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Gentlemen:
INTRODUCTION

This report presents the results of a geotechnical investigation for the subject
project. During the course of this investigation, the engineering properties of the
subsurface materials were evaluated in order to provide recommendations for design
and construction of foundations. The investigation included subsurface exploration, soil
sampling, laboratory testing, engineering evaluation and analysis, consultation and
preparation of this report.

During the course of our investigation, the pervious geotechnical investigation
report prepared by the offices of Foundation Engineering Consultants, Inc. (FEC), was
used as reference. The report was dated August 22, 2012.

The enclosed Drawing No. 1, entitled Site Plan, shows the approximate locations
of the exploratory borings in relation to the site boundaries and the proposed building.
This drawing also shows the approximate locations of the borings drilled by FEC and
approximate location of Cross Section A-A’. Drawing No. 2 shows the profile of the
Cross Section A-A'.

Figure No. 1 shows the Seismic Hazard Zone Map. Figure No. 2 shows the
Regional Geologic Maps. Figure Nos. 3 through 7 show the associated Site Location
Maps, Seismic Hazard Maps as well as the Historically Highest Groundwater Contour

Map of the site.
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The attached Appendix |, describes the method of field exploration. Figure Nos.
I-1 and [-2 present summaries of the materials encountered at the location of our
exploratory test holes. Figure No. I-3 presents a key to the log of exploratory borings.

The attached Appendix Il describes the laboratory testing procedures. Figure
Nos. II-1 and 1I-2 present the results of direct shear and consolidation tests performed

on selected undisturbed samples.

PROJECT CONSIDERATIONS
It is our understanding that the subject project will consist of construction of an
assisted living compiex at the subject site. At this time, two grading/construction options

are being considered. The options are as follows:

Option No. 1 A 2-story wood frame structure constructed near grade (with the
finished grade established near the levels of the existing Wallgreen

parking lot to the north;

| Option No. 2 Construction of a 2-story wood frame structure over basement, the

grade of which will be established at some 10 feet below the level

of the existing Wallgreen parking lot to the north;

The approximate location of the proposed building with respect to site boundaries
and off-site improvements are shown on the enclosed Site Plan; Drawing No. 1. The
profiles of the proposed building for both options are shown on the enclosed Cross
Sections A-A’ and A-A”; Drawing Nos. 2 and 3, respectively.

Structural loading data was not available during the course of preparation of this
report. For the purpose of this report, however, it is assumed that the magnitude of the
collected load (combined dead, plus frequently applied live loads) for Option Nos. 1 and
2 would be on the order of 100 kips and 250 kips, respectively,. Wall loads for Option
Nos. 1 and 2 would be are expected to be on the order of 3 and 9 kips per lineal foot,

respectively,
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ANTICIPATED SITE GRADING WORK

For Option No. 1, site grading will involve raising the grade within the western
portion of the site. This will require construction of a retaining wall along the west
property line which will be backfilled with new fill.

For Option No. 1, imported soils will be required to accomplish the site grading
work. All imported soils should be non-expansive and granular in nature. The granular
soils should be placed within the upper portion of the new fill. Before any fill is placed
on the site, the existing fill should be removed until native soils are exposed. The zone
of removal and recompaction should be extended beyond the footprint of the proposed
building a horizontal distance equal to the thickness of fill. Al new fill should be
constructed over native soils. The new fill will be used for support of structural
foundations and grade slabs. |

Although the existing fill is granular in nature, the native soils are fine grained and
potentially expansive. Therefore, it is recommended that the site native soils, when
excavated, be removed from the site and not be used in the areas of new fill.

For Option No. 2, site grading will involve excavation in order {o create the
proposed basement garage level. As part of the site grading work, subgrade
preparation will be made fo stabilize the finished grade for support of thickened slab
‘mat’. For Option No. 2, site grading will also involve backfilling within the
over-excavated areas behind the exterior walls of the basement garage. All wall backiill
materiais should consist of non-expansive/granular soils.

For both options, as part of the site grading work, the area of the proposed
building should be pre-loaded, to remove the major portions of the post construction
settlement. See the enclosed Drawing Nos. 2 and 3 for the profiles of the pre-loading
for both options. The soils associated with pre-loading should be packed, but not
necessarily compacted to 90 percent relative compaction. Also, random soils
(gravel/sand/silt/clay).

Settlement plates should be installed at the finished grades of the pre-loading

mass for subsequent monitoring.
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SITE CONDITIONS
SITE SURFACE CONDITIONS
The subject site is located at the southwest corner of Garfield Avenue and
Brookhurst Street. Huntington Beach, California. See the enclosed Site Plan; Drawing
No. 1, for site location with respect to the existing, off-site improvements,
At the time of our investigation, the site was vacant and covered with grass. The

ground surface rises some 9 feet from west to east side.

SUBSURFACE CONDITIONS

Correiation of the subsoil between the test borings was considered to be very
good. Generally, the site, to the depths explored, was found to be underlain by existing
fill underlain by natural deposits of mainly fine grained soils (silt-clay) with slight to little
sand. Slightly organic pockets/lenses, were also found within the upper 20 feet of the
subsoils. Native sand soils (silty sand) was found only in our Boring No. 1 near a depth
of about 47 feet.

Thickness of the existing fill was found to range from 3 feet to as much as 6 feet
in our borings drilled within the higher elevation of the site The lower pbrtion of the site
was not accessible by the drill rig). The original grade within the eastern portion, seem
to have been raised previously.

The existing fill is considered to be inadequate for support of foundations and
grade slabs at their present state. The existing fill, however, can be excavated and
reused in the areas of new compacted fill. The new fill will support grade slabs and
foundations. _

The underlying native soils were found to be slightly firm to firm in-place. The
ground firmness increased only slighfly with depth. The results of our laboratory testing
indicated that the site natlive soils were of relatively low strengths and were
compressible.

The site native soils can receive new fill for support of structural foundations and
grade slabs, only after proper pre-loading. The pre-loading will help reduce the

magnitude of the post-construction settlement.
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The existing fill soils were granular in nature (silty sand) and non-expansive.
However, the underlying native soils were found to be fine grained in nafure and
expansive. The expansion index of the site upper soils were found to be 112.

