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GEOTECHNICAL INVESTIGATION
SULLIVAN RESIDENCE
APN 082-160-130
SAN MATEO COUNTY, CALIFORNIA

INTRODUCTION

This report presents the tesults of our geotechnical investigation relating to the desipn and
construction of a new tesidence and associated imptovements on yout property, APN 082-
160-130 in unincotporated San Mateo County. The profect location is indicated on the
Vicinity Map, Figure A-1. The purpose of our investigation was to evaluate the subsurface
conditions on the site in the area of the proposed improvements and to provide geotechnical
design ctitetia and recomtendations for the project.

Project Description

The project consists of constructing a new, 2,200 squate foot, prefabricated Blu Homes
tesidence (“Balance Vista” model) in the central northwestern pottion of the ptoperty. The
residence will include 2 2,135 square-foot daylighting, custorm, site-built full basement and 2
960 squate foot detached, custom, site-built garage. Raised wood decking is planned along
the northwest and east sides of the house, totaling 1,015 squate feet. A new gravel-surfaced
driveway with a fire truck turn-around is planned from the house site to a shared driveway
which extends to La Honda Road. We anticipate that structural loads fot the improvements
will be relatively light and typical of tesidential construction, The layout of the existing and
proposed improvements is shown on the Site Plan, Figure A-2

Scope of Setvices

We performed the following services in accordance with out agteement with you dated
November 21, 2014 (executed on December 3, 2014):

& Reviewed geologic and seismic conditions in the site vicinity and commented on the
geologic hazards that could potentially impact the site and the proposed
improvements

& Performed a reconnaissance of the site in the atea of the proposed improvements

& Bxplored the subsurface by advancing and logging two exploratoty borings in the
vicinity of the proposed improvements

& Performed laboratory analysis of select soil samples for soil classification and to
evaluate engincering properties of the subsutface materials

® Petformed geotechnical engineeting analyses to develop geotechnical engineeting
design ctiteria for the proposed imptovements

& Prepared this report containing a summaty of our investigation and ous geotechnical
conclusions and recommendations

MURRAY
ENGINEERS INC)




Sullivan Residence Geotechnical Investigation

GEOLOGIC & SEISMIC CONDITIONS

Geologic Overview

The subject propesty is located along the western side of the central Santa Cruz Mountains, a
northwest-trending range within the California Coast Ranges geomotphic province. The site
is situated on a gently to moderately sloping, south-facing hillside. FElevations across the
propetty vary from a high of approximately 290 feet above mean sea level along the
northwestern side of the propetty down to a low of approximately 210 feet along the south

portion of the propetty (see Figure A-1).

According to the Preliminary Geologic Map of the T.a Honda and San Gregotio Quadrangle
(Brabb, 1980), the site is located in an area undetlain at depth by Pliocene age {(approximately
1.8 to 5.3 million years old) Pomponio Mudstone bedtock of the Puristma Hotmation (Tpp).
This bedtock matetial consists of gray to white porcelaneous shale and mudstone in places
thythmically bedded with altetnating layers of non-siliceous mudstone, and resembles Santa
Cruz Mudstone and Lambert Shale units. The relevant portion of this preliminary geologic
map is included on Figure A-3, Vicinity Geologic Map. 'This older mapping is consistent
with the more recent Geologic Map of the Onshore Patt of San Mateo County (Brabb and
others, 1998).

According to the Preliminaty Map of Landslide Deposits in San Mateo County (Brabb and
Pampeyan, 1972), no landslides ate mapped on the propetty. The map does indicate that a
landslide scarp is located approximately 1,000 feet northeast of the proposed house site;
however, in our opinion this feature appeats to be mote of an erosional feature than a deep-
seated landslide. The relevant pottion of the landslide deposit map is included as Figure A-
4, Vicinity Landslide Map.

Faulting & Seismicity

The San Francisco Bay Area, which is affected by the San Andreas Fault systemm, is
tecognized by geologists and seismologists as one of the most active seisinic tegions in the
United States. In the Bay Area there ate three major faults ttending in a northwest direction
within the San Andreas Fault system, which have generated about 12 eatthquakes per
century large enough to cause significant structural damage. These faults include the San
Andreas, Hayward, and Calaveras faults. "The San Gregotio fault is located approximately
3.9 miles southwest of the site and the San Andrcas fault is located approximately 7.2 miles
vortheast of the site. The Hayward and Calavesas faults are located approximately 26 and 30
miles northeast of the site, respectively.

Seismologic and geologic expetts convened by the U. 8. Geological Sutvey, California
Geological Survey, and the Southern California Harthquake Center conclude that thete is a
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Sullivan Residence Geotechnical Investigation

63 petcent probability for at least one "large" earthquake of magnitude 6.7 or latger in the
Bay Atea before the'year 2038, 'The northern pottion of the San Andreas fault is estimated
to have a 21 percent probability of producing a magnitude 6.7 or larger earthquake by the
year 2038 (2007 WGCEP, 2008).

SITE EXPLORATION & RECONNAISSANCE

‘Exploration Program

Our field investigation was perfotmed on Decembet 19, 2014 and included a site
reconnaissance and the excavation and logging of two exploratory borings to depths ranging
from approximately 5 feet to 8.1 feet at the locations shown on Figure A-2. The boring
locations were approximately determined by measuting distance from known points on the
supplied site plan and should be considered accurate only to the degree implied by the
mapping technique used.

The botings were advanced using portable satpling equipment. Soil samples were collected
with split-spoon samplers that wete driven with a 140-pound hammer repeatedly dropped
from a height of 30 inches with a rope and cathead attached to g sampling tripod. The split-
spoon samplers included 3-inch and 2.5-inch outside diametes (OD) samplets, and a 2-inch
OD Standard Penetration Test samplet, “The sampler types used are indicated on the logs at
the appropriate depths. The number of hammer blows required to dtive the samplers wete
recorded in 6-inch increments for the length of the 24-inch long samplet barrels. The
associated blow count data, which is the sum of the second and third 6-inch increment, is
presented on the boring logs as sampling tesistance in blows pet foot. The field blow counts
for the 2.5-inch and 3-inch OD samplets have been standardized to Standard Penetration
Test blow counts for sampler size; however, the blow count data has not been adjusted for
othet factoss such as hammer efficiency. The logs of our borings are presented in Appendix
B as Figutes B-1 and B-2. Also included in Appendix B is Figure B-3, Key to Boting Logs;
Figute B-4, Unified Soil Classification System; and Figure B-5, Key to Bedrock Descriptions.

Our staff geologist logged the borings in general accordance with the Unified Soil
Classification System, The boring logs show our interpretation of the subsurface conditions
at the location and on the date indicated and it is not warranted that these conditions are
tepresentative of the subsutface conditions at othet locations and times. In addition, the
stratification lines shown on the logs teptesent approximate boundaties between the soil
matetials; however, the transitions may be gradual.

MURRAY ’
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January 28, 2015
Project No. 2150-1R1

Tim Sullivan RE: GEOTECHNICAL INVESTIGATION,
6175 La Honda Road SULLIVAN RESIDENCE,
La Honda, California 94102 APN 082-160-130,

SAN MATEO COUNTY, CALIFORNIA
Dear Mr, Sullivan:

We ate pleased to present the sesults of our geotechnical investigation relating to the design
and copstruction of a new residence and associated imptovements on your propetty, APN
082-160-130 in unincorporated San Mateo County, California, This repott summatizes the
tesults of our field, laboratory, and engineering work, and presents conclusions and
recommendations concetning the geotechnical engineeting aspects of the project,

The conclusions and recommendations presented in this repost are contingent on our review
-and approval of the project plans and our obsetvation and testing of the geotechnical aspects

of the construction.

If you have any questions concetning our investigation, please call,

Sincerely,
MURRAY ENGINEERS, INC.
82848
Cartie Thomas Kristofer T. Korth, P.E. Exp. 0sr30m1
' Project Engineer

Staff Geologist

Andrew D. Muttay, P.E,
Principal Engineer

CET:KTK:ADM
Copies: Addtessee (3)

Blu Homes (3)
Attn: Mark Westlake

©-

935 Fremont Avenue, Los Altos, California 94024
Phana: AGN B5Q 0QRN Cav. 461 20 dnor



Sullivan Residence : Geotechnical Investigation
esugation

Site Description

The undeveloped, irregiilar-shaped, gently to moderately sloping hillside property is located
notth of La Honda Road (State Route 84) in a rural area of unincorportated San Mateo
County. The site is bounded by developed tural resideqtial propetties to the north and
south, an unnamed shated driveway to the east, and by undeveloped lands to the west. The
site is vegetated with grasses, bushes, and shrubs. The southern, eastern, and western
propetty boundaties ate linear and measure approximately 837 feet, 320 feet, and 553 feet,
tespectively, The northern property boundary is marked by four changes in orientation.
Overall site grades generally slope gently to moderately from the northern ptoperty
boundaty down to the southern propesty boundary.

