14.6
Elysian Park (Upper) Reverse 6.7 14.8
Redondo Canyon Reverse 6.7 16.2
Anacapa-Dume Reverse 7.2 19.5
Puente Hills (Santa Fe Springs) Reverse 6.6 20.3
Whittier Strike-slip 7.0 28.0
Anaheim Reverse 6.4 28.1
Elsinore (Coyote Mountain + Julian +
Temecula + stepovers combined + Glen lvy Strike-slip 7.8 28.3
+ Whittier)
Malibu Coast Strike-slip 7.0 28.9
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Fault Fault Tvoe Maximum Site-to-Source
P Magnitude, My | Distance, Rr,p (km)
Sierra Madre Reverse 7.2 344
Puente Hills (Coyote Hills) Reverse 6.8 40.6

Southern San Andreas (Parkfield +
Cholame + Carrizo + Big Bend + Northern
Mojave + Southern Mojave + Northern San Strike-slip 8.2 68.0
Bernardino + Southern San Bernardino +
San Gorgonio Pass-Garnet Hill + Coachella)

San Jacinto (San Bernardino + San Jacinto
Valley +Anza + Coyote Creek + Borrego Strike-slip 7.8 84.8
Mountain + Superstition Mountain)

The Newport-Inglewood fault traverses the project site through the Police Department and City
Hall buildings (Figure 4 in main report). The Newport-Inglewood Fault Zone (NIFZ), is a zone of
discontinuities, folds and faults which stretches across the Los Angeles basin in a Northwest-
Southeast direction from Beverly Hills to Newport Beach. The Newport-Inglewood fault continues
offshore to the south to connect with the Rose Canyon fault, parallel to the coastline towards
San Diego and Baja California. The scenario of the Newport-Inglewood rupturing together
(Newport-Inglewood connected), has been also considered as a separate system of active faults
near the site.

The maximum magnitudes and scenarios adopted are consistent with the published Building
Seismic Safety Council 2014 Event Set (the adopted deterministic ruptures used for the 2014
USGS NSHM) (BSSC, 2015). For very active, multi-segment faults (such as Newport-Inglewood or
Santa Monica), where different earthquake scenarios are considered, the one producing the
largest magnitude was reported in the table along with its combined segments.

C.3 Site Characterization

The geotechnical investigation for the original construction of the Civic Center development were
performed by Leroy Crandall and Associates in 1964 and 1970. The geotechnical information
(boring logs and laboratory test data) from these investigations, along with the recent
geotechnical report by AMEC (2017), for the support of the previous Tier 2 seismic evaluations
of the Civic Center buildings, were reviewed in support the current investigation.

In addition to reviewing of the previous geotechnical investigations, and for better understanding
of the site geotechnical conditions, we performed a field investigation consisting of two (2)
seismic cone penetration tests (SCPT) and one (1) cone penetration test (CPT). The locations of
these explorations are shown in Figure 2 in the main report.

The entire site is underlain by dense Pleistocene-age older alluvial deposits (Figure 3), with
localized shallow fill up to a maximum depth of 8 feet (LeRoy Crandall and Associates, 1970).
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These alluvial deposits supporting the existing Civic Center Buildings have high shear strength
and low compressibility and are very competent for structural support.

Historical topographic maps were reviewed for the site, prior to construction of the Civic Center
development. Figure C-2 shows an excerpt from the 1924 USGS topographic maps of the
Inglewood quadrangle, with the locations of project site marked. This topographic map indicates
that the site was generally level with a slight slope from North-East to South-West, and therefore,
we expect the subsurface conditions to be consistent across the project site.

Shear wave velocity measurements were obtained within the SCPTs at 5-foot intervals to the
depths explored (Appendix A) and were used to obtain shear wave velocity in the upper 30
meters (100 feet) (Vs,30) for the underlaying soil and rock, which are required for input to the
seismic hazard evaluation. Table C-2 presents the Vs 3o values obtained from SCPT-1, and SCPT-3.
The Vs 30 values at both locations were found to be highly comparable. Therefore, an average Vs 3o
value of 446.5 meters per second (m/s) was selected for use in developing the ground motions
for this seismic evaluation.

Table C-2: Shear Wave Velocity Measurements

Exploration Vs,30 (M/s)
SCPT-1 438.0
SCPT-3 455.0

Average 446.5

C.4 Site-specific Seismic Hazard Analysis

Probabilistic Seismic Hazard Analyses (PSHA) were performed to develop the horizontal
5-percent damped ARS for the two hazard levels, BSE-2E and BSE-1E, as defined by ASCE 41-17.
In accordance with ASCE 41-17, the BSE-2E hazard level is associated with a 5-percent probability
of exceedance in 50 years, in the direction of maximum horizontal response, and the BSE-1E to a
20-percent probability of exceedance in 50 years, in the direction of maximum horizontal
response.