During the course of our investigation, groundwater was encountered in our
borings near a depth of about 7 feet. Due to method of drilling (use of continuous

casing) caving was not detected in our borings.

GROUNDWATER CONDITION

Groundwater was encountered in our borings near a depth of about 7 feet. For
Option 2, assuming a 10 feet excavation to reach the basement garage grade, water will
be- intercepted during the course of basement garage excavation. On this basis,
de-watering (temporary and permanent) will be required for Option No. 2. Because of
clayey nature and relatively low permeability coefficient, it is anticipated that temporary
de-watering may be accomplished by creating small sumps extending at least 3 feet
below the base of the footings (in the needed areas) to collect water.

The permanent -de-watering can be in a form of a gravel bed below the “mat”
contained a network of pipes carrying the collected water to a sump and then pumped
to the street. For added safety, it is further recommended that the “mat” be designed
based on hydrostatic uplift forces assuming a hydraulic gradient equivalent to 5 feet of
water head. The bottom of the “mat” should be properly waterproofed in order to reduce

the chances of dampness on the slab surface.

CAVING CONSIDERATIONS

Although not detected during our exploration, caving may be experienced in the
drilled piles (supporting the retaining wall along the west property line). Within typical
clay soils, however, drilling can be extended ahead of water. Any collected water at the
bottom of the hole should be pumped out before concrete is placed. Alternatively,
“treme” should be used to place the concrete from the bottom of the hole while
dispersing water. In any case, casing should be available in the site during installation
of the production piles. Also, when placing concrete below water, the strength of the

concrete should be taken 1,000 psi higher than the project specifications.
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SEISMIC DESIGN CONSIDERATIONS
In accordance with the 2010 California Building code (CBC 2010), the project site
can be classified as site “E”. The mapped spectral accelerations of Ss=1.665 (short
period) and S, =0.599 (1-second period)} can be used for this project. These parameters
corresponds to site Coefficients values of F,=0.90 and Fy=2.4, respectively.

The seismic design parameters would be as follows:

Sms= Fa (Ss) = 0.9 (1.665) = 1.499
Sm1=Fv (81) = 2.4 (0.599) =1.438
Sds=2/3 (Sms) = 2/3 (1.499) = 1.00 and
Sd1=2/3 (Sm1) =2/3 (1.438) = 0.959

EVALUATION OF LIQUEFACTION POTENTIAL

As part of our field exploration, two borings were drilled at the subject site to a |
maximum depth of 51.5 feet. Water was encountered in our borings near depths of
about 6 to 7 feet. The available maps indicate that the historically highest groundwater
level at the site was near a depth of about 5 feet. For the purpose of evaluating
liquefaction potential at the site, therefore, SPT (Standard Penetration Test) were
conducted from a depth of 5 feet.

The results of our liquefaction analysis using ground acceleration of 0.44g (2/3 of
the Sds value of 1.11 above) and a moment magnitude of 6.9, indicated that the soil
layers below the historically highest groundwater level have factors of safety greater
than 1.1, against potential liquefaction. See the enclosed Engineeﬁng calculation
sheets. On this basis, soil liguefaction will not occur at this site. However, the
asscciated accumulated setilement at the ground surface associated with strong ground
motion earthquake is estimated to be on the order of 0.12 inches. See the enclosed
engineering calculation sheet. The magnitude of the differential settlement associated
with seismic strong ground motion would be 2/3 of the value of 0.12, which is 0.08

inches. These values should be added to the settlements associated with gravity loads.
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EVALUATION AND RECOMMENDATIONS
GENERAL

Based on the geotechnical engineering data derived from this investigation, the
site can be developed as planned. For Option No. 1, spread footing foundation system
can be used for support of the proposed building. The foundation bearing materials for
Option No. 1, will consist of properly compacted fill soils which has been pre-loaded.
For pre-loading configuration, see the enclosed Drawing No. 2 (Cross Section A-A’ for
Option No. 1). For Option No. 1, however, the new retaining wall along the west
property line (supporting new backfill} should be supported through a deep foundation
system consisting of friction piles.

For Option No. 1, before any fill is placed on the site, the existing fill should be
shaved until firm native soils are exposed. The zone of removal and recompaction
shouid be extended beyond the footprint of the proposed building a horizontal distance
equal to the thickness of fill. All new fill should be constructed on native soils. The site
native soils were found to be very moist and clayey in nature. Therefore, it is
recommended that the site native soils, if excavated, no be used within the areas of new
fill. For this option, imported soils will be required to accomplish the site grading work.
Ali imported soils should be non-expansive and granular in nature. Before new fill is
placed over the native soils, the bottom of fill should be stabilized. This will require
placement of a gravel bed over the very moist, clayey soils, before the new, granular
imported soils are placed. It is anticipated that the thickness of the gravel to stabilize
the soft native soils will be on the order of 12 inches (the actual requirement for gravel
thickness should be determined during the course of site grading work). Alternatively, a
combination of gravel bed and lime/cement treated base can be used. In order to
reduce the chances of sinking, when excavating soft soils, light equipment should be
used. Grade slabs for Option No. 1, can be supported on the finished grades which
would be properly compacted granular fill soils. For the purpose of this project, it is
recommended that the grade slabs to have a minimum thickness of 5 inches and be
reinforced with # 4 bars placed at every 18 inches on center.
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For Option No. 2, the support system should be on a form of a thickened slab
‘mat” foundation. The “mat” should be supported on a gravel bed having a minimum
thickness of 15 inches. The “mat” should also be designed based on hydrostatic uplift
force assuming water at a depth of 5 feet below the “mat”. For Option No. 2, before the
gravel associated with "mat” is placed, the western portion of the site should be
pre-loaded. For pre-loading configuration for Option No. 2, see the enclosed Drawing
No. 3.

The following sections present our recommendations for temporary excavation,
site grading, site drainage, foundations, lateral design, grade slabs, retaining walls, and

observation during construction.

