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1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this investigation has been to define the limits of expansive soil
in the Southwood Riviera section of Torrance; determine the potential expansiv-
ity of soils within the study area; provide recommendations for construction of
additions to existing structures, and provide general remedial recommendations
for existing structures presently undergoing geotechnically related distress due to
expansive soil. ’

1.2 SCOPE OF SERVICES

The scope of work performed for this investigation included the following:

* Gathering and review of existing geotechnical engineering reports for the
study area;

* Logging and sampling of 13 test borings including collection of representative
soil samples for laboratory testing;

* Logging of 25 Cone Penetration Test locations;

* Laboratory testing of soil samples considered representative of those
encountered during field exploration;

* Engineering analyses of field and laboratory data to provide a basis for the
conclusions and recommendations presented herein;

*  Preparation of this report which includes: description of the field and
laboratory investigation and conclusions and recommendations based upon the
investigations performed.

1.3 STUDY AREA DESCRIPTION

The study area is known locally as the Southwood Riviera section of the City of
Torrance. The study area is bounded on the north by Lomita Boulevard and
Calle Mayor, on the east by Hawthorne Boulevard, on the west by public school
property (South High and Calle Mayor Middle Schools) and Anza Avenue, and
south by Pacific Coast Highway. The study area is illustrated on the Location
Map, Figure 1.

1.4 BACKGROUND

The Southwood Riviera section of Torrance was developed primarily during the
1960s and consists of portions of about 14 tracts. In 1978 the Building and
Safety Department declared the Southwood Riviera section a problem area and
began requiring soils investigations for new additions, pools and spas. This was
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in response to approximately ten years of complaints from homeowners about
expansive soil related damage.

In recent years a few homeowners and realtors selling property in the area
alleged that property has been devalued because the City has labeled the area a
"problem area" and placed expansive soil restrictions on construction within the
area. Therefore, the Southwood Riviera Homeowners Association requested the
City of Torrance for assistance in 1987 to have the City investigate the options
available for removing the "special” condition for the area. This study is a result
of that request.
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 FIELD INVESTIGATION

Subsurface conditions throughout Southwood Riviera were explored by drilling
13 test borings and 25 Core Penetration Tests (CPT). Approximate locations of
the borings and Cone Penetrometer tests are illustrated on the Expansive Soil
Study Area, Plate 1 (in pocket).

2.1.1 Drilling

The borings were drilled with truck-mounted, hollow-stem auger drilling
equipment. The borings were drilled to an approximate depth of 30 feet
each. A geologist logged each boring, performed in-situ testing and obtained
drive and bulk samples for visual examination and subsequent laboratory
testing. Drive and bulk samples were obtained by the following methods:

1. A 2.5-inch inside diameter (3.0-inch outside diameter) split barrel
sampler equipped with brass liner rings, driven by a 140-pound
hammer falling 30 inches.

2. A Standard Penetration Test (SPT), split spoon sampler driven by a

140-pound hammer falling 30 inches. B
The blow counts to drive the 2.5-inch split barrel sampler with the 140-
pound hammer were noted on the logs only as indications of relative driving
resistance in the various layers and are not Standard Penetration Test ("N")
values. The Standard Penetration Test ("N") values were obtained with the
Standard Split Spoon Sampler; these values are also shown on the logs. A
description of the Unified Soil Classification system used to classify the soils
is presented on Plate Al in Appendix A. Boring logs are presented on Plates
B-1 through B-13.

2.1.2 Cone Penetration Testing (CPT)

Cone Penetration Testing (CPT) was performed to verify the uniformity of
soil conditions between borings. Cone Penetrometer Testing provides quick
and economical means of verifying uniformity of soil conditions between
widely spaced borings.

The Cone Penetrometer is an in-situ soil testing device. Testing is performed
by hydraulically pushing a combination mechanical and electric cone (angle
of 60 degrees) into the soil. A computer monitors tip resistance and sleeve
friction as the cone is pushed. Information gathered during pushing is inter-
preted by computer and a soil profile log is generated. Cone penetration logs
are presented in Appendix C, Plates C-1 through C-52. '
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2.2 LABORATORY TESTING

All soil samples obtained during drilling were re-examined in the laboratory to
confirm field soil classifications and to select samples for testing. The testing
program included the determination of moisturé content, dry density, particle
size analysis, strength (direct shear) and settlement characteristics, expansion and
swell characteristics, chemical testing, and R-value testing. An explanation of
the laboratory procedures is presented in Appendix D to this report. A summary
of laboratory test results are presented in Appendix E, Tables El through E4.
Illustrations of some of the test performed are presented in Appendix E, Plates
E1l through E43.
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3.0 GEOLOGY

To aid in understanding the Southwood Riviera section of Torrance, a brief look
at the geology is important.

3.1 GEOLOGY OF SOUTHWOOD RIVIERA

The Southwood Riviera section is situated just north of the Palos Verdes
Peninsula which, over the past approximately one to three million years, has
lifted up out of the sea. Up until about one hundred thousand years ago the
peninsula was an island, a member of the Channel Islands chain. Over a period
of thousands of years, sedimentation within the Los Angeles basin from the Palos
Verdes area and areas north, gradually closed the channel formerly separating the
Palos Verdes area from the mainland.

Upon review of old maps and aerial photographs taken after the turn of the
century, one finds that the Southwood Riviera area is situated at the westerly
extension of a former wetlands area. The wetlands extended originally south-
easterly from the study area to the Wilmington area. Some of the area has been
described as the Bixby Slough or Walteria Lake. The wetlands area was the final
link in the land bridge which joined the Los Angeles area to the Palos Verdes
Peninsula. Typical of most wetlands is very slow moving water often described
as swampy conditions. In those areas, soil is deposited very slowly. Only the
finest soil particles can travel in the slow moving water. As such, considerable
clay soil was deposited in a broad band through the Torrance Airport area and
toward the harbor.

In virtually all of investigations conducted by this consultant in this area, highly
plastic, silty clay material has been-encountered. The material is typically dark
gray to black in color with occasional traces of organics. Where the material is
on the moist to dry side, it is quite stiff. Where the soil is wet, it is generally
soft. At depth, soil conditions vary from clayey to silty and sandy. In areas
west and north of the site, sandy conditions predominate. To the south is the
Palos Verdes Peninsula. East of the study area similar clay soil conditions are
typically encountered.

3.2 SOILS WITHIN THE STUDY AREA

Study of the Southwood Riviera section of Torrance reveals that the most
significant aspect of the soil is the highly to critically expansive character. Tests
performed for this study indicate this area has some of the most expansive soils
encountered by this consultant in Southern California. To place the level of
expansivity in perspective, reference is made to the Uniform Building Code
(UBC) categorizations of expansive soil in Table 29-C and D. In that table, soil
possessing an Expansion Index value (E.IL test per U.B.C. Standard 29-2) between
91-130 defines the category "High". An average soil in the study area has an
index value about twice as high.
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Soil with a significant clay fraction tends to possess expansive characteristics.
Expansive soil heaves when water is introduced and shrinks as it dries. Pressures
produced by heaving soil can be large enough to lift most buildings. Slabs over
expansive soils are often said to "walk" as a result of expansive soil movement.
This process generally tends to increase separation of slab joints and/or cause
exterior improvements such as patios, originally abutting structures, to separate.
Expansive soils can also cause cracking of slabs and foundations.

Expansive soil tends to be active near the ground surface. The actual depth
varies with specific material type and environmental differences. To reduce the
effect of expansive soil on surface structures, foundation systems are usually
deepened. Slabs and foundations are usually reinforced to increase their
resistance to differential movement. It is usually suggested in planning yard
improvements and a landscape theme, that maintaining uniform moisture condi-
tions around isolated individual structures is desirable. Preferably, soil should be
kept on the moist side without allowing ponding. Since water tends to migrate
under slab areas, saturation of the slab subgrade is usually recommended prior to
placement of slab concrete. Placing trees within about ten feet of the structures
is not desirable because they tend to extract water. Large trees or even small to
medium size trees with invasive root systems should be kept at even greater
distance.
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4.0 EXPANSIVE SOIL
4.1 EXPANSIVE SOIL: A CLOSER LOOK

We know from the previous sections of this report that (a) the clay soils were
deposited in slow moving water, and (b) the soils in the study area are critically
expansive. To understand why clay soils shrink and expand, a closer look at clay
particles should be taken.

4.1.1 Clay

Clay can be defined as a finely divided crystalline material. Clay particles
usually exist as thin flakes but may be tube or fiber shaped depending upon
molecular geometry and composition. Most commonly, clay crystals consist
of atomic sheets of silica and aluminum stacked together to form plates.
Hydrogen atoms hold the plates together. The various configurations of silica
and aluminum stacked together produce three common clay types.

The three common clay types are Kaolinite, Illite, and Montmorillonite.
Montmorillonites and blends of soil containing montmorillonites tend to be
the most problematic of the three mineral types. The predominant clay
mineral in the Southwood Riviera section of Torrance is Montmorillonites.

4.1.2 Forces Between Clay Particles

To understand why clay swells and shrinks, it must be realized that forces
exist between clay particles. These forces tend to attract particles together
and push particles apart. A clay particle could be compared to a common bar
magnet. A clay soil could be represented by a large bin of bar magnets.
Within the bin of magnets there would be a simultaneous attraction and
repulsion between each individual magnet.

4.2 SOIL YOLUME CHANGE

As stated in the above paragraphs, expansive soils shrink when dry and expand
when wet. Clay soils shrink and expand due to surface tension in the water
between clay particles. As tension increases with drying due to evaporation, clay
soils shrink. However, there is a point at which time shrinkage stops even with
further reduction of moisture. The moisture content at which no further
shrinkage occurs is known as the shrinkage limit.

Clay soil expands with the addition of moisture because additional moisture
reduces surface tension between individual clay particles. The reduction of
surface tension allows expansion of the distance between particles producing
increase in volume.

It should be understood the above explanation for volume change in soil is
greatly simplified. A detailed explanation of mechanisms for soil volume change
would include a study in physics, chemistry, and mechanics.
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5.0 DISTRESS DUE TO EXPANSIVE SOIL

The National Research Council has reported that the annual economic loss by
swelling soils exceeds the total of all other losses from natural disasters, including
landslides, permafrost, subsidence, frost action, rock deformation, earthquakes,
and volcanos. In the United States alone, annual economic loss from swelling soil
is estimated in the billions. Expansive soil losses, however, are generally less
than dramatic compared to those of other natural disasters. The adverse impact
of expansive soil is insidious. Expansive soil can produce direct adverse
influence. Wetting and drying periods produce cyclic stresses which progres-
sively deteriorate improvements over a period of years. Expansive soil action can
directly influence foundations and slabs as well as earth pressures imposed on
retaining structures. Expansive soil action can also significantly aggravate the
tendency for slopes to yield and the tendency for surficial slope instability to
develop.

Figures 2 through 6 illustrate some of the more common types of distress features
observed. As will be seen from the illustrations, distress features can manifest in
many different ways.

5.1 COMMONLY OBSERVED EXPANSIVE SOIL DISTRESS

This section presents some of the more commonly observed stress features
produced by expansive soil.

5.1.1 Expansive Soil Foundation Settlement

Even though swelling pressures can be easily high enough to lift most build-
ings, settlement is frequently the long term affect. The process sometimes
referred to as progressive settlement is described in Figure 2. During wet
cycles soil particles under a building move laterally since lateral confinement
is lower than that vertical pressure produced by the footing. Since the
concentration of soil particles under the footing is decreased, the dry cycle
results in subsidence. This process can produce significant settlement but
depends on significant moisture changes as the driving mechanism.

