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4490 Cornishon Avenue 
La Cañada, California 91011 
 
Attention: Mr. Harold Pierre 

Program Manager 
Linik Corp. Builders Management 

 
Subject: GEOLOGIC HAZARDS EVALUATION REPORT 

Review of Building Plan 
 
Project: Proposed Buildings C, D, E, and F 

Paradise Canyon Elementary School 
471 Knight Way 
La Cañada, Los Angeles County, California 91011 

 
References: At the end of the text 
 
Dear Mr. Pierre: 

This report presents our professional opinions regarding the existing geologic and geotechnical 
conditions at the above-referenced site, their potential effects on the proposed development, 
and our geotechnical recommendations for design and construction. 

1.0  SCOPE OF WORK 

Our investigation included the following tasks: 

1. Review of Civil Site Grading Plan, prepared by GGA Architecture and KPFF (received 
4/29/24), illustrating selected option 2A for building footprint locations.  

2. Review of our Geotechnical Report (for nearby buildings “N” and “P”), dated 
January 13, 2023 (see ref. 1).  

3. Review of our Geologic Report, Fault Rupture Hazard Investigation, dated 
September 14, 2023 (see ref. 2). 

4. Review of our Geologic Hazard Evaluation Report (for the conceptual site plan of 
proposed buildings at the vicinity of existing Classrooms D, E, and F), dated 
November 10, 2023 (see ref. 4). 
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5. Review of CGS Engineering Geology and Seismology Review Letter for the site, dated 
March 6, 2024. 

6. Review of the published geologic reports and maps referenced at the end of this report. 

7. Review of the Seismic Hazards Map and Report for the Pasadena Quadrangle. 

8. Evaluation of groundwater conditions and historic groundwater levels based on Los 
Angeles County Flood Control District (LACFCD) water well data and published maps. 

9. Review of the following aerial photographs: 

Date Flight Frame Scale Agency 
1/1/28 C-300 K246 1:18,000 Fairchild 

11/8/35 C-3758 1 & 2 1:7,800 Fairchild 

1938 AXJ-1938 59-72 1:20,000 USDA 

11/22/44 DDF-1944 7-30 & 7-31 1:10,000 Fairchild 

1/5/60 C-23870  1945 & 1946 1:14,000 Fairchild 

1994 – 2021 - Various Images - - Google Earth Web Application 

10. Performed general earthquake ground motion characterization utilizing the latest seismic 
ground-motion provisions of the 2022 California Building Code (CBC). 

11. Assessment of potential ground rupture hazard at the site. 

12. Preliminary evaluation of geotechnical parameters for the design of shallow footing 
foundations, slab-on-grade floors, and retaining walls, including allowable bearing 
pressure, equivalent fluid densities for calculation of active, passive, and at-rest pressures, 
soil-to-concrete friction factors, and coefficient of vertical subgrade reaction. 

13. Preliminary assessment of recommended grading removal depths based on subsurface 
conditions and rough estimates of static settlements under assumed future building loads. 

14. Preparation of Cross Sections 2-2’, 3-3’, 4-4’, 6-6’ and 7-7’ at a scale of 1” = 20’ and 
Cross Sections I-I’, H-H’ and J-J’ at a scale of 1” = 10’, illustrating anticipated 
geotechnical conditions with respect to proposed development. 

15. Preparation of a Geologic Map (Plate I), and Geotechnical Map (Plate II) illustrating the 
location of our subsurface explorations, distribution of geologic units, and cross sections 
relative to the area of proposed new buildings.  The site plan – limit of work received 
4/29/2023 was used as the base map.  We make no representation regarding the accuracy 
of these base maps. 
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16. Preparation of a Location Map, Geologic Map, drill hole logs, laboratory test reports, and 
seismicity figures for inclusion in this report. 

17. Preparation of this Geotechnical report, which summarizes the results of our study and 
provides preliminary geotechnical recommendations for the design and construction of the 
proposed improvements. 

The School District has decided on Option 2A for building footprints (out of the five previously 
proposed study options as shown on the Site Studies – Options 1A to 5A (Plate II) of our 
referenced report (see ref. 4).  Confirmatory geotechnical investigation has been carried as part 
of this study.  