TEMPORARY EXCAVATION
‘Where space limitations permit, unshored temporary excavation slopes couid be
used. Based upon the engineering characteristics of the site upper soils, it is our

opinion that temporary excavation slopes in accordance with the following table should

be used:
Maximum Depth of Cut Maximum Slope Ratio
(Ft) (Horizontal:Vertical)
0-4 Vertical
>4 3/4:1

Water should not be allowed to flow over the top of the excavation in an
~ uncontrolled manner. No surcharge should be allowed within a 45-degree line drawn
from the bottom of the excavation. Excavation surfaces should be kept moist but not
saturated to retard raveling and sloughing during construction.

It would be advantageous, particularly during wet season construction, to place
polyethylene plastic sheeting over the slopes. This will reduce the chances of moisture

changes within the soil banks and material wash into the excavation.
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It should be noted that the recommendations presented in this section are for use
in design and for cost estimating purposes prior to construction. The coniractor is solely

responsible for safety during construction.

GRADING RECOMMENDATIONS

For Option No. 1, site grading will involve raising the present grade to establish
the proposed finished grades. In order to accomplish the site grading work, a pile
supported retaining wall will need to be constructed along the west property line and
backfilled. Before placing any fill on the site, the existing fill should be shaved until firm
native soils are exposed. After proper subgrade stabilization, non-expansive, granular
soils should be placed back and compacted, under engineering observation and testing,
until the proposed finished grades are established. In order to reduce the magnitude of
the post-construction settlement, the compacted core should be pre-loaded by
packed/random soils. See the enclosed Drawing No. 2 (Cross Section A-A’) for
pre-loading configuration. Imported soils will be required to accomplish the site grading
work. All imported soils should be non-expansive and granular in nature. The zone of
removal and recompaction should be extended beyond the footprint of the proposed
building a horizontal distance equal to the thickness of fill. Prior to placement of any new
fill on the site, the fill bottom should be stabilized under observation of the Soil Engineer.

It is anticipated that, in order to reduce pumping, a gravel bed with an estimated
thickness of 18 inches (the actual requirement for gravel thickness should be
determined during the course of site grading work) will be required. Alternatively, a
combination of gravel bed and lime/cement treated base can be used.

In order to reduce the chances of equipment sinking, when excavating soft soils,
light machines should be used.

All imported soils should be non-expansive and granular in nature and be free of
organic and rocks larger than 6 inches in diameter. The granular fill should be placed
within the upper portion of the fill. Before import soils are brought to the site, a
20-pound sample of the proposed import soils should be submitted to the Soil Engineer
(at least 48 hours in advance) so that the maximum density and expansion character of

the import materials can be determined.
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For Option No. 2, site grading will involve excavation in order to create the
proposed basement garage level. As part of the site grading work, subgrade
preparation will be made to stabilize the finished grade for support of thickened slab
‘mat’. For Option No. 2, site grading will also involve backfiling within the
over-excavated areas behind the exterior walls of the basement garage. All wall backfill
materials should consist of non-expansive/granular soils.

For both options, as part of the site grading work, the area of the proposed
building should be pre-loaded, to remove the major portions of the post construction
settlement. See the enclosed Drawing Nos. 2 and 3 for the profiles of the pre-loading
for both options. The soils associated with pre-loading should be packed, but not
necessarily compacted to- 90 percent relative compaction. Also, random soils
(gravel/sand/silt/clay).

General guidelines for grading are presented below in an itemized form which
may be included in the earthwork specification. It is recommended that all fill be placed

under engineering cbservation and in accordance with the following guidelines:

1. Only the excavated granular soils should be reused within the compacted
fill core to be used for support of structural foundation and grade slabs.

2, Before wall backfiliing, subdrain should be installed. The subdrain system
should consist of 4-inch diameter perforated pipes embedded in about 1
cubic feet of free draining gravel per foot of pipe. An approved filter fabric
should then be wrapped around the free draining gravel in order to reduce
the chances of siitation. Non-perforated outlet pipes should then be used
to pass through the wall into an interior sump. The subdrain pipes should
be laid at a minimum grade of two percent for self cleaning.

3. Fill soils, approved by the Soil Engineer, should be placed in controlled
layers. Each layer shall be compacted to at least 90 percent of the
maximum unit weight as determined by ASTM designation D 1557 for the
material used.

4, New fill shall be placed in layers which, when compacted, shall not
exceed 8 inches per layer. Each layer shall be spread evenly and shall
be thoroughly mixed during the spreading to insure uniformity of material
in each layer.
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5. When moisture content of the fill material is too low, water shall be added
and thoroughly dispersed until the moisture content is near optimum.
When the moisture content of the fill material is too high to obtain
adequate compaction, the fill material shall be aerated by blading or other
satisfactory methods until near optimum moisture content is achieve.

6. Inspection and field density tests should be conducted by the Soil
Engineer during grading work to assure that adequate compaction is
attained. Where compaction of less than 90 percent is indicated,
additional compactive effort should be made with adjustment of the

moisture content or layer thickness, as necessary, until at least 90
percent compaction is obtained.

SURFACE DRAINAGE

Adequate site drainage should be provided to divert roof and surface waters
away from the proposed building and from the property through non-erodible drainage
devices. In no case should the surface waters be ailowed to pond adjacent to the
buildings or anywhere on the building pads. A minimum surface slope of one and twd

percent are recommended for paved and unpaved areas, respectively.

FOUNDATIONS

For Option No. 1, conventional spread footing foundation system can be used for
support of the proposed building. The foundation bearing materials for this option will
be properly compacted (certified) fill which has been pre-loaded. The pre-loading {with
configuration as shown on Drawing No. 2), should remain over the area of the proposed
building for a period of at least seven months.

Exterior and interior footings should be at least 18 inches wide and should be
placed at a minimum depth of 24 inches below the lowest adjacent final grades. The
recommended allowable maximum bearing pressure for foundations placed in properly
compacted fill soils may be taken as 1,800 pounds per square foot. This value is for
the total of dead and frequently applied live loads. For short duration transient loading,
such as wind or seismic forces, the given value may be increased by one-third.