In accordance with ASCE 41-17, Section 2.4.2.1, site-specific ARS are developed following the
procedures of Chapter 21 of ASCE 7-16. Details are discussed in the following sections.

C.4.1 Ground Motion Models

Site-specific ground motions are influenced by type of faulting, magnitude of characteristic
earthquakes, and local soil conditions. Numerous ground motion models, also referred to as
Ground Motion Prediction Equations (GMPEs) have been developed to estimate the variation of
spectral acceleration with earthquake magnitude and source-to-site distance, among other
parameters. The Pacific Earthquake Engineering Research (PEER) coordinated a large
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multidisciplinary project entitled “NGA (Next Generation Attenuation)-West 2 Research Project”
(Bozorgnia et al., 2014), referred to as NGA-West2. In NGA-West2, five teams have developed
and presented horizontal ground motion models for shallow crustal earthquakes in active
tectonic regions including Western North America. These teams are Abrahamson et al. (2014),
Boore et al. (2014), Campbell and Bozorgnia (2014), Chiou and Youngs (2014), and Idriss (2014).

We used four of these five models in our probabilistic seismic hazard analysis (PSHA). The Idriss
(2014) model was not used as this ground motion model is only applicable to Vs 30 > 450 m/s. The
four models were each assigned a weight of 0.25. The Intensity Measure (IM) provided by these
horizontal ground motion models corresponds to the 50t percentile of the rotated orientation-
independent horizontal component, RotD50, defined by Boore (2010). The RotD50 is generally
consistent with a geometric mean ground motion.

The NGA-West2 relationships use measured values of Vs 3o as input. As previously discussed, we
have adopted an average Vs 30 of 446.5 m/s to represent the underlying soil and rock conditions
at the site. In addition, some of the ground motion models require input for Z1 o (defined as the
depth in meters to a shear wave velocity of Vs = 1 km/s) and Z,s (defined as the depth in km to
a shear wave velocity of Vs = 2.5 km/s). These two parameters are used to capture the basin
effect on site response.

The Caltrans basin maps of Zi1, and Z,s for the Los Angeles basin, SCEC Community Velocity
Model (CVM) Version 4, correlations included in the Campbell and Bozorgnia (2013) ground
motion model, and extrapolation from shear wave velocity trends in the seismic CPTs were
reviewed for the selection of Z1,0, and Z»5 values. The values from SCEC CVM and Caltrans basin
maps were comparable, and the Z; o value of 575 meters, and Z, 5 of 3.4 km were adopted for the
analyses based on the Caltrans basin map.

C.4.2 Probabilistic Seismic Hazard Analyses

Site-specific Probabilistic Seismic Hazard Analyses (PSHA) were performed using the computer
tool OpenSHA (Fields, 2003), using the Uniform California Earthquake Rupture Forecast,
Version 3 (UCERF3) seismic source model and the updated NGA-West2 ground motion models.
Uniform hazard horizontal ARS were developed up to a period of 10 seconds. All spectra were
developed for 5-percent damping. Figure C-3 presents the results of probabilistic seismic hazard
analyses for the two seismic hazard levels, BSE-2E and BSE-1E.

In addition, supplementary PSHA were performed using the Unified Hazard Tool
(https://earthquake.usgs.gov/hazards/interactive/), using the dynamic version of the
Conterminous U.S. 2014 (v4.2.0) at available spectral periods, for the Site Class C (Vs 30 =537 m/s)
and Site Class C/D boundary (Vs,30 = 360 m/s). Results of these supplementary analyses showed
good agreement with results obtained from the OpenSHA analyses.

The median (RotD50) ground motion was adjusted to the maximum rotated component of
ground motion (RotD100) using the factors proposed in Section 21.2 of ASCE 7-16. Figure C-3
presents the comparison of the median ground motion to maximum horizontal component at
each hazard level.
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C.4.3 Site-Specific BSE-1E and BSE-2E Acceleration Response Spectra

Development of the site-specific ARS for ASCE 41-17 is performed following the procedures
recommended in Chapter 21 of ASCE 7-16. For a probabilistically defined spectrum (BSE-1E and
BSE-2E), the procedure is followed, but neglects the deterministic ground motion development,
and instead uses a cap of the BSE-1N (Design Earthquake per ASCE 7) or BSE-2N (MCEg per ASCE
7) spectra, respectively. Per Commentary C2.4.2.1 of ASCE 41-17, the site-specific ARS is
anchored to the general response spectrum as described in Chapter 21 of ASCE 7-16. Therefore,
the site-specific BSE-1E or BSE-2E spectra may not be less than 80-percent of the general
spectrum developed using mapped seismic parameters at each respective hazard level.