2.0  SITE DESCRIPTION 

The project site is located at 471 Knight Way within the City of La Cañada, Los Angeles 
County, at the northeast corner of the intersection with Gould Avenue (see Location Map 
following page 4).  The site coordinates are 34.20888°N, 118.18777°W.  The site is within a 
residential community and is bounded by Knight Way to the south, Gould Avenue to the west, 
and single-family homes to the north and east.  The elementary school campus is occupied by 
several single-story administrative and classroom buildings on level pad areas with small 
retaining walls to accommodate grade changes in between some buildings.  Blacktop and field 
areas occupy the east side and northwest corner of the campus.  The site generally ascends 
from south to north, with topography ranging from a low of 1290 ft above mean sea level at 
the southeast corner of the campus to 1334 ft at the northwest corner. 

3.0  PROPOSED DEVELOPMENT 

The proposed development includes the construction of four new 1-story buildings (Buildings 
C, D, E and F), as shown on the attached Geologic Map (Plate I), and Geotechnical Map (Plate 
II).  The buildings are expected to be supported on shallow footing foundations.  The finish 
floor grades for the proposed buildings ranges from 1314.40 to 1316.80.  Minor cut (up to 2 
feet) and fill (up to 2 feet) are required.  Retaining walls of up to 2 feet are proposed within the 
interior areas.  The retaining wall located northwest of Building E is up to 6 feet in height (see 
Plate II).  However, we understand that this wall is likely to be 8 ft in height.  Also, this 
retaining wall may be constructed with a conventional foundation system or as a soldier pile 
wall system with wall elements spanning between cast-in-drill-hole (CIDH) piles.  There is an 
existing retaining wall (to remain) along the northerly portion of the site.  The approximate 
locations of the proposed new buildings are shown relative to the existing improvements on 
the attached Cross Sections. 
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4.0  FIELD INVESTIGATION, SAMPLING, AND LABORATORY TESTING 

Subsurface Exploration 

In 2022, this firm carried out subsurface exploration for other buildings in campus, which 
included the drilling, sampling, and logging of five (5) hollow-stem auger borings (HS-1 
through HS-5, PB-1 and PB-2) to a maximum depth of 35.9 feet below the existing ground 
surface.  The hollow stem borings were drilled by Choice Drilling Inc. on 6/25/22.  This data 
was also utilized for the purposes of this report.  

In 2023, five (5) hand-auger borings (HA-2 through HA-6), near Buildings H and J, were 
drilled, sampled, and logged to a maximum depth of 11 feet below the existing ground 
surface to better address this project.  Hand-auger borings were excavated by Gold 
Construction, Inc., on 12/28/23.   

Subsurface exploration performed included the drilling, sampling, and logging of four (4) 
hollow-stem auger borings (HS-6 through HS-9) to a maximum depth of 36.5 feet.  A hand-
auger boring (HA-1) was excavated to a depth of 9 feet below the existing ground surface 
north of proposed Building F.  Trench (T-1) was excavated to a depth of 4 feet below the 
existing ground surface, north of proposed Building E.  HA-1 and T-1 was excavated by 
Gold Construction on 12/28/23.  The borings were drilled by Choice Drilling Inc. on 1/4/24.  
These explorations were logged by a staff geologist with oversight by a Geotechnical 
Engineer and a Certified Engineering Geologist. 

The trench and drill hole logs are included in Appendix A and represent our interpretation 
of field data prepared for each boring by our geologic/engineering staff at the time of 
exploration, along with refinements based on observations and laboratory test results.  Unit 
boundaries shown in the graphic log column of our hollow-stem-auger drill hole logs are 
approximate and may represent gradual transitions.  The subsurface locations are shown on 
the attached Geologic Map (Plate I), and Geotechnical Map (Plate II).  

Sampling Procedures 

California drive (relatively undisturbed) ring and Standard Penetration Test (SPT) samples 
were obtained in the exploratory drill holes at various depths (see logs in Appendix A).  
Recovered soil samples were sealed in plastic containers and brought to our laboratory for 
further classification and testing. 

Bulk (disturbed) samples of the near-surface soils were obtained from cuttings developed 
during the excavation of the exploratory drill holes.  The bulk samples were collected for 
classification and testing purposes and represent a mixture of soils within the noted depths. 
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Laboratory Testing 

Soil samples were visually classified at the site in accordance with the Unified Soil 
Classification System (ASTM D2488).  Thereafter, the samples were brought to our 
geotechnical laboratory, the visual soil classifications were checked, and the subsurface logs 
were reviewed in order to select soil samples for testing. 