Under the allowable maximum soil pressure, the magnitude of the post
construction total settlement of footings carrying the assumed maximum concentrated

loads of 100 kips is expected to settle on the order of 1.25 inches. Continuous
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footings, with loads of about 3 kips per lineal foot are expected to settle on the order of
7/8 of one inch. Maximum differential settlements relating to gravity loads are expected
to be on the order of 1/2 of one inch. Total and differential seftiements from all causes
are expected to be less than 1.5 inches, and 0.75 inches, respectively.

For Option No. 1, the new retaining wall along the west property line (supporting
new backfill) should be supported through a deep foundation system consisting of
friction piles. The friction piles should have a minimum length of 15 feet.

For the purpose of estimating vertical capacity of individual piles, an aliowable
maximum skin friction value of 375 pounds per square foot may be used for the native
soils. This value is for the total of dead, plus frequently applied live loads. For short
duration transient loading; wind or seismic forces, the given skin friction value may be
increased by one third.

For friction pile design, the weight of the shafts can be assumed to be taken by
end-bearing, therefore, need not be added to the structural loads. All piles should be
concreted as soon as they are excavated and, for safety, should not be left open
- overnight .

During the course of our field investigation, caving was not detected (due to the
method of drilling which was use of continuous casing. However, caving may be
experienced in the open holes below water. Therefore, casing should be available at the
job site during installation of the production piles. Any collected water at the bottom of
the holes should be pumped out before concrete is placed. Alternatively, “reme” shouid
be used to place the concrete from the bottom of the hole to disperse the water. Also,
when placing concrete below water, the strength of the concrete should be taken 1,000
psi higher than the project specifications.

The magnitude of the post construction total settiement of the pile-supported
retaining wall is expected to be on the order of one inch. Maximum differential
settlement is expected to be on the order of 3/4 of one inch.

For Option No. 2, the support system should be on a form of a thickened slab
‘mat” foundation. The “mat” should have a minimum thickness of 12 inches and be
supported on a gravel bed having a minimum thickness of 15 inches. The “mat” should
also be designed based on hydrostatic uplift force assuming water at a depth of 5 feet

APPLIED EARTH SCIENCES
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below the “mat”. For Option No. 2, before the gravel associated with “mat” is placed,
the western portion of the proposed building should be pre-loaded. The pre-loading
(with configuration as shown on Drawing No. 3), should remain over the area of the
proposed building for a period of at least six months. The “mat” should be designed as
“‘beam on elastic foundation” using a modulus of subgrade reaction of 150 kips per
cubic foot.

Total settlement at the center of “mat” is expected to be on the order of 1.25
inches. The magnitude of the settlement at the edges and corners of the “mat” are
expected to be on the order of 1 inch and 0.75 inches, respectively. These settlements

are expected to be time dependent.

LATERAL DESIGN

For Option No. 1, the lateral resistance at the base of footings in contact with
compacted fill soils may be assumed to be the product of the dead load forces and a
coefficient of friction of 0.30. Passive pressure on the face of footings may also be used
to resist lateral forces. A passive pressure of zero at the finished grades and increasing
at a rate of 250 pounds per square foot per foot of depth to a maximum value of 1,500
pounds per square foot may be used for footings poured against properly compacted fill
soils.

For the vertical shafts supporting the west property line retaining wall which will
be cast against the native soils, the magnitude of the passive pressure should be limited
to 150 pounds per square foot per foot of depth. For piles having center-to-center
spacing of greater than 3.5 time the pile diameter, the given passive pressure can be
doubled. For the purpose of moment calculations, the point of fixity of the vertical shafts
may be assumed at some 5 feet below the bottom of the pile cap.

For Option No. 2, the lateral resistance at the base of “mat” in contact with native
soils may be assumed to be the product of the dead load forces and a coefficient of
friction of 0.20. Passive pressure an the edges of “mat” may also be taken at a rate of
125 pounds per square foot per foot of depth to a maximum value of 1,200 pounds per

square foot.
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GRADE SLABS

Grade slabs, for Option No. 1, can be supported on the finished grades which
would be properly compacted granular fill soiis. For the purpose of this project, it is
recommended that the grade slabs to have a minimum thickness of 5 inches and be
reinforced with # 4 bars placed at every 18 inches on center.

In the areas where moisture sensitive floor covering is used and slab dampness
can not be tolerated, moisture barrier should be used beneath the grade siabs. This

normaliy consists of plastic sheeting covered with 2 inches of sand.

RETAINING WALLS

For Option No. 1, static design of cantilevered retaining walls supporting granular
backfill, and level ground condition can be based on an equivalent fluid pressure of 40
pounds per square foot per foot of depth. This assumes that no hydrostatic pressure
will occur behind the retaining walls.

This will require that proper subdrain be installed behind the basement garage
walls. Subdrain normally consists of 4-inch diameter perforated pipes encased in
free-draining gravel (at least one cubic foot per lineal foot of the pipes).

In order to reduce the chances of siltation and drain clogging, the free-draining
gravel should be wrapped in filter fabric proper for the site soils. The backs of all
retaining walls should be properly waterproofed.

In addition to the earth pressure, the retaining walls should also be designed for
any applicable uniform surcharge loads by the proposed building and parking/motor
court traffic. Uniform surcharge effects may be computed using a coefficient of 0.30
times the assumed uniform loads.

It is noted that, based on the new Code requirement, the retaining walls be
designed not only for static, but also for seismic lateral earth pressures. For the
purpose of this project, the magnitude of seismic lateral earth pressure should be
assumed 20 pounds per square foot (V% of static lateral active pressure of 40 pounds
per square foot per foot of depth) with reverse triangular shape (maximum at top to zero
at the bottom of the wall). The point of application of the lateral thrust should be

assumed 0.6 time the wall height, measured from the botiom of the wall.
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For Option No. 2, static design of the perimeter walls of the basement garage
which are restrained against rotation at their tops can be based on an “at rest” pressure
with a magnitude of 120 pounds per square foot per foot of depth. This assumes that
no hydrostatic pressure will occur behind the retaining walls. This will require
installation of subdrain behind the walls and discussed above.

In addition to the lateral earth pressure, the basement garage walls should also
be designed for any applicable uniform surcharge loads imposed from on the adjacent
grounds (parking, building, etc.). Uniform surcharge effects may be computed using a
coefficient of 0.40 times the assumed uniform loads.

