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ROCK TYPES
-—-d // .
] METAMORPHIC ROCKS
CONGLOMERATE (=] SHALE % HYDROTHERMALLY-ALTERED ROCKS
v.’;; '
SANDSTONE ‘ SHEARED SHALE MELANGE @ IGNEOUS ROCKS
- L3
META-SANDSTONE . p 8. cHErT
BEDDING THICKNESS JOINT, FRACTURE. OR SHEAR SPACING
MASSIVE Greater than 6 leet VERY WIDELY SPACED Greater than 6 leet
THICKLY BEDDED 210 6 leat WIDELY SPACED o 6 feat
MEDIUM BEDDED 8 10 26 inches MODERATELY WIDELY SPACED 810 24 inches
THINLY BEDDED 2-1/2 10 8 inches CLOSELY SPACED 2.1/2%
VERY THINLY BEDDED 3/4 10 2-1/2 inches VERY CLOSELY SPACED 3741012
CLOSELY LAMINATED 17410 3/6 inches EXTREMELY CLOSELY SPACED Less th
VERY CLOSELY \MINATED Less than 1/6 inch :

HARDNESS

Soft - pli can be dug by hand
Slighlly Hard - can be gouged deeply or carved with a pocket knile

Moderstely Hard - can be readlily scratched by a knife blade: scratch leaves heavy irace of dust and is readlly visibie after the
powder has been biown away

Hard - can be scratched with ditficulty; scratch prod little powder and (s ofien {aintly visible

Very Hard - cannot be scralched with pocket knife, leaves a metailic streak

STRENGTH
Plastic - capable of being molded by hand
Friable - crumbles by rubbing with fingers
Weak tu ner  such materia umble under 1t hammer blows
M tr » specimer vithstand a few heavy hammer blows before bresking

Strong - specimen will withstand a few heavy ringing hammer blows and usually yieids large fragments

Very Strong - rock will resist heavy ringing hammer blows and will yield with difficulty only dust and smasll flying fragmenta.

DEGREE OF WEATHERING

Highly Weathered - abundant fractures coated with oxides, carbonates, sulphates, mud, etd., through discoloration, reck
disintegration, minerat d position

Moderately Weathered - some fracture costing, moderale or localized discoloration, littie to no effect on cemenlation, siight
minersi decomposition

Slightty Weathered - a few sirained fractures, slight discoioration, litie or no effect on cemantation, no mineral decomposition

Fresh - unafiected by weathering sgents, no appreciable change with depth.