The progressive settlement process is more pronounced in raised wood floor
construction than for slabs-on-grade since there is no soil confinement on
either side of the foundation. Commonly, foundation rotation and pier
rotation also result from the progressive settlement process. As illustrated in
Figure 3, cracking may also develop in the stucco at the foundation/framing
interface.

5.1.2 House on Expansive Soil

Figure 4 illustrates possible behavior of a structure on expansive soil when

poor drainage and large trees are present. In this case, both settlement and
expansion are affecting the structure. Figure 4 illustrates the importance of
keeping trees as far as possible from structures.
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5.13

Crack Patterns Due to Expansive Soil

Expansive soil distress can sometimes be diagnosed by observation of
commonly occurring crack patterns. Figure 5 illustrates some of the more
common crack patterns which become apparent in stucco and masonry. The
cracks occur where tensile stresses develop. Concrete, stucco, and masonry
are quite strong in compression but weak in tension.

Slab Cracking

Along with common exterior wall cracking, cracks in patios and interior slabs
display common patterns. Figure 6 illustrates these common crack patterns.
Cracks commonly will occur across the central portions of large slab areas.
Tension is induced in the slab by heave in the central portion of the slab.
Parallel to the edges of the building, separations will develop as the founda-
tions are pushed outward while the main slab area moves up in response to
the subgrade heave.
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6.0 CONCLUSIONS
6.1 The conclusions in this report are based upon information provided, information

gathered, field exploration, laboratory testing, geotechnical evaluation, experience
and judgment.

Based upon our field and laboratory investigation, it is our conclusion the clay
soils within the Southwood Riviera section of Torrance are very high" to
extremely highly expansive. Nothing in this investigation, previous investigations
by American Geotechnical, or investigations by other consultants reviewed by
this consultant, indicate any other conclusion could be drawn. As can be seen by
the Swell/Pressure Diagram, Figure 7; the Plasticity Summary, Figure 8,
Summary of Laboratory Test Results, Tables E1 through E4; and individual
Swell/Pressure Diagrams, Plates E2 through E27, the expansion potential for the
soil within the Southwood Riviera tract are extremely high. The results of
Expansion Index tests performed for this study are presented below. The results
are followed by the Uniform Building code classification for expansive soil. The
classification is based upon the soils Expansion Index.

TABLE 6A
Expansion Test Results
(UBC Test Standard 29-2)

Boring No. Expansion Index (EI)

132
168
222
244
313
204
0 82
1 211
1
2

[ L N I R |
— o O ] N AN

247
237

wwwwgumwwmw

i

Average E.I. = 206

"Very High" terminology per U.B.C., see Table 6B; "Critical" terminology per HUD,
see Figure 7; "Extremely High" terminology represents conditions substantially above
the boundaries of very high or critical per U.B.C. or HUD criteria, respectively.
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TABLE 6B
Classification of Expansive Soil
(Uniform Building Code Table 29-C)

Expansion Index " Potential Expansion
0-20 Very low
21-50 Low
51-90 Medium
91-130 High
Above 130 Very high

As stated earlier, these values include some of the highest Expansion Indexes
ever seen by this consultant. Qur experience base extends over 16 years in the
South Bay area but also includes other Southern California areas such as Ventura,
Orange, and San Diego counties. On average, the results of these tests are about
twice the value the Uniform Building Code would ordinarily categorize as high
to very high. Accordingly, the City of Torrance 1s justified in their requirement
of special soil investigation and controls on construction in this extremely high
expansive soil area. Test data does indicate locally more favorable conditions as
can be seen in Figure 8 test results. The frequency of occurrence of the extreme
conditions, however, is sufficiently high to justify prescriptive foundation design
criteria unless specific studies are conducted by property owners to justify lower
criteria on any particular lot.
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7.0 BUILDING ON EXPANSIVE SOIL
7.1 IDENTIFY THE PROBLEMS

7.2

7.2.1

The most desirable first step in mitigating against expansive soil problems is to,
whenever possible, hire a geotechnical engineer experienced in the area. That
engineer should conduct a soil engineering investigation to delineate the site soil
and geologic environment. A site investigation should be conducted including
subsurface investigation for the purpose of identifying the soil and geologic
environment as well as to recover samples for subsequent laboratory use in
conducting specific swell tests. This effort would be directed to determining the
overall level of expansivity for the site.

In conjunction with site investigation, the development concept should be well
understood by the geotechnical consultant. Whenever possible, plans, even
though preliminary, should be forwarded to the geotechnical consultant for
review and analysis. Along with preliminary plans, the soil engineer finds useful
information regarding anticipated foundation and slab loading conditions. The
approximate distribution and type of appurtenances should also be delineated
along with a plan indicating the desired landscape environment for the project.
With the information described above, the geotechnical consultant can conduct a
risk assessment for the project with respect to expansive soil conditions. From
that assessment, treatment options would be available for actual construction of
foundation systems and other improvements. Along with the alternatives, the soil
engineer will usually provide specific, minimum recommendations for founda-
tion, slab, and/or soil treatment.

As a second best alternative to a site specific soil study, prescriptive standards
can be developed for a given area which are based upon a general study of the
area. Prescriptive standards are necessarily more restrictive on average than
recommendations which are based upon site specific study. Prescriptive
standards must address the above average conditions which might reasonably
occur. For this project, prescriptive standards are presented in Section 9.0 of
this ‘report. In dealing with expansive soil, various soil and structural procedures
are available. The more common procedures are described in the following
report sections.

SOIL TREATMENT PROCEDURES

Removal

The most positive way to treat expansive soil is to simply excavate the soil
and remove it from the site. The removed soil could then be replaced with
nonexpansive soil or soil with low expansion potential. Depending on the
level of expansivity, approximately four to six feet of soil would be required
below finished grade. This treatment, although theoretically most desirable,
as a practical matter is seldom adopted. Usually there are insufficient
quantities of nonexpansive soil that can be obtained and transported at
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reasonable cost to a project. As such, expansive soil is ordinarily utilized on
site, and other procedures are adopted to mitigate against damage.

7.2.2 Compaction Control

One construction procedure sometimes adopted is special compaction control.
Ordinarily soil is compacted to the code minimum, 90% relative compaction.
Expansive soil at this level of compaction has more damage potential in most
cases than expansive soil placed at a lower level of compaction. For this
reason, a lower compaction level is sometimes specified by the soils
engineering in some cases and approved by the governing agencies’ use in the
upper three to five feet of an expansive soil site. A problem with this
procedure is the fact that the desirable degree of compaction could be less
than the code specified minimum. When compaction control is being
considered for expansive soil treatment, a site specific soil study is essential.
If the concept is approved by the City, careful field control of compaction
and -moisture is also essential.

7.2.3 Prewetting

A procedure which produces an effect somewhat similar to compaction
control is prewetting. Since clay soil tends to heave when moisture is intro-
duced, the objective of prewetting is to induce as much swell as practical
prior to the completion of construction so that future swell potential is
minimized. Associated with prewetting, there are usually other measures
such as the placement of moisture membranes and deep perimeter footings to
serve as cutoff walls which limit moisture variations.

724 Chemical Stabilization

Chemical stabilization is an approach which has been used primarily for
compacted fill. By blending in lime or cement, the plasticity and expansivity
of clay are reduced. Prior to adopting this method, the clay soil should be
tested in the laboratory for the effectiveness of lime or cement stabilization.
Different soil responds differently to these stabilization methods. The
laboratory testing would be directed towards identifying the general accept-
ability of the procedure, and to aid in the development of specific project '
specifications. In utilizing chemical stabilization procedures, special control
has to be exercised in the field in order to achieve desired chemical additive
contents as well as thorough mixing and compaction.

In some cases, chemical stabilization procedures had been applied to in-place
soil. These attempts generally involve drilling injection holes followed by
actual injection of lime slurry into the clay mass. Since clay tends to be
relatively impermeable, it can be quite difficult achieving successful results.
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7.3 STRUCTURAL TREATMENT PROCEDURES

7.3.1 Heavy Conventional Foundation System

The most popular approach to treatment of expansive soil is the utilization of
a heavy conventional slab and foundation system. Deeper and moderate to
heavily reinforced continuous footings are provided to develop stiffness and
resistance to differential movement resulting from expansive soil. Footings
on the exterior of a structure also provide a cutoff wall which limits future
moisture exchanges between the exterior and interior. Slabs are usually
thicker than conventional slabs and contain moderate to heavy steel rein-
forcement. A rock subgrade is typically placed below the slab on top of
which a plastic moisture barrier is added to limit interior moisture migration.

In tract developments, contractors or developers will commonly utilize some
of the other structural treatments presented below since, on a large scale
basis, economy can sometimes be achieved. On an individual lot, a heavy
conventional slab and foundation system is usually adopted.

7.3.2 Rigid Reinforced Slab-on-Grade

A rigid reinforced slab-on-grade can be constructed either utilizing conven-
tional reinforcement techniques or by utilizing post-tensioned designed
systems. The slab usually is of a higher level of structural integrity than that
described for the conventional construction process. Along with a perimeter
grade beam, there are crisscrossing interior grade beams which serve as
stiffeners rather than specific footings. When post-tensioned construction
techniques are employed, high strength steel cables are placed through the
slab and stiffener system. The cables, following initial curing of the
concrete, are tightened which puts the entire foundation system in a state of
compression. Since concrete is quite strong in compression, the result is a
very stiff foundation. Because of the crisscrossing nature of the stiffeners
under the structural slab, the system is sometimes referred to as a waffle-type
rigid slab construction.

7.3.3 Mat Foundation

A mat foundation system is quite similar to a rigid reinforced slab on grade,
but instead of utilizing a system of structural slab and grade beam stiffeners,
a slab of generally uniform thickness is utilized. For example, the total slab
thickness might range from 12 to 16 inches depending on site soil conditions
and structural considerations. The thick slab would probably be reinforced
with two mats of steel each containing about No. 7 bars at a relatively close
spacing in both directions. Although more concrete and steel is utilized for
mat construction in comparison to waffle-type slabs, cost savings associated
with simple detailing often is greater than the additional material cost expen-
ditures.
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7.3.4

Drill Pier and Grade Beam Construction

Drill pier and grade beam construction is generally applied to the most severe
cases of expansive soil. In this method the proposed structure is supported on
a structural slab which transfers structural loads to a depth wherein expansive
soil conditions are at equilibrium and are expected to stay at equilibrium by a
system of drilled piers. These piers may extend 10, 15 or even 20 feet below
the ground surface in areas of critical concern. Underneath both the grade
beams and the structural slab, construction requires a relatively compressible
material to be placed which would allow the subgrade to heave in the future
without damaging the slab or grade beam system. Although various methods
have been utilized in the past, one convenient method to produce this com-
pressible layer is the use of corrugated cardboard built-up into a section of a
few inches thick. At the time of construction, the cardboard has sufficient
rigidity to allow for placement of the concrete without crushing. After the
cardboard is in place for awhile, the natural introduction of moisture softens
the -cardboard which then allows subgrade heave without adverse structural
influence.

