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Jonathon Goldman
Director of Public Works
City of Sausalito
420 Litho Street
Sausalito, California 94965-1933
Subject:

Geotechnical Investigation
Tennis Court Renovation
Southview Park
Sausalito, California

Dear Mr. Goldman:
This letter presents the results of our geotechnical investigation for the renovation to the
tennis court at Southview Park in Sausalito, California. The site is located at the southeast
corner of the intersections between 4th and North Streets as shown on the Site Location
Map, Figure 1. Additional copies of this report have been distributed as indicated at the end
of this letter.
The services described in this report were performed in accordance with our contract with
the City of Sausalito dated September 2, 2011. Conclusions and recommendations
presented herein are based on: 1) discussions and correspondence with you, 2) a review of
original tennis court drawings prepared by John L. Hunter dated March 24, 1960, 3) the
results of our on-site field investigation and engineering analysis performed for the site
improvements, and 4) our experience with other projects in the vicinity of the site.
Southview Park is bound by North Street to the north, private properties to the south and
3rd and 4th Streets to the east and west, respectively. The tennis court is bound by 4th
Street to the west and landscaping and play areas to the north and northeast, a basketball
court to the east, and trees and private properties to the south. The existing tennis court is
relatively flat at approximately Elevations 101 to 102 feet, Mean Sea Level. 3rd and 4th
Streets to the east and west, respectively, as well as the landscaping north of the existing
tennis court slope up to the north.
Current plans include demolishing and removing the existing tennis court and failed
concrete and wood retaining walls, and constructing new retaining walls on the north and
possibly south sides of the proposed tennis court and a new tennis court. The new retaining
walls will tie into the existing concrete retaining walls that are determined safe to remain.
The approximate limits of the tennis court and the entire park are shown on the Site Plan,
Figure 2.
The focus of our investigation was to determine the subsurface conditions beneath the
tennis court and behind the downhill retaining walls and provide foundation and grading
recommendations for use by the project design and construction team.
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SCOPE OF SERVICES
Our services consisted of reviewing previously performed geotechnical investigations in the
site vicinity, exploring the subsurface conditions at the site, performing engineering
analyses, and developing conclusions and recommendations regarding:
•

the most appropriate foundation type(s) for the retaining walls that support the
tennis court and uphill landscaping and park area north of the tennis court

•

design criteria for the recommended foundation type(s)

•

estimates of foundation settlement

•

retaining wall design criteria (lateral earth pressures)

•

pavement design options for the tennis court

•

site drainage

•

site seismicity and seismic hazards

•

California Building Code site soil type and seismic factors

•

utility trench excavation and backfill criteria

•

construction considerations

FIELD INVESTIGATION AND LABORATORY TESTING
To explore subsurface conditions at the site, we drilled six borings on October 17, 2011.
The borings, designated as B-1 through B-6, were drilled to depths varying from
approximately 2.2 to 15.5 feet below the ground surface. The locations of the borings are
shown on the Site Plan, Figure 2.
The borings were drilled using portable drilling equipment advancing with solid flight augers,
operated by Access Soil Drilling of San Mateo, California. During drilling, our engineer
logged the materials encountered and obtained samples for visual classification and
laboratory testing. Logs of the borings are presented in Appendix A, as Figures A-1 through
A-6.
Soil samples were obtained using two types of samplers:
•

a Sprague & Henwood (S&H) split-barrel sampler with a 3.0-inch outside diameter
and 2.5-inch inside diameter

•

a Standard Penetration Test (SPT) sampler with a 2.0-inch outside diameter and 1.5inch inside diameter.
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Both samplers were driven with a 140-pound, above ground, safety hammer falling 30
inches. The blow counts required to drive the S&H sampler the final 12 inches of an 18-inch
drive were converted to SPT blow counts using a factor of 0.6; both the actual and
converted blow counts are presented on the boring logs.
All borings were backfilled with cement grout and topped it off with quickset concrete as
required by the City of Sausalito. Each soil sample was re-examined in our office to confirm
field classifications.
The soil and bedrock exposed in the borings were classified according to the classification
chart and physical properties criteria for rock descriptions presented in Appendix A as Figure
A-7 and A-8, respectively.
SITE AND SUBSURFACE CONDITIONS
The project site is roughly rectangular in shape and has maximum plan dimensions of
approximately 55 feet by 115 feet. The site is currently occupied by a tennis court with
concrete retaining walls surrounding the tennis court, except the northeast corner. The
tennis court is at approximately Elevation 101 to 102 feet. The concrete walls on the west
and northwest range from approximately 3 to 13 feet and appear in good condition A
portion of the north concrete retaining wall and the wood retaining wall have failed or show
signs of distress. These failed or distressed walls retain up to 6 to 9 feet of sloping earth.
Other sections where no wall exist have slumped into the tennis court area. The concrete
retaining walls on the east and south sides are approximately 4 to 5 feet in height. In
addition, the existing asphalt concrete on the tennis court shows signs of distress and
several large cracks exist near the center of the court and towards the east and southeast
corners of the site.
Our borings indicate the site is underlain approximately 1 to 13 feet of fill consisting of
predominately brown to dark brown to light brown clay with sand and gravel. A small
pocket silty sand fill was observed in Boring B-2. The fill is soft to medium stiff and extends
to depths of approximately 7 to 13 feet in the south and southeast corners of the site, and
approximately 4 feet at the southwest corner of the site. The fill is underlain by residual
bedrock and/or Franciscan Complex bedrock. The residual bedrock encountered consists of
medium dense to very dense clayey sand to stiff sandy clay that is light brown to yellow
brown and contains sandstone fragments (angular gravel). Franciscan Complex bedrock
consists of brown to light brown sandstone which near the ground surface is intensely
fractured, low hardness, friable to weak and deeply weathered. We expect the bedrock to
become less fractured, harder, stronger and less weathered with depth. A published
geology map of the vicinity, presented as Figure 3, indicates the site is underlain by
Franciscan Complex mélange bedrock, which is consistent with our findings.
Groundwater was encountered at a depth of 6 feet in Boring B-3 during our investigation
(perched water). We judge perched water from upslope landscaping irrigation and/or
rainfall infiltration may travel along the contact between the bottom of the fill layer and the
top of the residual bedrock or Franciscan Complex bedrock. In addition, it is not uncommon
for groundwater to flow within permeable fractures of the Franciscan Complex bedrock.
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SEISMICITY AND SEISMIC HAZARDS
The major active faults in the area are the San Andreas, Hayward and San Gregorio Faults.
These and other active faults of the region are shown on Figure 4. For each of the active
faults within 60 kilometers (km) of the site, the distance from the site and the mean
characteristic Moment magnitude1 [2007 Working Group on California Earthquake
Probabilities (WGCEP) (2007) and Cao et al. (2003)] are summarized in Table 1.
TABLE 1
Regional Faults and Seismicity
Approximate
Distance from Site
(km)

