January 31, 2020
File: 2961.001altr.doc
Mr. Kevin Morgan
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Kentfield, California 94904
Re:

Geotechnical Engineering Investigation
Residential Renovations and Swimming Pool
10 Diablo Drive
Kentfield, California

Introduction & Project Description
This letter summarizes our geotechnical investigation for the proposed renovations and additions
to the existing two-story single-family residence and guest house located at 10 Diablo Drive in
Kentfield, California. The approximate site location is illustrated on the attached Site Location
Map, Figure 1. Additions to the residence include extending the structure slightly to the east and
increasing the height of the second story. We understand the renovations to the guest house will
not induce any new foundation loads to the structure. The project also includes demolition the
existing pool and constructing a new swimming pool. Construction of the swimming pool will require
fills up to 10-feet in height. A Site Plan is shown on Figure 2. The purpose of our geotechnical
investigation is to evaluate the site soil, rock, and groundwater conditions and provide
recommendations for geotechnical engineering design criteria for the project.
The scope of our geotechnical investigation is outlined in our Agreement for Professional
Engineering and Testing Services dated November 25, 2019. Our scope included exploring the
subsurface conditions in the proposed building area with two to three exploratory borings, evaluating
field data, developing foundation and grading design criteria, and presentation of our geotechnical
recommendations in this letter report.
Regional Geology & Seismicity
Regional geologic mapping1 indicates the site is underlain by sandstone of the Cretaceous age.
Franciscan Mélange is mapped to the north of the project site. Franciscan Mélange typically
consist of a tectonic mixture of sandstone, shale, greenstone, and serpentinite. A regional
geologic map is shown on Figure 3.
Site Conditions
The project site is located in a residential area of Kentfield, California along the top of a ridge
overlooking a southern trending swale below. The existing two-story structure appears to be
performing well and is located on the eastern side of the property on a west facing slope inclined
approximate 2:1 (horizontal:vertical) 15-feet above the base of the swale. An approximate 20-foot
tall cut slope inclined approximately 1.3:1, is located to the east of the residence that slopes up to
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Diablo Drive. Presumably, this slope was excavated to create level space to construct the
residence.
The existing guest house is located on the western side of the property on relatively level ground
approximately 10-feet below Diablo Drive. An approximate 2:1 slope south facing slope is located
on the southern end of the guest house, approximately 10-feet above North Ridgewood Road.
The existing swimming pool is located on a level area within the swale, approximately 15-feet below
the single-family residence. A series of short retaining walls are located to the south of the existing
swimming pool to retain fill placed to create level areas.
Subsurface Exploration & Laboratory Testing
We performed an exploratory boring excavated on January 17, 2020 at the approximate locations
shown on the Site Plan, Figure 2. The soil layers encountered were logged in the field by our
geologist, and select samples were obtained for inspection in our laboratory. Soil and Rock
Classification Charts are presented along with the boring logs on Figures A-1 through A-5 in
Appendix A.
We performed laboratory testing on select soil samples collected during our subsurface exploration.
Laboratory testing included moisture content, dry density, unconfined compressive strength, direct
shear, percent material passing the #200 sieve, and plasticity index tests. The results of our
moisture content, dry density, unconfined compressive strength and percent material passing the
#200 sieve are presented on the boring logs. The results of the plasticity index and direct shear test
results are presented on Figures A-6 through A-8.
Subsurface Conditions
The soil conditions encountered somewhat confirm the mapped geology. We performed Borings 1
and 2 along the axis of the of the existing swale. Boring 1, drilled on the south side of the existing
swimming pool, encountered approximately 5-feet of medium dense clayey sand fill overlying
approximately 10-feet of loose clayey gravel colluvium (soil deposited due to the weathering of
slopes). Weathered sandstone and shale bedrock were encountered below the colluvium. Boring
2, located on the lawn area north of the swimming pool, encountered approximately 10-feet of loose
clayey gravel colluvium overlying weathered sandstone and shale.
We performed a boring, utilizing hand auger equipment, to the east of the existing garage. We were
unable to advance the boring more than 1-foot below the ground surface due to shallow weathered
bedrock. Additionally, we observed weathered bedrock in the eastern cut slope and the slope to the
west of the existing residence. Therefore, we anticipate the existing residence is supported on
weathered bedrock.
Groundwater was encountered during our exploration approximately 12.0- and 6.0-feet below the
ground surface in Borings 1 and 2, respectively. However, our borings may not have been left open
long enough to allow ground water levels to equalize. Groundwater levels will fluctuate seasonally
with higher groundwater levels anticipated during the winter months.