7.4 OTHER CONSIDERATIONS

7.4.1

Construction Detailing of Appurtenances

Usually greatest attention with respect to expansive soil resistance is given to
the main structure (i.e., the critical structure). Frequently upon assessing
costs, benefits, and risks, substantially less attention is paid to appurtenant
structures. The greater risk associated with the long term performance is
offset by lower initial cost. Nonetheless, attention paid to appurtenant
detailing can substantially reduce distress. Two structural concepts are
available. The first, continuity/rigidity; and the second, separa-
tion/flexibility. As suggested, appurtenant facilities can be made structurally
continuous and provided with rigidity similar to the main structure. This
type of detailing is essential when relatively rigid veneers such as tile
surfacing extend from the main structure to appurtenant areas. Providing
continuity/rigidity is generally more expensive than the alternative,
separation/flexibility. For a flexible system, a positive separation is usually
provided between the main structure and appurtenances. Where it is
architecturally feasible, a moderate to large separation is provided wherein
differential movements between the independent structures is not readily
apparent. Where relative closeness of the appurtenance to the main structure
is desired, some continuity is generally provided by extending steel reinforc-
ing dowels between the rigid structure and the appurtenance. To separate the
appurtenance from the main structure, foam material or fiber joint material
is added. This treatment, upon completion, will allow for some flexibility of
the appurtenance without distress at the joint.
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7.4.2 Moisture Control

In expansive soil it is desirable to maintain moisture conditions as uniform as
possible. Generally, on top of structural considerations, it is recommended
that drainage be maintained away from structures to approved disposal areas.
Good drainage is generally recommended to prevent ponding. Although good
structural design anticipates increase in moisture, ponding is an aggravating
factor which should be avoided. Moisture barriers are also utilized in an
attempt to maintain moisture conditions as uniform as practical. Moisture
barriers are usually plastic membranes placed under slabs and at depth to
isolate the soil conditions supporting the main structure or appurtenance.
Under an appurtenance, moisture barriers are most effective when they
extend several feet beyond the limits of the appurtenance. Generally, the
moisture barrier is placed one to two inches below the slab-on-grade
concrete. One or two inches of sand is placed as a protective barrier and to
aid in concrete curing. Beyond the edges of the appurtenance, the moisture
barrter would be deepened to allow landscape fill to be placed. The actual
limit of moisture barrier extension beyond the flatwork would vary with site
specific conditions, but on the order of six feet is desirable.

7.4.3 Landscape Assessment

Of significant consideration in an expansive soil environment is the landscape
scheme. As indicated earlier in this report, moderate to large trees can be of
significant adverse influence when placed too close to a structure founded in
expansive soil. Some varieties of trees are more problematic than others.
Trees with invasive root systems pose the greatest threat. Where trees are
desirable in relatively close proximity to a structure, careful planning should
be conducted by the landscape architect to identify the most desirable tree
varieties that fit both the development concept and expansive soil conditions.
In the event that a particularly problematic tree variety is selected, special
construction techniques can be employed to minimize the influence of the
tree on the foundation system. To a lesser extent, smaller shrubs and ground
covers can also influence expansive soil behavior. Trees and shrubs can be
evaluated by a landscape architect/nurseryman familiar with planting in an
expansive soil environment.

7.5 RISK ASSESSMENT

7.5.1 General

For each project, site soil environment should be evaluated in relation to the
proposed development. Risk associated with existing site soil conditions
and/or anticipated soil conditions should be delineated. Generally, highest
risk is associated with the highest level of soil expansivity. The nature of the
development itself may tend to mitigate inherent risks, or increase risks.
Consideration should be given to the level of acceptable risk associated with
the primary structure and for the appurtenances. In essence, a cost, benefit,
risk analysis would be conducted. Usually least risk is associated with the
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main structure, and more risk associated with the appurtenances. The higher
risk for appurtenance damage is sometimes offset by lower initial cost.

7.5.2 Primary Treatment

Primary treatment can either be a soil treatment or structural treatment.
Primary treatment is that treatment which offers the greatest resistance for
expansive soil damage. A soil treatment might consist of removal and
replacement with nonexpansive soil or chemical stabilization. Various
structural treatments are also available as were previously discussed. Usually
the primary treatment consists of a structural treatment such as a heavy
conventional slab and foundation system.

7.5.3 Secondary Treatment

Secondary treatments are usually employed to provide limited protection
against expansive soil damage. An example of a secondary treatment would
be a suitably designed flexible joint between a main structure and
appurtenance exterior slab. Another example of a secondary treatment would
be the utilization of moisture barriers to modulate moisture changes and
thereby reduce expansive soil damage.

7.54 Tertiary Treatment

Every plan for development should also include tertiary treatments. Although
less benefit is associated with tertiary treatment, so is substantially reduced
cost. Tertiary treatments include proper drainage, sometimes the provision of
roof gutters and downspouts, and design of the landscape system.

7.6 TORRANCE PROJECT CONSIDERATIONS

Objectives for this study have included the development of recommendations for
treatment of existing distressed buildings and provide suitable, general foundation
recommendations for additions to existing residential structures. In both cases, a
significant constraint is the prior existence of structures with foundation systems
with varying levels of resistance to expansive soil problems. As such, practicality
limits the available primary treatment alternatives. Structural mat foundations,
rigid waffle foundations, and deep pier and grade beam foundation systems
require special structural design on a case-by-case basis. Since an objective of
this study is to provide general recommendations, the foregoing cannot reason-
ably be offered as treatments within the study area. For existing structures, it
would similarly not be practical to recommend soil treatment such as removal and
replacement of existing expansive soil. Accordingly, the general recom-
mendations for treatment in the study area will include prescriptive construction
standards and other specific details for use in design and construction of
conventional foundation systems.
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8.0 SUMMARY OF FINDINGS
8.1 GEOLOGY

8.2

The study area is just north of the Palos Verdes Peninsula and east of a gently
sloping sand bluff along Redondo Beach and southwest Torrance. The site soil
consists of very fine grained alluvial sediments. Until approximately the turn of
the century, the study area was characterized by swamp or marshy conditions
which represented the westerlymost extension of the Bixby slough. The only
remaining wetland element of the Bixby slough is Harbor Lake located southeast
of the intersection of Pacific Coast Highway and Vermont Avenue.

No active faults are known to extend through the study area, however, the Palos
Verdes fault trending from southeast to northwest is projected to lie near the
foot of the peninsula not far south of the study area. The Palos Verdes fault has
historically produced relatively small earthquakes. The fault is not categorized as
active by some since there is no surface ground rupture known to be associated
with an earthquake in the past 10,000 years. State geologists categorize the Palos
Verdes fault as "potentially active." Like most areas in Southern California,
moderate to strong ground shaking can be expected during the remaining life of
the residential development in the area. Moderate to strong ground shaking
might occur along any number of regional faults such as the Newport-Inglewood
fault zone, the San Andreas fault zone, or even the Palos Verdes fault. It should
be kept in mind by homeowners that even if all applicable code criteria are
incorporated into construction, the possibility of damage resulting from a strong
earthquake cannot be ruled out. This possibility is the same for essentially all
homesites in Southern California.

SOIL CONDITIONS

Soil conditions, within the study area, are characterized by relatively uniform
deposits of dark brown to black, highly plastic clay. The depths of the clay
deposits vary, but overall extend from about five to twenty feet below existing
ground surface. With development in the area, and associated minor cutting and
filling, surface conditions vary. In some cases, relatively thin layers of sand
exist. Nonetheless, virtually without exception, highly plastic clays can be
expected at shallow depths. At greater depth, sand and clay blends are
encountered. The highly plastic clay is believed to be rich in montmorillonite
clay minerals. This mineral is the most problematic of clay minerals. The clay
soil in the study area exhibits critically expansive characteristics. Expansion
potential is about twice as high as described for the "high" category presented in
Uniform Building Code Table 29-C. Remolded samples compacted to 90% of the
laboratory maximum density were found to exhibit, under low confinement, as
much as about 40% increase in volume when measured from air dried to
saturated conditions.
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8.3

8.4

8.5

EXISTING CONSTRUCTION

Existing construction in the area consists of primarily residential dwellings
constructed in the 1960’s with both raised wood floor and slab-on-grade
construction. In many cases, homes combine both foundation types. Although
many homes in the area have performed well to date, numerous homes have also
experienced moderate to severe distress resulting from the expansive soil con-
ditions. Distress conditions are characterized by slab heave, slab and foundation
cracks, and overall floor tilt. Corresponding to the foundation deformation is
interior wall and stucco cracking. Appurtenant flatwork, patio, garden walls,
property line walls, etc., have been moderately to severely affected by expansive
soil action. In the absence of mitigating measures (as presented in Section 9.2,
Part II), further damage can be expected in the area. Experience has
demonstrated that homes without adequate foundation design will gradually lose
their capacity to resist damage. In some cases, homes without much evidence of
damage will, after several years, deteriorate in rapid fashion.

FUTURE CONSTRUCTION

Since the area is almost entirely developed, future construction in the area is
expected to consist of primarily home additions, appurtenant flatwork
reconstruction, and restoration for distressed conditions. Various other improve-
ments could be proposed such as pools or spas.

FOUNDATION TREATMENTS

For building on expansive soil, various treatments are available such as have been
described in Report Section 7.0. As discussed in that section, practical limita-
tions exist when dealing with existing construction. As such, repair recommen-
dations presented in the following section for use as prescriptive construction
standards will be limited to conventional foundation construction. Other
treatments are available but would require site specific geotechnical studies as
well as structural engineering consulting. Generally, weighing costs, benefits,
and risks, it is this consultant’s opinion that providing heavy conventional slab
and foundation detailing is the best approach as an alternative that the City of
Torrance could accept in developing general prescriptive construction standards
for the study area.
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9.0 RECOMMENDATIONS FOR PRESCRIPTIVE CONSTRUCTION STANDARDS

Recommendations will be presented in three parts. Part I will consist of founda-
tion recommendations for new additions. Part II will provide remedial recom-
mendations for existing structures undergoing expansive soil related distress. Part
III presents recommendations for various appurtenances. All recommendations
provided herein are based upon the findings of the investigation, experience and
judgment. The recommendations should be considered minimums to be generally
applied throughout the study area without further site-specific investigation.

The adoption of these recommendations should result in very low risk of future
problems with "main structures” and low to ordinary risk for details associated
with appurtenances. Lower risk can be attained if more rigorous criteria are
adopted. Some risk would remain regardless of the criteria adopted which is
always the case. If homeowners elect to retain geotechnical professionals to
conduct site-specific investigations, it is possible that less rigorous recommenda-
tions could result.

9.1 PART I - NEW ADDITIONS

9.1.1 Earthwork: Although only minor grading is anticipated in conjunction with
any new additions, adherence to code requirements and the following grading
guidelines is recommended. Prior to the start of any grading operations,
utility lines within the project area should be located and-marked in the field
so they can be rerouted or protected during site development. All debris and
perishable material should be removed from the site. The area of site
preparation should extend at least five feet beyond the limits of improve-
ments. Where excavation and grading is conducted it should be done in
accordance with good construction practice, minimum code requirements, and
the geotechnical guidelines for grading projects which have been included in
Appendix F of this report. Where excavations deeper than five feet are
made, temporary construction slopes should be no steeper than 1:1 (horizontal
to vertical). Temporary construction slopes, sheeting, and bracing should be
provided by the contractor as necessary to protect workers in the excavation.
Where excavations undermine existing improvements (i.e., 1.5:1 horizontal to
vertical projection of the side of the existing improvement), temporary
structural support should be considered to reduce risk of damage. Slot-
cutting is another technique which can be employed to reduce the risk of
damage resulting from undercutting. Permanent cut and fill slopes should not
be constructed steeper than 2:1.