The site-specific BSE-1E and BSE-2E spectra developed in the previous section are compared to
the BSE-1N and BSE-2N spectra, respectively, as shown in Figure C-4. Both BSE-1E and BSE-2E
spectra are less than their respective caps of BSE-1N and BSE-2N.

Figure C-5 presents the 5-percent damped horizontal ARS along with tabulated values for the
BSE-1E and BSE-2E hazard levels. The two site-specific ARS are also compared with the generic
spectra produced with mapped values, as well as the 80-percent lower limit.

C.4.4 Site-Specific BSE-1E and BSE-2E Design Acceleration Parameters

The site-specific short period design spectral acceleration (Sps) and 1-second period design
spectral acceleration (Sp1) parameters were determined in accordance with ASCE 7-16 Section
21.4. The parameter Spsis taken as 90-percent of the maximum spectral acceleration from the
site-specific design spectrum at periods between 0.2 and 5 seconds. The parameter Sp; is taken
as the maximum of the product between period and spectral acceleration for periods from 1 to
2 seconds for sites with Vs 30 > 1,200 ft/s (365 m/s). The values obtained shall not be less than 80-
percent of the mapped values for each hazard level, respectively. Mapped design acceleration
parameters were obtained from the online SEAOC/OSHPD Seismic Design Maps tool
(SEAOC/OSPHD, 2020).

Table C-3 presents the mapped seismic design acceleration parameters and the site-specific
seismic design acceleration parameters.

Table C-3: Mapped and Site-Specific Seismic Design Acceleration Parameters

AR Parameter Mapped Value Site-Specific Value
Level
Sys 0.840 0.865
BSE-1
Syt 0.337 0.428
Sxs 1.738 1.603
BSE-2
Sy 0.744 0.907
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C.5 Seismic Deaggregation

Deaggregation analyses of the seismic hazard were performed for the BSE-1E and BSE-2E seismic
hazard levels to identify the key contributors to the hazard in terms of earthquake magnitude,
distance to the seismogenic source, and types of seismogenic sources. Deaggregation analyses
were performed using the Unified Hazard Tool (USGS, 2019). The edition used is the Dynamic
Conterminous U.S. NSHM 2014 edition (Version 4.2.0). Deaggregation analyses were performed
at selected spectral periods of interest between PGA and 3 seconds (PGA, 0.3 second, 0.5 second,
0.75 second, 1 second, 2 second, and 3 second) for the Site, for Site Class C (Vs 30 = 537 m/s) as
well as Site Class C/D (Vs3o = 360 m/s). In general, results between the two analyses were
comparable. Results of the deaggregation in terms of modal and mean values for magnitude,
distance, and epsilon and for the BSE-1E and BSE-2E hazard levels for Site Class C, are summarized
in Tables C-4 and C-5, respectively. Results of the deaggregation displayed as three-dimensional
bar charts showing the relationship of magnitude and distance with hazard contribution for the
BSE-1E and BSE-2E hazard levels for Site Class C, are presented in Figures C-6 and C-7,
respectively.

The deaggregation of the hazard by magnitude and distance reveals that majority of the hazard
for PGA and selected spectral periods for the BSE-1E hazard level is generally controlled by
medium to large magnitude earthquakes (M6.3 to M7.2) at distances between 1.7 km and 30 km.
The controlling magnitude earthquakes and distances for the BSE-2E hazard level are (M6.4 to
M7.3) and 1.7 to 18 km, respectively.

Table C-4: Seismic Deaggregation for the BSE-1E Hazard Level (Site Class C)

Spectral Period Magnitude Distance Epsilon

(sec) (km)

Mean Modal Mean Modal Mean Modal

PGA 6.6 6.3 13.9 1.8 0.43 -0.68

0.3 6.7 6.4 15.3 1.7 0.45 -0.64

0.5 6.8 6.4 17.8 1.8 0.44 -0.66

0.75 6.9 6.4 20.0 1.8 0.44 -0.66

1 7.0 6.4 21.0 1.8 0.42 -0.65

2 7.1 6.4 26.2 1.9 0.42 -0.21

3 7.2 6.4 30.0 1.8 0.41 -0.27
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Table C-5: Seismic Deaggregation for the BSE-2E Hazard Level (Site Class C)