Direction
from Site

Maximum
Magnitude

San Andreas - 1906 Rupture

11

West

7.90

San Andreas- North Coast South

11

West

7.45

Fault Segment

San Andreas - Peninsula

11

Southwest

7.15

Northern San Gregorio

15

Southwest

7.23

Total San Gregorio

15

Southwest

7.44

North Hayward

18

Northeast

6.49

Total Hayward

18

Northeast

6.91

Total Hayward-Rodgers Creek

18

Northeast

7.26

South Hayward

24

East

6.67

Rodgers Creek

27

North

6.98

Point Reyes

33

West

6.80

Mt Diablo - MTD

39

East

6.65

West Napa

41

Northeast

6.50

Concord/Green Valley

41

East

6.71

Total Calaveras

42

East

6.93

Monte Vista-Shannon

50

Southeast

6.80

Greenville

57

East

6.94

Figure 4 also shows the earthquake epicenters for events with magnitude greater than 5.0
from January 1800 through December 2000. Since 1800, four major earthquakes have
been recorded on the San Andreas Fault. In 1836, an earthquake with an estimated
Moment magnitude, Mw, of about 6.25 occurred east of Monterey Bay on the San Andreas
Fault (Toppozada and Borchardt 1998). In 1838, an earthquake occurred with an
estimated Mw of about 7.5. The San Francisco Earthquake of 1906 caused the most
significant damage in the history of the Bay Area in terms of loss of lives and property
damage. This earthquake created a surface rupture along the San Andreas Fault from
1

Moment magnitude is an energy-based scale and provides a physically meaningful measure of the
size of a faulting event. Moment magnitude is directly related to average slip and fault rupture
area.
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Shelter Cove to San Juan Bautista approximately 470 km in length. It had a Mw of about
7.9, and was felt 560 km away in Oregon, Nevada, and Los Angeles. The most recent
earthquake to affect the Bay Area was the Loma Prieta Earthquake of October 17, 1989, in
the Santa Cruz Mountains with a Mw of 6.9, approximately 105 km from the site.
In 1868 an earthquake with an estimated Mw of 7.0 occurred on the southern segment
(between San Leandro and Fremont) of the Hayward Fault. In 1861, an earthquake of
unknown magnitude (probably a Mw of about 6.5) was reported on the Calaveras Fault. The
most recent significant earthquake on the Calaveras Fault was the 1984 Morgan Hill
earthquake (Mw = 6.2).
The 2007 WGCEP at the U.S. Geologic Survey (USGS) predicted a 63 percent chance of a
magnitude 6.7 or greater earthquake occurring in the San Francisco Bay Area in 30 years.
More specific estimates of the probabilities for different faults in the Bay Area are presented
in Table 2.
TABLE 2
WGCEP (2007) Estimates of 30-Year Probability
of a Magnitude 6.7 or Greater Earthquake

Fault

Probability
(percent)

Hayward-Rodgers Creek

31

N. San Andreas

21

Calaveras

7

San Gregorio

6

Concord-Green Valley

3

Greenville

3

Mount Diablo Thrust

1
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GEOLOGIC HAZARDS
During a major earthquake on a segment of one of the nearby faults, strong to very strong
shaking is expected to occur at the site. Very strong shaking during an earthquake can
result in ground failure such as that associated with fault rupture, soil liquefaction2, lateral
spreading3, and differential compaction4 and earthquake induced landsliding. We used the
results of our field investigation as well as those by others in the vicinity to evaluate the
potential of these phenomena occurring at the project site.
Fault Rupture
Historically, ground surface ruptures closely follow the trace of geologically young faults.
The site is not within an Earthquake Fault Zone, as defined by the Alquist-Priolo Earthquake
Fault Zoning Act and no known active or potentially active faults exist on the site.
Therefore, we conclude the risk of fault offset at the site from a known active fault is low.
In a seismically active area, the remote possibility exists for future faulting in areas where
no faults previously existed; however, we conclude the risk of fault rupture (surface
faulting) and consequent secondary ground failure from an unknown fault is low.
Liquefaction, Lateral Spreading, Differential Compaction, and Earthquake
Induced Landsliding
We used the results of the on-site and adjacent borings to evaluate the potential for
liquefaction lateral spreading, and settlement from differential compaction. The site is
underlain by clayey sand and sandy clay and any perched groundwater is expected within
clayey soil. Therefore, we conclude the potential for liquefaction-induced settlement and
lateral spreading at the project site is very low.
Strong ground shaking can cause unsaturated sand above the groundwater table to densify
and settle (referred to as differential compaction). Since loose to medium dense sand was not
encountered he potential for settlement due to differential compaction is also very low.
We did not observe any surficial evidence of historical landsliding or find any published maps
indicating historical landsliding on-site; therefore, we conclude the potential for earthquake
induced landsliding within the footprints of the proposed improvements is low.