Prior to placement of any fill, existing fill and disturbed natural soil should
be removed to expose firm natural ground. New fill should be placed in thin
lifts and moisture content adjusted to above optimum by about two to four
percent. Fill should be compacted to 90% of the laboratory maximum density
unless otherwise recommended by a geotechnical consultant.
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5.1.2

Foundation Design

Proposed additions within Southwood Riviera can be supported by conven-
tional, continuous spread footings founded in natural silty clay or
recompacted fill. Isolated pad foundations should not be used. Footings
should be designed in accordance with the following criteria:

Minimum depth (measured from lowest adjacent compacted

grade)
a) exterior footings and interior footings under

raised wood floors 5.0 feet
b) interior footings confined by slabs-on-grade 4.0 feet
Minimum width 1.5 feet

Allowable bearing pressure (net at minimum depths specified)

a) sustained loads 1500 pounds per
square foot (psf)

b) total loads (including wind or seismic) 2000 psf

Resistance to lateral loads
a) passive soil resistance within firm natural or compacted
fill confined by slab design per Section 9.1.3. For any
other condition project the recommended distribution
from the surface but ignore above a depth of
three feet.) 200 pounds per
cubic foot (pcf)

b. Coefficient of sliding friction 0.30

The allowable bearing pressures are for dead plus long term live loads and
include a factor-of-safety of at least 3.0.

Footings can be designed to resist lateral loads by using a combination of
sliding friction and passive resistance in properly compacted fill or natural
soil. The coefficient of friction should be applied to dead load forces only.

Foundations constructed in accordance with the preceding recommendations
are expected to settle approximately one inch. Between adjacent, similarly
loaded footings, a maximum differential settlement of about 1/2-inch is
anticipated.
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9.13 Slab-On-Grade

If encountered, all existing fill or disturbed natural soil in slab areas should be
removed and replaced as compacted fill as provided for in Section 9.1.1. Over
the firm natural or compacted subgrade, provisions should be made for about
12 inches of clean, preferably crushed rock (e.g., one inch concrete aggregate or
similar). )

On the soil subgrade a continuous layer of "Mirafi-140, Supac 4P, Trevira
1114", or similar geofabric should be placed with at least one foot overlaps at
splices. An approximately six inch layer of the above recommended rock
should be placed over the fabric layer then compacted to an unyielding
condition by light tamping with a vibrating sled or a drum roller.

Within the confinement of perimeter footings and after placement of the first
six inches of rock, the soil subgrade should be thoroughly presaturated by
flooding. The first layer of rock should be entirely inundated on a daily basis
for a period of at least two weeks. The City inspector should verify the
flooded condition on at least an alternating day basis. A wetting agent should
be added once a day. Wetting agents facilitate deep penetration of moisture
into clay soil and are available at good construction material suppliers. For
most projects, one gallon over the course of the presaturation period would be
sufficient. After presaturation, the additional rock should be placed as
described above. The actual amount of rock used may vary depending upon
the amount of subgrade heave induced by presaturation.

A vapor barrier over the crushed rock should be considered in areas where the
migration of moisture through the floor slab would be detrimental. The vapor
barrier should be at least 10-mil plastic and should be sealed at all splices,
around plumbing, and at the perimeter of slab areas. Every effort should be
made to provide a continuous barrier and care should be taken not to puncture
the membrane. Some contractors exercising special care use heavier membranes
(e.g., 20-mil) or double layers of 10-mil plastic with splices staggered and
sealed. This thicker membrane or double layer alternative is recommended
because plastic is relatively inexpensive and the risk of puncturing would be
substantially reduced. Once the moisture barrier is in place, it should be
covered with one to two inches of clean sand (i.e., washed concrete sand). The
contractor should plan concrete placement in a manner that does not require
puncturing the plastic membrane with form stakes.

The slab should be eight inches minimum thickness and contain not less than
No. 5 bars at 12-inches on centers, both ways. Within six inches of all exterior
edges there should be at least two No. 5 bars continuous reinforcement. At
reentrant corners, two, three foot sections of No. 5 bars should be placed
diagonally across the corners at distances of two -inches and five inches from
the edge of concrete.

Foundation and slab recommendations as presented above are summarized in
Figure 9.



DEPTH OF FOOTING BELOW

Exterior 60" Interior 48"
ADJACENT GRADE

Exterior: 9 #5 bars 3—-top, 3—-bottom, and 3-middle

FOOTING REINFORCEMENT
Interior: 6 #5 bars 3—-top and 3—-bottom

SLAB THICKNESS/ REINFORCEMENT 8" nominal with #5 bars at 12" 0/C, both ways.

PRESATURATION FOR SLABS

to about 36" below soil grade; provide 2 weeks
of continuous flooding

L
GRAVEL BASE BELOW SLABS 12
NOTES:
1) These recommendations are intended to substantially reduce risk of significant

2)

3)

4)
5)

6)

7)

8)
9)

10)

foundation and slab cracking. It should be recognized that adopting these
recommendations may not prevent cracking in all cases. Criteria for special
foundations with a lower risk potential can be developed upon request. Actual
recommendations on individual sites may vary. Expansive soil recommendations should
not be considered to preclude more restrictive structural or code requirements.
Also, these recommendations should not be considered to preclude structural
equivalents (e.g. 1 #6 bar in lieu of 2 #4 bars).

Unless cracking can be tolerated, these recommendations should also be considered
applicable to exterior flatwork and foundations for other appurtenant improvements.
Slabs and foundations for exterior improvements which abut the main structure should
be structurally continuous with the main building or a distinct architectural
separation should be provided. Simple abutting can result in separation. Unless
vertical differential at the outer edge of flatwork can be tolerated, a minimum

8 inch wide cut-off wall should be constructed to the same depth as specified for
exterior footings. Reinforcement should consist of at least 2 #4 bars per foot
embedment plus slab ties as specified in Note 10.

Presaturation of footing areas may be omitted if footing excavations at the time of
concrete placement are generally moist and free of desiccation cracks.

Gravel or approved alternative.

Vapor membrane such as "Visqueen" or equivalent for slab areas at grade where damp-
ness is undesirable. "Visqueen", if adopted, should be installed to provide a
continuous moisture barrier. The membrane should be sealed around pipes and be
overlain by a minimum of 1 inch of clean sand.

Unless otherwise specified, embedment near descending slopes should be .increased to
provide at least 20 feet horizontal distance to daylight. Horizontal reinforcement
should consist of nhot less than 2 #4 bars per foot of embedment. Deepened footings
near slopes will require design as retaining walls.

Grade beam recommended across garage entrances to similar depth and reinforcement
as exterior footings.

Isolated piers not recommended.
Approved alternative: Post-tensioned slab construction or equivalent as designed by
a structural engineer.

Except in garage, slabs should be structurally tied to perimeter footings by bar ties
matching slab reinforcement which wrap around footing reinforcement and extend at
least three feet into slabs.

Alternative

Sand Layer Footing/Siab Detall?
Visqueen . ‘
It crack line develops. Stab Subgrede ““"""““‘"7 Slnb7 //;‘l v Qlﬂauo}-ncn recommended 4 1,?-_*__{
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heeued. Ties — : / o .: - Ky < ~ m
— - » = :

N

Formed Sutlac
Excavated Surtace

PR SRy = INY3 - _:‘- 0 ; Relnforcement
'b:m:T . Dlol?;' Doum«!(@é o 2. Raeinforcing Bars
Extenor 5 Measured Interior o ;
Footlng ‘: Presstucation Footing
o Interior Footing
Exterlor Footing FOUNDAT'ON AND SLAB ILLUSTRATloN

EXPANSIVE SOIL FOUNDATION RECOMMENDATIONS
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9.14 Foundation Details

Reinforcement Placement: Care should be taken in the placement of
foundation and slab reinforcement. Placement details should be in
conformance with ACI specifications. Unless otherwise specified by the
structural engineer, continuous footing reinforcement should be placed in the
upper and lower one-third portions of the foundation sections. The bottom
foundation steel should not be closer than three inches to the underlying
excavation. Slab doweling matching slab steel (i.e., No. 5 bars at 12-inches
on center) should be wrapped around continuous footing reinforcement and
be of sufficient length to ultimately bend into the slab at least 36-inches and
60-inches on an alternating bar basis. Slab reinforcement should be placed
in a positive fashion between the midpoint and upper one-third point of the
slab section. "Lifting" slab steel into place following concrete placement is
not recommended. It is recommended that the steel be blocked up and tied
at three feet on centers both ways. Four-inch prefab concrete blocks should
be used. Other suggestions for concrete and reinforcement detailing are
presented in Figure 10. If the contractor produces a non-uniform grade or
excavations, the inspector may recommend local addition of steel reinforce-
ment. If forms are incomplete, yield under pressure or are otherwise poorly
placed, the inspector may recommend improvement. The contractor should
assume all risk of demolition and reconstruction arising out of improper
forming and finish. Examples of improper forming and finishing include:
improper dimension, out of square, out of plumb, ponding on finish, crack-
ing, and non-uniform finish.

Foundation and Slab Concrete: The contractor should be responsible for
supplying the owner with concrete mix designs for both slab and foundation
concrete. The contractor should provide designs, place, finish, and cure
concrete in accordance with all ACI recommended procedures. The
contractor is referred to the ACI 1982 publication "Slabs on Grade." Special
care should be taken to properly cure all concrete. If a chemical curing
compound is utilized, it should be compatible with proposed floor coverings.
As an alternative to a chemical curing compound, the slab area should be
kept thoroughly moistened by misting until the initial concrete sets after
which the concrete surface should be covered with plastic sheeting for at
least two weeks. Three to four weeks is preferred. The owner should
consider retaining a qualified materials testing laboratory to verify
conformance with specifications.

The project architect, structural engineer, and/or concrete engineer should
provide actual concrete mix designs. The mixes should be designed for
strength, workability and minimizing shrinkage cracking. With respect to
shrinkage cracking, the use of pea gravel pump mixes is not recommended.
The aggregate should preferably consist of a well graded crushed rock with
one inch maximum aggregate size. The amount of cement specified should
be just enough to meet or slightly exceed strength requirements. A low
water.cement ratio, 0.55 maximum, is advised. The designer could consider
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the use of plasticizers to increase workability in a low water:cement ratio
mix. All concrete footings should be adequately vibrated to consolidate the
mix without over-vibrating. Slab areas should be thoroughly tamped to
consolidate the concrete.

A product relatively recently available for use in minimizing shrinkage
cracking is fiber-mesh reinforcement. This product consists of short fiber-
glass fibers blended into the concrete. The use of fiber-mesh reinforcement
can be expected to add about ten dollars per cubic yard of concrete. A
small disadvantage of fiber-mesh is slight fiber protrusion from the finished
surface. This surface fiber can be expected to weather and wear off in
about three to four months after which an ordinary surface condition would
exist. The surface fiber protrusion, however, does not interfere with place-
ment of surface veneers.

9.2 PART II - EXISTING STRUCTURES

9.2.1 Foundation Support

It 1s our opinion that underpinning of perimeter and interior footings below
the depth of seasonal moisture change is the most appropriate treatment for
structures undergoing distress due to expansive soil. A suitable underpinning
system for residential construction has been illustrated in Figures 11 and 12.

9.2.2 Foundation Construction

It is not anticipated that construction difficulties will be encountered.
However, prior to bidding any project, contractors should be allowed to visit
the site to ensure that proper clearance is available for construction
equipment. Soil removed for underpinning footings should be removed from
the site.