Geotechnical Evaluation and Recommendations
The proposed single-family residence renovation, addition and new pool project are feasible from
a geotechnical standpoint. The primary geotechnical engineering issues for the project are
supporting the proposed swimming pool utilizing drilled piers into bedrock to resist settlement and
improve slope stability, the potential for strong ground shaking during future earthquakes, slope
instability and site grading.
Seismicity
The site is located within the seismically active San Francisco Bay Region and will therefore
experience the effects of future earthquakes. Such earthquakes could occur on any of several
active faults within the region. The California Division of Mines and Geology (1998) has mapped
various active and inactive faults in the region. Active faults are defined as those that show
evidence of movement in the past 11,000 years (i.e., Holocene) and have reported average slip
rates greater than 0.1 mm per year. These faults are shown in relation to the project on the
attached Active Fault Map, Figure 4 and their historic seismic activity is shown on Figure 5.
Deterministic Seismic Hazard Analysis (DSHA) predicts the intensity of earthquake ground motions
by analyzing the characteristics of nearby faults, distance to the faults and rupture zones,
earthquake magnitudes, earthquake durations, and site-specific geologic conditions. Empirical
relations (Campbell and Borzognia, Chiou and Youngs, (2008)) for the soft weathered bedrock
conditions were utilized to provide approximate estimates of median peak site accelerations. A
summary of the principal active faults affecting the site, their closest distance, moment magnitude
of characteristic earthquake peak ground accelerations (PGA), which an earthquake on the fault
could generate at the site are shown in Table A.
TABLE A
DETERMINISTIC PEAK GROUND ACCELERATION
10 Diablo Avenue Residential Addition and Pool
Kentfield, California
Fault
San Andreas
San Gregorio
Hayward
Rodgers Creek
Maacama

Fault
Distance1

Moment
Magnitude1

Fault
Mechanism

Median
PGA2,3,4,

11.1 km
15.2 km
17.0 km
26.2 km
65.1 km

8.0
7.4
7.3
7.3
7.4

Strike Slip
Strike Slip
Strike Slip
Strike Slip
Strike Slip

0.33 g
0.27 g
0.21 g
0.14 g
0.07 g

Reference:
1.) Caltrans ARS (2020)
2.) Campbell and Borzognia (2008)
3.) Chiou and Youngs (2008)
4.) Values determined using Vs30 = 270 m/s

Seismic Design
The project site is located in a seismically active area. Therefore, structures should be designed
in conformance to the seismic provisions of the 2019 California Building Code (CBC) and ASCE
7-16. Due to the presence of relatively shallow weathered bedrock, we recommend classifying the
site as “Site Class C”. The goal of the current code California Building Code is protection of life
safety. However, some structural damage may still occur during a strong seismic event. The
planned structures should be designed utilizing the seismic design values given on Table B below.

TABLE B
ASCE 7-16 SEISMIC DESIGN FACTORS
10 Diablo Drive
Kentfield, California
Factor Name
Site Class
Spectral Acc. (short)
Spectral Acc. (1-sec)
Site Coefficient
Site Coefficient

Coefficient

Site Specific Value

SA,B,C,D,E, or F
Ss
S1
Fa
Fv

SC1
1.50 g
0.60 g
1.20
1.40

Notes:
1.)

Site Class C, Very Dense Soil and Soft Rock: Shear wave velocities between 1,200 and 2,500
feet per second, blow counts greater than 50 blows per foot, and undrained shear strength
greater than 2,000 pounds per square foot.