PJC & Associates, Inc. PROPOSED RESIDENCE / ) DETACHED
GARAGE/STUDY
900 HIGH' AY 1

BODEGA BAY, CALIFORNIA

Proj. No: 8077.01 Date: 1/18 Appd by: PJC

Consulting Engineers & Geologists
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	Structure Bookmarks
	Subject: Design Level Geotechnical Investigation Proposed Residence and Detached Garage/Study 900 Highway 1 Bodega Bay, California 
	March 21, 2018 Job No. 8077.01 Vincent Chang c/o: Pedersen Associates Landscape Architects Attention: Pete Pedersen PA@PedersenAssociates.com 
	Dear Vincent: PJC & Associates, Inc. (PJC) is pleased to submit this report which presents the results of our design level geotechnical investigation for the proposed residence and detached garage/study located at 900 Highway 1 in Bodega Bay, California. The approximate location of the site is shown on the Site Location Map, .Plate 1. The site corresponds to the geographic latitudinal and longitudinal coordinates of 38.3305° north and 123.0447° west, according to GPS measurements performed at the site. Our 
	1. PROJECT DESCRIPTION 
	Based on our review of the preliminary plans prepared by Pedersen Associates Landscape Architects, dated December 15, 2017, and the preliminary architectural plans prepared by JRP Architect dated December 15, 2017, it is our understanding that the proposed project will consist of constructing an approximately 3,754 square foot residence with an approximately 600 square foot detached garage/study at the 1 .48 acre undeveloped lot. The residence will consist of a single-story structure with straw bale walls a
	SCALE: 1 :24,000 REFERENCE: USGS BODEGA HEAD, CALIFORNIA 7.5 MINUTE QUADRANGLE, MAP REVISED 1987. PJC & Associates, Inc. Consulting Engineers & Geologists SITE LOCATION MAP PROPOSED RESIDENCE AND DETACHED GARAGE/STUDY 900 HIGHWAY 1 BODEGA BAY CALIFORNIA Pro·. No: 8077.01 Date: 1/18 A 'db :PJC PLATE 1 
	Structural foundation loading information was not available at the time of this report. For our analysis, we anticipate that structural foundation loads will be light with dead plus live continuous wall loads less than two kips per lineal foot (plf) and dead plus live isolated column loads less than 50 kips. If these assumed loads vary significantly from the actual loads, we should be consulted to review the actual loading conditions and, if necessary, revise the recommendations of this report. Grading and 
	2. SCOPE OF SERVICES 
	The purpose of this investigation was to evaluate the subsurface conditions at the site and to develop geotechnical criteria for design and construction of the project. Specifically, the scope of our services consisted of the following: a. Drilling three exploratory boreholes to depths between 10.0 and 15.0 feet below the below the existing ground surface to observe the soil, bedrock, and groundwater conditions underlying the site. Our staff geologist performed the drilling, obtained representative samples 
	3. SITE CONDITIONS 
	a. General. The project site is located east of Bodega Harbor. The 1.48 acre undeveloped property is located approximately 320 feet north of the intersection of Harbor View Way and Highway 1. At the time of our field investigation, pampas grass inhabited the northern margin of the property, with coyote brush at the southwestern portion of the property, and a Monterey Cyprus grove at the southeastern portion of the property. There is what appears to be the remnants of an abandoned northwest-southeast trendin
	4. GEOLOGIC SETTING 
	The site is located in the Coast Ranges Geomorphic Province of California. This province is characterized by northwest trending topographic and geologic features, and includes many separate ranges, coalescing mountain masses and several major structural valleys. The province is bounded on the east by the Great Valley and on the west by the Pacific Ocean. It extends north into Oregon and south to the Transverse Ranges in Ventura County. The structure of the northern Coast Ranges region is extremely complex d
	south of Cape Mendocino are northwest-trending, nearly vertical faults of the San Andreas system. Most important of these is the San Andreas fault itself, which was the loci of a major rupture in 1906. According to California Division of Mines and Geology, Geology for Planning in Sonoma County, Special Report 120, the site is underlain by Quaternary marine terrace deposits (Qtd). These near shore marine sediments were deposited in a series of terraces that have been uplifted since Pleistocene time (approxim
	5. FAULTING 
	a. General. The San Andreas Fault has been mapped to be located approximately 500 feet west of the project site. The San Andreas Fault Zone has long been recognized as the major active fault along the Pacific Coast of the United States. It has been the focus for many earthquakes in historical times, the most famous being the April 1906 San Francisco earthquake. The fault zone is over 650 miles long, up to six miles wide, and extends from Shelter Cove in Humboldt County to the Salton Sea in Southern Californ
	b. Alquist-Priolo Earthquake Fault Zone Map. Based on our review of the Bodega Head Quadrangle, Alquist-Priolo Earthquake Fault Zone Map, the project site is located in the State designated, Alquist-Priolo Earthquake Fault Zone. The Alquist-Priolo Earthquake Zoning Act, formerly called the Alquist-Priolo Special Studies Zones Act, was signed into California law on December 22, 1972. Under this Act, earthquake fault zones were delineated along known active faults. An active fault is one that has shown eviden
	TABLE 1 
	TABLE 1 
	TABLE 1 
	TABLE 1 

	CLOSEST KNOWN ACTIVE FAUL TS 
	CLOSEST KNOWN ACTIVE FAUL TS 

	Fault Name 
	Fault Name 
	Distance from Site 
	Maximum 
	Earthquakes (Moment Magnitude 

	San Andreas 
	San Andreas 
	~500 feet 
	7.9 

	Point Reyes 
	Point Reyes 
	9.9 miles 
	6.8 

	Rodgers Creek 
	Rodgers Creek 
	20.2 miles 
	7.0 
	,, 

	Maacama (South) 
	Maacama (South) 
	25.5 miles 
	6.9 

	Reference-Blake, "EQFUAL r Version 3.00, software program. 
	Reference-Blake, "EQFUAL r Version 3.00, software program. 