The basement walls should be designed not only for static, but also for seismic
lateral earth pressures.. For the purpose of this project, the magnitude of seismic lateral
earth pressure should be assumed zero at the base of the wall and increased upward at
a rate of 60 pounds per square foot per decreasing depth to a maximum value at the
ground surface. This can be considered ultimate and be added to the static lateral
earth pressure value. The point of application of the lateral thrust of the seismic
pressure should be assumed 0.6 time the wall height, measured from the bottom of the
walil.

Where adequate space is available, granular fill (silty sand soils) should be
placed and compacted behind the retaining walls (after the subdrain is installed) to a
relative compaction of at least 90 percent. At least one field density tests should be
taken for each 2 feet of the backfill. The degree of compaction of the wall backfill
should be verified by the Soil Engineer.

Where space is limited, free-draining gravel should be placed behind the
retaining walls. The gravel should then be capped with at least 18 inch thick site soils
also compacted to a relative compaction of at least 90 percent. It should be noted that
the backfill placed behind the basement garage walls should be made after the concrete
decking is cast. All grading surrounding the building should be such to ensure that

water drains freely from the site and does not pond.
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CONSTRUCTION PROCEDURES FOR OPTION 1

1. Build retaining wall on west property line on piles.

2. Remove (shave) fill until firm native soil is exposed.

3. Place an 18" thick gravel bed on native soil to stabilize fill base.

4. Place new compacted soil, benched into native soil, using non-expansive
granular materials, to rough finish grade, in 6"-8" lifts. This portion of the
fill should be controlled, tested and certified by a representative of the soil
engineer.

5. Preload the area using packed soil (need not be certified compacted).

6. Install settlement plates.

7. Monitor settlement until it reaches the estimated maximum settiement.

8. Remove the pre-loaded packed fill soils.

9. Excavate foundations in certified fill.

OBSERVATION DURING CONSTRUCTION

The presented recommendations in this report assume that all structural
. foundations will be established in properly compacted fill soils and the retaining wall
along the west property line will be supported through deep foundation (for Option No.
1) and “mat” foundation for Option No. 2. All foundation excavations (spread footings
and piles) should be observed by a representative of this office before reinforcing is
placed. It is essential to assure that all excavations are made at proper dimensions, are
established in the recommended bearing material and are free of loose and disturbed
soils.

Site grading work should be conducted under observation and testing by a
representative of this firm. All backfill soils should be properly compacted to at least 90
percent relative compaction. For proper scheduling, please notify this office at least 24

hours before any observation work is required.

APPLIED EARTH SCIENCES
12-388-02
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CLOSURE

The findings and recommendations presented in this report were based on the
results of our field and laboratory investigations combined with professional engineering
experience and judgment. The report was prepared in accordance with generally
accepted engineering principles and practice. We make no other warranty, either
express or implied.

It is noted that the conclusions and recommendations presented are based on
exploration "window" borings and excavations which is in conformance with accepted
engineering practice. Some variations of subsurface conditions are common between

"windows" and major variations are possible.

-000-
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The following Figures and Appendices are attached and complete this report:

Engineering Calculation Sheets Relating To Liquefaction
Site Plan - Drawing No. 1
Cross Section A-A’ (Option No. 1) - Drawing No. 2
Cross Section A-A” (Option No. 2) - Drawing No. 3
Figure No. 1 - Seismic Hazard Zone Map
Figure No. 2 - Regional Geologic Maps
Figure No. 3 - Site Location Map (Portion Of Thomas Bros. Maps)
Figure No. 4 -Site Location Map (Portion Of Assessor Maps)
Figure No. 5 - Seismic Hazard Zone Map {Peak Ground Acceleration For
Alluvium Conditions)
Figure No. 6 - Seismic Hazard Zone Map (Predominant Earthquake
Magnitude And Distance)
Figure No. 7 - Historically Highest Groundwater Contour Map
Appendix |-Method of Field Exploration
Figure Nos. I-1 through |-3
Appendix [[-Methods of Laboratory Testing
Direct Shear Test - Figure No. 1i-1
Consolidation Tests - Figure No. 1I-2

Respectfully submitted,
Applied Earth Sciences

Caro J. Minas, President,
Geotechnical Engineer
GE 601

CJIM/la

Distribution: (5)
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LIQUEFACTION ANALYSIS
12-388-02 SW Corner of Garfield Ave & Brookhurst S

Hole No.=2 Water Depth=6 ft Magnitude=6.9
Acceleration=.44qg

N-Value Unit Weight -pof Fines % Soll Description
i, o 20 0 20 0 100

(R SRR Y R A A IIHI!EH EHHEH ilii!

 siightly moist sity Sand with few grave

e T

¥

Grades to moist, brown silty clayey gravelly |
Sand
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.
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— 10

T

- 20

R rades lo race of sand

~(Grades (o black

— 30

"~ (3radea o irace of sand

- . T S
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[0 tl

SPT or BPT test
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LIQUEFACTION ANALYSIS

12-388-02 SW Corner of Garfield Ave & Brookhurst S

Hole No.=2 Water Depth=6 ft

Shear Stress Ratlo
0

Factor of Safety
01

Setflement

5 0fn) 1

Magnitude=6.9
Acceleration=.44g

Soll Description

fa1=1

TPETTTT

BT TTTIETT

$=0.13n.