The laboratory testing program performed on samples of on-site soils included the following 
tests: moisture content, dry density, percent minus no. 200 sieve (i.e., percent fines), direct 
shear, modified Proctor compaction, hydro-compression, and corrosivity (sulfate content, 
chloride content, pH, and resistivity). 

Based on laboratory test results the soil samples classifications were further refined per the 
Unified Soils Classification System (ASTM Standard Practice D2487).  In-situ moisture 
content and dry density were used to evaluate the in-situ soil strength and selection of 
samples for additional testing.  Amount of Material in Soils Finer than No. 200 Sieve was 
performed for classification purposes.  Hydro-compression testing was performed for 
evaluation of settlement of soil from future fill and foundation loads.  Direct shear testing 
was performed to develop appropriate soil strength parameters.  Modified Proctor 
compaction was performed to assess the moisture-density relationship of compacted soil.  
Laboratory test methods and results of the testing are provided in Appendix B of this report. 

5.0  GEOTECHNICAL CONDITIONS 

Geologic Setting 

The project site is located within the eastern Transverse Ranges geomorphic province of 
southern California in the westernmost portion of the San Gabriel Valley (see Regional 
Geologic Map following page 6).  The Transverse Ranges are characterized by east-west 
trending ranges separated by alluviated, broadly synclinal valleys, narrow stream canyons, 
and prominent faults.  

The San Gabriel Valley is a sediment filled, east-trending structural trough situated between 
the south flank of the pre-Tertiary, crystalline igneous bedrock of the San Gabriel Mountains 
to the north and Verdugo Hills and San Rafael Hills to the south.  The subject site is underlain 
by sub-horizontal sedimentary deposits of Pleistocene age.  These sediments have been 
classified as older alluvial fan deposits (Qof) consisting of fan gravel and sand derived from 
the San Gabriel Mountains (Smith, 1986; Crook et al., 1987; Dibblee, 1989).  

The Sierra Madre fault zone is one of the largest structures in the western Transverse Ranges.  
The Sierra Madre fault zone consists of north-dipping thrust and reverse faults along the 
range front of the Santa Susana and San Gabriel Mountains.  It is divided into four sections 
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based on major structural discontinuities (Treiman, 2000).  These sections consist of the 
Santa Susana fault, the San Fernando fault, the Central Sierra Madre fault, and the 
Cucamonga fault.  The section of the fault north of the school site is the Central Sierra Madre 
fault.  This fault is listed as Sierra Madre fault zone, Sierra Madre B section (Class A) No. 
105c at the U.S.G.S. Fault and Fold Data Base.   

The Sierra Madre fault is shown on published geologic maps north of the school site by 
Crook (1987) and Dibblee (1989), although there are slight variations in location.  The 
location of the Sierra Madre fault from these published references are shown on the Geologic 
Map (Plate I).  In addition, the fault locations from the CGS preliminary A-P Zone map are 
shown.  The Sierra Madre fault is mapped as concealed beneath the alluvial fan deposits 
approximately 121 ft (Dibblee, 1989) to 204 ft (Crook, 1987) northerly of the site.  The CGS 
preliminary A-P Zone map indicates faults at 126 ft and 176 ft northerly of the site.  It is 
opined that the CGS fault at 126 ft and the Dibblee fault are the same and the CGS fault at 
175 ft and the Crook fault are the same.  These minor differences between Dibblee/Crook 
fault locations and the CGS preliminary A-P Zone map is likely due to scaling of these 
reference maps into the project drawings. 

Subsurface Soils 

Details of the soil units observed at the site are discussed below and presented on our 
subsurface logs (Appendix A). 

Artificial Fill (af) 

Artificial fill (af) generated from past development activities was encountered in the 
borings up to depths of 5 to 9.5 feet below the existing ground surface.  The artificial fill 
consists of a dull brown to orangish-brown, silty, fine- to coarse-grained sand and light-
brown, poorly graded sand.  The fill materials contained some scattered gravel and 
occasional granitic rock fragments.  The fill is characterized as medium dense, and dry to 
damp.  The measured dry density in the artificial fill ranged from about 105 pounds per 
cubic foot (pcf) to 123 pcf, with moisture contents ranging from 1.8 to 11.6 percent. 