9.23 Foundation and Slab Design and Detailing

Foundation and slab detailing should be as was previously recommended in
report Sections 9.1.2, 9.1.3, and 9.1.4 and remains applicable to underpinning
existing structures for the purposes of both treating distressed conditions and
providing improved support for new additions. Beyond the limit of the
proposed addition, underpinning and slab replacement is not a requirement
but is highly desirable. This condition is illustrated in Figure 13. If a
homeowner proposes to construct an addition without full underpinning and
slab replacement in the existing structure, prior to issuance of a building
permit a Form A-Awareness Statement, Covenant, and Agreement must be
first signed by the homeowners, notarized, and approved by the City. A
sample Form A has been included herein as Figure 14.
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E[/* Excavate from interior

= wherever practical and
i extend slab dowels ©
mt into interior slab.

Saw cut as near as possible to wall.
Chip back flush with wall.

Excavate for thickened edge, sand, moisture
barrier and gravel base,

Drill 8" minimum for dowels @ 12%"o.c.

Pe 000

Apply epoxy bonding compound* hetween dowel
holes and grade. Seal moisture barrier to
bonding agent but not closer than 2" to
dowel holes. (*PRC Co., PR-940 or equal)

Use 10-mil moisture barrier membrane sealed
at all splices and around pipes.

PEEEeE® @

@

Use 2" clean sand protective cover.

0@ ®

Use 8" minimum concrete slab; 11" minimum at
thickened edges unless underpinning is
excavated from the interior.

n
s,

At 1-2 hours prior to placement of concrete, @D
apply bonding compound.* )

Use #5 dowels @ 12%o.c. Alternate 36" and
60" into slab. ‘Anchor with bonding grout.

@

® Use §5 bars @ 12"o.c. both ways. Use two
bars within 6" of slab edges. Add 2-#5 bars ®
x 3' long @ 4" and 8" from reentrant corners.

@ Primary excavation for underpinning. Excavate
from interior where practical.

At 48"o.c. maximum-spacing, excavate
12" x 12" slots for support jacks and
bearing plates.

Excavate continuous haunch.

Use I5 dowels @ 12"o.c.

Use 2-#5 bars continuous.

Use #5 bars @ 12"o.c. both ways.
Use §5 bars @ 18"o.c.

Where exterior flatwork is planned,
add dowels per note "J".

At exterior edges, thicken to 8"
minimum* and add 1-§4 bar continuous.
(*10" wide by 36" minimum depth cut-
off wall with 2-§4 bars as shown,
preferred at exterior edges.)

Slab subgrade should be presaturated
for at least two weeks minimum prior
to slab construction.

Interior underpinning should be de-
tailed as for exterior foundation.

General Note: Concrete should
consist of 5-sacks of cement per
cubic yard minimum, Type II, 2000
psi minimum. For slab concrete, 4"
maximum slump. Exterior flatwork
should be jointed at 8' maximum
spacing to minimize shrinkage cracks.
Deputy inspection is recommended.

SLAB FOUNDATION REPAIR

DETAIL
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Exterior flatwork criteria
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presented in in Part Hi,
Section 8.3 -~Appurtenances.
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Primary excavation for underpinning.

5 min_ |-
embedment =|l =
18" min|

At 48" maximum spacing, excavate 12" X 12" slots for support jacks and bearing plates. Level existing
foundation as needed. )

@ I

Excavate continuous haunch.

Use #4 dowels @ 18"0.c. with 8" minimum embedment and projection. To facilitate installation, dowels may be
drilled on an angle and the projection bent horizontal. Anchor with bonding grout.

Use 2-#5 bars continuous.
Use #5 bars @ 12"o0.c. for horizontal steel; #5 bars @ 16"0.c. for vertical steel.

Use #5 bars @ 18"o.c.

@00 @O

Where exterior flatwork is planned, add #4 dowels @ 16"0.c. Alternate 36" and 60" into slab. Anchor with
bonding grout.

CE) Slab subgrade should be presaturated to a depth of 24" minimum, prior to placement of slab concrete.

(:) At completion of exterior foundation work, relevel interior using jacks for temporary support. Adjust
post height as needed.

(:) Interior underpinning option as shown. Construct continuous foundation in alignment of existing isolated
piers. Reinforce with #5 bars @ 12"o.c. for horizontal steel; #5 bars @ 16"0.c. for vertical steel. 1In
order to maintain minimum crawl space through alignment of piers, block-out at suitable location(s) and
keep concrete at or below existing grade.

(:) General Note: Conérete should be 5-sack minimum, Type II, 2000 psi minimum. For slab concrete, 4"
' maximum slump. Exterior flatwork should be jointed at 8' maximum spacing to minimize shrinkage cracks.
Deputy inspection is recommended.

RAISED FOUNDATION REPAIR DETAIL
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WHEN RECORDED RETURN TO:

Space above this line for Recorder's usec

AWARENESS STATEMENT,
COVENAN ND_AGREEMENT

REGARDING THE ISSUANCE OF A BUILDING PERMIT IN AN AREA SUBJECT TO
PHYSICAL HAZARDS OF AN EXPANSIVE SOIL NATURE.

The undersigned

(does) (do) hereby certify to be the owner(s) of the hereinafter
legally described real property located in the County of Los Angcles,
State or California:

as recorded in Book , page , Records of Los Angeles
County, known as

Street Address

Locally
(I) (We) hereby do acknowledge the fact that the property is within an
expansive soil hazard zone identified by the City of Torrance and
within the area of a special expansive soil by American Geotechnical as
described by their soil and geologic report dated January 25, 1989.
Furthermore, (I) (We) acknowledge that only the new construction (area
of addition) will be provided with construction details consistent with
Section Nine of the aforementioned American Geotechnical Report and the
requirements of the City of Torrance, and (I) (We) accept all risk
associated with foundation conditions as proposed. And, in considera-
tion for the issuance of a building permit for

, (I) (We) do hereby

covenant and agree to and do hereby relieve the City of Torrance and
all officers, employees, and agents thereof of any liability for any
damage or loss which may result from the issuance of such permit.

,
This Covenant and Agreement shall run with the land and shall be
binding upon the undersigned, any future owners, encumbrancers, their
successors, heirs or assignees and shall continue in effect until such
time as the County Engineer records in the office of the County
Recorder's statement that he finds such expansive soil hazard no longer
exists.

owner: owner:
Signature Signature

Owner: Owner:
Signature Signature

All signatures are to be acknowledged before a Notary Public.
If a corporation, the corporate form of acknowledgment shall be used.

Form A: January 1989

For Office Use Only

PERMIT ¢§: APPROVED BY: DATE:

FORM A

AMERICAN GEOTECHNICAL

F.N. 1987

Figure14
JAN. 1989
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9.3 PART III - APPURTENANCES

9.3.1 Risk Concept

In conjunction with improvement of distressed conditions, and for new
construction, the main dwelling unit is generally given most consideration.
Appurtenances are generally considered less critical. Each appurtenance must
be considered separately but, in general, appurtenances rank behind the main
structure. In light of cost savings, generally more risk is usually acceptable
for less critical improvements. The recommendations in the following report
sections provide moderately rigorous details but they are somewhat less
rigorous than previously provided for more structures.. Regardless of what
approach is taken, however, some risk will remain, as is always the case. In
general, the more rigorous criteria adopted for construction, the lower the
risk of future problems. The attendant costs and benefits, as well as
associated risks should be considered in the design of all improvements. The
homeowner could decide to adopt the following criteria for appurtenances or
the more rigorous criteria previously provided for main structures (reference
Section 9.1).

9.3.2 Design and Detailing

General criteria for design and detailing of appurtenant structures (garden
walls, screen walls, patios, walkways, etc.) is as follows:

1. Foundation Minimums;

a) Depth below lowest adjacent grade: 36 inches
b) Minimum width of footings: 15 inches
¢) Continuous footing reinforcement: No. 4 bars
2 top

2 bottom

d) Vertical reinforcement ties to continuous
reinforcement; vertical ties extend and bed into
adjacent slabs as dowels: No. 4 bars @ 24" o.c.

2. Design criteria;

a) Vertical bearing capacity: 1000 psf
b) Lateral bearing: Ignore
c¢) Coefficient of friction: 0.30

3. Slab minimums;

a) Thickness net: 6"
b) Reinforcement: No. 4 bars @ 12" o.c.
both ways

4. Slab Subgrade:
a) Presaturation requirement: Flooding for 1 week, min.
b) Crushed rock base material thickness: 6"
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c¢) Continuous plastic (i.e., sealed at all splices
and at perimeter) subgrade moisture barrier
(optional): 10-mil plastic
d) Protective clean sand cover over plastic: 1-2"
5. Ordinary concrete mix recommendations to be used
unless otherwise superseded by the project structural
engineer and/or architect;
a) Concrete minimum strength: 2000 psi
b) Concrete type: Type 11
c) Bags cement: (5-sack/cu.yd min)
d) Maximum U.S. gallons water per cubic yard of
concrete including free surface moisture or
aggregates: 6.5
e) Concrete Aggregate: 3/4" min.
(no pea gravel)
f) Maximum slump: 4"
Various details for appurtenant construction are presented in Figures 15
through 21. For concrete curing recommendations, the reader is referred to
report Section 9.1.4, Foundation and Slab Concrete.
9.3.3 Pool Design Criteria
For design purposes it is recommended that the criteria presented in the
accompanying Figure 22 should be incorporated into pool design. It is
encouraged that the pool contractor utilize a licensed engineer (preferably a
structural engineer experienced with expansive soil) to design the pool rather
than attempt to identify a "standard pool sheet" that might fit the conditions.
Experience with these standard sheets indicates they frequently do not
address all necessary design criteria. Regardless of the recommendations by
the licensed engineer, it is suggested that the minimum steel schedule consist
of No. 4 bars placed at eight inches on center both directions for both pool
walls and bottom. Bond beams should contain at least six No. 4 bars.
For pool deck construction the criteria presented in Section 9.3.2 should be
adopted.
9.34 Drainage

Where possible, positive drainage should be planned for each site. Roof
drainage should be directed away from structures via non-erodible conduits a
minimum distance of five feet. Preferably roof drainage should be directed to
suitable disposal areas such as yard drains. Five percent drainage is recom-
mended directly away from structures. Two percent minimum is recom-
mended for drainage over soil areas. In pipes or paved swales, one percent
should be adopted as the minimum unless otherwise recommended by the
project civil engineer. For yard drains, six inch minimum pipe diameter is
recommended because experience has shown that three inch pipes tend to
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clog. Four inches could be adopted as a minimum. All enclosed planters
should be provided with a suitably located drain or drains and/or flooding
protection in the form of weep holes or similar. Structures should have roof
gutters and downspouts tied directly to the yard drainage system. Typical
drainage systems can be designed using criteria in Figure 23, however, the
depth of piping should be increased to three feet wherever possible.

9.3.5 Utilities

It is not recommended that utilities be planned below a 1:1 projection
extending down from the outer edge of foundations. Footings should be
deepened to satisfy the foregoing recommendation. Backfilling for all
utilities should be placed by mechanical compaction methods. Flooding
and/or jetting of utility or other trench backfill should not be undertaken.
All utility conduits should be embedded at least three feet below grade unless
covered by a concrete slab-on-grade designed in accordance with recommen-
dations previously provided. For cases within slab cover the minimum
embedment may be reduced to 12 inches.

9.3.6 Maintenance/Performance

Structures in expansive soil areas tend to perform best when moisture
conditions are maintained as close to uniform as possible. The amount of
movement from heave to shrink can be reduced by limiting the variation in
moisture around isolated individual structures. Since moisture naturally tends
to migrate under slab areas, it is desirable to keep the perimeter of structures
on the "moist side" without allowing ponding to occur.