Surface Preparation and Site Grading
The general grading recommendations presented below are appropriate for construction in the
late spring through fall months. From winter through the early spring months, on-site soils may be
saturated due to rainfall and may be difficult to compact without drying by aeration or the addition
of lime and/or cement (or a similar product) to dry the soils. Site preparation and grading should
conform to the recommendations and criteria outlined below.
Clear all trees, brush, roots, over-sized debris, and organic material from areas to be graded.
Trees that will be removed in structural areas must also include removal of stumps and roots
larger than two inches in diameter. Excavated areas (i.e., excavations for stump removal) should
be restored with properly moisture conditioned and compacted fill as described in the following
sections. Any loose soil or rock at subgrade will need to be excavated to expose firm natural soils
or bedrock. Debris, rocks larger than six inches and vegetation are not suitable for structural fill
and should be removed from the site. Alternatively, vegetation strippings may be used in
landscape areas.
Where fills or other structural improvements are planned on level ground, the subgrade surface

should be scarified to a depth of about eight inches, moisture conditioned to above the optimum
moisture content, and compacted to a minimum of 90% relative compaction (ASTM D-1557).
Relative compaction should be increased to a minimum of 92% relative compaction for fills greater
than 10-feet and 95% where new asphalt pavements are planned. Relative compaction, maximum
dry density, and optimum moisture content of fill materials should be determined in accordance
with ASTM Test Method D 1557, "Moisture-Density Relations of Soils and Soil-Aggregate
Mixtures Using a 10-lb. Rammer and 18-in. Drop." If soft, wet or otherwise unsuitable materials
are encountered at the subgrade elevation during construction, we will provide supplemental
recommendations to address the specific condition.
All fills will settle to some degree. More settlement is expected in large fills and/or soils compacted
to lower relative compaction values. Without drilling piers, we anticipate the swimming pool
settlement will be significant. Thus, we recommend the pool be supported on a drilled pier system
that gains support from underlying bedrock. Therefore, some differential settlement between the
concrete decking supported on fill, and swimming pool should be expected.
Based on the results of our subsurface exploration, onsite soils appear to be suitable for use as
fill. If imported fill is required, the material shall consist of soil and rock mixtures that: (1) are free
of organic material, (2) have a Liquid Limit less than 40 and a Plasticity Index of less than 20, and
(3) have a maximum particle size of 6 inches. Any imported fill material needs to be tested to
determine its suitability for use as fill material. Non-expansive imported fill and backfill should be
moisture conditioned to within 2% of the optimum moisture content, placed in loose horizontal lifts
of 8-inches thick or less, and uniformly compacted to a minimum of 90% relative compaction.
Fills placed on slopes greater than 5:1 should be “keyed and benched” into the slope, as shown
schematically on Figure 6. Subsurface drainage should also be provided within the fill to prevent
the buildup of hydrostatic pressure. Water collected in the subdrain system should be discharged
as described later in this report.
Foundation Design Criteria
Based on subsurface soil conditions and the relatively light foundation loads anticipated from woodframed structures, we judge relatively rigid, interconnected shallow foundations, bearing on dense
soil/weathered bedrock, may be utilized to support the proposed residential additions. Foundations
should be deepened to expose bedrock and provide at least 7-feet of horizontal confinement
between the footing and slope edge. Alternatively, improvements may be supported on a drilled pier
foundation system embedded into the underlying weathered bedrock.
The proposed swimming pool will be constructed within the newly placed fill. The pool may settle
differentially due to varying thicknesses fill potentially underlying the pool. To prevent differential
settlement, we recommend that the new swimming pool is supported on a drilled pier foundation
system. Shallow and deep foundation design criteria are presented in Table C.

TABLE C
FOUNDATION DESIGN CRITERIA
10 Diablo Drive
Kentfield, California
Shallow Spread Footings
Minimum footing width1:
One-story structure
Two-story structure:
Minimum footing embedment depth (below lowest adjacent grade):
Allowable weathered bedrock bearing pressure (dead plus live loads)2:
Base friction coefficient:
Weathered bedrock lateral passive resistance2,3,4:

12 inches
15 inches
18 inches
3,500 psf
0.35
500 pcf

Drilled Piers
Minimum diameter:
Minimum embedment into bedrock:
Skin friction2,6:
Existing soil:
Weathered bedrock:
Lateral Passive Resistance2,4,7:
Existing soil:
Weathered bedrock:
Downslope creep surcharge5:
Notes:
1.
2.
3.
4.
5.
6.
7.