Spectral Period Magnitude Distance Epsilon
(sec) (km)
Mean Modal Mean Modal Mean Modal
PGA 6.7 6.4 8.0 1.7 0.90 0.43
0.3 6.8 6.4 9.0 2.3 0.91 0.60
0.5 6.9 6.4 10.0 21 0.88 0.64
0.75 7.0 6.4 10.9 1.8 0.87 0.38
1 7.0 6.4 115 1.8 0.86 0.40
2 7.2 6.4 15.2 1.9 0.92 0.82
3 7.3 6.4 18.0 1.8 0.94 0.78

In addition to the controlling modal and mean magnitude and distances, the percentage of source
contribution for at 1-second, 2-second, and 3-second periods are presented in Tables C-6 and C-7

for BSE-1E and BSE-2E hazard levels, respectively.
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Table C-6: Source Contribution (Site Class C) for the BSE-1E Hazard Level

Fault

% Contribution

% Contribution

% Contribution

at 1-second at 2-second at 3-second
Period Period Period
Newport-Inglewood 19.5 18.2 17.2
San Andreas 8.3 13.0 16.8
Palos Verdes 9.4 9.9 10.0
Puente Hills 4.4 4.5 4.3
Santa Monica 4.1 4.2 4.2
Compton 3.0 2.9 2.6
Sierra Madre <1% 24 2.6
Hollywood 2.1 2.1 2.0
Elysian Park (Upper) 1.2 1.0 <1%
Background Seismicity 20.0 12.8 9.4
All Other Sources <1% <1% <1%

Table C-9: Source Contribution (Site Class C) at the BSE-2E Hazard Level

Fault

% Contribution

% Contribution

% Contribution

at 1-second at 2-second at 3-second
Period Period Period

Newport-Inglewood 39.8 35.4 32.9
Palos Verdes 8.8 104 11.3

San Andreas 3.2 6.8 10.1
Compton 9.8 8.9 6.6

Santa Monica 4.5 5.2 5.5
Puente Hills 4.0 4.3 43
Sierra Madre <1% <1% 2.2
Hollywood 1.74 1.87 1.8

San Pedro Escarpment 1.04 1.03 <1%
Background Seismicity 12.22 7.84 5.8
All Other Sources <1% <1% <1%
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C.6 Ground Motion Selection

According to ASCE 41-17, Section 2.4.3, ground motion acceleration time histories should be
developed in accordance with Section 16.2 of ASCE 7-16. Time histories were selected following
criteria recommended in the publications “Selecting and Scaling Earthquake Ground Motions for
Performing Response-History Analyses” (NIST, 2012). In accordance with Section 16.2 of ASCE 7-
16, a minimum of eleven sets of time histories should be used nonlinear dynamic analyses.

The selection process was generally consistent with the criteria based on the deaggregation of
the seismic hazard for the BSE-1E and BSE-2E hazard levels, station site conditions, scale factor
of the time history, and significant duration of the record. The criteria used for the selection
process is discussed further in the following sections.

C.6.1 Selection Criteria

C.6.1.1 Summary of the Seismic Deaggregation

Deaggregation results summarized in Tables C-4 through C-7 reveal that majority of the hazard
for the selected spectral periods for the BSE-1E hazard level is controlled by medium to large
magnitude earthquakes (M6.3 to M7.6) at distances between about 2 to 20 km caused by nearby
active faults with strike-slip and reverse (thrust) fault mechanisms. Contribution of the large
magnitude earthquakes (M7.7 to M8.0) at distances of 32 to 68 km increases from less than 10-
percent of the hazard for shorter periods (less than 1 second) to 20-percent for larger periods (2
and 3 seconds). Distant active faults (e.g., San Andreas, Sierra Madre) capable of generating these
earthquakes, are characterized as strike-slip and reverse (thrust) fault mechanisms.

For the BSE-2E level, the hazard is generally controlled by medium to large magnitude
earthquakes (M6.4 to M7.6) at distances between about 2 to 15 km caused by nearby active
faults with strike-slip and reverse (thrust) fault mechanisms. Large magnitude earthquakes (M7.7
to M8.0) at distances of 32 to 68 km contribute to less than 5-percent of the hazard at shorter
periods (less than 1 second) to 12-percent for larger periods (2 and 3 seconds).

Considering the similarity of the deaggregation results obtained for the BSE-1E and BSE-2E levels,
the same selection criteria was adopted for both levels.

Based on the mean magnitude, site-to-source distance, and source mechanism, the following
general criteria was used for the selection process:

e Medium to large magnitude earthquakes at short distances
o Magnitude range: M6.0 - M7.5
o Site-to-source rupture distance, Rrup: 0 —20 km
o Fault type: strike-slip or reverse
e Large magnitude and distant earthquakes:
o Magnitude range: M6.5 to M8.0
o Site-to-source rupture distance, Rrup: 45-80
o Fault type: strike slip or reverse
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For the range of useable frequencies, the selected earthquake records need to satisfy the lowest
usable frequency (corresponding to the highest usable period, T) that exceeds the range of
interest in the response spectrum. The fundamental period of the Civic Center buildings ranges
from 1.1 seconds to 1.2 seconds and based on conversations with the project Structural Engineer,
the range of interest would extend to 1.8 seconds. Therefore, the lowest useable frequency must
be 0.55 Hz or lower.