2

3

4

Liquefaction is a transformation of soil from a solid to a liquefied state during which saturated soil
temporarily loses strength resulting from the buildup of excess pore water pressure, especially
during earthquake-induced cyclic loading. Soil susceptible to liquefaction includes loose to
medium dense sand and gravel, low-plasticity silt, and some low-plasticity clay deposits.
Lateral spreading is a phenomenon in which surficial soil displaces along a shear zone that has
formed within an underlying liquefied layer. Upon reaching mobilization, the surficial blocks are
transported downslope or in the direction of a free face by earthquake and gravitational forces.
Differential compaction is a phenomenon in which non-saturated, cohesionless soil is compacted
by earthquake vibrations, causing differential settlement.
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CONCLUSIONS AND RECOMMENDATIONS
We conclude from a geotechnical engineering standpoint, the site improvements can be
constructed as planned provided the recommendations presented in this report are
incorporated into the project plans and specifications and implemented during construction.
The primary geotechnical issues that should be addressed during design include: 1)
selection of an appropriate foundation system for the retaining walls supporting the tennis
court and 2) proper drainage, grading and compaction of subgrade soil beneath the new
tennis court and new retaining walls. These and other considerations are addressed in the
remainder of the report.
Site Preparation, Grading, Compaction and Drainage
Prior to construction, the portions of the site to be improved (including the demolition and
removal of the northern retaining wall and wooden lagging) should be cleared of debris and
soil containing greater than four percent organic materials by dry weight of soil. Stripped
materials should be removed from the site or stockpiled for later use in landscaped areas, if
approved by the architect. During the demolition of the retaining walls, the removal of
foundations may extend below the elevation of the proposed tennis court subgrade. Any
excavations or holes created during foundation removal that are not in proposed foundation
excavations should be backfilled using engineered fill as outlined below.
If fill is required above the bottom of the proposed foundations, it should consist of on-site
or imported soil that is free of organic matter, non-corrosive, non-hazardous, contains no
rocks or lumps larger than three inches in greatest dimension, has a liquid limit less than 40
and plasticity index less than 15, and is approved by the geotechnical engineer. We
anticipate on-site soil (excluding topsoil or fill containing organics) will generally meet the
fill requirements. Fill should be placed in lifts not exceeding eight inches in loose thickness,
moisture-conditioned to above optimum moisture content, and compacted to at least 90
percent relative compaction5.
If backfilling is required below the bottom of proposed foundations, it should consist of lean
or structural concrete.
If the project plans include the replacement of the sidewalk and/or curb/parking pavement
(Portland cement concrete, pavers or asphalt concrete), the upper eight inches of the
subgrade should be moisture conditioned to just above optimum moisture content and
compacted to at least 95 percent relative compaction to achieve a firm, unyielding
subgrade. The soil subgrade should be kept moist until it is covered by aggregate base.
Aggregate base should be compacted to at least 95 percent relative compaction.
The geotechnical engineer should approve all sources of engineered fill at least three days
before its planned use at the site. The grading subcontractor should provide analytical test
results or other suitable environmental documentation indicating the imported fill is free of
hazardous materials at least three days before use at the site. If this data is not available,
up to two weeks should be allowed to perform analytical testing on the proposed import