CRR — OB5R fafwe
Shaded Zone has Liquefaction Potential

Saturated ews
Ungaturat,  eees

HTH  Fil slightty molst sty Sand with few gravel

i Gradés to compact, slightly molst, sifty Sand
with few gravel

i T Grades to molst, brown sifty clayey graveily
BlY  Sand

wet firm slity Clay

Grades to slightly sandy Clay

Grades to trace of sand

Grades o black

Grades lo trace of sand

Grades {o slightly sandy Clay

sandy Clay

sandy Clay

CivilTech Corporation Southwest Corner of Garfield Ave & Brookhurst St

Plate A-1
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LIQUEFACTION ANALYSIS SUMMARY

Copyright by CivilTech software
wew. civiTtech. com

ﬁ*%***%ﬁﬁ%%ﬁﬁ*ﬁ%*#ﬁ*ﬁ%w****ﬁ***wﬁﬁﬁﬁ*ﬂw**ﬁ%w%**#***ﬁﬁﬁﬁ%%#*ﬁ*ﬁﬁ*%ﬁﬁ%ﬁ*%#%*
To e fe e ol ek

Font: Courier New, Regular, Size 8 is recommended for this report,

Licensed to , 11/8/2012 4:24:53 pm

Input File Name: 6:\12-388-02 carfield Ave - Brookhurst St No.2.lig
Titie: 12-388-02 sw Corner of Gartield Ave & Brookhurst s
subtitler southwest Corner of Garfield Ave & Brookhurst st

surface glev. =

Hote Ng,=2

pepth of Hole= 31,00 ft .

water Table during Earthquake= 6.00 ft
Water Table during In-Situ Testing= 6.00 ft
Max. Acceleration= 0.44 g

Earthguake Magnitude= 6.90

Input Data:

Surface Elev.=

Hole Ng,=2

Depth of Hole=51.00 ft

water Table during Earthquake= 6.00 ft

water Table during In-situ Testing= 6.00 ft

Max. acceleration=0.44 ¢

Earthguake Magnitude=6.90

No-Liquefiable Soils: L, oL are Non-Lig. Soit

1. SPT or BPT cCalculation. . . .

2. Settlement Analysis Method: Ishihara / Yoshimine

3. Fines Correction for Liquefaction: stark/olson et al.*

4. Fine Correction for Settlement: Post Liquefaction

5. Settlement calculation in: ATl zones :

6. Hammer Energy Ratio, Ce = 1,2 i
7. Barehole Diameter, C _ Ch= 1 = o
g‘ sampling Method, Cs= 1

user request factor of safety (apply to CSR) ' User=s 1
Plot ane CSR curve (fsl=1)

10.Use Curve Smoothing: ves*

¥ Recommended Options

In-Situ Test Data: .
Depth  spT gamma  Fines
ft pef %

(.00 18.00  126.00 43.00
2.00 19.00  126.00 43.00
5.00 . 17.00 116.00 43.00
10.00  12.00 117.00 NoLig
15.00  10.00  119.00 NobLig
20.00  9.00 112,00 wNotig
25.00  16.00 114.00 NoLig
30.00  10.00  113.00 Nolig
35.00  17.00 111.00 Nolig
40.00 15.00  123.00 NoLig
45.00  1B.G0 120.00 Nolig

page 1

iﬁéﬁw&ﬁw&ﬁw**ﬂ#ﬁﬁ%**kﬁ*ﬂww*ﬁﬁﬁﬁﬁ%*#***%**%ﬁﬁﬁ#ﬁ*ﬁﬁ*ﬁ#ﬁﬁ*ﬁﬁ%&**ﬁ ’




Liguefy.sum
50.00 12,00 98.00 NelLig

Dutpur Results:
Settlement of Sarturated sandg=D.11 1in.
settlement of Unsaturared Sands=0.01 1in.
Total settlenent of Saturated and Unsaturated Sands=Q. 13 in.
Differential Settlement=0.063 to 0.083 in.

Depth CRRm {SRTs .5, S_.sat. S_dry s_all
- in. in. in.
(.00 2.48 (.29 5.00 0.11 0.01 0.13
2.G6 2.48 0.28 5.00 0.11 0.01 g.12
4.40 2. 48 .28 5.00 0.11 0.01 0.12
5.00 2.48 0.28 5.00 0.11 0.00 .11
8.00 G.40 0.32 1.24 0.08 0.00 0.08
10.60  2.00 .35 5.00 Q.00 0.00 .00
12,00 2.00 0.38 5.00 0,00 0.00 0.00
M4.00  2.00 .39 5.00 0.00 0.00 0.00
16,00 2.00 0.41 5.00 .00 0.00 0.00
18.00  2.00 0.42 5.00 0.00 0.00 0.00
20.00 2.00 (.43 5.00 0.00 .00 0.00
22.00 2.00 G. 44 5.00 0.00 0.00 (.00
24,00 2.00 0.45% 5.00 0.00 0,00 0.00
2600 2.00 0.45 5.00 0,00 .00 (.00
28.00 2.00 0.46 5.00 .00 £.00 0.00
30,00 2,00 (.46 5.00 0 0.00 . 0.00 0.00
32 .00 2. 00 .46 5.00 0.00 - 0.00 0.00
3400  2.00 0.46 5.00 0.00 (.00 .00
36.00  2.00 0.46 5.00 0.00 (.00 0.00
38.00 2.00 0.45 5.00 0.00 Q.00 0.00
40,00 2.00 0.45 5.00  0.00 0.00 0.460
42.60  2.00 0.44 5.00 0.00 .00 0.00.
4400  2.00 0.43 5.00 0.00 0.00 .00
46.00 2.90 0.43 5.00 0.00 0.00 0.00
48,00 2.00 - £.42 5.00 0.00 0.00 0. DO-f
SOVOO 2.00 0.42 5.00 0.00 .00 0.0

* F.s.<l, Liquefaction Potential Zone ER :
(F.s. is-Timited to 5, CRR i5 limited to 2, C5R is T?mﬁted to 2)

units: Unit: ge, fs, Stress or Pressure = atm (1. DSSltsf) “unit we1ght
pcf Depth = ft; Sett]emeﬁt = i,

L atm C(atmosphere) = 1 tsF (ton/Ft2)

CRRm Cyc11c resistance ratio from soils
B CSRst Cyclic stress rat1o induced by a given earthquake {with user
request. factor of safety)

F.5, Factor of safety against 11quefact10n F 5. mCRRmeSRsf

5.sat Settlement from saturated sands :

S dr settlement from Unsaturated sands -

s.al - Total Settlement from saturated and Unsaturated sands

NoLig No-Liquefy Soils” _

Page 2
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Reference: Portion of Seismic Hazard Zone Map of the Newport Quadrangle

SEISMIC HAZARD ZONES MAP
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Reference: Newport 7.5 Minute Quadrangle

REGIONAL GEOLOGIC MAP

Proposed Residential Care Facility Southwest Corner of Garfield Avenue and Brookhurst Street,
Huntington Beach, Califomia
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Reference: Newport 7.5 Minute Quadrangle

SEISMIC HAZARD MAP (Alluvium Conditions)
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SEISMIC HAZARD MAP (Predominant Earthquake)
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APPENDIX |
METHOD OF FIELD EXPLORATION

In order to define subsurface conditions two borings were drilled at the site. The
approximate locations of the borings with respect to the existing building are shown on
the enclosed Site Plan. The borings were extended to a maximum depth of about 51.5
feet below the existing grades. The borings were drilled with a hollow stem driiling
machine. The approximate locations of the drilled borings are shown on the enclosed
Site Plan.