The site is accessed by a shared dtiveway that extends nostheast from La Honda Road and is
sutfaced with baserock. A cleared travel way on the site is located along the northern
boundaty of the property and extends west to a telatively flat, cleared atea (location of
proposed detached gatage) in the central notrthwest pottion of the site. To the north of the
cleared area and uphill of the proposed building pad for the residence and garage, the
ground surface slopes down at an average pgradient of approximately 4:1 (hotizontal to
vertical), To the south of the cleared area, the ground surface gently slopes at an average
gradient of approximately 5:1 (horizontal to vertical), The ground sutface in the eastermn
portion of the site slopes down to the south at an average gradient of approximately 8:1
(botizontal to vertical), A shatply-incised drainage is located immediately west of the
western property boundary.

We did not observe any cvidence of active landshiding on the site duting our investigation;
however, we did note evidence of shallow erosion at the ground surface in the centeal
notthwest portion of the site. Drainage across the property is generally characterized as
uncontrolled sheet flow to the south-southwest.

Subsurface Conditions

Boring B-1, located within the southwest portion of the proposed residence footprint,
encounteted approximately 1 foot of colluvium consisting: of medium stiff silty clay
undetlain by mudstone bedrock which pessisted to the bottom of the boring at a depth of
approximately 8.1 feet.

Boting B-2, located in the area of the proposed gatage, encountered approximately 1 foot of
colluvium. consisting of medium stiff silty clay undetlain by approximately 2.5 feet of
colluvium consisting of hard silty clay. At depth of approximately 3.5 feet, the colluvium is
underlain by sandstone bedrock which persisted to the bottom of the boting at a depth of
approximately 5 feet,

Page 4



N
N

Sullivan Residence Geotechnical Investigation

Groundwater

Groundwatet was encounteted at a depth of approximately 2 feet below existing site grades
while drilling Boting B-2. No groundwater was encountered in Boring B-1. We note that
the weather was rainy on the day of drilling, Both hotings wete backfilled prior to leaving
the site on the drill date. We note that Aluctuations in the level of groundwater can occut
due to variations in temperature, rainfall, and othet factors that may not have been evident at
the time out observations wete made,

CONCLUSIONS

Based on our investigation, it is out.opinion that the site is suitable for the proposed
residential development provided that the recommendations ptesented in this report are
incorporated in the design and construction of the project. In our opinion, the primary
geotechnical constraints to the project are the potential for downhill creep of the surficial
colluvial soil on the moderately sloping portions of the site and the potential for vety strong
ground shaking during 2 moderate to large carthquake on one of the nearby faults.

Based on our investigation, it appears that the atea of the proposed residence and garage is
blanketed by roughly one to 3.5 feet of colluvial soil overlying bedrock. Based on our
investigation, the surficial colluvial soil is relatively weak and may be subject to future
consolidation and downhill creep under the force of gravity. In addition, based on clay
coutent, the colluvial soil matcrial appears to be moderately expansive, In our opinion, the
colluvial soil should not be relied on for support of the proposed residence and garage. The
colluvial soil is undetlain by fractured bedrock. In our opinion, the underlying competent
bedrock should provide adequate suppott for foundations associated with the proposed
residence and garage.

Geologic Hazatds

As part of this investigation, we evaluated the otential for geologic hazards to impact the
p g p geolog
proposed development. The results of our evaluation are ptresented below:

& Bxpansive Soils — Based on our laboratory, testing, portions of the neat-sutface
matetial is moderately expansive. In gencral, expansive soil can undergo volume
changes with changes in moistute content. Specifically, when wetted as duting the
ralny season, expansive soil tends to swell and when dried as duting the summer
months, this matetial sheinks. Structures and Hatwork suppotted on expansive soil
tend to expetience cyclic, seasonal heave and settlement, Tn our opinion, shrink and
swell of the sutficial soil should not have a significant impact on the structural
integtity of the proposed improvements, provided that they are designed and
constructed in accordance with the recommendations presented in this report. In
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Suilivan Residence Geoteclmio&l Investigation

out opinion, these recommendations should mitigate the potential for significant
heave, but will not eliminate this potential.

& TLandsliding — Based on our investigation, we did not observe any evidence of active
landsliding in the site improvement atea but we did note evidence of shallow etosion
at the ground sutface in the central notthwestern portion of the site. Because of the
presence of colluvium blanketing the site and the moderate slopes actoss portions of
the site, the occuttence of a new shallow landslide ot shallow sloughing involving
these materials cannot be excluded, A new shallow landslide could be triggered by
excessive precipitation, erosion, and/or steong ground shaking associated with an
earthquake. In our opinion, a new shallow landslide should not pose a significant
hazatd to the proposed improvements, ptovided that the improvements ate designed
and constructed in accordance with the recommendations of this repott.

It should be noted that although out knowledge of the causes and mechanisras of
landslides has greatly increased in recent years, it is not yet possible to predict with
cestainty exactly when and where all landslides will occur. At some time over the
span of thousands of years, most hillsides will expetience landslide movement as
mountains are reduced to plains. Therefote, an unknown level of risk is always
present to structures located in hilly terrain. Owners of property located in these
areas must be aware of and be willing to accept this risk.

® Fault Rupture — Based on our site reconnaissance and our review of published maps,
it is our opinion that no active or potentially active faults cross the property. .
Thetefore, in out opinion, the potential for fault fupture to occur at the site is vety
low,

& Ground Shaking - As noted in the Seismicity section above, modetate to large
eatthquakes are probable along sevetal active faults in the greater Bay Area.
Therefore, strong ground shaking should be expected at sowe time during the design
life of the proposed development. The improvements should be designed in
accordance with current catthquake resistant standards, including the 2013 California
Building Code (CBC) guidelines and design parametets presented in this report, It
should be clearly understood that these guidelines and patameters will not prevent
damage to sttuctutes; rather they are intended to prevent catastrophic collapse.

& Diffetential Compaction — During moderate ‘and latge earthquakes, soft or loose,
natutal or fll soils can- settle, often unevenly across a site.  In general, we
encounteted competent bedrock at relatively shallow depths within the.area of the
proposed residence and gatage duting our investigation. However, some of the
colluvial soil materials encountered above the bedrock were medium stiff and may be
susceptible to a moderate degrec of differential compaction. Therefore, the colluvial
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soil should not be relied upon for support of the residence or gatage and thus, in ous
opinion differential compaction should not pose a significant tisk to the structural
integtity of the proposed residence ot garage as long as they ate designed and
constructed in accordance with the recommendations contained herein.

& Liquefaction ~ Liquefaction is a soil softening tesponse, by which an inctease in the
excess pore water pressute results in partial to full loss of soil shear strtength, In
order for liquefaction to occut, the following four factors are required: 1) saturated
soil or soil situated below the groundwater table; 2) undrained loading (sttong
ground shaking), such as by earthquake; 3) contractive soil tesponse duting shear
loading, which is often the case for a soil which is initially in a-loose ot uncompacted
state; and 4) susceptible soil type; such as clean, unifotmly graded sands, non-plastic
silts, or gravels. Structures situated above tetnporarily liquefied soils may sink or dlt,
potentially resulting in significant structural damage. Due to the relatively cohesive
nature of the sutfical soil materials and because we encountered competent bedrock
at telatively shallow depths during our investigation, in our opinion the likelihood of
liquefaction occurring and affecting the proposed improvements is vety low.

RECOMMENDATIONS

We tecommend that the proposed daylighting  basement level beneath the proposed
residence, its retaining walls, and all loads overlying the daylighting basement be supported
on a reinforced conctete mat foundation beating in the underlying competent bedrock. If
required for sliding resistance by the structutal engineer, the mat slab may include a down-
tutned edge along the downbill edge of the basement mat slab that extends at least 24 inches
into competent bedrock. In addition, if colluvium is exposed at the bottom.of the new
basemment excavation, the colluvium should be removed and replaced with well compacted
select granular fill, such as Class 2 aggregate basetock.

We anticipate that zones of perched subsurface watet, not necessatily representative of a
regional groundwatet level, may be present on the site. Due to the daylighting nature of the
proposed basement, in our opinion, groundwater should not significantly impact the
basement design but the potential for some perched ground water entering into the
basement excavation should be taken into account by the building contractor, Basement
retaining walls and the basement mat slab should be provided with subdrainage to alleviate
the potential for buildup of hydrostatic pressutes against the walls or beneath the mat slab.
The building contractor should take the approptiate precautions to shote the proposed
basement excavations, The design and construction of any temporaty shoting or dewateting
is the responsibility of the building contractor, In addition, we strongly encourage the use of
a waterproofing - consultant and/or waterproofing subcontractor to assute adequate
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protection from sutrface water that will' accumulate adjacent to the basement walls and
bottom of mat slab.