18 inches
5 feet
350 psf
1,500 psf
250 pcf
500 pcf
50 psf

Size footing widths to avoid significantly different foundation pressures.
May increase design values by 1/3 for total design loads including seismic.
Equivalent Fluid Pressure, not to exceed 2,500 psf.
Ignore uppermost 6-inches unless concrete or asphalt surfacing exists adjacent to
foundation.
Apply to the upper 3-feet of the upslope gradebeams, piers and gradebeams.
Uplift capacity is equal to 80% of the downward skin resistance.
Apply passive resistance over two pier diameters; neglect upper three feet of soil
where there is less than ten feet of horizontal confinement.

Retaining Wall Design
We anticipate retaining walls up to 10-feet in height may be required to retain the fills needed to
construct the new swimming pool. Walls free to rotate at the top, “unrestrained”, or walls structurally
connected at the top, “restrained”, should be designed using the criteria shown on Table D below.
As previously discussed, the proposed pool will be located on a colluvium filled swale. These
conditions may be prone to slope instability when new loads are introduced; therefore, we
performed a slope stability analysis to determine the minimum pier depth and shear strength
required to retain the proposed fill. The results of our analysis are shown on Figure 7 indicate piers
should extend at least 5-feet into weathered bedrock. Additionally, the piers should be designed to
withstand 47kips of shear if spaced 6-feet on center and increased to 64-kips if piers are spaced 8feet on center. Tiebacks may be utilized to provide additional lateral support if needed. Tieback
design criteria are also provided on Table D below.

TABLE D
RETAINING WALL DESIGN CRITERIA
10 Diablo Drive
Kentfield, California
Lateral Earth Pressures
Unrestrained Earth Pressure1,2
Level Ground:
2:1 Slope:

40 pcf
60 pcf

Restrained Earth Pressure1,3
Level Ground:
2:1 Slope:

70 pcf
90 pcf

Seismic Surcharge3:

10 x H psf

Tieback Design
Minimum hole diameter:
Minimum bar diameter:
Allowable Skin Friction
Soil:
Weathered Rock:

6 inches
1-inch
350 psf
1,500 psf

Notes:
1.
Interpolate earth pressures for intermediate slopes.
2.
Equivalent fluid pressure.
3.
Rectangular distribution. The factor of safety for short-term seismic conditions can be
reduced to 1.1 or greater. “H” = wall height.

Drainage shall be provided for all retaining walls taller than 3 feet. Either ¾-inch crushed rock,
wrapped within filter fabric or Caltrans Class 2 permeable material can be used. The seepage
should be collected in a 4-inch perforated PVC drain line at the base of the wall. The permeable
material shall extend at least 12 inches from the back of the wall and be continuous from the bottom
of the wall to within 12 inches of the ground surface. Alternatively, drainage panels, such as Mirafi
100N, may be utilized. A typical detail of retaining wall drainage is shown on Figure 8.
Seepage collected in the drain line should be conveyed off-site by gravity in closed pipe to the storm
drainage system. The pipe shall have a minimum slope of 1 percent to drain. To maintain the wall
drainage system, clean outs shall be installed at the upstream end and at all major changes in
direction. Water proofing of any below grade residential walls should be designed by the Architect
to prevent moisture infiltration through the wall into living spaces.
Excavation
We judge that the surficial soils can be ripped and excavated with conventional equipment. For
temporary slopes, the Federal Occupational Safety and Health Administration (OSHA) has
promulgated rules for Excavations, 29 CFR Part 1926, October 31, 1989. OSHA dictates allowable
slope configurations and minimum shoring requirements based on categorized soil types. In
conformance with OSHA's categorization, the onsite soil is “Type C”. The Contractor may elect to
use a variety of shoring and temporary slope configurations, but his operations must conform to
Federal and State OSHA regulations. The safety of excavations, slopes, construction operations,
and personnel are the sole responsibility of the Contractor.
Surface Drainage
New grading could result in adverse drainage patterns causing water to pond around the buildings
or parking areas. Careful consideration should therefore be given to design of finished grades at
the site. We recommend that building areas be raised slightly and that the adjoining landscaped
areas be sloped downward at least 0.25 feet for 5 feet (5 percent) from the perimeter of building
foundations. Where hard surfaces, such as concrete or asphalt adjoin foundations, slope these
surfaces at least 0.10 feet in the first 5 feet (2 percent). Roof gutter downspouts may discharge onto
the pavements but should not discharge onto any landscaped areas. Provide area drains for
landscape planters adjacent to buildings and parking areas and collect downspout discharges into
a tight pipe collection system that discharges well away from the building foundations.
Site drainage should discharge away from the building area and outlets should be designed to
reduce erosion of the soils. Site drainage improvements should be connected into a storm drainage
system or established drainage channel, if possible.
Interior Slab-on-Grade Floors
We recommend that interior concrete slabs have a minimum thickness of 5-inches and be reinforced
with steel reinforcing bars (not welded wire mesh). To reduce the potential for slab cracking, the
slab thickness could be increased. To improve moisture conditions, a 4-inch layer of clean, free
draining, 3/4-inch angular gravel should be placed beneath the interior concrete slabs to form a
capillary moisture break. The rock must be placed on a properly moisture conditioned and
compacted subgrade that has been approved by the Geotechnical Engineer. A vapor barrier, 15
mils or thicker and meeting the requirements outlined in ASTM E-1745 “Class A”, should be placed
over the rock layer and be installed per ASTM 1643. Eliminating the capillary moisture break and/or