5

Relative compaction refers to the in-place dry density of soil expressed as a percentage of the
maximum dry density of the same material, as determined by the latest ASTM D1557 laboratory
compaction procedure.
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material. If the on-site material is to be exported, analytical testing of the soil may be
required by the party or parties receiving the soil.
Backfill for utility trenches and other excavations is also considered fill, and it should be
compacted according to the recommendations provided above. If imported or on-site clean
sand or gravel is used as backfill, it should be compacted to at least 95 percent relative
compaction. Jetting of trench backfill is not permitted.
Drainage control design should include provisions for positive surface gradients so that
surface runoff is not permitted to pond, particularly adjacent to structures, or on driveways.
Surface runoff should be directed away from foundations to an acceptable City outlet. In
addition, all roofs should have gutters and downspouts that are connected to the city sewer
and storm drain system as appropriate. If any of the perimeter foundations act as partial
basement walls (when the soil on the outside is higher than the floor slab on the inside), the
outside of the foundation walls should be waterproofed and back-drained. One acceptable
method for backdraining a wall is to place a prefabricated drainage panel against the
waterproofed covered concrete wall. The drainage panel should extend down to a
perforated PVC (schedule 40) collector pipe at the base of the wall (below the level of the
interior slab). The pipe should be surrounded on all sides by at least four inches of Caltrans
Class 2 permeable material (see Caltrans Standard Specifications Section 68-1.025) or ¾inch drainrock wrapped in filter fabric (Mirafi 140N or equivalent). The pipe should be
sloped to drain to a suitable outlet.
Foundations
On the basis of our observations of the subsurface conditions encountered during our
investigation, we conclude the site is underlain by fill, residual bedrock and sandstone
bedrock of the Franciscan Complex. We recommend the foundations for the new retaining
walls surrounding the tennis court gain support on the residual bedrock and sandstone
bedrock which underlie the fill. On the basis of our field investigation, residual bedrock and
sandstone bedrock should be encountered at shallow depths across the majority of north,
east and west sides, and deep along the south side of the tennis court. Residual bedrock
and sandstone bedrock is expected to be at a depth ranging from approximately 4 to 13
feet at the north and south, respectively. Therefore, in these areas foundations should
extend to a depth deep enough to gain support below the fill layer. We judge two
foundations should be used; continuous shallow footings along the uphill side (north, east
and west) and drilled cast-in-place concrete piers along the downhill side (south) as
necessary.
Continuous Footings
Continuous footings should be at least 18 inches wide and extend at least 18 inches below
the below the top of a tennis court grade. Continuous spread footings constructed with the
above minimum widths and embedments may be designed for a maximum allowable dead
plus live load bearing pressure of 4,000 pounds per square foot (psf). This value may be
increased by one-third for total loads, including wind and/or seismic.
Lateral resistance may be calculated using passive resistance acting against vertical faces of
footings. Passive resistance may be calculated using 1,000 psf (rectangular, in residual
bedrock and bedrock). The upper 6-inches should be ignored where not confined by a slab
or pavement. Passive resistance also assumes that there is at-least 7 feet of lateral
confinement (setback) of soil, residual bedrock and/or bedrock against the side of the
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footing adjacent to a slope. Frictional resistance between the bottom of the footing and the
underlying residual bedrock and/or bedrock should be computed using a base friction
coefficient of 0.35. These values have a factor of safety of about 1.5 and may be used in
combination without reduction. If necessary, the footing may be equipped with a key.
Static total and differential settlements (from dead and live loads) of properly constructed
spread footings founded in the residual bedrock and/or sandstone bedrock layer and
constructed with typical column spacing should be less than one and one half inch,
respectively. Static total and differential settlements should occur during construction.
Foundation excavations should be: 1) kept moist until concrete is placed, 2) hand- or
mechanically-tamped (if founded on residual bedrock), and 3) free of loose debris and
standing water prior to concrete placement. We should be on-site to observe excavations
before placement of the reinforcing steel and concrete. Any over-excavations made during
construction should be filled with lean or structural concrete.
Drilled Piers
Drilled, cast-in-place concrete piers should be a minimum of 18 inches in diameter and
extend to the competent native soil underlying the fill. We estimate the required pier length
will be approximately 20 feet below the existing tennis court grade.
The piers should gain support in friction below the fill. Twenty-foot deep, 18-inch-diameter
piers should be designed for an allowable dead plus live capacity of 50 kips. If additional
capacity is required, an allowable friction of 1,500 psf may be used below a depth of 20
feet. The calculated pier capacities may be increased 1/3 for seismic and/or wind loads.
Uplift capacities should be reduced by 1/3.
Settlement of a properly constructed pier foundation system under these loads is expected
to be less than ½ inch.
Lateral forces can be resisted by passive pressure acting on the vertical faces of grade
beams and bending of the drilled piers. A uniform pressure of 1,000 psf may be used to
compute passive resistance. The upper foot of soil should be ignored unless it is confined
by slabs. This value includes a factor of safety of 1.5.
Piers should be spaced a minimum of three diameters measured center-to-center.
However, piers designed to resist lateral loads should be spaced at least six diameters apart
(in the direction of loading) to utilize the full lateral capacity without reduction.
The bottom of the drilled pier holes should be free of debris and water before placement of
concrete. Pier drilling should be observed by a representative of Rollo & Ridley Inc. to
confirm the foundation soil is similar to that encountered in our field investigation.
Retaining Walls
We understand new support concrete retaining walls may be constructed adjacent to the
existing retaining walls at the west and northwest sides of the New Tennis Court.
Foundations for retaining walls should be designed using the criteria presented under the
foundations section presented in this report. If additional lateral support is necessary, a
key may be used.
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Lateral earth pressures on freestanding retaining walls will depend upon the steepness of
the slopes behind the walls. Recommended lateral earth pressures for walls retaining soil
that are free to rotate for various slope inclinations are presented in Table 4.
TABLE 4
Exterior Retaining Wall Pressures

Slope Angle
(degrees)

Walls Free
to Rotate
(active pressure)

0

35 pcf

27 (2:1)

53 pcf

34 (1.5:1)