We tecommend that any at-grade portions of the residence, including any accessory featutes

~such as entrance steps, porches, and overhangs structurally tied to the residence, be either
supported on drilled, cast-in-place, reinforced, concrete friction piers ot else cantilevered off
the retaining walls associateéd with the daylighting basement level for the tesidence to limit
the potential for differential movement between the daylighting basement and the at-grade
portions of the tesidence. Wood decks that are sttucturally connected to the residence
should preferably be suppotted on drilled piers; however, given the nature of the proposed
deck improvements, in our opinion it is reasonable to support sttuctutally connected wood
decks on spread footings provided that the owner is aware of and willing to accept the
potential for differential foundation movement between attached decks and the residence
that may tesult in slight shifting of the deck suppotts and structute over time. '

The proposed detached garage may be suppotted either on drilled piers ot on spread
footings bearing in the underlying bedtock. Although, in our opinion, piers will ‘petform
better than footings in terms of limiting differential foundation movement, spread footings
can be expected to perform reasonably well at this site provided that sptead footings ate
founded in competent bedrock.

In general, we recommend that proposed site tetaining walls, such as will be required along
portions of the dtiveway petimeter, be suppotted on drilled piers gaining support in the
competent bedrock undetlying the site. However, site retaining walls supporting cuts. into
bedrock may be supported on either spread footings or drilled piers. Although in ous
opinion piers will perform slightly better than footings in terms of limiting differential
foundation movement, spread footings can be expected to perform teasonably well at this
site,

In genetal, slabs-on-grade and flexible pavements should be undetlain by a section of
compacted Class 2 aggregate baserock over a prepated subgrade. Any slabs-on-grade
planned adjacent to the basement walls should be designed to span the atea undetlain by the
planned basement retaining wall hackfill (approximately 10-feet) to mitigate the concerns for
backfill settlement. Whete existing fill is present within areas of new hardscape, pottions of
the fill should be removed and teplaced as a properly engineered fill as deemed necessary by
our field representative during construction,

Because of the complexity of the project and the potential for design and layout changes, we
should teview the proposed layout and design, prior to completion of the final plans, to
vetify that the following recommendations are appropriate. Detailed foundation, grading,
and drainage recommendations and geotechnical design ctiteria are presented helow.
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2013 CBC EARTHQUAKE DESIGN PARAMETERS

Site-specific eatthquake design parameters have been developed based on the procedutes
described in Chapter 16, Section 1613 of the 2013 California Building Code (California
Building Standards Commission, 2013), ‘These procedutes utilize State standardized spectral
acceleration values for maximum consideted catthquake ground motion taking into account
histotical seismicity, available paleoseismic data, and activity rates along known fault traces,
as well as site-specified soil and landslide deposit response characteristics. Contour maps of
Class B bedrock hotizontal spectral acceleration values for the State of California are
included as figures in Chaptet 16 of the 2013 CBC, tepresenting both shott (0.2 seconds)
and long (1.0 second) petiods of spectral response and taking into account 5 percent of
ctitical damping, The U.S. Geological Survey (2014) has prepared an online seismic design
value application tool, based on the 2010 ASCE with aJuly 2013 CBC etrata, for public use,

 that allows for site-specific adjustments of these acceleration values for different subsurface
conditions, which are defined by site classes. Based on coordinates detived from Google
Harth, the approximate location of the proposed residence will be latitude 37,3196 and
longitude -122.3310. Given these cootdinates and based on our subsutface investigation, in
accordance with guidelines presented in the 2013 CBC, the following scistmic design
patameters will apply for this site;

Site Class C — Soil Profile Name: Vety Dense Soil and Soft Rock (Table 1613.5.2)
Mapped Spectral Accelerations for 0.2 second Petiod: S¢= 1,652 (Site Class B)
Mapped Spectral Accelerations for a 1-second Petiod: $,= 0.676 (Site Class B)
Design Spectral Accelerations for 0.2 second Petiod: Sps= 1.102 (Site Class C)

e @ 2 o @

Design Spectral Accelerations for 2 1-second Petiod: S~ 0.586 (Site Class C)

FOUNDATIONS

Basement Mat Foundation

In out epinion, the daylighting basement level beneath the proposed residence and
associated retaining walls may be supported on a teinforced concrete mat slab foundation
beating on the undetlying competent bedrock. If tequired for sliding esistance by the
structural engineer, the mat slab may include 2 down-turned edge along the downhill edge of
the basement mat slab that extends at least 24 inches into competent bedrock. Because we
anticipate the downhill edge of the basement mat slab may ovetlie a small wedge of non-
suppottive colluvium, we tecommend the mat slab include. a down-turned edge extending a
minimum of 24-inches into bedrock, In addition, if colluvium is exposed at the bottom of
the basement excavation it should be temoved and teplaced with well compacted select
granular fill, such as Class 2 agpregate baserock. We recommend that the botiom of the tmat
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Sullivan Residence Geotechnical Investigation

slab be watetproofed and that the watetproofing be designed and constructed by qualified
-professionals.

Mat foundations may be designed for allowable beasing pressures of 2,500 pounds pet
square foot for combined dead plus live loads, with a one-third increase allowed fot transient
loads, including wind or seismic forces. If the structural engineer will utilize 2 modulus of
subgrade reaction in the. mat design, we estimate that the modulis of vertical subgtade:

 teaction for a 1-foot. square plate (based on Tetzaghi’s method - Figure 6 of the Navy
Design Manual, Chapter 5, NAVFAC DM 7.1) for the bedrock anticipated at mat slab
subgrade elevation to be approxitmately 75 pounds per cubic inch (pounds per square inch
per inch).

Lateral loads may be tesisted by friction between the mat slab and the supporting subggrade,
A frictional resistance of 0.30 can be used. In addition to the above, latetal resistance may
be provided by passive pressures acting against the lowet two-thitds of the embedded
pottions of the basement retaining walls using an equivalent fluid pressute of 350 pounds
per cubic foot.

The mat foundation should be reinforced. with: grids of steel reinforcing bars. The project.
structural engineer should determine actual mat reinforcing based on anticipated loading and
the design critetia presented in this repott.

We recommend that the basement mat slab foundation be provided with a subdrain system
Integrally desigried with the basement retaining wall drainage system. Figures A-5 and A-6
present schematic details for alternative subdrain systems for basement retaining walls and
mat foundations. We recommend that mat slab be undeslain by a minimum of
apptoximately 8 inches of %- to %-inch clean crushed rock, underlain by filter fabtic. To
facilitate drainage, the subgrade soils beneath the mat should be sloped at an inclination of
approximately 1.5 percent to a petitneter trench where the retaining wall drainage pipe will
be located. Please also tefer to the Retaining Wall Diainage section of this repott.

Our representative should observe the basement excavation upon its completion and prios
to placement of the slab subdminage system to evaluate the condition of the subgtade
materials and to make sure that the conditions ate consistent with those anticipated from our
botings. It may be necessary to compact the subgrade material in the excavations if loose o -
disturhed areas ate created or encountered duting construction,

Based on out engineering judgment, thirty-year differential foundation movement due to
static loads is not expected to exceed Yi-inch across any 20-foot horizontal span of the
mat-suppotted improvements.
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‘Drilled Pier 8 Grade Beam

We recommend that any at-grade pottions of the residence, incliding attached potches,
balconies and/or ovethangs, be supported on drilled, teinforced, cast-in-place, concrete
fricion pler and grade beam foundations gaining suppott in the underlying bedrock, Site
retaining walls, decks and the detached garage may also be supported on drilled piers.
Drilled piers for at-grade pottions of the residence and the garage should be at least 16
inches.in diameter, should extend at least 10 feet below bottom of grade-beam elevation, and
should-achieve at least § feet of embedment into the undetlying competent bedrock. Note
that piers which are dtilled through basement retaining wall backfill and/or basement access
ramp backfill will need to extend at least 8 feet into bedrock beneath any backfill. Drilled
plets for site retaining walls should be at least 12 inches in diameter and should extend at
least 6 feet into bedrock and to a depth into bedrock equal to the retained height of the wall
plus the depth of any non-suppottive soil at the top of the pier, whichevet is deeper. Drilled
plets for exterior decks should be at least 12 inches in diameter and should extend at least 4
feet into bedtock. Please note, that these ate tecommended minimum pier dimensions and
that other sttuctural criterion, such as the need to resist lateral fotces, may force the piet
design depths to be greater. In general, drilled piers should be spaced no closer than about
three pier-diameters, center-to-centet:

The piets should be designed to resist dead plus live loads using an allowable skin friction
value of 500 pounds per squate foot for the depth of the pier in bedrock with a one-third
increase allowed for transient loads, including wind and seismic forces. Any pottion of the
piess in non-engineered fill and unsupportive soil, and any point-bearing tesistance should be
neglected for support of vertical loads.