plastic vapor barrier may result in excess moisture intrusion through the floor slabs resulting in poor
performance of floor coverings, mold growth, or other adverse conditions.
This industry standard approach to floor slab moisture control, as discussed above, does not assure
that floor slab moisture transmission rates will meet floor covering manufacturer's requirements or
that indoor humidity levels will be low enough to inhibit mold growth. Building design, construction,
and intended use have a significant role in moisture problems and should be carefully evaluated by
the owner, designer, and builder in order to meet the project requirements.
Exterior Concrete Slab-on-Grade
Where concrete slabs are used, we recommend they be at least five inches thick and reinforced
with steel bars (not wire mesh). Additionally, contraction joints should be incorporated in the
concrete slabs in both directions, no greater than 6-feet on center. The reinforcing bars should
extend through the control joints. The Structural Engineer should provide the specific design
details for concrete slab-on-grade patios or pool decking.
Exterior concrete slabs should be underlain with 4-inches or more of Caltrans Class 2 Aggregate
Base compacted to at least 92 percent relative compaction. Some movement should be expected
for exterior concrete slabs constructed on expansive soils. If superior performance is desired, the
exterior slabs can be thickened and/or be underlain with a thicker section of compacted aggregate
baserock. The subgrade soil beneath concrete flatwork/patio areas should be scarified, moisture
conditioned as described above prior to placing and compacting the baserock layer.
Plan Review and Construction Observation
We must review the design plans as they are nearing completion to confirm that the intent of our
geotechnical recommendations has been incorporated in the plans. During construction, we must
observe grading/fill placement, footing excavations, slab subgrade preparation, placement and
compaction of baserock, subdrainage facilities, and other geotechnical related work items to confirm
that our recommendations are suitable for the observed soil/rock conditions and to confirm that the
work is performed in accordance with our recommendations. We must observe the placement and
test the compaction of any fills that are placed at the site to confirm that the compaction
requirements are achieved.
If you or your other consultants have any questions, or if we can be of further assistance, please
call us at your convenience.
Yours very truly,
MILLER PACIFIC ENGINEERING GROUP

Benjamin S. Pappas
Geotechnical Engineer No. 2786
(Expires 9/30/20)

APPENDIX A
SUBSURFACE EXPLORATION (BORINGS) AND LABORATORY TESTING
1.0

Subsurface Exploration

We explored subsurface conditions at the site with two exploratory borings drilled with portable
equipment on January 17, 2020 at the approximate boring locations shown on Figure 2. The
borings were drilled to a maximum depth of approximately 25-feet below the ground surface. The
samples obtained were examined in the field, sealed to prevent moisture loss, and transported to
our laboratory.
The soils encountered were logged and identified in the field in general accordance with ASTM
Standard D 2487, "Field Identification and Description of Soils (Visual-Manual Procedure)." This
standard is briefly explained on Figures A-1 and A-2, Soil and Rock Classification Charts,
respectively. The boring logs are presented on Figures A-3 through A-5.
2.0