Alluvial Fan Deposits (Qal3) 

The artificial fill is underlain by alluvial fan deposits (Qal3).  This unit is designated as 
Qal3 on the attached Geologic Map and logs.  This unit correlates to Qal3 of Crook et al. 
(1987), Qof of Dibblee (1989), Qo4 of Smith (1986), Qof1 on the 2014 Preliminary 
Geologic Map of the Los Angeles 30’x 60’ Quadrangle, and Q3 of Burgette et al (2020).  
This unit is judged to be Pleistocene in age based on correlation with Burgette et al (2020). 
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At the project site these deposits were observed to generally consist of alternating layers 
of light-brown to dark-brown to orangish-brown, silty, fine- to coarse-grained sands, 
graded sands with varied silt and gravel content, and silty, clayey, fine- to medium grained 
sands.  Isolated hard cobble- and boulder-sized clasts are known to exist in the older fan 
deposits.  The exploratory borings encountered clasts consist of (weathered) granitic rock 
fragments.  The fan deposits are characterized as medium dense to very dense, and dry to 
wet with depth.  The measured dry density in the fan deposits ranged from about 93 pounds 
per cubic foot (pcf) to 133 pcf, with moisture contents ranging from 2.3 to 14.7 percent. 

Ground Water 

Based on the historically highest ground water contours included in the Seismic Hazard Zone 
Report for the Pasadena 7.5-Minute Quadrangle (Plate 1.2), the depth to historic high 
groundwater beneath the school campus is greater than 50 feet. 

Review of Los Angeles County water well data indicates that no historic or active wells are 
located at the project site.  The closest known active well (#4000A) is located approximately 
0.9 miles southwest of the site at the vicinity of Beulah Drive and Descanso Drive.  The well 
record indicates that the last reading was conducted on 10/17/2007 with a measured ground 
water depth of 78.5 feet and the highest measured ground water depth was 62.3 feet (elev. 
1122.7’) recorded on 4/6/1973. 

Ground water was encountered on 1/4/24 in Boring HS-7 at 29 feet below the existing 
ground surface during the drilling and sampling.  At the completion of the drill hole, which 
was drilled to 35 ft and then sampled with an SPT sampler, the depth of water was measured 
at a depth of 34 feet (i.e., ~1 ft of water in the hole).  It is opined that the ground water is 
perched in a granular layer above a less permeable layer.  Seasonal fluctuations in ground 
water levels or development of perched water conditions will occur in the alluvium due to 
precipitation, storm water, irrigation, and other factors not evident at the time of our study.  
Nevertheless, ground water is not anticipated to be encountered during construction or have 
an adverse impact to design. 

Shear Strength 

Direct Shear testing was performed on California drive ring samples of existing artificial fill 
soils and alluvial fan deposits and on soil samples remolded from a blend of on-site soils 
collected within the upper 8 feet at the project site, in HS-6 and HS-8.  In addition, direct 
shear test results of the existing artificial fill and remolded samples from the previous 
investigations.  Results of the testing are presented in Appendix B and were used to select 
the following design shear strength parameters for site materials. 
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Shear Strength Parameters 

MATERIAL 
MOIST UNIT 
WEIGHT, PCF 

PEAK SHEAR STRENGTH RESIDUAL SHEAR STRENGTH 
PHI,  

DEGREES 
COHESION,  

PSF 
PHI,  

DEGREES 
COHESION,  

PSF 
Existing Artificial Fill (af) 120 31 150 31 150 

Proposed Compacted Fill (Cf) 130 43 318 32 130 

Alluvial Fan Deposits (Qal3) 120 32 861 31 84 

Soil Compressibility 

Compressibility of the existing artificial fill and fan deposits under assumed foundation loads 
was estimated based on in-situ dry density in conjunction with laboratory hydro-
compression testing.  Recommendations to limit settlement (total and differential) of footing 
foundations to tolerable values (resulting from static plus live loading) are provided in the 
Earthworks and Foundation Recommendations sections of this report. 