Planting even small trees within about ten feet from the house is not
recommended because trees usually extract water from the soil. Greater
separation is appropriate for larger trees. The task of developing moisture
equilibrium can be aided through the use of properly designed, installed, and
adjusted automatic irrigation systems. Provisions should be made to interrupt
and/or adjust irrigation in response to periods of rainfall.

Adopting the conventional foundation guidelines herein should reduce the risk
of expansive soil related problems. Risk can be further lowered by adopting
some of the maintenance items suggested herein. Risk could also be lowered
through the use of special structurally designed foundation and slab systems.
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10.0 REMARKS

Only a portion of subsurface conditions have been reviewed and evaluated.
Conclusions and recommend-ations and other information contained in this
report are based upon the assumption that subsurface conditions do not vary
appreciably between and adjacent to observation points. Although no significant
variation is anticipated, it must be recognized that variations can occur.’

This report has been prepared for the sole use and benefit of our client. The
intent of the report is to advise our client on geotechnical matters involving the
proposed improvements. It should be understood that the geotechnical consulting
provided and the contents of this report are not perfect. Any errors or omissions
noted by any party reviewing this report, and/or an§ other geotechnical aspect of
the project, should be reported to this office in a timely fashion. The client is
the only party intended by this office to directly receive the advice. Subsequent
use of this report can only be authorized by the client. Any transferring of
information or other directed use by the client should be considered "advice by
the client."

Geotechnical engineering is characterized by uncertainty. Geotechnical
engineering is often described as an inexact science or art. Conclusions and
recommendations presented herein are partly based upon the evaluations of
technical information gathered, partly on experience, and partly on professional
judgment. The conclusions and recommendations presented should be considered
"advice." Other consultants could arrive at different conclusions and recom-
mendations. Typically "minimum" recommendations have been presented.
Although some risk will always remain, lower risk of future problems would
usually result if more restrictive criteria were adopted. Final decisions on
matters presented are the responsibility of the client and/or the governing
agencies. No warranties in any respect are made as to the performance of the
project.

Observation and testing services during construction only allow for specific
evaluation of a small percentage of compacted fill placed at the site. Conditions
will vary between points evaluated. Contractual arrangements made with a
contractor shouid contain a provision that he is responsible for excavating, plac-
ing, and compacting fill in accordance with the project specifications. Observa-
tion and testing by the geotechnical consultant during construction should not
relieve the grading contractor of his primary responsibility to perform work in
accordance with the specifications.
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11.0 CONCLUDING REMARKS

It is important to realize that most of the residences in this study area were
constructed in the 1960’s. The structures were built to standards in effect at the
time of construction. Since that time, more has been learned about expansive soil
and methods of construction in an expansive soil environment. If constructed
today, foundation systems for these structures would be significantly different
from existing foundation systems.
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APPENDIX A: CLASSIFICATION AND SAMPLING TECHNIQUES

CLASSIFICATION

In the field, materials encountered are classified by visual and tactile methods.
Typically textural classifications have been recorded followed by notations of
colors, moisture, and tightness. Based on these field observations, Unified Soil
Classification System symbols are assigned. A chart describing the U.S.C.S.
method of classification is presented as Plate Al. Where appropriate, other
comments have also been provided such as porosity, presence of gravel, cobbles,
and/or boulders, vegetation, debris, etc. Where encountered, structural features
such as bedrock bedding planes, fractures, joints, fafults, and contacts are also
mapped and recorded in the logs.

FIELD SAMPLING AND TESTING

During field exploration, various sampling and field testing techniques may be
employed. The most frequently employed procedures are briefly described
below.

Bulk Sampling

Bulk sampling is the simplest form of sampling ordinarily conducted. Bulk
samples are typically recovered by careful hand selection and/or simple
shoveling from the excavation cuttings. Specially selected samples are
recovered and identified by test excavation number and depth, such as B-1 at
two feet. Samples recovered by shoveling from the excavation cuttings are
identified by test excavation number and depth range, such as B-1 at four to
six feet. Bulk samples recovered are placed in heavy plastic bags which are
tied off to minimize moisture loss during transport to the laboratory.

Relatively Undisturbed Samples

Relatively undisturbed samples are recovered by pushing and/or driving one
of two types of ring-lined sampling barrels into materials in place below the
test excavation. In relatively fine-grained soil which is essentially non-
cemented and free of debris, a thin-walled sampling barrel is utilized. For
other soil and soft rock types, a heavy-duty "California Barrel" is used.
These samples are described in more detail below. Samples recovered in the
fashions described below are sealed in moisture-resistant protective plastic
containers in order to minimize moisture loss and disturbance during
transport to the laboratory.

Thin-Wall Sampler ("T" Sample): The standard American Geotechnical thin-
wall sampler is ring-lined and when assembled measures three inches, outside
diameter (Do) 2.5 inches, inside diameter (Di). At the sampler tip, one
percent relief is provided per ASTM Standard D1587 for acceptable clearance
ratio. The rings which line the solid barrel sampler measure 2.50 inside
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diameter and 2.675 outside diameter. The rings are each one inch in height.
The sampler is equipped at the driving head adaptor with a one inch diameter
stainless steel ball-check pressure relief.

The thin-wall sampler can be advanced below the test excavation by either a
hand-driven, approximately 40 pounds slide hammer or by driving using the
drill rig equipment. For a bucket-auger type drill rig, the sampler is adapted
to the drill rig "Kelly bar" by a device known as a driving jar. The sampler
is advanced by pushing with the weight of the Kelly bar and/or by successive
blows by dropping the Kelly bar over a distance of 12 inches. For most
rotary wash and hollow-stem type drill rigs, the sampler is advanced by
successive blows by an above-grade, 140 pound hammer falling 30 inches.
Usually driving resistance is noted by recording ‘the number of blows or by
the driving energy which is the product of the driving weight, height of
drop, and number of blows.

A.2.2b California Barrel ("R" Sample): The American Geotechnical, California-style
sampling barrel, is a split-tube barrel lined with 2.50 inch inside diameter,
2.75 inch outside diameter brass rings, each one inch in height. The outside
diameter of the barrel is 3.25 inches, but at the hardened, screw-on sampler
tip the outside diameter increases to 3.50 inches. This sampling barrel is
coupled with a driving jar and is advanced by pushing and/or driving with
the drill rig Kelly bar. In the same fashion as was described for the thin-
wall sampler, the sampler is driven a distance of 12 inches by successive
drops of the Kelly bar falling 12 inches. Driving resistance is recorded in
the fashion described for the thin-wall sampler.

A23 Undisturbed Samples

Although it is technically not possible to recover absolutely undisturbed
samples, American Geotechnical used two sampling techniques to recover the
"most" undisturbed samples. These techniques are described below.

A.2.3a Shelby Tube Sampler ("U" Sample): The Shelby tube sampler is described by
ASTM Standard Method D1587-74 for thin-walled tube sampling of soil.
The standard specifies the acceptable range of clearance ratio, 100(Di-
De)/De, of between 0.5 and 3 percent. The American Geotechnical Shelby
tube clearance ratio is one percent. Actual dimensions of the American
Geotechnical Shelby tube are: outside diameter, Do = 2.625 inches; inside
diameter, Di = 2.500 iriches2 ami tip cutting diameter, De = 2.475 inches.
The area ratio, 100(Do“-Di“/Di“), for the American Geotechnical sampler is
ten percent, which is consistent with generally accepted criteria for '
undisturbed sampling.

The Shelby tube sampler is advanced below a test excavation in the same
fashion as described for the thin-wall sampler (T-sample).

A.2.3b Chunk Samples ("C" Sample): Chunk samples are usually recovered in cases
not suitable for the recovery of driven samples. Hard rock samples are
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commonly recovered as chunk samples from outcrops or from boring cuttings.
Chunk samples are also hand-carved from soil possessing at least a trace of
cohesion or cementation. Samples are paraffin covered and/or otherwise
packaged and transported to the laboratory in a fashion which results in
minimum disturbance. "

FIELD DENSITY TESTING

During placement of compacted fill in a grading operation, dry unit weight of
soil is determined in the field in order to ascertain whether the specified
compaction is being achieved. American Geotechnical commonly uses two of
these methods during other forms of investigation. These methods, the sand-
cone method and the drive-cylinder method, are briefly described below.

Sand-Cone Method ("S" Test)

This -method of test is described by ASTM Standard Method D1556. The
procedure involves making a small circular excavation to remove soil and
rock materials to a depth about equal to the diameter of the excavation.
Although the standard test uses a six-inch diameter excavation, the actual test
excavation size commonly varies from about four to 12 inches. The soil
recovered is either weighed in the field and moisture content determined, or
the sample is placed in a moisture-resistant, plastic bulk bag and transported
to the laboratory. Clean, calibrated, silica sand is poured into the excavation
through a calibrated, inverted funnel, the "sand-cone". The amount of soil
actually filling the excavation is determined by sample before and after
weighing. The volume of the excavation is then calculated based on the
predetermined falling unit weight of the sand. Finally, dry unit weight of
the in-place soil is calculated by dividing the weight of soil excavated by the
sand volume.

Drive-Cvlinder Method ("D" Test)

This test is described by ASTM Standard Method D2937. The test procedure
involves driving an approximately 1/100 cubic foot, three-inch diameter,
steel drive tube into the soil. A slide hammer weighing about ten pounds is
used to drive the steel tube. After driving, the tube is excavated with "full"
ends which are subsequently trimmed square in order to bring the soil sample
down to the known volume. Finally, the soil is weighed and the dry unit
weight calculated by dividing the soil weight by the tube volume.
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MAJOR DIVISIONS TYPICAL NAMES
®%] WELL GRADED GRAVELS. GRAVEL SAND
CLEAN GRAVELS WITH GW I €1 wixtuRes
w LEAN \Y Wi .
2> LITTLE OR NO FINES w2
o GRAVELS ' - # ] POORLY GRADED GRAVELS GRAVEL SAND
GP
0 g L. @] MIXTURES
= MORE THAN HALF B a
Q | COARSE FRACTION . SILTY GRAVELS. POORLY GRA A .
8 Z | IS LARGER THaN Gm SAND - SILT MIXTLURES OED GRAVEL
a Z No 4 SIEVE SiZE GRAVELS WITH OVER .
z 12% FIN
W= 2% FINES 6C CLAYEY GRAVELS POORLY GRADED GRAVEL
Zz = SAND - CLAY MIXTURES
7 S
a3 Sw P‘_', WELL GRADED SANDS. GRAVELLY SANOS
W CLEAN SANDS WITH bl
N3 SANDS CITTLE OR NO FINES |, . .
< 2 SP [, °.°| POORLY GRADED SANDS. GRAVELLY SANDS
Q § MORE THAN HALF SNCR
O = | CCaRsE £3aCTION SM | {*] [*| SILTY SANDS. POORLY GRADED SAND SiLT
& IS SMALLER THAN o |e MIXTURES |
o NQ 3 SIEVE SiZE SANDS WITH QVER =i le
= osy O §
127 FINES sc 4774 CLAYEY SANDS. POORLY GRADED SAND Ciav
4 ‘/ MIXTURES
INORGANIC 3iLl'S AND VERY FiNE SANOS
ML ROCK FLOUR SILTY OR CLAYEY FINE SANDS.
OR CLAYEY SILTS WITH SLIGAT PLASTICITY
nc
e ILTS ANO Y INORGANIC CLAYS OF LOW TO MEDIUM
== SILTS CLAYS cL PLASTICITY GRAVELLY CLAYS. SANDY CLAYS.
8 ] LICUIO LIMIT LESS THAN 50 A SILTY CLAYS. LEAN CLAYS
Ha
Qe oL |1l omcanic cLavs ano organic sy cLavs
% w3 dilill OF Low puasmiciry
<
<29 iINORGANIC SILTS. MICACEOUS OR
Tz MH OIATOMACIOUS FINE SANOY-GR SILTY SOILS.
Oz E ELASTIC SILTS
-
we= SILTS AND CLAYS INORGANIC CLAYS OF HIGH PLASTICITY FAT
Z 2 CH / CLAYS
u. LIQUIO LIMIT GREATER THAN SO
on P/5/ orGaNiC cLaYs OF MEDIUM TO HiGH
% /} PLASTICITY ORGANIC SILTS
LA
HIGHLY ORGANIC SOILS Pt EE PEAT AND OTHER HIGHLY ORGANIC SCILS