Laboratory Testing

We conducted laboratory tests on selected intact samples to verify field identifications and to
evaluate engineering properties. The following laboratory tests were conducted in accordance
with the ASTM standard test method cited:
•
•
•
•
•

Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate
Mixtures, ASTM D 2216;
Density of Soil in Place by the Drive-Cylinder Method, ASTM D 2937;
Liquid and Plastic Limit of Soil, ASTM D 4318;
Direct Shear of Soil Under Consolidated Drained Conditions, ASTM D 3080; and
Unconfined Compressive Strength of Cohesive Soil, ASTM D 2166.

The moisture content, dry density, and unconfined compression test results are shown on the
exploratory Boring Logs, Figures A-3 through A-5. The exploratory boring logs, description of soils
encountered and the laboratory test data reflect conditions only at the location of the boring at the
time they were excavated or retrieved. Conditions may differ at other locations and may change
with the passage of time due to a variety of causes including natural weathering, climate and
changes in surface and subsurface drainage.
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NOTES:
1.

Wall drainage should consist of clean, free draining 3/4 inch crushed rock (Class 1B Permeable Material) wrapped in filter
fabric (Mirafi 140N or equivalent) or Class 2 Permeable Material. Alternatively, pre-fabricated drainage panels (Miradrain
G100N or equivalent), installed per the manufacturers recommendations, may be used in lieu of drain rock and fabric.

2.

All retaining walls adjacent to interior living spaces shall be water/vapor proofed as specified by the project architect or
structural engineer.

3.

Perforated pipe shall be SCH 40 or SDR 35 for depths less than 20 feet. Use SCH 80 or SDR 23.5 perforated pipe for
depths greater than 20 feet. Place pipe perforations down and slope at 1% to a gravity outlet. Alternatively, drainage can
be outlet through 3" diameter weep holes spaced approximately 20' apart.

4.

Clean outs should be installed at the upslope end and at significant direction changes of the perforated pipe. Additionally,
all angled connectors shall be long bend sweep connections.

5.

During compaction, the contractor should use appropriate methods (such as temporary bracing and/or light compaction
equipment) to avoid over-stressing the walls. Walls shall be completely backfilled prior to construction in front of or above
the retaining wall.

6.

Refer to the geotechnical report for lateral soil pressures.

7.

All work and materials shall conform with Section 68, of the latest edition of the Caltrans Standard Specifications.
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APPENDIX A
SUBSURFACE EXPLORATION (BORINGS) AND LABORATORY TESTING
1.0

Subsurface Exploration

We explored subsurface conditions at the site with two exploratory borings drilled with portable
equipment on January 17, 2020 at the approximate boring locations shown on Figure 2. The
borings were drilled to a maximum depth of approximately 25-feet below the ground surface. The
samples obtained were examined in the field, sealed to prevent moisture loss, and transported to
our laboratory.
The soils encountered were logged and identified in the field in general accordance with ASTM
Standard D 2487, "Field Identification and Description of Soils (Visual-Manual Procedure)." This
standard is briefly explained on Figures A-1 and A-2, Soil and Rock Classification Charts,
respectively. The boring logs are presented on Figures A-3 through A-5.
2.0

Laboratory Testing

We conducted laboratory tests on selected intact samples to verify field identifications and to
evaluate engineering properties. The following laboratory tests were conducted in accordance
with the ASTM standard test method cited:
•
•
•
•
•

Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate
Mixtures, ASTM D 2216;
Density of Soil in Place by the Drive-Cylinder Method, ASTM D 2937;
Liquid and Plastic Limit of Soil, ASTM D 4318;
Direct Shear of Soil Under Consolidated Drained Conditions, ASTM D 3080; and
Unconfined Compressive Strength of Cohesive Soil, ASTM D 2166.