In general, low plasticity soils that have an in-situ dry density of 108 pcf or less and in-situ 
moisture content of 8 percent or less are considered susceptible to hydro-compression.  
Based on measured in-situ dry densities and moisture contents, soil layers encountered in 
the hollow stem auger borings do not fit these criteria.  However, samples with the lowest 
measured dry density were selected for testing.  Test results show 1.7% settlement due to 
hydro-compression under future loading at the test depths (see Appendix B for lab test data).   

Based on the laboratory test results in conjunction with assumed foundation loads, maximum 
allowable bearing capacity, and footing influence at depth, total settlement due to soil 
compressibility is not expected to exceed 1 inch, following recommended remedial removals 
(see Removals section of this report).   

Expansion Potential of Soils 

Soils encountered during the subsurface exploration were observed to consist predominantly 
of silty, fine- to medium-grained sands and poorly graded sands with silt.  An Expansion 
Index value of 1.3 was measured on a mixture of soils from Boring HA-5 in the upper 7 ft.  

Based on the observed material and lack of any fine-grained deposits with appreciable 
plasticity, and site-specific testing, in-situ soils at the site are regarded to have a very low 
expansion potential (per ASTM D4829 expansion potential classification). 

Soil Corrosivity 

The Geotechnical and Materials Engineering Division (GMED) of the Los Angeles County 
Department of Public Works regards soil at a site to be corrosive to concrete and/or steel if 
the measured resistivity is 1,000 ohm-cm or less, and/or if the sulfate concentration is 2,000 
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ppm (0.20%) or greater, and/or if the pH is 5.5 or less.  Also, a soil with a chloride 
concentration greater than or equal to 500 ppm is considered deleterious to ferrous metals. 

Soil resistivity, chloride content, soluble sulfate content, and pH were measured on a mixture 
of soils collected from Borings HS-6 and HS-8 at a depth of 0 to 8 feet to assess the potential 
corrosive effects on concrete and metals.  Results of this testing, along with corrosion results 
from the previous investigations are presented in Table B1 (Appendix B) and are discussed 
below. 

 The lowest measured resistivity value of the soil sample was 5,814 ohm-cm (which 
classifies as moderately corrosive to ferrous metals, per Los Angeles County 
Department of Public Works classification). 

 The highest measured chloride content of the soil sample was 108 parts per million 
(ppm).  Soils in this chloride content range have a negligible effect on concrete or 
ferrous metals. 

 The highest measured sulfate content of the soil sample was 0.003 percent.  Soils in this 

sulfate content range have a negligible effect on concrete per ACI 318 (Table 4.3.1). 

 Based on the lowest measured pH value (7.2), acidity of site soils is low and not 
anticipated to increase soil corrosivity. 

Oil Wells 

Review of the Department of Conversation, Division of Oil and Gas and Geothermal 
Resources well finder web page indicates that oil wells are not present within the boundaries 
of the project site.  The closest oil well is located approximately 7.3 miles to the southwest, 
in the vicinity of Victory Boulevard and West Alameda Ave. 

6.0  SEISMICITY 

Introduction 

The site is located within the Transverse Ranges geomorphic province of southern 
California.  The Transverse Ranges consist of a series of east-west trending mountains and 
intervening valleys, with similarly trending faults.  Associated faults in the vicinity of the 
site include the Sierra Madre zone, Verdugo, Raymond, and Hollywood.  Additionally, the 
southern California region is traversed by the active San Andreas fault, located about 23 
miles northeast of the project site, which is a transform boundary between the Pacific Plate 
and the North American Plate.  The San Andreas fault is part of a system of northwest-
striking, right-lateral faults that are generally historically active, as evidenced by the June 
28, 1992 Landers (M7.3) earthquake.  Faults located in the vicinity of the project site are 
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shown on the appended Quaternary Fault Location Map, Figure C1.  Moderate to major 
earthquakes generated on these nearby faults can be expected to cause strong ground shaking 
at the site. 

The southern California region is seismically active and commonly experiences strong 
ground shaking resulting from earthquakes along active faults.  Earthquakes along these 
faults are part of a continuous, naturally occurring process, which has contributed to the 
characteristic landscape of the region. Common geologic hazards associated with 
earthquakes are discussed below and include Ground Rupture, Ground Motion, and 
Ground Failure. 