	6. SEISMICITY 
	Measurements of movement along the San Andreas Fault in the vicinity of Hollister using specially designed "creep recorders," indicate an annual 
	movement of perhaps one-half inch. This continuing movement is horizontal, with the western block being displaced to the north relative to the eastern block. The April 1906 earthquake caused an average horizontal movement of five to ten feet in the vicinity of Bodega Bay, with a maximum horizontal displacement of about 21 feet reported near Olema, Marin County. Vertical displacement of as much as two or three feet is believed to have occurred in places, with the western block uplifted relative to the easter
	7. SUBSURFACE CONDITIONS 
	a. Soils and Bedrock. The subsurface conditions at the site were investigated by drilling three exploratory boreholes (BH-1 through BH-3) to depths between 10.0 and 15.0 feet below the existing ground surface. The approximate borehole locations are shown on the Borehole Location Plan, Plate 2. The boreholes were drilled to observe the soil, bedrock, and groundwater conditions and to collect samples of the underlying soils and bedrock for visual examination and laboratory testing. The drilling and sampling p
	b. Groundwater. Groundwater was encountered in BH-1 at a depth of 10.0 feet during our field investigation on January 25, 2018. We also observed an area experiencing spring and surface seepage less than a few hundred feet northwest of the project site, close to Highway 1. Subsurface seepage within the soil strata and between the soils strata and bedrock may occur at the site during and following prolonged rainfall. Based on the subsurface conditions encountered, we judge that such conditions, if they develo
	8. GEOLOGIC AND SEISMIC CONSIDERATIONS 
	The site is located within a region subject to a high level of seismic activity. Therefore, the site could experience strong seismic ground shaking during the lifetime of the project. The following discussion reflects the possible earthquake effects which could result in damage to improvements at the site. a. Surface Fault Rupture. Rupture of the ground surface is expected to occur along known active fault traces. An active fault is one that has shown evidence of surface displacement within Holocene time (t
	c. Liquefaction. The Bay Area Government Maps (ABAG) indicates that thesite is considered low in liquefaction potential. The soils and bedrockunderlying the site are not at risk of liquefaction. Therefore, we judge thatthe risk of soil liquefaction at the site is low. d. Lateral Spreading and Lurching. Lateral spreading is normally induced byvibration of near-horizontal alluvial soil layers adjacent to an exposed face.Lurching is an action, which produces cracks or fissures parallel tostreams or banks when 
	9. CONCLUSIONS 
	Based on our investigation, we judge that the site is suitable for development from a geotechnical engineering standpoint, provided the recommendations presented in this report are incorporated into the design and carried out through construction. The primary geotechnical concern in design and construction of the project is the presence of weak and compressible topsoil that extends to depths between 3.0 and 3.5 feet below existing grade. Weak and compressible soils may appear hard and strong when dry. Howev
	compressibility, thus causing irregular and erratic ground settlement under loads. This ground movement manifests in the form of cracked foundations and slabs and distress to architectural features of structures. The detrimental effects of such movements can be significantly reduced by extending foundations below the weak zone. Below the topsoil, the soils gain strength and are only slightly compressible for the anticipated loads of construction. We recommend that foundation support be derived from the firm
	10. EARTHWORK AND GRADING 
	a. Stripping. We recommend that structural areas be stripped of surface vegetation, roots and the upper few inches of soil containing organic matter. These materials should be moved off site; some of them, if suitable, could be stockpiled for later use in landscape areas. If underground utilities pass through the site, we recommend that these utilities be removed in their entirety or rerouted where they exist outside an imaginary plane sloped two horizontal to one vertical (2H: 1 V) from the outside bottom 
	b. Excavation and Compaction. Following site stripping, excavations should be performed to achieve finish grade or prepare areas to receive fill. Where fill is required, the weak soils should be subexcavated and firm soils exposed, as determined by the geotechnical engineer on site during grading. We anticipate subexcavation depths up to 3.5 feet could be required to reach firm soils, where cutting is not performed. A level bench extending the width of the fill should be excavated. The exposed surface shoul
	TABLE2 
	TABLE2 
	TABLE2 
	TABLE2 
	TABLE2 

	SUMMARY OF COMPACTION RECOMMENDATIONS 
	SUMMARY OF COMPACTION RECOMMENDATIONS 

	Area 
	Area 
	Compaction Recommendations* 

	General 
	General 
	In lifts, a maximum of eight inches in loose thickness, 

	Engineered Fill 
	Engineered Fill 
	compact to at least 90 percent relative compaction at 

	(Native} 
	(Native} 
	two percent over the optimum moisture content. 

	General 
	General 
	In lifts, a maximum of eight inches in loose thickness, 

	Engineered Fill 
	Engineered Fill 
	compact to at least 90 percent relative compaction at 

	(Low to Non-
	(Low to Non-
	two percent over the optimum moisture content. 