65 pcf

Where traffic loads are expected within 10 feet of the walls, an additional design load of 100
psf should be applied to the upper ten feet of the wall.
It should be noted that retaining walls designed to rotate (using active pressures), will move
outward near the top of the wall over time (over several years), causing minor concrete
cracking to the wall and ground settlement of the retained soil near the top of the wall.
Alternatively, walls can be designed to be restrained to limit top deflection by applying atrest pressures, which can be calculated by applying a factor of 1.6 to the values presented
in Table 4.
The lateral earth pressure given assumes the walls are properly backdrained to prevent the
buildup of hydrostatic pressure. The backdrains may consist of prefabricated drainage
panels (Miradrain 6000 or equivalent) placed against the back of the wall. The drainage
panels should extend down to a collector pipe consisting of four-inch-diameter perforated
PVC pipe surrounded on all sides by at least four inches of Caltrans Class 2 permeable
material or 3/4-inch drain rock wrapped in filter fabric (Mirafi 140N or equivalent). In lieu
of a 4-inch collector pipe and gravel, a thicker drainage paneling (such as Hydroduct® Coil
600 or equivalent) is acceptable. The collector pipes or thicker drainage paneling should
drain to a suitable discharge location.
Another acceptable alternative is to backdrain the wall with crushed rock material at least
one foot wide extending down to the base of the wall. A perforated PVC pipe should be
placed at the bottom of the drain to collect water and transmit it to a suitable discharge
point. The pipe and crushed rock should be surrounded by filter fabric. The top of the
gravel should be capped with at least 18 inches of clayey soil or a concrete v-ditch sloping
to a discharge point.
Alternatively, weep holes at the base of the wall could be used to drain water collected in
the drainage paneling and/or crushed rock from the back of the wall. Weep holes should be
spaced no greater than 4 feet apart and be a minimum of 3 inches in diameter. The back of
the weep hole should be covered with filter fabric to prevent retained soil from being
transported through the weep holes. Weep holes continue to drain after rainfall stops.
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Weep holes will allow water to come onto the new tennis court which may be undesirable;
the court may remain wet after the rain ends while the walls drain. The design team and
City should discuss the appropriateness of weep holes and introducing water onto the tennis
court.
Slope Cuts
Temporary slope cuts made during construction should be no steeper than 1 to 1 (horizontal
to vertical) and not greater than 10 feet in height. If permanent slope cuts are required for
landscaping, they should be no steeper than 2-1/2 to 1 and not greater than 3 feet in
height, unless approved by the geotechnical engineer. All slope cuts should start at least 3
feet away from the property line. In addition, the geotechnical engineer should review the
grading or landscaping plans to evaluate the safety of the proposed slope cuts and whether
they impact any of the neighboring properties. In addition, we should be on-site during
initial slope cut excavations to confirm with soil conditions are stable and so that we can
recommend changes to the excavation plan in a timely manner.
Footing excavations may be cut vertical if less than four feet in height. However, formwork
may be required to maintain the vertical cut during steel and concrete placement.
Tennis Court Design
If the proposed tennis court is to be constructed with asphaltic concrete, we recommend the
standard State of California Department of Transportation (Caltrans) flexible pavement
design method be used. To develop the recommended asphaltic concrete pavement section
thicknesses, an R-value and a Traffic Index (TI) were used. The R-value represents the
type of native soil below the pavement section; while the TI represents the predicted
amount vehicular traffic for the proposed road. We used an assumed R-value of 15 based
on our observations of near surface soil during the drilling of borings on October 17, 2011.
We used TIs of 5.5 and 6.5 which are appropriate for driveways with light vehicular traffic
and driveways with moderate vehicular usage with occasional trucks and emergency
vehicles, respectively. Table 5 presents our recommendations for two different asphalt
concrete sections.
TABLE 5
Tennis Court Section Design
Option #1
Thickness
(TI = 5.5)
(inches)

Option #2
Thickness
(TI = 6.5)
(inches)

Asphalt Concrete

3.5

4.0

Class 2 Aggregate Base

9.0

12.0

Section

Pavement components should conform to the current Caltrans Standard Specifications. The
upper eight inches of the soil subgrade in pavement areas should be scarified, moistureconditioned to just above optimum and compacted to 95 percent relative compaction and
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rolled to provide a smooth non-yielding surface. Aggregate base should be compacted to at
least 95 percent relative compaction. If the subgrade yields or ruts, it will need to be
repaired. In general, we did not observe any weak subgrade soils. No over-excavation is
required at this time.
Rigid Pavement Design
If used on this project, we recommend concrete paving (rigid pavement section) consist of
six inches of Portland cement concrete over six inches of aggregate base for car traffic. The
modulus of rupture of the concrete should be at least 500 psi at 28 days. Contraction joints
should be constructed at 15-foot spacing. Where the outer edge of a concrete pavement
meets asphalt pavement (or terminates), the concrete slab should be thickened by 50
percent at a taper not to exceed a slope of 1 in 10. If the concrete will experience
occasional truck traffic, we recommend the slab be reinforced with a minimum of No. 4 bars
at 16-inch spacing in both directions; however, steel reinforcing (size and spacing) should
be designed by the structural or civil engineer. Recommendations for subgrade preparation
and AB compaction for concrete pavement are as outlined in previous sections of this
report.
Construction Considerations
The near surface soil to be excavated consists mainly of clay fill with sand and gravel, which
can be excavated with conventional earth-moving equipment such as loaders and backhoes.
Heavier equipment may be required to excavate the Franciscan Complex mélange bedrock.
If deep excavations are made into the slope or across the pad, harder and stronger bedrock
will be exposed. Equipment such as a hydraulic hoe-rams and jack-hammers may be
required to break down the bedrock during the excavation. Localized hand work using jack
hammers may be required to break bedrock during the excavation for footings or the pool
excavation. Hydraulic hoe-rams and jack hammers will create vibrations that may be felt by
surrounding neighbors. If vibrations are too intense, damage to surrounding improvements
may occur. The contractor should limit vibrations to an acceptable level.
Whether a material can be ripped or has to be broken with hydraulic/pneumatic equipment
depends upon the contractor’s equipment, effort and willingness to subject the equipment
to wear. Therefore, we recommend that the excavation contractor visit the site and arrive
at his/her own conclusion on the bedrock’s excavation rippability.
If a new wall is determined necessary along the south side of the tennis court, we
recommend either constructing the new wall inside (upslope) of the existing wall or sloping
a cut into the existing tennis court area. If constructed inside the limits of the existing wall,
it may be possible to abandon the existing wall in place. The project structural should
evaluate the condition and determine if it is safe to abandon the existing wall in place. A
structural connection between the old and new wall may be required to protect the old wall
from falling over.
Seismic Design
The San Francisco Bay Area is a seismically active region and the structure is likely to
experience periodic minor earthquakes and possibly a major earthquake (Richter magnitude
greater than 7) on one of the nearby active faults. Therefore at a minimum, the seismic
design should be in accordance with the provisions of 2010 California Building Code (CBC)
including the following:
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•

Maximum Considered Earthquake (MCE) Ss and S1 of 1.500g and 0.677g,
respectively.