Ground Rupture 

The Alquist-Priolo Earthquake Fault Zone Act (A-P Act) purpose is to prohibit structures 
for human occupancy over active faults.  The State Mining and Geology Board defines an 
active fault for the A-P Act as a fault trace that has had surface displacement within Holocene 
time (about the last 11,700 years).  The California Geological Survey (CGS) per the A-P Act 
defines Earthquake Fault Zones along known Holocene-active faults.   

The Los Angeles County General Plan – Safety Element (Leighton, 1990) defines an active 
fault as having either suspected or proven to have experienced surface rupture during 
Holocene time and potentially active faults as having surface displacement within greater 
than Holocene time and less than 750,000 years. 

Review of the Earthquake Zones of Required Investigation map for the Pasadena 
Quadrangle, provided digitally on the CGS EQZ web application, indicates that there are not 
any known active faults within the project site, per A-P Act criteria.  The nearest Earthquake 
Fault Zone is delineated for the Sierra Madre fault zone located approximately 4.3 miles 
northwest of the project site.  However, the 3/20/23 CGS Review of Modular Buildings “N” 
and “P” indicated that the Sierra Madre fault within the Pasadena Quadrangle will be placed 
within an A-P Zone and that the northern portion of the campus will be located within an 
Earthquake Fault Zone.  The CGS provided a portion of the preliminary, work in-progress, 
A-P Zone map illustrating the potential location of the A-P Zone. 

The Sierra Madre fault is a complex zone of thrust and reverse faults that extends for 125 km 
and demarcates the base of the San Gabriel Mountains.  Surface fault rupture is generally 
evidenced by geomorphic expressions including scarps, truncated ridges, hanging drainages, 
and the abrupt mountain front.  A segment of the Sierra Madre fault zone (Section B) is 
mapped trending northwest approximately 120 to 176 feet northerly of the site and is dipping 
45 degrees to the northeast.   
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Site Specific Fault Assessment   

Tentative AP Zone Boundary as provided by CGS is shown on the attached Geologic Map 
(Plate I).  A Fault Rupture Hazard Investigation was carried out for the site (see ref. 2).  
The referenced report concluded that the alluvial fan deposits and a 100,000-year older 
paleosol are un-faulted.  The observed un-faulted alluvial fan deposits are judged to be 
pre-Holocene in age (i.e., greater than 11,700 years old).  Therefore, active faulting is not 
present at the school site. 

Ground Motion 

General 

The project site is located in southern California, which is in a geologically and seismically 
active region where large magnitude, potentially destructive earthquakes are common.  
Therefore, it is reasonable to assume that moderate or large magnitude earthquakes along 
any of the numerous faults in the region are expected to produce strong ground shaking at 
the project site in the future. 

The current standards for construction provided in the 2022 California Building Code are 
designed to safeguard against major failures and loss of life, but are not intended to limit 
damage, maintain functions or provide for easy repair.  Per Structural Engineers 
Association of California (SEAOC), conformance to these recommendations does not 
constitute any kind of guarantee or assurance that significant structural damage will not 
occur in the event of a maximum level of earthquake ground motion.  However, it is 
reasonable to expect that a well-planned and constructed structure will not collapse in a 
major earthquake and that protection of life is reasonably provided, but not with complete 
assurance. 

Although research on earthquakes during the last fifty years has greatly enhanced the level 
of understanding of earthquake faulting in California, the record is much too short to 
constrain behavior of all faults in southern California and the attenuation characteristics 
of all areas relative to each future potential earthquake.  Predicted accelerations should, 
therefore, be considered rough estimates rather than precise facts and ground motions 
from future earthquakes may exceed the predicted accelerations.  Neither the Time, 
Location, nor Magnitude of an earthquake can be accurately predicted at this time. 

Earthquake Magnitude 

Earthquake magnitude is a quantitative measure of the strength of an earthquake or the 
strain energy released by it, as determined by seismographic or geologic observations.  It 
does not vary with distance or the underlying earth material.  This differs from intensity, 
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which is a qualitative measure of the effects a given earthquake has on people, structures, 
loose objects, and the ground at a specific location.  Intensity generally increases with 
increasing magnitude and in areas underlain by unconsolidated materials and decreases 
with distance from the epicenter.  Approximate locations of historic earthquakes are 
shown on the appended Earthquake Epicenter Location Map (Figure C2). 