	Expansive Import} 
	Expansive Import} 


	* All compaction requirements stated in this report refer to dry density and moisture content relationships obtained through the laboratory standard described by the most recent addition of ASTM D 1557. 
	All site preparation and fill placement should be observed by a representative of PJC. It is important that during the stripping, subexcavation and grading/scarifying processes, a representative of our firm be present to observe whether any undesirable material is encountered in the construction area. Generally, grading is most economically performed during the summer months when on-site soils are usually dry of optimum moisture content. Delays should be anticipated in site grading performed during the rain
	11. FOUNDATION OPTION: DEEPENED SPREAD FOOTINGS 
	a. Vertical Loads. The proposed residence and detached garage/study may be supported on deepened spread footings gaining support in the firm native soils below the topsoils provided they extend a ·minimum of 18 inches into firm native soils. For estimating purposes excavations on the order of 42 inches below the existing ground surface should be expected. Footing excavations should be observed and approved by the geotechnical engineer before reinforcing steel is placed. All footings should be reinforced. Th
	TABLE 3 
	TABLE 3 
	TABLE 3 
	TABLE 3 
	TABLE 3 
	TABLE 3 
	TABLE 3 

	FOUNDATION DESIGN CRITERIA 
	FOUNDATION DESIGN CRITERIA 

	Footing Type Continuous wall 
	Footing Type Continuous wall 
	Bearing Pressure (psf)* 2,000 
	Minimum Embedment (in)** 18 
	Minimum Width (in) 12 