Continuous iogs of the subsurface conditions, as encountered in the test borings,
were recorded during the field work and are presented on Figure Nos. I-1 and 1-2 within
this Appendix. These figures also show the number and approximate depths of each of
the recovered soil samples.

With hollow stem drilling, relatively undisturbed samples of the subsoil were
obtained by driving a steel sampler with successive drops of a 140-pound sampling
hammer free-falling a vertical distance of about 30 inches. The number of blows
required for one foot of samplef penetration was recorded at the time of drilling and are
shown on the log of exploratory borings. The relatively undisturbed soil samples were
retained in brass liner rings 2.5 inches in diameter and 1.0 inch in height.

Field investigation for this project were performed on October 3, 2012. The
materials excavated from the test borings were placed back and compacted upon
completion of the field work. Such materials may settle. The owner should periodically
inspect these areas and notify this office if the settlements create a hazard to person or

property.

APPLIED EARTH SCIENCES
12-388-02



BORING No. 1

DATE EXCAVATED: 10/03/12

LOGGED BY: RAFF|

= -

W - Q [

t ZE | 2 a w &
u 2 L = =
Ll oo RO | o = 5
= =i sl o i o o
= s Eg Zz [N =z -
E ag = | @ @ & A
o ol Qi G 2 ] &
wi 14 -0 = i) o w
o [=] TP & | < =
b S & m = g

MATERIAL DESCRIPTION

SAND
(EM)
128 7 |39 | 25 | (SM)

104 10 55 16 | CLAY
(SPT)| (CL)

87 | 35 | 94 | 9 | (CL)
10 |
| 86 3 1902 | 9 | (cLn
| (SPT)

74 42 95 5 cL)

15_| _
| 83 37 | 91 8 | (cL
N (SPT)

20 |
A 77 49 | 94 7 (CL)
B {BPT)

25—

75 52 | 94 | 7 | (CL)

(3P7T)

_ (SPT)
30 |
17 58 {07 | 8 | (CL)
/)

AFill: Moderately Compact, slightly moist, medium browr, sity,

few gravel.

Grades to compact, siightly moist, brown, silty, gravelly.

Stiff, moist, brown, sandy, silty clay,

Grades fo firm, very moist to wet, gray, silty, frace of sand,

Grades to slightly sandy, light gray with slighily organic black
pocket,

(srades {0 trace of sand.

/| Grades to siightly sandy.

(3rades to blue gray, trace of sand.

Grades {o black.

Grades fo black- gray.

LOG OF BORING

JOB NAME: SW Comer Of Garfield Avenue & Brookhurst Sfreet JOB No. 12-388.02

APPLIED EARTH SCIENCES

FIGURE NO : I-1.1
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DATE EXCAVATED; 10/03/12

BORING No. 1 (continued)

LOGGED BY: Raffi

— W 5 3
iz | 5z § 2| & g
Cle (B2l £| £ | 2
= [N a _ ‘
| &9 g§ 2 51 = % MATERIAL DESCRIPTION
H|E | dg|= | 8| B | E
a e | 5 & % Z
| / Continued from previsus page
35
4 78 47 97 9 (CL) Grades to trace of sand.
| {SPT)
40 |
- 8 M 78 1 (CL.)) GGrades {o sandy.
| {(SPT)
45
| 97 30 77 26 (CL) Grades to stiff.
_ {SPT)
50
12 26 | 30 | 24 ; SAND | Dense, wet, gray, silty, clayey, fine grained sand.
_ {(5PT)| (SM)
1 End of Boring @ 51 feet
Water @ 6 feet
JoB NAME: SW Corner Of Garfield Avenue & Brookhurst Street JOB No. 12-388-02
C:.;::i APPLIED EARTH SCIENCES FIGURE NO : I-1.2
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DATE EXCAVATED: 10/03/12

BORING No. 2

LOGGED BY; RAFFI

I ﬂ
= EE g 2
4] B = = e E g
ul = [T =
= i o ol .
= %) £z | 5| | | MATERIAL  DESCRIPTION
o i o % < Q E lo
sl | B2l g | 2| 5| %
| SAFHTE: Moderately Compact, slightly moist, medium brown, silty,
; few gravel.
119 g 43 23 Grades to compact, slightly mois!, brawn, silty, few
| gravel.
3]
.| 106 9 43 17 Grades to moist, brown, silty, clayey, gravelly.
| SPT | CLAY . )
(L) Firm, very maist to wet, gray, silty, slightly sandyclay
10_]
- 83 41 o8 10 | (CL) Grades to firm, wet, gray. trace of sand.
. SPT
15| , :
| 84 42 30 10 | (©L) Grades to slightly sandy, gray-black,
] SPT
20
4 n 59 | 97 9 (CL) Grades to trace of sand.
R (SPT)
25
4 13 56 94 16 (L) Grades to black,
N (SPT)
30
4 74 53 97 10 (CL) Grades to gray, trace of sand.
] (SPT) /

JOB NAME: SW Corner Of Garfield Avenue & Brookhurst Street

JOB No. 12-388-02

¢ ..~ APPLIED EARTH SCIENCES
S22 GEOTECHNICAL ENGINEERING CONSULTANTS

FIGURE NO ; 2.1




BORING No. 2 (continued)