Piets on or within 10 fect of a slope steepet than 5:1 should be.designed to tesist.active loads
from downhill creep of soil. Active loads from soil ctecp may be calculated based on an
equivalent fluid weight of 75 pef acting ovet 2-pier diametets for the upper depth of the
piets in the colluvium ot fill. The depth of the active loads will likely vaty between
approximately one to thrce feet at individual picr locations.

Active loads from soil creep and other lateral loads may be resisted by passive eatth pressure
based upon an equivalent fluid pressute of 400 pounds per cubic foot, acting on 1.5 times
the projected area for the depth of the pier in bedrock, Any passive resistance
corresponding to the creep zone described above should be neglected. In addition, piers
located within 10 feet of the basement walls should neglect passive resistance above a 1:1
plane -projected upward from the base of the basement retaining wall. ‘The structural
engineet should determine piet reinforcing, based on the preceding design criteria and
sttuctaral requirements,
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To prevent mushrooming of the concrete at the tops of the piers and the potential for uplift
from the modetately expansive sutficial soil, we recommend that the upper approsimately 2
feet of piers be formed with Sonotubes, where located in ateas of expansive surficial soil,

The contractor should be advised that hatd bedrock may be encountered while excavating
the foundation piers. “Refusal” to deilling with lightweight equipment (e.g. augers mounted
on a backhoe tractor) should be evaluated by out field representative and may not be
considesed acceptable, necessitating heavier equipment being brought to the site to
demonstrate “refusal”.

The bottoms of the piet excavations should be substantially free of loose cuttings and soil
slough ptior to the installation of reinforcing stecl and the placement of concrete. ' In
addition, any significant amounts of accumulated. water in the pier excavations should be

- pumped out prior-to placing conctete or displaced using the tremie method when placing
concrete. A tepresentative of Murray Engineers, Inc. should obserye the pier excavations to
evaluate whether the piets ate founded in the supportive matesial and whethet the pier
excavations are propetly prepated. The pier depths recommended above may tequite
adjustment, if differing conditions are encountered during excavation. Piet. excavations.
~should be filled with conctete as soon as practical aftet drilling to minimize the:potential for
caving,

Gtade beams should be incorporated between plers as requited by the structual engineer,
Perimeter foundations should extend at least 6 inches below the crawlspace grade ot bottom
of slab subgrade to mitigate the potential for infiltration of surface tunoff undet the at-grade
pottions: of the structutes. “Grade beam teinforcing should be detetmined by the project
structural engineer based on the preceding design criteria and structural tequirements.

Based on our engineering judgment, thitty-year differential foundation movement due to
static loads is not expected to exceed approgimately Yo-inch across any 20-foot span of the
piet-supported improvements,

Spread Footings
The detached garage, wood decking sutrounding the residence, and site tetaining walls
tetalning cuts into bedrock may be suppotted on spread foolings. Continuous spread
footings for the garage should have 2 minimum width of 15 inches and isolated footings
- should be at least 18 inches squate. Sptead footings for the garage should extend at least 24
inches below lowest adjacent grade; at least 12 inches below bottom of gatage slab, and
extend at least 6 inches into competent bedrock, whichever is decper. Spread footings
supporting wood decking should extend at least 18 inches below lowest adjacent grade and
at least 6 inches into competent bedtock. Site tetaining walls retaining cuts into bedrock and
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sufficiently away from descending slopes may also be supported on spread footings beating
in the undedying bedrock. New continuous footings for site retaining walls should have a
minitmum width of 15 inches, should extend at least 18 inches below final adjacent exterior
grade, and be embedded at least 6 inches into bedrock, whichever is deepet.

Spread footings. supported in bedrock. may be designed for an allowable bearing pressure of
2,500 pounds pet square foot for dead plus live loads, with a one-thitd increase allowed for
total loads including wind and seismic forces. The weight of the footings may be neglected
for design purposes.

Lateral loads may be tesisted by friction between the footings and the supporting subgrade
using a coefficient of friction of 0.3. In addition to the above, lateral resistance may be

- provided by passive ‘pressutes acting against foundations pouted neat in the footing
excavations within the bedrock zone using an equivalent fluid pressure of 350 pounds per
cubic foot.

Final foodng dimensions and steel reinforcing should be detesmined by the project structural
engineer based on the preceding design criteria and structugal tequirements, In addition,
footings located adjacent to utility trenches should bear below a 1:1 plane extended upward
from the bottom edge of the utility trench.

The footing excavations should be substantially free of all loose soil, ptior to placing
teinforcing steel and concrete. Our tepresentative should obsetve the footing cxcavations
ptior to placing concrete forms and reinforcing steel to see that they are founded in
competent bearing materials and have been properly cleaned. In addition, any loose soil in
the footing excavations tesulting from the placement of forms and teinforcing steel should
be removed priot to placing concrete,

Based on our engineeting judgment, thirty-year differential foundation movement due to
static loads is not expected to exceed apptoximately 1-inch across any 20-foot span of the
footing-supported improvements,

B B RE ING WALL

Basement and site retaining walls should be suppotted on foundations designed in
accordance with the recommendations ptovided above. Waterproofing or damp-proofing of
retaining walls should be included in areas whete wall moistuge would be undesirable, such
as at living spaces or whete wall finishes could be impacted by moisture. The project
atchitect or a watetproofing -consultant should provide detailed recommendations for
waterproofing ot damp proofing, as necessaty. As noted above, the basement mat slab
watetproofing should be designed and constructed to he integral with the basement wall
waterproofing.

MURRAY
ENGINEERS INC |
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Lateral Earth Pressures

Basement and site retaining walls should be designed to resist lateral earth pressure from the
adjoining natural soils, backfill, and any anticipated surcharge loads. Assuming that the
backfill behind the wall will be level (e.g., not sloping upwatd) and that adequate drainage
will be incorporated as recommended helow, we recommend that untesteained tetaining
walls be designed to resist an equivalent Auid pressure of 45 pounds per cubic foot (pef) plus
one-third of any anticipated surcharge loads. . Walls restrained from movement at the top
should be designed to resist an equivalent fluid pressute of 45 pef plus a uniform pressute of
8H pounds per squate foot (psf), whete I is the height in feet of the retained soil,
Restrained walls should also be designed to resist an additional uniform pressure equal to
one-half of any surchatge loads applied at the surface.

Wherte backfill behind the wall will be sloping upward ftom the-wall, we recommend that the
- equivalent fluid pressures provided above be increased by 3 pef for each 4-degree increase in
slope inclination,

In accotdance with the 2013 CBC, where applicable, retaining walls should also be designed
to resist lateral earth pressure from seismic loading. We recommend that the seismic loading
be based on a uniform pressure of 8H pounds per squate foot (psf)/foot of wall height,
whete H is the height in feet of the retained soil. In our opinion, site retaining walls less
than 6 feet high do not need to be designed fot seismic loading. The allowable passive
pressures provided for retaining wall foundations may be increased by one-third for
short-term seismic forces,

Retaining Wall Deainage
We recommend that tetaining walls include a subsutface drainage system to mitigate the
buildup of water pressure from surface water infiltration and other possible sources of water.

As noted above, the basement wall drainage system for the proposed tesidence should be
integral with the basement mat slab foundation drainage system,

Retaining wall backdrains should consist of a minimum 4-inch diameter, perforated rigid
pipe, Schedule 40 ot SDR 35 (ot equivalent) with the petforations facing down, resting on
about a 2- to 3-inch thick layer of crushed rock. The petforated pipe should be placed
within a minimum 8-inch deep by 12-inch wide trench excavated below basement subgrade
elevation at the perimeter of the basement walls. Subdrain pipes should be bedded and
“backfilled with ¥5- to %-inch clean crushed rock sepatated from the native soil with a
geotextile filter fabric, such -as TC Mirafi 140N or equivalent. The crushed rock backfill
should extend vertically to within approximately 18 inches of the finished grade and laterally
at least approximately 12 inches from the rear face of the wall. The crushed tock should be
compacted with a jumping jack or vibratory plate compactot in lifts not exceeding roughly
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12 inches in loose thickness. 'The upper toughly 18 inches of backfill should consist of
native soil, which should be compacted in accordance with the Compaction section of this
report to mitigate infiltration of surface water into the subdrain systems. The preceding
tecommendations are presented schematically on Figure A-5, Basement Subdrain System
Alternative A.