C.6.1.2 Site Condition

The average Vs 3o at the site is estimated at 446.5 meters per second (m/s) as discussed in Section
C.3 above. Shear wave velocity at the recording station site is typically important because of its
impact on overall spectral shape. A general range of shear wave velocity of 350 m/s to 600 m/s
was considered for this site.

C.6.1.3 Proportion of Pulse Motions

Near-fault sites have a probability of experiencing pulse-like ground motions. That probability is
not unity, and therefore, while some of the selected motions should exhibit pulse-like
characteristics, the remainder should be motions not containing pulses. The empirical
relationships by NIST (2012), shown in Equation (1) below, and Hayden et al. (2014) shown in
Equation (2), were used to estimate the proportion of pulse-like motions, based on the distance
and epsilon values obtained from deaggregation.

exp(0.905—0.188R+1.337¢)
14+exp(0.905—0.188R+1.337¢)

Proportion of Pulse Motions =

(1)

1
1+exp[—3.87+1.04xR0-54+15.99x(e+3) 2]

Proportion of Pulse Motions =

(2)

The proportion of pulse motions based on deaggregation results at the site for the BSE-1E and
BSE-2E levels are summarized in Table C-9 and C-10, respectively.
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Table C-9: Proportion of Pulse Motions for the BSE-1E Hazard Level
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March 3, 2021
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Proportion of Pulses

Proportion of Pulses

M | M
Period . oda Modal ) ean Mean
Distance i Distance ]
(sec) (km) Epsilon NIST Hayden et (km) Epsilon NIST Hayden et
(2012) | al. (2014) (2012) | al. (2014)
PGA 1.8 -0.68 0.41 0.38 139 0.43 0.24 0.20
0.3 1.7 -0.64 0.43 0.41 15.3 0.45 0.20 0.18
0.5 1.8 -0.66 0.42 0.39 17.8 0.44 0.14 0.13
0.75 1.8 -0.66 0.42 0.39 20.0 0.44 0.09 0.11
1 1.8 -0.65 0.42 0.39 21.0 0.42 0.08 0.09
2 1.9 -0.21 0.57 0.60 26.2 0.42 0.03 0.06
3 1.8 -0.27 0.55 0.58 30.0 0.41 0.02 0.04
Table C-10: Proportion of Pulse Motions for BSE-2E Hazard Level
Modal Proportion of Pulses M Proportion of Pulses
Period ) oda Modal ) ean Mean
Distance i Distance ]
(sec) (km) Epsilon NIST Hayden et (km) Epsilon NIST Hayden et
(2012) | al. (2014) (2012) | al.(2014)
PGA 1.7 0.43 0.76 0.76 8.0 0.90 0.65 0.47
0.3 2.3 0.60 0.78 0.74 9.0 0.91 0.61 0.43
0.5 2.1 0.64 0.80 0.76 10.0 0.88 0.55 0.38
0.75 1.8 0.38 0.75 0.74 10.9 0.87 0.50 0.35
1 1.8 0.40 0.75 0.75 11.5 0.86 0.47 0.33
2 1.9 0.82 0.84 0.79 15.2 0.92 0.33 0.23
3 1.8 0.78 0.83 0.79 18.0 0.94 0.23 0.17

The summary of proportion of pulse motions for modal values indicates in the period range of
interest ranges from 0.39 to 0.60 (corresponding to about 4 to 7 motions containing pulses) for
the BSE-1E level and from 0.74 to 0.84 (corresponding to about 8 to 9 motion containing pulses)
for the BSE-2E level. The selection included 7 motions containing pulses for the BSE-1E level and

8 motions for the BSE-2E level.
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C.6.1.4 Significant Duration and Arias Intensity

Intensity measures such as Significant Duration and Arias Intensity (la) are useful to characterize
the energy realized during earthquake.

The Arias Intensity (Arias, 1970) is a cumulative ground motion intensity measure calculated as
the time integral of the squared acceleration. The Arias Intensity was not used as a rigid criterion
but was used to aid in the selection process.