The moisture content, dry density, and unconfined compression test results are shown on the
exploratory Boring Logs, Figures A-3 through A-5. The exploratory boring logs, description of soils
encountered and the laboratory test data reflect conditions only at the location of the boring at the
time they were excavated or retrieved. Conditions may differ at other locations and may change
with the passage of time due to a variety of causes including natural weathering, climate and
changes in surface and subsurface drainage.

1333 No. McDowell Blvd., Suite C

◼

Petaluma, California 94954

◼

T (707) 765-6140

F (707) 765-6222

MAJOR DIVISIONS

SYMBOL

COARSE GRAINED SOILS
over 50% sand and gravel

CLEAN GRAVEL
GRAVEL
with fines
CLEAN SAND

FINE GRAINED SOILS
over 50% silt and clay

SAND
with fines

SILT AND CLAY
liquid limit <50%

SILT AND CLAY
liquid limit >50%

HIGHLY ORGANIC SOILS

DESCRIPTION

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 very fine sands, rock flour, silty or clayey fine sands or clayey silts
with slight plasticity

CL

Inorganic clays of low to medium plasticity, gravely clays, sandy clays, silty clays,
lean clays

OL

Organic silts and organic silt-clays of low plasticity

MH

Inorganic silts, micaceous or diatomaceous fine sands or silts, elastic silts

CH

Inorganic clays of high plasticity, fat clays

OH

Organic clays of medium to high plasticity

PT

Peat, muck, and other highly organic soils

ROCK

Undifferentiated as to type or composition

KEY TO BORING AND TEST PIT SYMBOLS
CLASSIFICATION TESTS

STRENGTH TESTS

PI

PLASTICITY INDEX

UC

LABORATORY UNCONFINED COMPRESSION

LL

LIQUID LIMIT

TXCU

CONSOLIDATED UNDRAINED TRIAXIAL

SA

SIEVE ANALYSIS

TXUU

UNCONSOLIDATED UNDRAINED TRIAXIAL

HYD

HYDROMETER ANALYSIS

P200

PERCENT PASSING NO. 200 SIEVE

P4

PERCENT PASSING NO. 4 SIEVE

UC, CU, UU = 1/2 Deviator Stress
DS (2.0)

DRAINED DIRECT SHEAR (NORMAL PRESSURE, ksf)

SAMPLER DRIVING RESISTANCE

SAMPLER TYPE
MODIFIED CALIFORNIA

HAND SAMPLER

STANDARD PENETRATION TEST

ROCK CORE

Modified California and Standard Penetration Test samplers are
driven 18 inches with a 140-pound hammer falling 30 inches per
blow. Blows for the initial 6-inch drive seat the sampler. Blows
for the final 12-inch drive are recorded onto the logs. Sampler
refusal is defined as 50 blows during a 6-inch drive. Examples of
blow records are as follows:
25

THIN-WALLED / FIXED PISTON

NOTE:

X

DISTURBED OR
BULK SAMPLE

85/7" sampler driven 7 inches with 85 blows after
initial 6-inch drive

Test boring and test pit logs are an interpretation of conditions encountered
at the excavation location during the time of exploration. Subsurface rock,
soil or water conditions may vary in different locations within the project site
and with the passage of time. Boundaries between differing soil or rock
descriptions are approximate and may indicate a gradual transition.
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FRACTURING AND BEDDING
Fracture Classification

Spacing

Bedding Classification

Crushed
Intensely fractured
Closely fractured
Moderately fractured
Widely fractured
Very widely fractured

less than 3/4 inch
3/4 to 2-1/2 inches
2-1/2 to 8 inches
8 to 24 inches
2 to 6 feet
greater than 6 feet

Laminated
Very thinly bedded
Thinly bedded
Medium bedded
Thickly bedded
Very thickly bedded

HARDNESS
Low
Moderate
Hard
Very hard

Carved or gouged with a knife
Easily scratched with a knife, friable
Difficult to scratch, knife scratch leaves dust trace
Rock scratches metal

STRENGTH
Friable
Weak
Moderate
Strong
Very strong

Crumbles by rubbing with fingers
Crumbles under light hammer blows
Indentations <1/8 inch with moderate blow with pick end of rock hammer
Withstands few heavy hammer blows, yields large fragments
Withstands many heavy hammer blows, yields dust, small fragments