As an alternative to crushed rock, Mitadrain, Enkadrain, ot other geosynthetic drainage
panels approved by this office may be used for retaining wall drainage, If used; the drainage
panels should extend from a depth of apptoximately 18 inches below finish grade to the base
of the retaining wall. An approximate 2-foot section of crushed rock wrapped in filter fabric
should be placed atound the drainpipe, as discussed previously. Geosynthetic drainage
panels should be installed in steict compliance with manufacturer’s recommendations with
filtet fabric against the crushed rock and-soil backfill. “The preceding recommendations ae
presented schematically on Figure A-6, Basement Subdrain System Alternative B.

Subdrain pipes should be sloped at a minimum of approximately 1.5 percent and should be
connected to tigid, solid (non-petfotated) discharge pipes to convey any collected water to 2
suitable discharge location away from the walls. The subdrain pipes for site retaining walls
should be provided with cleanout risers at. their up-gradient ends ‘and' at most sharp
directional changes to facilitate maintenance. We recommend against the use of cleanout
sisets associated with the basement tetaining wall subdrain pipes because of the future risk
that cleanout pipes might be accidentally connected to a sutface drain ot roof downspout,
theteby risking flooding of the basement light well and subsequently the basement itself, In
general, downspouts and surface area deains should be kept completely separate from the
tretaining wall drainage system,

Retaining Wall Baclfill

Backfill placed behind the walls should be compacted in accordance with the specifications
outlined in Table 1 of the Compaction section of this tepott using light compaction
“equipment. If heavy compaction equipment is used, the walls should be temporatily braced.
Please refer also to the Earthwork. section of this report for important recommendations
sregarding wall backfill,

CONCRETE SLABS-ON- DE

We anticipate that concrete slabs-on-grade will be utilized for the garage floor and possibly
alsa for miscellancous concrete patios and walleways, Conctete slabs-on-grade for the parage
floor should be undetlain by at least 12 inches of Class 2 aggregate baserock, Other exterior
hatdscape should be underlain by at least 8 inches of Class 2 aggregate baserock. If non-
cxpansive bedrock is exposed at subgrade level, the baserock thickness bencath slabs-on-
grade may be teduced to 6 inches. Any slabs-on-grade planned adjacent to the basement
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walls should be designed to span the area undeslain by the planned basement retaining wall
 backfill (approximately 10-feet) to mitigate the concetns for backfill settlernent, ‘Whete
existing fill is present within areas of new hatdscape, portions of the fill should be removed
and replaced as a propetly engineered fill as deemed necessary by our field representative
duting construction. The preceding tecommendations are intended to mitigate significant
slab movement and eracking; We note that minor slab movement or localized ecracking of
slabs may still occut:

Prior to placement of the basetock, the subgrade soils should be scatified and moisture
conditioned, as necessaty, to a depth of approximately 6 inches and recompacted in
accotdance with the Compaction section of this repott. In addition, if highly expansive
subgrade soils are encounteted, the subgrade-should be scatified to a-depth of approximately
6 10.12-inches, moisture conditioned to at least 3 percent over ‘optimum molsture content,
and compacted to between 87 percent to 90 petcent telative compaction, Ovet-compaction
of highly expansive material should be avoided, In our opinion, these recommendations
should mitigate the potential for significant heave, but will not eliminate this potential,

In general, exterior slabs-on-grade should be designed as “free-floating” slabs, structurally
isolated from adjacent foundations. We tecommend that extetior slabs be provided with
control joints at spacing of not'more than about 10 feet. The project structural engineer
should determine slab teinfotcement based on anticipated use and loading,

Select granular fill should be compacted in accordance with the Compaction section of this
report. Whete slab surface moisture would be a significant concern, such as for the garage

~ Hoot, we recommend that the slibs be undetlain by a vapor tetardet consisting of a highly
durable membrane not less than 15 mils thick (such as Stego Wrap Vapor Barrier by Stego
Industries, LLC or equivalent), undetlain by a capillaty break consisting of 4 inches of ¥- to
“-inch crushed rock. The capillary break may be considered the equivalent thickness as the
upper 4 inches of select granular fill recommended above. Please also tefer to the Vapor
Retarder Considerations section below for additional information. Please note that these
recommendations do not comprise a specification for “watetproofing”  For greater
protection against conctete dampness, we recommend that 2 watetproofing consultant be
retained,

Vapor Retarder Considerations

Based on our understanding, two opposing schools of thought curtently prevail concerning
protection of the vapor retarder duting construction. Some believe that 2 inches of sand
“should be placed above the vapor tetardet to protect it from damage duting construction
and also to provide a small tesetvoir of moistute (when slightly wetted just priot to concrete
placetnent) to benefit the concrete curing process. Still othets believe that protection of the
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vapor tetarder and/or cuting of concrete are not as ctitical design . considetations when
compated to the possibility of entrapment of moistute in'the sand above the vapor retarder
and below the slab. The presence of moisture in the sand could lead to post-construction
absotption of the trapped moisture through the slab and result in mold or mildew forming at
the upper sutface of the slab.

We undetstand . that recent trends are to use a highly durable vapor tetarder membrane. (at

least 15 mils thick) without the protective sand coveting for intetior slabs surfaced with floor

coverings including, but not limited to, carpet, wood, ot glued tiles and linoleum. Howevet,

it is also noted that several special considerations ate required to reduce the potential for

concrete edge cutling if sand will not be used, including slightly higher placement of

reinforcement steel and a watet-cement ratio not-exeeeding 0.5.(Holland and Walker, 1998),
“We recommend that you consult -with- othet tmembers of your design teamn, such as your

sttuctural engineet, architect, and waterproofing consultant for further guidance on this

mattet,

ELEXIBLE PAVEMENTS

Gtavel ot Basetock Driveway

We understand that the new dtiveway extending from the existing shated driveway along the
castern property boundary to the new detached garage, including the fite truck turnaround,
will be surfaced with gravel or will have an unfinished baserock surface. We recommend
that the dtiveway be underlain by at least 12 inches of compacted Class 2 aggrepate baserock,
with or without a landscaping gravel coveting, Prior to placement of the baserock, the
subgrade soils should be scarified and moistute conditioned to 2 depth of at least 6 inches, as
necessaty, and compacted in accordance with the Compaction section of this teport, If soft
subgtade conditions ate encountered duting construction, it may be necessaty to thicken the
baserock section of place a geotextile strength fabric, such as MitafiRS3801 or equivalent, on
the subgrade soil. A tepresentative from out office should observe the subgrade conditions
at the deiveway priot to placement of baserock,

While we anticipate that a 12-inch thick section of Class 2 aggrepate baserock would be
capable of handling occasional fire or gatbage truck loading, we note that some localized
rutting or yielding may still occur along the dtiveway as a tesult of surface water infiltrating
into the underlying subgrade soils; however, in our opinion the driveway would temain
serviceable. If it is desired to teduce the potential for tutting/yielding, the thickness of the
basetock could ‘be increased or a geotextile sttength fabse such as MirafiRS380i or
“equivalent could be incotporated between the subgtade and the ovetlying Class 2 aggregate
baserock.
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“Band Set Pavets or Flagstones

We anticipate that.sand-set pavets ot flagstones may be used fot exterior hardscape. 'We
generally recommend that they be placed in accordance with the manufacturer’s
recommendations. At a minimum, we genetally recommend that pavets be undetlain by at
least 6 inches of compacted Class 2 aggregate baserock for pedesttian loads, A
tepresentative from. our office. should observe the subgrade conditions of the hardscape
ptior to placement of basetock, Piior- to placement of the basetock; thesubgrade soils |
should be scatified and moistute conditioned to a depth of at least 6 inches and compacted
in accordance with the Compaction section of this report,

EARTHWORK

A moderate amount- of earthwork -is anticipated as patt of the proposed construction,
including site grading, basement excavation, excavation of dsilled pier and sptead footing
foundations, retaining wall drainage and backfll, subgrade preparation beneath hardscape,
placement and compaction of engineered fill, backfill in utility trenches, and installation of
final surface drainage controls. Eatthwork should be petformed in accordance with the
following recommendations.

Cleasting & Site Preparation

Initially, the proposed improvement areas should be cleared of obstructions, including
existing flatwork, utilities, and trees not designated to temain, Holes ot depressions resulting
from the temoval of underground obstructions below proposed subgrade levels, such as root
balls, should be backfilled with engineered fill, placed and compacted in accordance with the

- tecommendations provided below. - After cleating, the propesed. improvement areas should
be adequately stripped to remove sutface vegetation and organic-laden topsoil. The sttipped
material should be used as engineered fill; however, it may be stockpiled and wsed for
landscaping pusposes.