UNIFIED SOIL CLASSIFICATION SYSTEM

LL —— Liquid Limit (%)
PL —— Plastic Limit (%)
| Plasticity Index
PP 200 — Percent Passing

# 200 Sieve

El —— .Expansion Index
Swell —— :Saturated Swell
Shear —— Direct Shear
Consol ——— Consolidation

KEY TO LABORATORY TEST

Note: Appencix C contains complete description of each test

SOIL CLASSIFICATION CHART & KEY TO LABORATORY TESTS

AMERICAN GEOTECHNICAL

F.N. 1987

JAN. 1989

Table B1




TEST EXCAVATION LOG No. B-1 F.N. 1987
Project/Client:___Expansive Soil Study/City of Torrance Sheet: 1  of 2
Location: 23800 Block of Audrey, Torrance, California start: __1 SEP 88
Estimated Surface Elevation: *+ Total Depth:__30.5’  Rig Type:_8" Hollow Stem Auger End: 1 SEP 88
b Y . o o
& g |, Field Description By: TS
o e o, 1§ |2 s
o o ‘E:’ o Iy Y - | o Surface Conditions:
=32 |5 |3 wjo|o
oo | o +< | 0 |a | Asphalt Concrete
! glop|(3 |© |¥w | €
5| 8153 s (c8|2|8
H |ojz3le |8 [SF D |-
09| £
1] )_._.__"" c 3 [ ] ] a
o n®|5 |¥ |4 o|s
31X [ ] o < - - g <
Zl3 2 r D |6 | subsurface Conditions: FORMATION: Classification,
x| o (¥ color, moisture, tightness, etc.
- 0
1.00 Asphalt Concrete 2 inches, Base 10 inches.
B o .
Silty Clay, Brown, moist, stiff, plastic.
r 58 {101 (15 [Swell {
LL=38
- PI=19 i
IPP200
=49
- 5 -— —
i ] 44 (92 |29 |Shear ]
Swell .
R 5C 2.00
Clayey Sand, brown, moist, dense, with subangular to rounded pebble to small
B | cobble-size rock. |
69 (101 [25 [PP200
=14
] I
- g
1S |45 112 [17 [Consol -
L . .
i T T

notes: _Total depth at 30.5 feet. No groundwater encountered during drilling.

No caving during drilling.
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Plate
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TEST EXCAVATION LOG No.

Project/Client:_ Expansive Soil Study/City of Torrance

B-1

F.N. 1987

Sheet: _2  of _2 .

a g X Field Description By: TS
Pla,le [E
E: [ *§§ E‘ 43 g Llzle Surface Conditions:
L |2lak|® |§ |§ 4 |2 || Asphalt Concrete
c | 59 « 8151
5 8Ele (2 50| @)
8 GREE|5 1§ |3 |8 | ~
Zld 3 |3 3 | & [ subsurface conditions: FORMATION: Classification,
50 |m o |F % color, moisture, tightness, etc.
! %
= /- -
| | !
% |
_
- 25 %— . .
| _
%
/_
%/
|
49 |96 |27 %r
30 ‘///,2_ 30.50 ]
1
357 — -
- 40 = i
T X
American Geotechnical Plate _B-1 (Cont.)




TEST EXCAVATION LOG No. B-2 F.N. 1987
project/Client:___Expansive Soil Study/City of Torrance Sheet: of _2
Location: Las Cadones near 238th Street, Torrance, California start: 1 SEP 88
Estimated Surface Elevation:______ ' Total Depth:__30.0°  Rig Type:_8" Hollow Stem Auger End: 1 SEP 88
O PN . « 4.
8 g |, Field Description By: TS
=]
o | Flagle [§ |3 __
o HplE o e Surface -Conditions:
o | 5i50|.2 c [8w]D |0
L |plakle (8 (H & | o |a| Asphalt Concrete
! eloy|z |©° |®%w | €
L 16| 9 La| 3|0
by} alz3ly |9 Bk | @ |a
o 3oy |s |a T
o | 1841 F |3 |« o | &
0 luldm®|5 |4 [~ o |8
. o |< - — T,
Z|3 B I D | © | subsurface Conditions: FORMATION: Classification,
2 L (2 b ?
0 (@ o |® color, moisture, tightness, etc.
100 Asphalt Concrete 2 inches, Base 10 inches.
- CH ] ‘
Silty Clay, dark gray, moist, stiff, plastic.
51 [110 (12 |Swell Becomes brown with numerous 1/4" to 3" subangular to subrounded rock fragments to
Shear 6 feet.
£I=132
46 |96 |27 [Swell
LL=57 R
[PI=34
PP200
=80
9.00
62 [108 |16 P200 | SC
=28 Clayey fine to medium sand, light brown, moist, dense.
48 (102 |22 -%
L .
i 82 (107 |8 [PP200 ]
=37
Y

NOTES:

Total depth at 30 feet. No groundwater encountered during drilling. No caving during drilling.

American Geotechnical

Plate

B-2




B-2 £ 1987

TEST EXCAVATION LOG No.

Project/Client:  Expansive Soil Study/City of Torrance

Sheet:_ 2 of 2

2 g > Field Description By: TS
o 33» ¥ E -
g o Cg 5 ‘E E - o Surface Conditions:
U gg%g 3 “.’dz -§ S Asphalt Concrete
LI ER A Rk
e ER R '
F ) 3 |3 D | o | subsurface Conditions: FORMATION: Classification,
20 o 6 |E = color, moisture, tightness, etc.
%_
| .
% |
|
|
69 {89 |11 %'
/
- 30 % 30.00
~ 35 -
—40 - -
-

American Geotechnical

Plate __B-2 (Cont.)




TEST EXCAVATION LOG No. B-3 LN 1987

Project/Client:__ Expansive Soil Study/City of Torrance . sheet: 1  of 2
Location: Ocean Avenue at Pacific Coast Highway, Torrance, California start: __1 SEP 88
Estimated Surface Elevation: ’+ Total Depth:__30.5’ Rig Type: 8" Hollow Stem Auger End: 1 SEP 88
RS . -
al (o |, Field Description By: TS
]
v |[Fi8ul® |§ |2 cos
o " t,' 0 -& o Y ~ o Surface Conditions:
gl=ai38la |E |Sw)o|o
L ojo%le |8 |4 2 | 8 |3 Asphalt Concrete
EECEE (S EEI5 s
+ w3 3 1) [ ] o] - [} od
o aoly | |9 T
¢ 18 ¢F |3 Iw o |5
0 |gl@®|5 |% |- O s
. 0 | L - P e <
zZB 2|2 D | @ | subsurface Conditions: FORMATION: Classification,
0 et o |F color, moisture, tightness, etc.
00 Asphalt Concrete 2 inches, Base 10 inches.
i CH
36 108 |16 |swell Silty Clay, dark gray, moist, stiff.
- LL=39 4
PI=21
i ¥ Becomes light brown. 7
S g |62 |114 |6 [Swell N
IPP200
| =18 J
i ) Becomes very sandy with numerous subangular to rounded rock fragments to 11 feet.
i ] 56 {107 |9 |Shear 7
IPP200
N =9
1
- 10 -
C 57 |95 (24 ]
15 —
i ) Becomes very sandy to 19 feet. ]

notes: _Total depth at 30.5 feet. No groundwater encountered during drilling. No caving during drilling

American Geotechnical Plate B-3



TEST EXCAVATION LOG No. B-3 F.N. 1987

Project/Client:__ Expansive Soil Study/City of Torrance Sheet: _2 _ of _ 2
[ e
k - L » .
H g1 Field Description By: TS
3
o [Plaulz (5 |2 SS—
g 3 gg & ,,E. ’5 . '& g Surface Conditions:
-
L | olg%|o |8 (¥ & | 8 |2 Asphalt Concrete
! eloyl3 (© [Fw|E
L gl 8 S el 3]0
ALHIR R
0 oed L
] =7 3 [} 7)) o
0 polS |¥ |4 ] '
O] ] 7] e e .
zZi3 3 | S |@ | subsurface Conditions: FORMATION: Classification,
x|m o |E color, moisture, tightness, etc.
~20 g0 [85 |36
| 4 |
i 77 (98 |7 20.80
30 M
- 30.50 Becomes Silty Fine Sand, light brown, moist, dense.
- _{ -
R - L
L . -
- 40 -

American Geotechnical Plate _B-3 (Cont.)




TEST EXCAVATION LOG No. B-4 F.N.

droject/Client:

.ocation:

1987

Expansive Soil Study/City of Torrance Sheet:

Off of Ocean Avenue near 238th Street, Torrance, California Start:

istimated Surface Elevation:

*+ Total Depth:__29.5’  Rig Type:_8" Hollow Stem Auger End:

1 of _2

2 SEP 88
2 SEP 88

Depth-Feet

RING
EUt?4 Sample Type

Blow Counts
Blows/Foot

Dry Unit Weight Pcf

Moisture Content %

Laboratory
Tests

Field Description By:

TS

UsSCsS Symbol

Graphic Log

Surface Conditions:

Undeveloped Park Area

subsurface Conditions: FORMATION: Classification,
color, moisture, tightness, etc.

i
S

———

-10—.

63

86

60

49

86

103

111

99

92

84

13

28

10

19 E

IPP200
=34

Q
ol

|
Silty Clay, dark gray, dry, stiff.

4 to 7 feet becomes gray-brown, sandy clay, moist, hard.

Color changes to gray.

Becomes very sandy to 23 feet.

vores: _Total depth at 29.5 feet.

No groundwater encountered during drilling.

No caving during drilling.

American Geotechnical

Plate

B-4




TEST EXCAVATION LOG No. B-4

Project/Client:_ Expansive Soil Study/City of Torrance

F.N. 1987

Sheet: 2 of 2

‘- * - L L4
8 g% Field Description By: TS
- c

‘é u g‘g’ ‘.5:" 42 :,5' = g Surface Conditions:

Yole B L [ 3 |4 43 2 |- | Undeveloped Park Area

£ ) <

2 [0zdl= (2 (57|22

g8 £
o Eels (2 |3 |8 |8 .
alx .
22 |23 3 |6 | subsurface conditions: FORMATION: Classification,

0 oo o |E color, moisture, tightness, etc.
2
- %. | .

{% Silty Sand, brown, moist, very stiff-hard.

i 69 100 |9 %/j' 29.50 i i
~30 - -
~ 35 ~ -
40 | |~ = -
L 4 L 4
American Geotechnical Plate _B-4 (Cont.)