•

Site Class C

•

Site Coefficients; Fa=1.0, Fv=1.3

•

Maximum Considered Earthquake (MCE) spectral response acceleration
parameters at short periods, SMS, and at one-second period, SM1, of 1.500g and
0.880g, respectively.

•

Design Earthquake (DE) spectral response acceleration parameters at short
period, SDS, and at one-second period, SD1, of 1.000g and 0.587g, respectively.

ADDITIONAL SERVICES
We should review the plans (landscaping, structural and civil, if any) prior to construction;
this will allow us check for conformity with this report. During construction, we should
observe the excavation of slope cuts, placement and compaction of fill, slab subgrade
preparation and foundation excavations (prior to steel rebar placement). These
observations will allow us to compare the actual with the anticipated soil conditions and to
verify the contractor’s work conforms to the geotechnical aspects of the plans and
specifications. Once the project schedule is available, we will prepare a proposal and fee
estimate to provide construction observation services.
LIMITATIONS
The conclusions and recommendations presented in this report apply to the site and
construction conditions as we have described them and are the result of limited engineering
studies and our interpretations of the available subsurface data and existing geotechnical
conditions. Actual subsurface conditions may vary. Should conditions differ substantially
from those we anticipate, some modifications to our conclusions and recommendations may
be required. Furthermore, if any variations or unforeseen conditions are encountered
during construction, or if the proposed construction will differ from that which is described in
this report, Rollo & Ridley, Inc. should be notified so that supplemental recommendations
can be made.
Our firm has prepared this report for the exclusive use of our client and their
representatives on this project in substantial accordance with the generally accepted
geotechnical engineering practice as it exists in the site area at the time of our study. We
make no representation, warranty or guarantee, expressed or implied. The
recommendations provided in this report are based on the assumption that an adequate
program of tests and observations will be conducted by our firm during the construction
phase in order to evaluate compliance with our recommendations. If we are not retained
for these services, the client must assume Rollo & Ridley’s responsibility for potential claims
that may arise during or after construction.
If you have any questions please call.

Jonathon Goldman
Director of Public Works
City of Sausalito
November 9, 2011
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Best regards,
ROLLO & RIDLEY, INC.

Christopher A. Ridley, P.E., G.E.
Principal

Frank J. Rollo, P.E., G.E.
Principal
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APPENDIX A
Borings Logs and Classification Charts

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig

17 SC/

4

SPT

Confining
Pressure
Lbs/Sq Ft

Dry Density
Lbs/Cu Ft

12
13
16

MATERIAL DESCRIPTION

Natural
Moisture
Content, %

2

5

LABORATORY TEST DATA

Fines
%

CL

S&H

Hammer type: Rope & Pulley

Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

DEPTH
(feet)

1

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

3

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-1

Shear Strength
Lbs/Sq Ft

PROJECT:

35

11.6

113

0.5-inch Asphalt
CLAY with SAND and GRAVEL (CL)
brown, fragments consist of brick and roots
[FILL]
CLAYEY SAND to SANDY CLAY (SC/CL)
yellow brown to light brown, medium dense to stiff, moist
[RESIDUAL BEDROCK]

CL

50/4" 50/4"

6

SANDSTONE
dark gray to black, intensely fractured, friable to
weak, moderately strong, deep weathering
[FRANCISCAN COMPLEX]

7
8
9
10
11
12
13
14
15
16
17
18
19
20
Boring terminated at a depth of 6
feet below ground surface.
Boring backfilled with cement grout.
Groundwater not encountered during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.

Project No.:
Figure:

1186.1

A-1

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig
Hammer type: Rope & Pulley

S&H

8
9
17

16

SPT

12
14
17

31

Confining
Pressure
Lbs/Sq Ft

Dry Density
Lbs/Cu Ft

2

Natural
Moisture
Content, %

CL

MATERIAL DESCRIPTION

Fines
%

LABORATORY TEST DATA
Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

DEPTH
(feet)

1

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

3

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-2

Shear Strength
Lbs/Sq Ft

PROJECT:

89

12.1

101

0.5-inch Asphalt
CLAY with SAND and GRAVEL (CL)
dark brown, moist, consists of brick pieces and
roots
[FILL]
CLAY with SAND and GRAVEL (CL)
light brown to yellow brown, stiff to hard, moist,
brick pieces and roots
[FILL]

4
5
6

CL

dense

7

cut fines generated consists of roots, heterogeneous
materials

8
9

SANDY CLAY (CL)
brown, medium stiff, moist
[FILL]

10
11

SPT

3
4
3

7

17.5

CL

12
13

SC

14
15

SPT

50/5"

16

CLAYEY SAND with GRAVEL (SC)
light brown, to yellow brown, sandstone fragments
[RESIDUAL BEDROCK]

SANDSTONE
brown to light brown, intensely fractured, friable to
weak, moderately stong, deep weathering
[FRANCISCAN COMPLEX]

17
18
19
20
Boring terminated at a depth of 15.5
feet below ground surface.
Boring backfilled with cement grout.
Groundwater not encountered during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.

Project No.:
Figure:

1186.1

A-2

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig
Hammer type: Rope & Pulley

Natural
Moisture
Content, %

Dry Density
Lbs/Cu Ft

Confining
Pressure
Lbs/Sq Ft

MATERIAL DESCRIPTION

Fines
%

LABORATORY TEST DATA
Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

DEPTH
(feet)

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-3

Shear Strength
Lbs/Sq Ft

PROJECT:

61

16.3

94

0.5-inch Asphalt
CLAY with SAND (CL)
light brown, soft, moist
[FILL]

1
2
3

S&H

3
3
3

4

S&H

2
3
3

4

CL

soft to medium stiff

4
5
6

CL

7
8

SC

SANDY CLAY with GRAVEL (CL)
light brown to orange brown, soft to medium stiff, wet
[FILL]

CLAYEY SAND (SC)
yellow brown to brown, sandstone fragments
[RESIDUAL BEDROCK]

9
10
11

SPT

50/1"

SANDSTONE
brown, intensely fractured, friable to weak,
moderately strong, deep weathering
[FRANCISCAN COMPLEX]

12
13
14
15
16
17
18
19
20
Boring terminated at a depth of 10.1
feet below ground surface.
Boring backfilled with cement grout.
Groundwater (perched) encountered at a depth of 6 feet
during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.