Material for Fill

All on-site soils below the stripped layer having an organic content of less than 3 petcent
otganic material by volume (ASTM D 2974) may be suitable for use as engineered fill
contingent upon teview by our firm. Tn general, fill material should not contain rocks or
pieces larger than 6 inches in greatest dimension, and should contain no more than 15
percent latger than 2.5 inches. Any requited impotted fill should be predominantly granular
matetial or low plasticity matetial with a plasticity index of less than approximately 15
‘percent. - Any propoesed fill for import should be approved by Musray Engineess, Inc. prios
to importing to the site. ‘Our approval process may require index testing to establish the
expansive potential of the soil; therefore, it is impottant that we receive samples of any
proposed impott material at least 3 days ptiot to planned importing, Class 2 aggregate

MURRAY
| ENGINEERS ING |-
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basetock should meet the specifications outlined in the Caltians Standard Specifications,
latest edition,

Location & Backfill of Temporary Basement

In planning the location for any temporaty access tamps for the basement, the contractor

- should considet the future location of any at-grade structures ot hatdscape, If possible, we
recommend that ramp excavations be kept- approximately 5 féet away fiom proposed at-
grade structures and hardscape. If placement of the ramp within this zone is unavoidable, it
is imperative that the backfilled soils be compacted in accordance with the specifications
outlined in Table 1 of the Compaction section of this tepott. A reptesentative of Muttay
Engineets, Inc. should observe and test the compaction of the ramp backfill. In addition, we
recommend that a note be included on -the “structural Pplans referencing these
tecommendations.

Compaction

Prior to placing engineeted fill, the subgrade soll should be scatified and compacted, as
necessary. Material used for fill should be placed in uniform lifts, no more than 8-inches in

~uncompacted thickness. The fill material should be moisture conditioned, as necessaty, and-
compacted in accordance with the specifications listed in Table 1 below.. The relative
compaction and moisture content specified in Table 1 are relative to ASTM D 1557 (latest
edition).- Compacted lifts should be firm and non-yielding under the weight of compaction
equipment priot to the placement of successive lifts.

T'able 1 Compaction Specifications

Fill Element ‘Relative Moisture Content*
Compaction*
General fill for raising of site gradcs, driveway, patio arcas, 90 percent Near optimum
and setaining wall backfill (for fills up to 4 feet thick)
For fills greater than 4 feet thick 93 percent Near optimum
{entire Hll)
Upper 6 inches of relatively. non-expansive subgrade 90 percent Near optimum
beneath hardseape
Upper 6 to 12 inches of relatively expansive subgrade 87 to 90 percent Z23% over optimum
beneath hardscape
Aggregate baserock under hardscape 95 percent Near optimum
7 to Yi-inch Crushed Rock - Compact with at least 3 see note at left Not critical
- passes-of & vibeatory plate with lift-thickness < 12 inches.
Backfill of utility trenches using on-site soil 90 percent "Neat-optimum
Backfill of utility trenches using imported sand 90 percent Near optimum

*Relative to ASTM D 1557, Iatest edition.
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Keying & Benching

Unretained fill placed on slopes that are flatter than 5:1 should be supported on level
benches bearing in supportive bedrock, as determined by this office in the field during
construction. Unretained fill placed on slopes that ate steeper than 5:1 should be keyed and
benched into supportive matetial to provide a firm, stable sutface on which to support the
fill.

Priot to fill placement on slopes steeper than 5:1; a consttuction keyway should be excavated
at the toe of the fill. The keyway should be a minimum of 8 feet wide or of 2 width equal to
half the height of the fill slope, whichever is geater, The keyway should be excavated a
minimum of 2 feet into competent suppottive bedrock material, as measuted on the
-downhill side-of the excavation. ‘Thedepth to supportive material should be deterrnined by
- ‘this office in the field duting construction, “The base of the keyway excavation should have 2
nominal slope of approximately 2 percent dipping toward the back (uphill side) of the key.
Subsequent construction benches should be excavated to femove any non-supportive
sutficial soil and should also have a notninal slope of approximately 2 petcent dipping in the
uphill direction, Our representative should observe the completed keyway and bench
excavations. to-confirm that they are founded ini fmatesials with sufficient supporting capacity,

Fill Subdtainage

In general, fills exceeding approximately 5 feet in depth should be provided with subdrainage
as established in the field by our fiem’s tepresentative. Subdrains should consist of a 4-inch
diameter, rigid, heavy-duty, petforated pipe (Schedule 40, SDR 35 of equivalent), approved
by the soil engineet, embedded in V- to %sinch clean crushed fock placed along the upslope
side of keyways and beriches for the full *h'eight of the keyway ot bench cut, ‘The crushed
rock should be separated from the fill and the native matetial by a geotextile filtet fabric. The
petforated subdrain pipe should be placed with the petforations down on a 2- to 3-inch bed
of drain rock. Subdrain pipes should be provided with clean-out tisers at their up-gradient
ends and at all sharp changes in direction. Subdrain systems should be provided with a
minimum 1 percent gradient and should discharge onto an enctpy dissipater at an-
approptiate downhill locatior.

Final Slopes

In general, any proposed cut slopes in the sutficial soil and any proposed fill slopes should
have gradients 1o steeper- than approximately 2:1 (hotizontal to vettical). In general, new fill

~slopes should be over-filled and then cut back to proposed final slope gradients. All graded
surfaces or areas disturbed by construction should be tevegetated prior to the onset of the
rainy season following construction to mitigate excessive soil etosion. If vegetation is not
established, other etosion control provision should be employed. Ground cover, once
established should be propetly maintained to provide lonig-term erosion control,
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‘Temporaty Slopes & Trench Excavations

The contractor should be responsible for the stability of all temporaty cut slopes and
trenches excavated at the site, and design and consttuction of any required shoting, Shoring
and bracing should be provided in accordance with all applicable local and state safety
regulations, including the cutrent OSHA excavation and trench safety standards.. Becavse of
the patential for vatiable soil conditions, feld modifications of temporary cut-slopes tay be
requited.  Unstable materials encountered on the slopes during the excavation should be
trimmed off, even if this requites cutting the slope back at flatter inclinations.

SITED

Control of sutface drainage Js ceitical for. projects. on hillsides and in -eszinsive soil areas. -

“Roof run-off, tain, and irrigation water should not be allowed to pond neat the residence,

- detached gatage or on exterior hardscape. “The proposed residence and detached garage
should be provided with roof guttets and downspouts. Water collected in the gutters should
not be allowed to discharge freely onto the ground surface adjacent to the foundations and
should be conveyed away from the structures via butied closed conduits and routed (o a
suitable discharge outlet. The finished grades around the structutes should be designed to
drain surface water away fiom the struetures, slabs, and yard areas. to suitable discharge
“points.- Where such sutface gradients ate difficuli to achieve, we recommend that area drains
ot sutface drainage swales be installed to collect surface water and convey it away from the
residence.

Sutface runoff should be prevented from flowing over the top of any attificial slope.  The
ground sutface at-the top ‘6f any attificial slopes should be graded to slope away from the -
slope or a borm ot lined ‘drainage ditch shiould be provided at the top of the slope. In
addition, retaining walls at the bases of descending slopes should be provided with lined
drainage swales along their uphill side to collect surface water from above. All collected
watet should be conveyed away from structures by buried closed conduit and dischatged
onto an energy dissipater at an appropriate downslope location,

We tecommend that annual maintenance of the surface drainiage systemns’ be petformed,
This taintenance should include inspection and testing to make sure that roof gutters and
downspouts are in good wotking otder and do not leak; inspection and flushing of atea
drains to make sure that they are feee of debris and age in good working order; and
inspection of surface drainage outfall locadons to verify that introduced water flows freely
through the dischatge pipes :and -that no excessive étosion has occutted. - If erosion is

-~ detected, this office should be contacted to evaluate its -extent and-to -provide mitigation
tecommendations, if necded.
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REQUIRED FUTURE SERVICES

Plan Review

To better assute conformance. of the final design documents with: the tecommendations -
contained in this report, and to.bettet comply with the buﬂding»department?s~réquiremeﬂts,
Mutray Engineers, Inc. must teview the completed project plans priot to construction. The
plans should be made available for our review as soon as possible after completion so that
we can better assist in keeping your project schedule on track. We tecommend that the
following note be added to the architectural, structural, and civil plans:

® All earthwork and site .drainage, including site .grading, ' basement excavation,

excavation of diilled piet and spread footing foundations, tetaining wall drainage and

backfill, subgrade prepatation beneath’ hatdscape, placement and compaction of

engineered fill, backfill in utility trenches, and installation of final sutface draipage

controls should be performed in accordance with the geotechnical report prepared

by Mutray Engineers, Inc., dated January 28, 2015. Murray Engineers, Inc, should

be provided at least 48 hours advance notification of any earthwork opetations. and.

should be. present to observe and test, as nec:essmy,_.thevearthwoifk, foundation, and
drainage installation phases of the project:

Consituction Observation Setvices

Murtay Engineers, Inc. should observe and test (as necessary) the carthwork and foundation

phases: of construction in: order to ) confirm that subsusface conditions exposed duting
construction are substantially the same as those interpolatéd from our limited subsutface
explotation, on which the analysis and design were based; b) evaluate compliance with the
geotechnical design concepts, specifications, and recommendations; and ¢) allow design
changes in the event that subsurface conditions differ from those anticipated. The
recommendations in this report are based on limited subsurface information. The nature
and extent of vatiation across the site may not become. evident until construction, If
variations are: exposed duting construction, it g be necessaty to- te-evaluate oug:
recommendation.