WEATHERING
Complete
High
Moderate
Slight
Fresh

Minerals decomposed to soil, but fabric and structure preserved
Rock decomposition, thorough discoloration, all fractures are extensively
coated with clay, oxides or carbonates
Fracture surfaces coated with weathering minerals, moderate or localized discoloration
A few stained fractures, slight discoloration, no mineral decomposition,
no affect on cementation
Rock unaffected by weathering, no change with depth, rings under hammer impact

NOTE: Test boring and test pit logs are an interpretation of conditions encountered at the location and time of exploration.
Subsurface rock, soil and water conditions may differ in other locations and with the passage of time.
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9

113

13.4

10

114

15.2

DS

66/11"

124

12.5

UC
2360

OTHER TEST DATA

10.6

OTHER TEST DATA

125

SHEAR
STRENGTH psf (3)

MOISTURE
CONTENT (%)

2

19

Clayey SAND with Gravel (SC)
Medium brown, moist, medium dense, fine to medium
grained sand, ~20-25% medium plasticity clay,
~15-20% subangular gravel. [Fill]

1

5

DRY UNIT
WEIGHT pcf (2)

SYMBOL (4)

0

EQUIPMENT: Portable Hydraulic Drill Rig with
4.0-inch Solid Flight Auger
DATE:
1/17/2020
ELEVATION: x - feet*
*REFERENCE: Google Earth, 2019

BLOWS / FOOT (1)

0

SAMPLE

meters
DEPTH
feet

BORING 1

Clayey GRAVEL with Sand (GC)
Yellow brown with minor gray mottling, moist, loose,
angular gravel, ~30-35% fine to medium grained
sand, ~15-2)% low plasticity clay. [Colluvium]

UC
1080

LL:
PI:

3 10

4

15

Sandstone and Shale
Medium yellow brown, highly fractured, moderately
hard, moderately strong, moderately to highly
weathered. [Bedrock]

5

6

20
NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

Water level encountered during drilling
Water level measured after drilling
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20

Sandstone and Shale
Medium yellow brown, highly fractured, moderately
hard, moderately strong, moderately to highly
weathered. [Bedrock]

31

16.4

50/1.5"

12.8

OTHER TEST DATA

OTHER TEST DATA

SHEAR
STRENGTH psf (3)

MOISTURE
CONTENT (%)

DRY UNIT
WEIGHT pcf (2)

BLOWS / FOOT (1)

SYMBOL (4)

SAMPLE

meters
DEPTH
feet

BORING 1
(CONTINUED)

7

25

Boring terminated at 25.1 feet. Groundwater
encountered at 14.0 feet during exploration.
Groundwater measured at 12.0 feet upon completion of
exploration.

8

9

30

10

35
11

12
40
Water level encountered during drilling

NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

Water level measured after drilling
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13.8

7

116

16.3

50/5"

127

12.0

UC
950

P200
23.5%

OTHER TEST DATA

117

OTHER TEST DATA

MOISTURE
CONTENT (%)

10

SHEAR
STRENGTH psf (3)

DRY UNIT
WEIGHT pcf (2)

SYMBOL (4)

0

EQUIPMENT: Portable Hydraulic Drill Rig with
4.0-inch Solid Flight Auger
DATE:
1/17/2020
ELEVATION: x - feet*
*REFERENCE: Google Earth, 2019

BLOWS / FOOT (1)

0

SAMPLE

meters
DEPTH
feet

BORING 2

Clayey SAND with Gravel (SC)
Yellow brown, moist, loose, fine to medium grained
sand, ~15-20% sub-angular gravel, ~20-25% low
plasticity clay. [Colluvium]

1

5

2

3 10

Sandstone and Shale
Light gray, moderately hard, moderately strong,
moderately weathered. [Bedrock]

4

15

50/5"

10.5

Boring terminated at 20.5 feet. Groundwater encountered 50/5"
at 6.0 feet during exploration.

8.7

5

6

Shale
Dark gray, low hardness, moderately strong,
moderately weathered. [Bedrock]
20

NOTES: (1) UNCORRECTED FIELD BLOW COUNTS
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(4) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY

Water level encountered during drilling
Water level measured after drilling
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