DATE EXCAVATED: 10/03/12 LOGGED BY: Raffi
| o
W &) 6]
Bl z | 55| 8 o & 2
sl 2-| g3 & | - 5
= 19 I
2|8 &2 £l 2| 2| MATERIAL  DESCRIPTION
B & | 458 | 8| &£ | &
e TaE- = B é ‘E"‘
| / Continued from pravious page
35
4 72 54 82 17 (CL) Grades to slightly sandy.
_ (8PT)
40
— .87 41 84 15 (CL) Grades to firm, gray, sandy.
_ (SPT) :
45
4 90 a3 79 18 (CL) Grades to stiff.
_ (8PT)
50 | /
4 70 40 81 | 12 (CL) / Grades to slightly sandy.
| (5PT)
| End of Boring @ 51 feet
Water @ 6 feet
JOB NAME: 3W Comer Of Garligld Avenue & Braokhurst Streat JOR No. 12-388-02
% APPLIED EARTH SCIENCES FIGURE NO : 2.2
—"  GEQTECHNICAL ENGINEERING CONSULTANTS




GROUP
MAJOR  DIVISIONS SYMBOLS TYPICAL NAME
o
Ty Woll graded gravels, gravet - sand mixiures,
CLEAN litle or no fines.
GRAVELS
L fin
GRAVELS {Ltia or na fines) Potrly graded gravels or gravel-sand mixtures,
{Moara than 50% of litfi of ne fines,
coaras fraction i
LARGER than the
Na. 4 sicve size) GRAVELS 3 Silty gravals, gravel-aand-alit mixisras,
WITH FINES
{Appreciable amb.
GOARSE of finas) GC Clayey gravala, graval-aand-clay mixtires,
GRAINED
SOLS it Wall gradad sands, gravelly aands,
(More than 80% of CLEAN SANDS R Httie of nio fines.
material 8 LARGER {LItle o7 no finas) -
than No. 20D eleve )
L1F7) Paooedy graded sands or gravelly asnds,
! SANDS dttla or no fres, FEEY
(Mara than 50% of
COAMEY fraction i nERRE
SMALLER than the SANDS 3 14 5 SM Siky sants, sand-sit mixtures.
N, 4 siove size) WITHFINES bR -
{Appraciable am). 3
of finag) s 5C Ciayay aands, sand-siay mistares,
Orpanic slite and very fine aands, rock four,
ML slily or claysy fine aands or clayay
alits with alight plasticity.
BILTS AND GLAYS // clL Qrganic ghy of low to madiumt plasticity, gravelly clays,
{Liquid fimit LESS than 50) sandy ¢lays, silty clays, lean tays,
FINE
GRAINED .
oL Drganic silts and orgenic sty claya of low plagticity.
SOLS
{Mgrra than 50% of NN &
matorial is SMALLER NN MH Qrganic silts, micaceous or distomacacus fine
trltan)Nn. 2640 simve NN sandy or sitly soits, slaséo slite,
slza N R
SILTS AND CLAYS
[Ligid timit GREATER than 80} CH Crpanle clays ol high plaslicity, Eat slays,
#fié' QH Orgpanic elays of medium to high plasticity, prgsnis silts,
P
HIGHLY ORGANIC SOQILS Pt Paat and ather highly organic sot
BOUNDARY CLASSIFICATIONS:  Scisp ] af twa groups ane -]
ermmblowtiing of grove symbits.
PARTICLE SIZE LIMITS
BAND GRAVEL .
ST OR CLAY COBSLES BOULDERS
FING ! MEDIUM l COARSE FINE l COARRE
HO 0 Wy, &) AT Ky, & % o EES {1¥in.)

ATANTARD 3IEVEL 3I1IC

UNTFIED SOIL CLASSIFICATION SYSTEM

Propased Residertial Care Facility
Southwest Corner of Garfield Avenue &

Brookhurst Street, Huntington Beach, California JOB No.

JOB NAME :

12-2388-02
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APPENDIX i
LABORATORY TESTING PROCEDURES

Moisture Density

The moisture-density information provides a summary of soil consistency for
each stratum and can also provide a correlation between soils found on this site and
other nearby sites. The tests were performed using ASTM D 2216-04 Laboratory
Determination of water content Test Method. The dry unit weight and field moisture
content were determined for each undisturbed sample, and the results are shown on log

of exploratory borings.

Shear Tests ‘

Shear'y tests were made with a direct shear machine at a constant rate of sfrain.
-The machine is designed to test the materials without completely removing the samples
from the brass rings. The rate of shear was determined through determination of the
rate of consolidation of the foundation bearing materials. Considering that such soils
are fine grained in nature with a 190 value of less than 27 seconds, the rate of shearing
was selected as 0.005 inches per minute.

A range of normal stresses was applied vertically, and the shear strength was
progréssiveiy determined at each load in order to determine the internal angle of friction
and the cohesion. The tests were performed using ASTM D 3080-04 Laboratory Direct
Shear Test Method. The Ultimate shear strength results of direct shear tests are
presented on Figure No. lI-1 within this Appendix.

Consolidation

The apparatus used for the consolidation tests is designed to receive the
undisturbed brass ring of soil as it comes from the field. Loads were applied to the test
specimen in several increments, and the resulting deformations were recorded at time
intervals.  Porous stones were placed in contact with the top and bottom of the
specimen to permit the ready addition or release of water. ASTM D 2435-04 Laboratory
Consolidation Test Method.

Undisturbed specimens were tested at the field and added water conditions. The test

results are shown on Figure No. 1|-2 within this Appendix.
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CONSOLIDATION -- SWELL

(PERCENT OF SAMPLE HEIGHT)

PRESSURE IN KIPS PER SQUARE FOOT
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SWELL - CONSOLIDATION TESTS
Proposed Residential Care Facility
Southwest Corner of Garfield Avenue &
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IN KIPS / SQUARE FOOT

SHEAR STRENGTH

NORMAL STRESS IN KIPS/SQUARE FOOT

e——B-1 @75 G21° yd=88pef

—~BI@25| @18 Yd=[75pct
C =130 psf |W = 45% Before test

/ C=160psf W =41% Before test
e, Y I
pli‘;#,.ol"

1 2 3 4 5 6

C FIELD MOISTURE @ WATER ADDED

DIRECT SHEAR TESTS
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