LIMITATIONS

This report has been prepared for the sole use of Tim Sullivan, specifically for developing
geotechnical design-critetia selating to-desipn and constraction of the proposed residence
~and associated improvements .on the propetty, APN '082-160-130 in ‘unincorporated San

Mateo County, California. The opinions presented in this repott aze based upon borings at

widely separated locations, site reconnaissance, review of field data made available to us, and

upon local expetience and cugineeting judgment. Out opinions have been formulated in
accordance with generally accepted engineeting geologic and geotechnical engineeting
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practices that exist in the San Francisco Bay ‘Area at the time this teport was prepared. “The
tecommendations presented in this repost are baséd on the assumption that soil and geologic
conditions at or between botings do not deviate substantially from those encountered, It
should be understood that geotechnical issues tay become apparent duting the course. of
construction that wete not appatent at the time this teport was prepared. No watranty,
expressed ot implied, is made ot should be inferred, Tn addition; we ate not responsible for
data presented by others, ‘

The recommendations provided in this teport are based on the assumption that we will be
retained to provide the Required Futuge Setvices described above to better evaluate the site
conditions and to evaluate compliance with out recommendations, If we ate not retained
for these services, Mutray Enginecrs, Inc..cannot assume any tesponsibility for any potential
~claitns that toay arise duting ot after construction as a, result of misuse or misinterpretation
of this teport by others. Futthermote, if anothet geotechnical consultant is retained for
follow-up sewvice to this report, Musray Engincers, Inc. will at that time cease to be the
Engineer-of-Record,

The opinions presented in this teport are valid as of the present date for the property
~evaluated. Changes in the condition. of a. propesty can Gectt with the passage of time,

whether due to natural processes or the wotks of man, on this or adjacent properties. In

addition, changes in applicable standatds of ptactice can occur, whethet from legislation or

the broadening of knowledge. Accordingly, the opinions presented in this report may be

invalidated, wholly or pattially, by changes outside of out control. Therefore, this teport is

subject to review and should not be relied upon aftet a period of three yeats, nor should it be
-used, ot is it applicable, for.any property other thaa that evaluated.

+
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- ¢ Pl=22%; LE=38% (sample from 0.2 feety (ATDY =
19
Soft" | "BR | SANDSTONE; light yellowish brown, severely weathsred
- L moderately fractured, moist (Purisima Formation) T
*designates hardness of bedrock (see Figure B-5)
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w AiS|des] &8 1§ MATERIAL DESCRIPTION B4
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COLUMN DESCRIPTIONS

(11 Elevation, feet; Elevation (MSL, fest)
Depth;feet; Dapih.in fest bolow the ground:surface.

] Samiple T o: Typeswtisoilsample moliestectatthe tepth
“{nterval shnwn.
ling Resistance, b ; Number of blows

‘redqulred o-advance the sampler:12inches orihe
distance shown, Blow counts for the 3.0-Inch O.D.

T and 2,584nch 0D, samplers-have been corrected for
sampler size to SPT values using convarsion faclors

of 0,66 and 0.77, raspactivaly;

FIELD-AND: LABQRATORY: TE5T ABBREVIATIONG::

CHEM: Chiemical fasts to assess corrosivity
COMP; Compaction test

CONS: One-dimensional consolldation test
LL: Liguid Limit, parcent -

Pl Plasticity Index, percent

TYPICAL MATERIAL GRAPHIC SYMBOLS

= Samisnne
V.8 Wall graced GRAVEL (DY)
W) Poorty graded 'BRAVELEP) .
Wil giadetd GRAVEL WISt {GW-GH)
; Well graded GRAVEL with Clay (BW-6C)
. Poorly graded ORAVEL with BII! (oP-aM)
4 Panly raitad BRAVEL wiih Gy {GPGE)
H sity SRAVEL (GM)

3B Clayoy GRAVEL(GC)
F ] well graded 8AND (8W)
Poorly graded BAND {8RY

I sty SAND (oM
N Olayuy sANu (80)

X \w}‘ -

Lo claY GLAY WISAND, 9A

TYPICAL SAMPLER GRAPHIC: SYMBOLS:

3

Z'inch-Q0 Unlme& Split. V Sbe!byTub@((hm-wal!ad R
i Pitclior Sampte
Spoon (SPT) N fixed head) i —X Water lovel (after walling a given time)
| I g p&olg:hfm Uniined Split [B':Graﬁ _Sa‘iﬁii i o {iier's.afﬁﬁlér‘ —-\1, gdgrz?;tgt;‘ange in.materlal pmpenles within
§ o — -~ —Inferrad.or gradational contact belween
n g‘l’r;col:\ 0D Unlined Split Bulk Sample sirala

f:GENERiAL»‘NQTEF:
1. Boll-dlassitctions: dro-based ofitha Uhitisd ‘Soll Olassifisation System, Desc

gradual. Fleld descriptions may have been modified to reflact resulte of lab tests.

2. Descriptions on those logs apply

?n!y atthe. sgeclﬂc hering locations and at 4
of subsurface conditions-atother

ocations.orilines

7. uscs {Bymbol: USCS:symbol.of theisubsurface material

Tl el roced SanD st wEM
] el praded SAND it Clay{SW:9¢)

Ll oty grartod saNGwitosie @ieg)

‘TR viionty jraudd SAND with Clay {SP:8C)

7
TR -s1tm BILT W AND - BANDY SILT (MH)
7] FatGLAY, CLAY w/SAND, SANDY GLAY (CH)
II(IH BILT, BILT. with, BAND, SANDY SILT {fdk-Mb).

. ﬂelaﬂve Consistengy: Relative:consistenicy of the

“subsurface material.

MATERIAL DE (':Rl lON Descﬁptitm of materlal
encountered. May include consistency, molsture;
color, and other descripuve text.

[8] water Content, %: Water content of the soll sample,
expressed as percentage of dry welght of sample.

SA: Sieve analysis (percent passihg No, 200 Sieve)
UC: Unconfined compressive strength test, Qu, in kst
WarWash:sieve {percent passing No; 200 Sieve)

Ltvan-Fat CLAY; SLAY wISAND, SANDY SLAY [ELCH)

RILTY LAY (LML)
LamMYIPB‘\T(E'L S0l

B Fal CLAISHLT (CHME)

7] Fot CLAYIPEAT {CH-0H)

{l}' sty sANDto Sandy BILT (8M4-ML)

W ity o to Rendy S 4eMAi)

Clayay SAND to Sandy GLAY (30-C1)

Cluyoy BAND {o Sandy CLAY{BGCH)

SILY to GLAY {CLIML)

HEA . Sty to. Clayey BAND (SOISM).