The Significant Duration is often represented by the interval of time between of 5- and 95-
percent of the Arias Intensity (Das.95). Kempton & Stewart (2006) and Bommer et al. (2009) have
proposed equations to estimate the Dasgs based on earthquake magnitude, site-to-source
distance, and site effects. Using these methods, the Das.g5s estimated values range from about 9
to 20 seconds for BSE-1E and from about 20 to 45 seconds for the BSE-2E hazard level These
values were considered in the selection criteria.

Scaling ground motions can often have a large impact on the intensity measures of a ground
motion; for example, since Arias Intensity is related to the square of acceleration, if a seed ground
motion is scaled by a factor of 3, the Arias Intensity may be 9 times higher. Therefore, as part of
the selection criteria, a maximum scale factor of 4 for was adopted to avoid causing excessive
modification of the seed ground motions.

C.6.2 Seed Time Histories

The PEER NGA-West2 database (Ancheta et al. 2013, 2014) was used as the primary source for
selecting ground motion records. Generally following the selection criteria above and reyv,
candidate ground motion time histories were pre-selected to represent the shaking
corresponding to BSE-1E and BSE-2E seismic hazard levels after a thorough search in the
database. Of the pre-selected time histories, the final set was selected based on review of the
mean squared error of the candidate motions compared to the target spectrum within the period
range of interest (0.2Tmin to 1.5Tmax) and consideration of the overall balance of the motions
meeting the criteria. Tables C-11 and C-12 present the characteristics of the final selected
earthquakes and recorded seed ground motions for the BSE-1E and BSE-2E levels, respectively
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Table C-11: Summary of Selected Seed Ground Motions Characteristics for the BSE-1E Hazard Level
PEER Lowest
Pulse Significant
NGA M i , | Di y . Vv I .
© Earthquake Year | Mechanism | Recording Station RERLRER BETE Period, Y el Duration,
Database M., Rryp (km) (m/s) | Freq. (Hz)
Tp (sec) Ds.95 (sec)
RSN
. . . El Centro
184 Imperial Valley-06 1979 Strike Slip . . 6.53 5.09 6.265 202.26 | 0.02875 7.0
Differential Array
802 Loma Prieta 1989 | Reverse | Saratoga, - Aloha 6.93 8.5 4571 |380.89| 0.125 9.4
Oblique Ave
836 Landers 1992 Strike Slip Baker Fire Station 7.28 87.94 - 324.62 0.1 25.7
LA - [ VA
1004 Northridge-01 | 1994 | Reverse i'e:;i‘i‘;?a 6.69 8.44 0.931 |380.06 | 0.182 8.5
1489 Chi Chi, Taiwan | 1999 g‘;‘l’gjs TCU049 7.62 3.76 1022 |487.27 | 0.025 227
1602 Duzce, Turkey 1999 Strike Slip Bolu 7.14 12.04 0.882 293.57 0.0625 9.0
2107 Denali, Alaska 2002 Strike Slip Carlo 7.9 50.94 - 399.35 0.078 24.3
4228 Niigata, Japan 2004 Reverse NGH11 6.63 8.93 1.799 375.0 0.05 12.2
4886 | Chuetsu-oki, Japan | 2007 | Reverse Kawanishi 6.8 11.75 ; 338.32 | 0.1125 13.9
Izumozaki
5779 Iwate, Japan 2008 Reverse Sanbongi Osaki City 6.9 36.34 - 539.87 0.0875 29.1
6897 Darfield, New 2010 | Strike Slip DSLC 7.0 8.46 7.826 |295.74| 0.075 19.6
Zeeland
N

)

.. GROUP DELTA
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Table C-12: Summary of Selected Seed Ground Motions Characteristics for the BSE-2E Hazard Level

PEER Pulse Lowest Significant
NGA M i , | Di y . Vv | 3

© Earthquake Year | Mechanism | Recording Station RERLER BEIE Period, N el Duration,

Database M., Rryp (km) (m/s) | Freq. (Hz)
Tp (sec) Ds.95 (sec)

RSN

15 Kern County 1952 Reverse Taft Lincoln School 7.28 38.89 - 385.43 0.125 30.3
161 Imperial Valley-06 1979 Strike Slip Brawley Airport 6.53 10.42 4.396 | 208.71 | 0.05375 14.9

. . . El Centro
184 Imperial Valley-06 1979 Strike Slip . . 6.53 5.09 6.265 202.26 | 0.02875 7.0
Differential Array
802 Loma Prieta 1989 | Reverse | Saratoga, - Aloha 6.93 8.5 4571 |380.89 | 0.125 9.4
Oblique Ave