Project No.:
Figure:
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A-3

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig

1

SC/
CL
S&H

Hammer type: Rope & Pulley

50/3"

3
4

Dry Density
Lbs/Cu Ft

Natural
Moisture
Content, %

Confining
Pressure
Lbs/Sq Ft

MATERIAL DESCRIPTION

Fines
%

LABORATORY TEST DATA
Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

DEPTH
(feet)

CL

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

2

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-4

Shear Strength
Lbs/Sq Ft

PROJECT:

0.5-inch Asphalt
CLAY with SAND (CL)
dark brown to light brown, moist
[FILL]
CLAYEY SAND to SANDY CLAY (SC/CL)
yellow brown to brown, sandstone fragments
[RESIDUAL BEDROCK]
SANDSTONE
brown, intensely fractured, friable to weak,
moderately stong, deep weathering
[FRANCISCAN COMPLEX]

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Boring terminated at a depth of 2.2
feet below ground surface.
Boring backfilled with cement grout.
Groundwater not encountered during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.
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A-4

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig

1

SC/
CL

2

S&H

34
37 30/4"
50/4"

SPT

50/3"

4
5

Hammer type: Rope & Pulley

Dry Density
Lbs/Cu Ft

Natural
Moisture
Content, %

Confining
Pressure
Lbs/Sq Ft

MATERIAL DESCRIPTION

Fines
%

LABORATORY TEST DATA
Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

DEPTH
(feet)

CL

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

3

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-5

Shear Strength
Lbs/Sq Ft

PROJECT:

0.5-inch Asphalt
CLAY with SAND (SC)
dark brown, moist
[FILL]
CLAYEY SAND to SANDY CLAY (SC/CL)
yellow brown, moist, sandstone fragments
[RESIDUAL BEDROCK]
SANDSTONE
light brown to brown, intensely fractured, friable to
weak, moderately stong, deep weathering
[FRANCISCAN COMPLEX]

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Boring terminated at a depth of 5.2
feet below ground surface.
Boring backfilled with cement grout.
Groundwater not encountered during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.
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Figure:
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A-5

TENNIS COURT RENOVATION
SOUTHVEIW PARK
Sausalito, California

Boring location:

See Site Plan, Figure 2

Date started:

10/17/11

Drilling method:

Portable Rig

CL

2

S&H

4
8
10

11

SM

4

Dry Density
Lbs/Cu Ft

Natural
Moisture
Content, %

Confining
Pressure
Lbs/Sq Ft

MATERIAL DESCRIPTION

Fines
%

LABORATORY TEST DATA

0.5-inch Asphalt
CLAY with SAND (CL)
dark brown to brown, moist, roots and brick
fragments
[FILL]
SILTY SAND (SM)
yellow brown, medium dense, moist, roots and
gravel fragments
[FILL]
CLAYEY SAND to SANDY CLAY (SC/CL)
yellow brown to light brown, sandstone fragments
[RESIDUAL BEDROCK]

5
6

Hammer type: Rope & Pulley

Type of
Strength
Test

LITHOLOGY

SPT
1
N-Value

Blows/ 6"

Sample

Sampler
Type

DEPTH
(feet)

1

C. Tan

Date finished: 10/17/11

Sprague & Henwood (S&H), Standard Penetration Test (SPT)
SAMPLES

3

PAGE 1 OF 1
Logged by:

Hammer weight/drop: 140 lbs./30 inches
Sampler:

Log of Boring B-6

Shear Strength
Lbs/Sq Ft

PROJECT:

SPT

9
17
38

55

SC/
CL

7
8
9
10

SPT

50/3"

11

SANDSTONE
light brown to brown, intensely fractured, friable to
weak, moderately strong, deep weathering
[FRANCISCAN COMPLEX]

12
13
14
15
16
17
18
19
20
Boring terminated at a depth of 10.2
feet below ground surface.
Boring backfilled with cement grout.
Groundwater not encountered during drilling.

1

S&H and SPT blow counts for the last two increments were
converted to SPT N-Values using factors of 0.6 and 1.0,
respectively to account for sampler type and hammer energy.
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Figure:
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UNIFIED SOIL CLASSIFICATION SYSTEM

Fine -Grained Soils
(more than half of soil
< no. 200 sieve size)

Coarse-Grained Soils
(more than half of soil > no. 200
sieve size

Major Divisions

Symbols

Gravels
(More than half of
coarse fraction >
no. 4 sieve size)

Sands
(More than half of
coarse fraction <
no. 4 sieve size)