NDV CLAY {CL)

OTH ERGRAPI HIC. SYMBOLS

" Afater: level. (at uma of: drllllng. ATEY,

— —*Quarledxécnmct»baween:stnam

riptions:anid Steitamfinds ate iterpretive, undavtual tithologic thanges thay b

he time the borings were advanced. They are not warranted 10 be representative
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SOIL
PRIMARY DIVISIONS TYPE SECONDARY DIVISIONS.
HTCLE AN GRAVEL | 6W Welf graded gravef, gravel-sand mixtures, liftle or no ﬂ'ries;
| oRavi, | | GR | Poorly praded gravel ot gravel-sind mixtyres, litle or no fines
) R E » . X . . -‘. ¥ . . N :
COARSE G wA:T‘Xz L GM | Silty gravels, gravel-sand-silt mixtures, non-plastic fines.
GRAINED FINES GC | Clayey gravels, gravel-sand-elay mixtures, plastic fines.
ngLS CLEAN'SAND SW el graded:sands, gravelly sands, little.or no fines.
A <50% Finwg) AN . A<5% Fines) SBP | Poorly ,gf"aﬂed:smwsggrfgmmguyﬁands:, tititesor 1o fings.
. S A;l\{; D SM ' | Silty sands, sand-silt mixtures, non-plastic fines,
with - s - e .
FINES SC | Clayey sands, sand-clay mixtures, plastic fines.
‘ _ ML | Inorganic silts and very. fine sands, with slight plasticity.
SILT ANDCLAY - . SR
FINE Eigid lmit, <50% CL: | Inorganic clays:of low to:mediunr plasticity; lean. clays:
GRAINED QL | Organic silts:and organic clays:of low plasticity,
SOIES MH | Inorganic silt, micaceous or diatomaceous fine sandy or sxlty soil.
© (>50% Fines) | SILT AND CLAY AP _
AR g Liquid timit > 50% | CRL oo J'gan“,: ""’WS ofmg? Qla‘mc. tt'_y' . fﬁ?"cmys'
OH | Organic clays of medium to-high plasticity; organic silts.
HIGHLY ‘ORGAMIC SOILS Pt |Peatand *other'liigIi,lyeb.pgaﬁ‘ict»SOi}s.
- TN, CONSISTENCY
RELATIVE DENSITY - - =
RELAT SILT & CLAY STRENGTH” | BLOWS/FOOT*
N r \/] ’ T* o o . N N .
SAND & GRAYEL 8 BLOWS/FOOT VERY SOFT Do 0.25 R
VERY LOOSE Otod SOFT 0.25100.5 20 4
_MOOSE w10 MEDIUM: STIRE - 0:5 to:l 4'to:8.
MEDIUM DENSE 19 to 30 prssr T3 1016
BENSE 30 e 50¢ VERY STIFF Ao - 164032
VERY DENSE OVER 50 HARD ‘OVER 4 OVER 32
GRAIN SIZES
GRAVEL SAND "
-BOULDERS [“COBBLES BILT & CLAY
COARSE FINE SCOARSE MEDNIM FINE
el g B 4 W AD 200
SIEVE OPENINGS U.8. STANDARD SERIES SIEVE

Classification is based on the Unified Soil Classification System; fines refer to scnl passing.a No. 200 sieve.

*Standard penehau@m« tost (SPT) resistarice using a: 140-patind hammen fallin ng 30 inches on a:2-ineh: outside diameter
spl lit spoon sampler; blow counts:for the 3.04inch QL. and 2:5-ineh ©
size: to: SPT valuesi il emwrm: opefacters of Gi65 and‘ Qx, iy ®

" Shear strength in tons/sq, ft. as esllmated by SPT resistance, field and laboratory. tests, and/o: visual observation.

D samplerschave been eorrected: for sampler
respect:veiy

| ENBINEERS INC
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SULLIVAN RESIDENCE UNIFIED SOIL
APN 082-160-130 B ‘CLASSIFICATION
MATEQ COUNTY, CALIFORNIA SYSTEM
PROJECTNO.2150-1R1 |  JANUARY.2015 FIGURE B-4




WEATHERING

Fresh
Rock fresh, crystals bright; few joints may: stow: slight:
staillilig. Rock rings under hammer if crystalline,

Moderately Severe o

All rock excepts qliattz discolored ot stiiftsed Tii giatitiold
vocks, all feldspars dull and discolored and majority show
kaolinization, Rock shows severe loss.of strength and can be .
Viery ﬂ{.igkg excavated with;geologist's pick. Reck gees “elnk” swhen struck.

Rock generally fresh, joints stained, some jointsmay. show
- thinselay wontings, crystals inbroken faceshow bright,
Reock rings under hammer ierystalline,

_ Severe ‘
Allrock exceptquartzdiscoloredsor stained. Rock “fabric”
clear and evident, but reduced in strength to strong soil, In
Slight vgn-g..ﬂt_gi_»d qucﬁc;;, all @ldspars ‘.l‘<"aolini}z_ied:_ to some extent.
Rock generally fresh, joints stained, and discoloration Soine draginonts of sirong rock usual y left
-extends tnto rock upto 1 inch, Toints Inay contain ¢lay.

In granitoid rocks some occasional feldspar crystals ate
«dull and discoloted. Crystalline rocks ringunder hamsiser.

. Very Severe _
All rock: except quartz discolored and stained. Rock “fabric™
discernible; but mass effeotively reduced to ~spil™ with only.

Moderate. fragments of strong reck remmmmg.» ,

Significant portions of rock show discoloration and
weathering effects, In granitoid rocks, most feldspars are

. -hull diid discofored; soitte ate elayey. Rook has dill sound
under hammer and shows significant loss of strength as
compared with fresh rock,

Complete

- Rock reduced to *soif™, Rock fubric not discernible or
discernible.only insmall seattered locations, Quartz may be
present as dikes or stringers; ‘

"HARDNESS

Medium
Can be grooved or gouged 1/16 inch deep by firm pressure
on kife or pick point. Can be excavated in smali chips to
pieces aboyt 1.inch maximum size by hard blows of the
point of geologistepick.

. Very Hard
Cannot be scratched with knife or sharp pick. Hand
spocimens requires-several hard Mows of geologist’s
- hammer.

- Hard _
Canbe scratehed wiflh knife ox pik only with diffaulty, ‘
Hard blow of hanmer required to detach hand specimen,

Soft-
Can besgouged or grooved. readily with knifeor pick point;
Can be excavated in chips to pieces several inches in size
by moderate blows of a pick poin. Small thin pieces can

Yy .

be broken by finger prossure,

Very Soft 4
“Can be caryed with knife: Can'be excavated readily with
“pointiof pick. Pisces 1 inch:or more in thickness can be
broken-with fingerpressure, Can be scratched readily by
Tingernail,

Moderately Hard
Can be scratched with knife.or pick. Gouges or grooves:
«to e inch deep-can be excavated by hard blow ‘of point
-of'a goelogists pick, Hard spocimen.can-be detached by
- inoederdte-blow,

JOINT BEDDING & FOLIATION SPACING ROCK QUALITY DESIGNATOR (RQD)

Bpacing Joints Bedding & Folintion ROD, as a percentage Descriptor .
Less:than. 2 in, “Veuy Close Vesy Thin. ‘Exgeading 90 Exeellent .
Zintol £t Close Thin. 90<t0 75 Goed
L3t Moderately Close Medivm 15:10:50: Faip-
Iftto lOR Wide:: Thick SOt 25 - Baar -
More than 10 ft. Very Wide Very Thick Less than, 25 Very Poor
ANDDAY SULLIVAN RESIDENCE |
M UR RAY APN 082-160-130 KEY TO BEDROCK
ENGINEERS INC SAN MATEQ'COUNTY, CALIFORNIA DESCRIPTIONS
| PROJECT NO. 2150-1R1 I ' JANUARYEOIS FIGURHE B-5




APPENDIX C

LABORATORY TESTS

Samples from the subsurface exploration were selected for tests to evaluate the physical and
engineering properties-of the:soils. The tests petformed are briefly described below.

The natural moistute content was evaluated in general accordance with ASTM D 2216 on
~nost samples ‘recovered from the borings. This test defermines the moisture content
reptesentative of field conditions at the time the samples were collected. The tesults are
presented on the boring logs, at the appropriate sample depths.

The Atterberg Limits were evaluated on one sample in-aecordance with ASTM I 4318, The

Atterbetg limits ate the moistute content within which the soil 5 workablé ot plastic. The
results are presemted in Figure C-1 and on the boting logs, at the apgmgrme sample degth.

£
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LIQUID & PLASTIC LIMITS TEST REPORT

60 7
Dashed lingindicates the approximate v
upper timit boundary for natural soils — ' |
04— » $Q‘ A 3
| s &
¥ / c}z‘ /
40— — //
. g . ‘ v /// 3
g_ 30— 7 , —
F l’r
4] S
< /
n. ‘ ’r'.
v ;
- 1.0 /]
s o
1/,_- .C}, ;
0— et //
%k." y 7 1_:?1// /’W . v ,
‘ M/A?W/W ML qr QL MH or-OH
o .‘ | | L | | O S |
0 40 26 30 40 50 60 70 80 a0 1700 110
‘ LIQUID LIMFT
"SOIL DATA
NATURAL 4 ~
. : . SAMPLE | DEPTH “WATER | . PLASTIC LQUID | PLASTIGY
| SYMBOL | SOURCE NO. CONTENT |  LMIT LI INDEX uscs
S (%) %) (%) (%)
® Boring2 1 Mo 2' 19.3 14 36 22 CL
DDA ‘SULLIVAN RESIDENCE LIQUID & PLASTIC

SAN MATEO COUNTY, CALIFORNIA

-APN082-160-130

LIMITS TEST REPORT

|ENGINEERS INC |

PROJECT NO. 215041R1 |

JANDARY 2015

FIGURE C-1

IS