TEST EXCAVATION LOG No. B-5 F.N. 1987
Project/Client:__Expansive Soil Study/City of Torrance sheet: 1 of 2
Location: 23500 block of Adolph Avenue, Torrance, California start:__2 SEP 88
Estimated Surface Elevation: ’# total Depth:__30.5’  Rig Type:__8" Hollow Stem Auger End: 2 SEP 88
b PN . « .
gl |2 |, Field Description By: TS
3
o |[Flagl2 |§ |3 .
o Yo E (o C Surface Conditions:
v (5150|121 o4 |3 |8
L 1 olo%|w (8 (¥« | @8 [2]| Asphalt Concrete
! EloN[3 |9 I¥Fw | E
5| 8153 e (608|218
o [93al¥ (¢ [aF 9|2
g |18~ 2 [3 |« o | B
O loldm®{5 |8 [ O |®
o | L - -
Zls 2 | D | @ | subsurface Conditions: FORMATION: Classification,
et o |® ) color, moisture, tightness, etc.
-0
0 Asphalt Concrete 2 inches, Base 10 inches.
R o3 ,
Silty Clay, dark gray, moist to very moist, firm.
) 20 [81 [39 EI=222 T
Swell
- LL=77
PI=51 j
PP200
- § - =85 -
. 18 [81 [39 |Shear T
Swell -
-10 22 {65 [38 [LL=89 7
PI=57
. PP 200 _
=91
86 (33 |

) 7 44
-15

ores: _Total depth at 30.5 feet.

No groundwater encountered during drilling.

No caving during drilling.

American Geotechnical

Plate

B-5




TEST EXCAVATION LOG No. B-5 FN. 1987

project/Client:__ Expansive Soil Study/City of Torrance Sheet: 2 of _ 2
" LI P . « .»
. N Field Description By: TS
3
2 | FlBa¥ RE p I
3 3 5 3 9 ‘é’ 3 . _g g Surface Conditions:
ENE 8 |%4 |2 |- | Asphalt Concrete
£ | el Y Se| 3|0
2 [8adlu (e (82|34
o8- £
o —l—* c 3 ] o [N
0 ol @5 (4 |- O (8 " -
o | s T
Zls 3 r D |0 | subsurface Conditions: FORMATION: Classification,
x|m a |E color, moisture, tightness, etc.
20 56 |04 |20 |[LL=66
P1=45 %
L PP200
=77
5 i v
25 ) 25 to 27 feet becomes very sandy.
- N
L 4 é 29,00 -
51 [101 f14 SC 7
% Becomes Clayey Sand, orange brown, moist, firm.
30 )//; 8050
X 4 L

American Geotechnical Plate _B-5 (Cont.)




TEST EXCAVATION LOG No.

B-6 F.N. 1987

Sheet:_1 of 2

Project/Client:__ Expansive Soil Study/City of Torrance
Location: 4000 block of 232nd Street, Torrance, California start: 2 SEP 88
Estimated Surface Elevation: *+ Total Depth:__30.5’  Rig Type:_8" Hollow Stem Auger End: 2 SEP 88
[’y
x . L] -
8 g |5 Field Description By: TS
Pla, e |€
"i,' + ‘6‘ £ 3 3 Surface Conditions:
2 lelc8lo [€ |6 - | o
w =3 ] a " 0 0
: ajo|s [§ | 2 | 2 |4 Asphalt Concrete
£ | Ejogl3 fwlE
¥ | 8lsz s (02|28
2 o33« |¥ |8 |0 |4
[ 04ld 13 |= z
c T 1%o{E& |& i [ 'R
olx® |2 (e 318 -
Zl= 2 |0 D | O | subsurface Conditions: FORMATION: Classification,
0 | e |E color, moisture, tightness, etc.
10 Asphalt Concrete 2 inches, Base 10 inches.
B - .
Silty Clay, dark gray, moist, stiff.
i 34 (82 |36 El=244 1
Swell
B LL=75 1
. PI=50
PP 200
B =92 1
-5 26 |83 [356 [Shear B
Swell
- -1
| ]
i 63 |95 |26 [Consol ]
L
= -4
10 PP200 n
=79
| 11.00
CH
Sandy Clay, orange brown, moist.
15 85 118 11 m
- -
- 4 4
L - §

notes: _Total depth at 30.5 feet. No groundwater encountered during drilling.

No caving during drilling.

American Geotechnical

Plate B-6




TEST EXCAVATION LOG No. B-6 F.N. 1987

Project/Client:__ Expansive Soil Study/City of Torrance Sheet:_ 2  of _2
s| |8 > Field Description By: TS
4 e 3‘6‘ £ E Z surface Conditions:
o | 8|Sao|® |c |o 312
L |2lat|a |8 |2 3|8 |3| Asphalt Concrete
c | §°6|3 ° |t s[5
FLEgls 587 (0%
o élga‘m 5 t': J “8) g- _ . -
e 3 | O | o | subsurface Conditions: FORMATION: Classification,
20 x| s |E I color, moisture, tightness, etc.
I 53 (102 |16
i Z_| 22.00
i ] s¢ %r Clayey Medium Sand, orange brown, m?ist, dense to very dense. |
/
60 %
F - ]
_35J - -
—_— X i
] i 1

American Geotechnical Plate _B-6 (Cont.)



TEST EXCAVATION LOG No. B-7 F.N. 1987

Project/Client: _ Expansive Soil Study/City of Torrance sheet: _ 1 of _2
Location: Alley south of 234th Street west of Anza, Torrance, California start: __2 SEP 88
Estimated Surface Elevation: >+ Total Depth:__30.5’ _ Rig Type:_8" Hollow Stem Auger End: 2 SEP 88
8 50X Field Description By: TS
ﬁ - B‘é ‘E .§ :L’ Surface Conditions:
2 |wlc8|D | |B -~ | o
Lolglgt|e |8 |¥ 8 8 |8 | Asphalt Alleyway
518812 |, |58]5]¢
I O R I
9 lol@®(> |a |- “8, :':'
. Eg’ g 'é 3 | o | subsurface Conditions: fggl:ﬂggé?ﬂe’glgagi:g:ztgg,
CH /// —njﬂ_\Asphalt Concrete 3 inches, Base 1 inch. |
Z Silty Clay, dark gray, moist, firm to utif.f.
/
18 |83 [36 3&:21113
%}‘:69'? % Becomes light gray
5 /
%
/
25 |82 |38 le':w::gﬂ %
N
/
~10 91 {3 %
46 1 2 %
%
/
/
% Becomes gray-brown, hard, slightly plastic to plastic.
84 (115 |14 %
~15 % 15.00
5¢ % Clayey fine to medium Sand, orange-brown, moist, stiff.
N
.
- /
.
~ ,//
” /
l 46 %

vores: _Total depth at 30.5 feet. No groundwater encountered during drilling. No caving during drilling
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TEST EXCAVATION LOG No. B-7 F.N. 1987

>roject/Client:_ Expansive Soil Study/City of Torrance Sheet: _2  of _ 2
8 1] > Field Description By: TS
‘g’ ;:g;é ?Ié g g e o Surface Conditions:
r | 2|85|a (8 |§ 4 |2 |- | Asphalt Alleyway
5| 8.8 s o2
§ L _[o8(= (5 |8 £
o [dze|5 |2 [~ 1 & :
z2 |33 5 |& | subsurface Conditions: FORMATION: Classification,
50 _;im s I|E - color, moisture, tightness, etc.
%
///- | 4
_
i _
- 25 %7
%
é_ Becomes more clayey.
i
%
45 %"
%
30 = .
-
- 35 ' = -
T 7
4

American Geotechnical Plate _B-7 (Cont.)




TEST EXCAVATION LOG No. B-8

Expansive Soil Study/City of Torrance

Project/Client:

Location:

23300 block of Carlow Road, Torrance, California

Estimated Surface Elevation:

*+ Total Depth:__30.5’  Rig Type:_8" Hollow Stem Auger

F.N. 1987

sheet: _ 1 of 2

start: _ 6 SEP 88
End: __6 SEP 88

[
x . « .
s ¢ |, Field Description By: TS
" 3 LTI~ E 3 P : |
v v 4&’ o -5 Pr] C A Surface Conditions:
bl =322 |5 13w |o]a0
L | ala%| o + | o |d| Asphalt Concrete
L glop|(3 |9 8w | cE
£ 1&g ¥ el 2]o
+ nwl|33|p ] o o @ |-
g 0lla |y (8 £
o | 18=|F [3 [] o |l
0 lalm®(3 {% |- o|s
. 0 3 . Yy %
Zl= 2 o D |® | subsurface Conditions: FORMATION: Classification,
0 |m a |E color, moisture, tightness, etc.
0 Asphalt Concrete 2 inches, Base 10 inches.
3 CH
Silty Clay, dark gray, moist, stiff to very stiff.
i 23 |84 [36 |Swell 1
LL=79
| PI=57 .
PP200
=83
- S Becomes light gray. 7]
i 28 |82 |34 |Shear T
[~ =
L : i
i 7 38 |87 [34 [Swell ]
Bi=57
- 10 PP200 B
L =82
i ] Becomes sandier, color changes to orange-brown. J
- - -
1S |71 11 13 PP200 -
=31
- ) R i
- -t -

notes: _Total depth at 30.5 feet.

No groundwater encountered during drilling.

No caving during drilling.
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TEST EXCAVATION LOG No. B-8 FN. 1987

project/Client:___Expansive Soil Study/City of Torrance sheet: 2 of _2
[’
N [ 4 - -
s g0 Field Description By: TS
3
o |[FlBuf2 |§ |2 ces
o s |20 £ v [T - |l o Surface Conditions:
g (4|39 L |8 wm)|ojno
v [glgc|e (8 [® S|4 |3 Asphalt Concrete
1 Eloy|3 |9 |8 w|E
£ g| 98 - = )
S lolzdle |¥ |8+ |0 |-
o goly |+ |a c
] a3l e 3 L] 0 [+ R
9 lojxm®> 1% [ ale
Zl5 2 |3 O | o | subsurface Conditions: FORMATION: Classification,
xXim) & IE color, moisture, tightness, etc.
- 20 g Te5 115 |15

1
Sand, light brown, moist, dense.
38
- 30 -
30,50
1
i

]
- 35 = -
-

American Geotechnical , Plate _B-8 (Cont.)



TEST EXCAVATION LOG No. B-9 F.N. 1987
Project/Client:___Expansive Soil Study/City of Torrance sheet: 1 of 2
Location: 4400 block of 238th Street, Torrance, California start: __6 SEP 88
Estimated Surface Elevation:______ '+ Total Depth:__30.5’  Rig Type: 8" Hollow Stem Auger End: 6 SEP 88
bl . « .
gl |d [ Field Description By: TS
Pla,le €
"é 4-"6’ £ ,5 ? Surface Conditions:
o | 556/91c |85 a|lD|0
L tolo% s (8 [ o |8 [+4] Asphalt Concrete
£ EO0g|3 g |E
5 s 9 e 58|20
H oz« (& |8 o |
v 1852 (3 |« o |&
's] ) 2 |J
o|x(® |2 | 312
Zl=s 2 |2 3 | © | subsurface Conditions: FORMATION: Classification,
x|o o |[® color, moisture, tightness, etc.
-0
0.80 Asphalt Concrete 2 inches, Base 8 inches.
L CH . T
Silty Clay, dark gray, moist, firm to stiff.
i 34 |91 |27 LL=52 1
PI=34
- S 30 {90 |31 EI=204 N
Swell
L LL=64
PI—41 1
i 97 {112 [17 |Shear n
Swell
.—10 -
| 13.00
69 |88 |25 [Consol | SC [/
Clayey fine sand, light brown to gray brown, moist, dense to very dense.
i T 75 1105 (14 T

notes: _Total depth at 30.5 feet. No groundwater encountered during drilling. No caving during drilling.
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TEST EXCAVATION LOG No.
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