832 Landers 1992 Strike Slip Amboy 7.28 69.21 - 382.93 0.1 28.5
1004 Northridge-01 1994 | Reverse | AT ﬁf;;';gfa VA 6.69 8.44 0931 |380.06| 0.182 8.5
1489 Chi Chi, Taiwan | 1999 gi‘l’gjg TCU049 7.62 3.76 1022 |487.27 | 0.025 22.7
1605 Duzce, Turkey 1999 Strike Slip Duzce 7.14 6.58 5.9 281.86 11.1 11.1
4228 Niigata, Japan 2004 Reverse NGH11 6.63 8.93 1.799 375.0 0.05 12.2
4866 | Chuetsu-oki, Japan | 2007 | Reverse Kawanishi 6.8 11.75 ; 338.32 | 0.1125 13.9

Izumozaki

6911 Darfield, New 2010 | Strike Slip HORC 7.0 7.29 9.819 |326.01| 0.125 9.5

Zeeland
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C.7 Ground Motion Modification

The final eleven sets of selected seed ground motions require modification to become
compatible with the target horizontal acceleration response spectra. For the City Center
buildings, ground motion modification was performed using linear scaling in accordance with
Section 16.2.3 of ASCE 7-16, with modifications as appropriate based on recommendations of
Section 2.4.3 of ASCE 41-17.

Since the site is considered “near-fault” as defined by Section 11.4.1 of ASCE 7-16, the ground
motion time histories must be rotated from the recorded horizontal components (H1/H2) to their
respective fault normal (FN) and fault parallel (FP) components and then applied to the buildings
in the respective FN and FP orientations based on the causative fault (which is Newport-
Inglewood at this site).

The selected ground motion time histories are first rotated, then amplitude-scaled such that they
meet the criteria defined in Section 16.2.3.2 of ASCE 7-16. Details are presented in the following
sections.

C.7.1 Rotation

The procedure recommended in Reyes and Kalkan (2012) was used for the ground motion
rotation, as shown in Equations (3) and (4) below.

Upp = Uy cos(fy) + i cos(By) (3)
Upy = Uy sin(By) + i, sin(By) (4)
where,
Bi = Qstrike — A1
B2 = Qstrike — A2

and where, g ike is the strike of the fault, and a; and a, are the original azimuths of the
horizontal components of ground motion (as illustrated in Figure C-8. The orientation of the
strikes of the causative faults for each set of recorded time histories was obtained from the NGA-
West?2 flatfile (PEER, 2015), and are listed in Table C-13 along with the original azimuths of the
pairs of horizontal components.
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Table C-13: Azimuths of the Horizontal Components and Strike of the Causative Fault for Seed Motions
for the BSE-1E and BSE-2E Levels

BSE-1E Hazard Level

BSE-2E Hazard Level

';’\'E:: L H2 Causative Fault ::E(;E: H1 H2 Causative Fault
Azimuth | Azimuth | Strike Azimuth Azimuth | Azimuth Strike Azimuth
Database (deg.) (deg.) (deg.) Database (deg.) (deg.) (deg.)
RSN 8- 8- 8- RSN g. g. 8.
184 270 0 323 15 21 111 51
802 0 90 128 161 225 315 323
836 50 140 336 184 270 0 323
1004 270 0 122 802 0 90 128
1489 90 0 20 832 0 90 336
1602 0 90 270 1004 270 0 122
2107 90 0 298 1489 90 0 20
4228 0 90 212 1605 180 270 270
4886 0 90 34 4228 0 90 212
5779 0 90 209 4866 0 90 34
6897 333 63 85 6911 18 108 85
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C.7.2 Amplitude Scaling

Per ASCE 7-16 section 16.2.3.2, For each horizontal ground motion pair, a maximum-direction
spectrum (RotD100) shall be constructed for the two horizontal components. Each ground
motion shall be scaled, with an identical scale factor applied to both horizontal components, such
that the average of the maximume-direction spectra from all ground motions (suite of 11 ground
motions) generally matches or exceeds the target spectrum, over the period range from 0.2Tun
to 2.0Tmax, where Tmin and Twmax are the lowest and highest fundamental period in either the
longitudinal or transverse direction of the structure, respectively. Note that ASCE 41-17 modifies
the upper bound of the range to 1.5T, however, the upper bound of the range cannot be less
than 1-second.

For the given range of horizontal fundamental periods for Civic Center Buildings (~1.1 seconds to
1.2 seconds), amplitude scaling was generally aimed to match the target spectra between 0.22
seconds and 1.8 seconds, as discussed with project Structural Engineer.

The maximum direction spectra (RotD100 component) for each pair of time histories was
developed following the procedure documented by Boore (2010), and the amplitude scaling of
the ground motions was performed in accordance with section 16.2.3.2 of ASCE 7-16.