Silts and Clays
LL = < 50

Silts and Clays
LL = > 50

Highly Organic Soils

Typical Names

GW

Well-graded gravels or gravel-sand mixtures, little or no fines

GP

Poorly-graded gravels or gravel-sand mixtures, little or no fines

GM

Silty gravels, gravel-sand-silt mixtures

GC

Clayey gravels, gravel-sand-clay mixtures

SW

Well-graded sands or gravelly sands, little or no fines

SP

Poorly-graded sands or gravelly sands, little or no fines

SM

Silty sands, sand-silt mixtures

SC

Clayey sands, sand-clay mixtures

ML

Inorganic silts and clayey silts of low plasticity, sandy silts, gravelly silts

CL

Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, lean clays

OL

Organic silts and organic silt-clays of low plasticity

MH

Inorganic silts of high plasticity

CH

Inorganic clays of high plasticity, fat clays

OH

Organic silts and clays of high plasticity

PT

Peat and other highly organic soils

SAMPLE DESIGNATIONS/SYMBOLS
GRAIN SIZE CHART

Sample taken with Sprague & Henwood split-barrel sampler with a
3.0-inch outside diameter and a 2.43-inch inside diameter. Darkened
area indicates soil recovered

Range of Grain Sizes
Classification

U.S. Standard
Sieve Size

Grain Size
in Millimeters

Above 12"

Above 305

Boulders
Cobbles

12" to 3"

305 to 76.2

3" to No. 4

76.2 to 4.76

3" to 3/4"
3/4" to No. 4

76.2 to 19.1
19.1 to 4.76

No. 4 to No. 200

4.76 to 0.075

No. 4 to No. 10
No. 10 to No. 40
No. 40 to No. 200

4.76 to 2.00
2.00 to 0.420
0.420 to 0.075

Below No. 200

Below 0.075

Gravel
coarse
fine

Sand
coarse
medium
fine

Silt and Clay

Classification sample taken with Standard Penetration Test sampler
Undisturbed sample taken with thin-walled tube
Disturbed sample
Sampling attempted with no recovery
Core sample
Analytical laboratory sample

Unstabilized groundwater level

Sample taken with Direct Push sampler

Stabilized groundwater level

Sonic

SAMPLER TYPE
C
CA

D&M

O

Core barrel

PT

Pitcher tube sampler using 3.0-inch outside diameter,
thin-walled Shelby tube

California split-barrel sampler with 2.5-inch outside
diameter and a 1.93-inch inside diameter

S&H

Sprague & Henwood split-barrel sampler with a 3.0-inch
outside diameter and a 2.43-inch inside diameter

Dames & Moore piston sampler using 2.5-inch outside
diameter, thin-walled tube

SPT

Standard Penetration Test (SPT) split-barrel sampler with
a 2.0-inch outside diameter and a 1.5-inch inside diameter

Osterberg piston sampler using 3.0-inch outside diameter,
thin-walled Shelby tube

ST

Shelby Tube (3.0-inch outside diameter, thin-walled tube)
advanced with hydraulic pressure
PROJECT No.

CLASSIFICATION CHART
TENNIS COURT RENOVATION
SOUTHVIEW PARK
Sausalito, California

DATE

1186.1
11/03/11

FIGURE

A-7

I

FRACTURING
Intensity
Very little fractured
Occasionally fractured
Moderately fractured
Closely fractured
Intensely fractured
Crushed

II

Size of Pieces in Feet
Greater than 4.0
1.0 to 4.0
0.5 to 1.0
0.1 to 0.5
0.05 to 0.1
Less than 0.05

HARDNESS
1. Soft - reserved for plastic material alone.
2. Low hardness - can be gouged deeply or carved easily with a knife blade.
3. Moderately hard - can be readily scratched by a knife blade; scratch leaves a heavy trace of dust and is readily
visible after the powder has been blown away.
4. Hard - can be scratched with difficulty; scratch produced a little powder and is often faintly visible.
5. Very hard - cannot be scratched with knife blade; leaves a metallic streak.

III

STRENGTH
1.
2.
3.
4.
5.

Plastic or very low strength.
Friable - crumbles easily by rubbing with fingers.
Weak - an unfractured specimen of such material will crumble under light hammer blows.
Moderately strong - specimen will withstand a few heavy hammer blows before breaking.
Strong - specimen will withstand a few heavy ringing hammer blows and will yield with difficulty only dust and
small flying fragments.
6. Very strong - specimen will resist heavy ringing hammer blows and will yield with difficulty only dust and small
flying fragments.
IV

WEATHERING - The physical and chemical disintegration and decomposition of rocks and minerals by natural
processes such as oxidation, reduction, hydration, solution, carbonation, and freezing and thawing.
D. Deep - moderate to complete mineral decomposition; extensive disintegration; deep and thorough discoloration;
many fractures, all extensively coated or filled with oxides, carbonates and/or clay or silt.
M. Moderate - slight change or partial decomposition of minerals; little disintegration; cementation little to unaffected.
Moderate to occasionally intense discoloration. Moderately coated fractures.
L. Little - no megascopic decomposition of minerals; little of no effect on normal cementation. Slight and
intermittent, or localized discoloration. Few stains on fracture surfaces.
F. Fresh - unaffected by weathering agents. No disintegration of discoloration. Fractures usually less numerous than
joints.

ADDITIONAL COMMENTS:
V

CONSOLIDATION OF SEDIMENTARY ROCKS: usually determined from unweathered samples. Largely dependent
on cementation.
U = unconsolidated
P = poorly consolidated
M = moderately consolidated
W = well consolidated

VI

BEDDING OF SEDIMENTARY ROCKS
Splitting Property
Massive
Blocky
Slabby
Flaggy
Shaly or platy
Papery

Thickness
Greater than 4.0 ft.
2.0 to 4.0 ft.
0.2 to 2.0 ft.
0.05 to 0.2 ft.
0.01 to 0.05 ft.
less than 0.01

Stratification
very thick-bedded
thick bedded
thin bedded
very thin-bedded
laminated
thinly laminated

PHYSICAL PROPERTIES CRITERIA
FOR ROCK DESCRIPTIONS
TENNIS COURT RENOVATION
SOUTHVIEW PARK
Sausalito, California
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