	Isolated Column 
	Isolated Column 
	2,500 
	18 
	18 


	* Dead plus live load. **At least 18" into firm native soils. The allowable bearing pressures are net values. The weight of the foundation and backfill over the foundation may be neglected when computing dead loads. Allowable bearing pressures may be increased by one-third for transient applications such as wind and seismic loads. 
	b. Lateral Loads. Resistance to lateral forces may be computed by using friction and passive pressure. A friction factor of 0.30 is considered appropriate between the bottom of the concrete structures and the bearing soils. A passive pressure of 300 pounds per square foot per foot of depth (psf/ft) is recommended. Unless restrained at the surface, only the bottom 18 inches should be used for passive resistance. Footing concrete should be placed neat against firm soils. Footing excavations should not be allo
	12. RESIDENCE FOUNDATION OPTION -DRILLED PIERS 
	a. Vertical Loads. As an alternative to the deep footings, the proposed new residence could be supported on drilled, cast-in-place concrete piers with a minimum diameter of 12 inches spaced at least three pier diameters center to center. All piers should be reinforced. The piers will derive their support through peripheral friction. The piers should extend at least 1 o feet below the finished ground surface, regardless of structural loads. All perimeter piers and piers carrying interior continuous wall load
	resisted by the piers through a combination of cantilever action and passive resistance of the soil surrounding the pier. A passive equivalent fluid pressure of 300 pounds per square foot per one foot of depth acting on two pier diameters should be used. The upper three feet should be neglected for passive resistance. c. Settlement. The maximum and differential settlements of the piers is estimated to be small and within tolerable limits. If groundwater is encountered during pier drilling, it may be necessa
	13. NON-STRUCTURAL CONCRETE SLABS-ON-GRADE 
	Non-structural slabs-on-grade may be used for the garage slab and exterior flatwork provided the slabs are underlain by 18 inches of compacted low to non expansive engineered fill. The engineered fill should extend at least three feet beyond the garage and exterior flatwork. For optimum performance, total engineered fill thicknesses should not vary by more than two feet across the building pad and slabs. All slab subgrades should be moisture conditioned according to the geotechnical engineer and rolled to p
	14. SEISMIC DESIGN 
	Based on criteria presented in the 2016 edition of the California Building Code (CBC) and ASCE (American Society of Civil Engineers) STANDARD ASCE/SEI 7-13, the following minimum criteria should be used in seismic design: 
	a. Site Class: C b. Mapped Acceleration Parameters: Ss = 2.606 S1 = 1.251 c. Spectral Response Acceleration Parameters: SMs = 2.606 SM1 = 1.627 d. Design Spectral Acceleration Parameters: Sos = 1.737 So1 = 1.084 
	15. RETAINING WALLS 
	a. Static Lateral Earth Pressures. Retaining walls free to rotate on the top should be designed to resist active lateral earth pressures. If walls are restrained by rigid elements to prevent rotation or supporting compacted engineered fill, they should be designed for "at rest" lateral earth pressures. Retaining walls should be designed to resist the following earth equivalent fluid pressures (triangular distribution): Active Pressure (level backfill)._(~.tl.J.Y..9.r:.l~§§L .................. 45 psf/ft At R
	additional active lateral earth pressures. If walls are restrained by rigid elements to prevent rotation or supporting compacted engineered fill, they should be designed for additional "at rest" lateral earth pressures. c. Pseudostatic Pressure. For retaining walls taller than six feet, the horizontal pseudostatic force acting upon the retaining wall during a seismic event should be calculated from the following equation: PE= 26.0 H2 (level condition}(5H:1V or.less) where, PE = Pseudostatic Force (lbs) H = 
	16. DRAINAGE 
	a. Surface Drainage. Drainage control design should include provisions for positive surface gradients so that surface runoff is not permitted to pond, particularly above slopes or adjacent to the building foundations or slabs. 
	Surface runoff should be directed away from slopes and foundations. If the drainage facilities discharge onto the natural ground, adequate means should be provided to control erosion and to create sheet flow. Care must be taken so that discharges from the roof gutter and downspout systems are not allowed to infiltrate the subsurface near the structure or in the vicinity of slopes. b. Slab-On-Grade Subdrains. We recommend that slab subdrains should be constructed below the slab-on-grade floor areas. Slab sub
	17. LIMITATIONS 
	The data, information, interpretations and recommendations in this report are presented solely as bases and guides for the geotechnical design of the proposed residence and detached garage/study located at 900 Highway 1 in Bodega Bay, California. The conclusions and professional opinions presented herein were developed in accordance with generally accepted geotechnical engineering principles and practices. As with all geotechnical reports, the opinions expressed here are subject to revisions in light of new
	This report has not been prepared for use by parties other than the designers of the project. It may not contain sufficient information for the purpose of other parties or other uses. If any changes are made in the project as described in this report, the conclusions and recommendations contained herein should not be considered valid unless the changes are reviewed by PJC, and the conclusions and recommendations are modified and approved in writing. This report and the drawings contained herein are intended
	18. ADDITIONAL SERVICES 
	Upon completion of the project plans, they should be reviewed by our firm to verify that the design is consistent with the recommendations of this report. During the course of this investigation, several assumptions were made regarding building loads and development concepts. Should our assumptions differ significantly from the final intent of the project designers, our office should be notified of the changes to assess any potential need for revised recommendations. Observation and testing services should 
	It has been a pleasure working with you on this project. Please call us if you have any questions regarding the results of this investigation, or if we can be of further assistance. 
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	APPENDIX A FIELD INVESTIGATION 
	1. INTRODUCTION 
	The field program performed for this study consisted of drilling three exploratory boreholes (BH-1 through BH-3) at the proposed building site. The exploration was completed on January 25, 2018. The borehole locations are shown on the Borehole Location Plan, Plate 2. Descriptive logs of the boreholes are presented in this appendix as Plates 3 through 5. 
	2. BOREHOLES 
	The boreholes were advanced using a portable powered drill rig with solid stem flight augers. The drilling was performed by a staff geologists of PJC who maintained a continuous log of the soil conditions and obtained samples suitable for laboratory testing. The soils were classified in accordance with the Unified Soil Classification System, as explained in Plate 6. The bedrock is described according to Plate 7. Relatively undisturbed and disturbed samples were obtained from the exploratory boreholes. A 2.4
	APPENDIX B LABORATORY INVESTIGATION 
	1. INTRODUCTION 
	This appendix includes a discussion of test procedures and results of the laboratory investigation performed for the proposed project. The investigation program was carried out by employing currently accepted test procedures of the American Society of Testing and Materials (ASTM). Undisturbed and disturbed samples used in the laboratory investigation were obtained during the course of the field investigation as described in Appendix A of this report. Identification of each sample is by borehole number and d
	2. INDEX PROPERTY TESTING 
	In the field of soil mechanics and geotechnical engineering design, it is advantageous to have a standard method of identifying soils and classifying them into categories or groups that have similar distinct engineering properties. The most commonly used method of identifying and classifying soils according to their engineering properties is the Unified Soil Classification System described by ASTM D-2487-83. The uses is based on recognition of the various types and significant distribution of soil character
	d. Unconfined Compression Test. Unconfined compression tests were performed on intact samples obtained from the boreholes. The unconfined compression test is determined by axial loading the sample under a slow constant strain rate until failure is obtained. Failure stress is defined as the maximum stress at peak strain. The results of these tests are presented on the borehole logs. 
	APPENDIXC REFERENCES 
	1. "Foundations and Earth Structures" Department of the Navy Design Manual 7 .2 (NAVFAC DM-7.2), dated May 1982. 2. "Soil Dynamics, Deep Stabilization, and Special Geotechnical Construction" Department of the Navy Design Manual 7.3 (NAVFAC DM-7.3), dated April 1983. 3. Geology for Planning in Sonoma County, Special Report 120, California Division of Mines and Geology, 1980. 4. "Soil Mechanics" Department of the Navy Design Manual 7.1 (NAVFAC DM-7.1), dated May 1982. 5. USGS Bodega Head California Quadrangle