Maximum direction spectra for each of the 11 modified ground motions, as well as the resulting
average maximum direction spectra compared with the target spectrum, for BSE-1E and BSE-2E
hazard levels are presented in Figures C-9 and C-10. Scaling factors used for the selected motions
are presented in Table C-14.
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Table C-14: Scaling Factors for Seed Motions for the BSE-1E and BSE-2E Levels

BSE-1E Hazard Level BSE-2E Hazard Level
DaPtEI:)I::G:SN Scaling Factor DaPtEI:)I::G:SN Scaling Factor
184 0.65 15 3.48
802 0.90 161 2.50
836 2.81 184 1.34
1004 0.40 802 1.79
1489 1.15 832 4.0
1602 0.45 1004 0.83
2107 3.80 1489 2.30
4228 0.75 1605 1.08
4866 0.90 4228 1.56
5779 2.25 4866 1.82
6897 1.1 6911 0.90

C.7.3 Rotation to Structure Axes

The 11 sets of modified time histories have a final rotation performed to maintain the FN/FP
components from the causative fault to the site, which is the Newport-Inglewood fault. The
azimuth of the strike of the Newport-Inglewood fault is generally reported as 333 degrees
(N27°W), but at the location of the City of Inglewood, the azimuth varies to 350 degrees.
Therefore, the azimuth of the fault normal component is 260 degrees, and the fault parallel
component is 350 degrees. The Civic Center buildings have their longitudinal and transverse axes
oriented generally in the North-South and East-West directions. Therefore, the final rotation
included rotating the FN and FP components to 90 and 180 degrees, respectively, for application
to the structure. The method previously documented by Reyes and Kalkan (2012) was used for
this rotation.
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ASCE 41-17 Site-Specific
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Response Spectra (5% damping)
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Response Spectra (5% damping)
Station: TCU049, Earthquake: Chi-Chi Taiwan
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D.1 Introduction

Group Delta performed a limited evaluation of the potential displacements associated with
surface fault rupture from the Newport-Inglewood Fault for the City of Inglewood Civic Center. A
simplified probabilistic evaluation and a deterministic evaluation of fault displacements were
performed for the Newport-Inglewood Fault that is mapped at the site. The purpose of this
evaluation is to support the City of Inglewood’s understanding of this risk.

Details of the assumptions, methods, and fault parameters used in the analyses are described in
the following sections.

D.2 Evaluation of Fault Displacement Hazard Calculation

The mapped trace of the Newport-Inglewood fault at the site is part of the north Los Angeles
Basin section according to the USGS Quaternary Fault Database. Fault geometry and parameters
were adopted from the Uniform Earthquake Rupture Forecast, Version 3 (UCERF3) (Field et al.,
2013) for the Newport-Inglewood Alternative 1 fault, which is the fault adopted for the
development of the National Seismic Hazard Maps (NSHM) in 2014 (Petersen et al., 2014).
According to UCERF3, the best estimate slip rate for the Newport-Inglewood fault is 1 mm/year,
and the site-specific geologic slip rate data at the nearby Inglewood Oil Fields is reported to be
about 0.6 mm/year. The following parameters adopted by UCERF3 for the Newport-Inglewood
Alt. 1 fault, listed in Table D-1, were also adopted for the fault displacement hazard evaluation.

Table D-1: Newport-Inglewood Alt. 1 Fault Geometry and Parameters

Parameter Value
Slip Rate (mm/year) 1.0
Fault Width (km) 15
Fault Length (km) 65.4
Fault Dip (degrees) 88
Aseismic Factor 0.1

The procedure for a simplified probabilistic evaluation of surface fault rupture hazard developed
by Caltrans (Shantz, 2013) was used to develop a fault displacement hazard curve for the
Newport-Inglewood fault. As recommended by the Caltrans procedure, the magnitude-area
relationship by Hanks and Bakun (2008) was used to estimate the characteristic earthquake
magnitude. The proposed relationship for average fault displacement for strike-slip earthquakes
by Wells and Coppersmith (1994) was also used. The resulting recurrence interval for the
Newport-Inglewood fault is 1663.3 years. The fault displacement hazard curve developed
following the Caltrans procedure is provided in Figure D-1. Based on this methodology, the fault
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displacement at the BSE-1E and BSE-2E hazard levels (225-year and 975-year return periods,
respectively) is negligible.

Note that the deterministic evaluation of average fault displacement using the Wells and
Coppersmith (1994) relationship estimates about 0.95 meters (about 3.1 feet).

D.3 Limitations

This limited fault displacement hazard evaluation is for information only, and not intended for
design purposes. If structural mitigation for the surface fault rupture hazard is desired, a more
comprehensive study, such as additional field investigation and site-specific fault displacement
evaluation, may be required.
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