The table below presents the distance to nearby significant faults (closest distance to 
potential rupture surface) from the project site.  The site-to-source distances were obtained 
from the USGS fault parameters online database (based on 2008 National Seismic Hazards 
Map).  The characteristic earthquake magnitude for each fault was calculated using the 
magnitude-area relationships recommended in Model 2 of the 2007 Working Group for 
California Earthquake Probabilities (WGCEP) (USGS Open-File Report 2007-1437D). 

Summary of Significant Faults 

~DISTANCE (MILES)* FAULT NAME DIP DIRECTION SLIP SENSE MAGNITUDE 
0.10 Sierra Madre N reverse 7.2 

0.10 Sierra Madre Connected  reverse 7.3 

4.04 Verdugo NE reverse 6.9 

6.10 Raymond N strike slip 6.8 

6.65 Hollywood N strike slip 6.7 

7.80 Sierra Madre (San Fernando) N thrust 6.7 

8.83 Santa Monica Connected alt 2  strike slip 7.3 

9.13 Elysian Park (Upper) NE reverse 6.7 

9.19 San Gabriel N strike slip 7.3 

11.00 Clamshell-Sawpit NW reverse 6.7 

12.93 Northridge S thrust 6.9 

14.81 Puente Hills (LA) N thrust 7.0 

 

Peak Ground Acceleration 

The peak ground acceleration consistent with maximum considered earthquake geometric 
mean (MCEG) ground motions was evaluated at the site for stiff soil conditions (Site Class 
D).  The mapped MCEG peak ground acceleration (ASCE 7-16, Figure 22-9) adjusted for 
Site Class effects (PGAM) was determined using the OSHPD Seismic Design Maps web 
tool by the Structural Engineers Association of California (SEAOC).  Based on this 
evaluation, a PGAM of 0.90g would be produced by MCEG ground motions.  This mapped 
value incorporates a 2% probability of exceedance in 50 years (i.e., 2,475-year return 
period). 
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Ground Failure 

Ground Failure is a general term describing seismically induced secondary permanent 
ground deformation caused by strong ground motion.  This includes liquefaction, lateral 
spreading, seismic settlement of poorly consolidated materials (dynamic densification), 
differential materials response, slope failures, sympathetic movement on weak bedding 
planes or non-causative faults, shattered ridge effects and ground lurching.   

Potential for Liquefaction and Associated Ground Failure 

Review of the Earthquake Zones of Required Investigation map for the Pasadena 
Quadrangle indicates that the subject site is not located within an area of required 
investigation for liquefaction (see Figure C3).  Based on dense soil conditions and depth 
to historic high groundwater, the potential for liquefaction and associated ground failure 
to adversely impact the proposed development can be ruled out. 

Potential for Other Modes of Ground Failure 

Earthquake-induced slope failures include activation and reactivation of landslides, rock 
falls, debris flows and surficial failures.  Based on review of the California Seismic Hazard 
Zones Map for the Pasadena Quadrangle, the project site is not located in a zone of 
required investigation for seismic slope instability.  There are no known landslides at or 
in the vicinity of the project site.  Due to the generally level site conditions and distance 
from any significant sloping terrain, the potential for earthquake-induced slope failures to 
adversely impact the proposed development can be ruled out. 

7.0  SLOPE STABILITY 

Limit equilibrium analyses were performed to evaluate the stability of the following temporary 
excavations: 

 Remedial grading temporary excavation.  Stability analyses utilized Cross Section I-I’ 

(Conventional Footing) to illustrate the most critical temporary excavation for remedial 
removals. 

 Temporary excavations supported by soldier piles.  Stability analyses utilizing Cross 
Sections H-H’ and I-I’ (Temporary Excavation Supported by Soldier Pile) to illustrate the 
most critical temporary excavation that will be supported by CIDH soldier piles. 

For design purposes, the following groundwater conditions were applied: 

 For permanent loading conditions: an assumed pore water pressure coefficient (ru of 0.15) 
was utilized where a future source of groundwater seepage could potentially exist, directly 
above the slope. 
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 For temporary loading conditions: Groundwater is not anticipated assuming construction 
is performed during the dry season; therefore, groundwater is not modeled. 

The analyses included an evaluation of gross slope stability under static and seismic-loading 
conditions.  Slope stability diagrams graphically illustrating the results of our analyses are 
attached for review.  The critical failure surface under static loading conditions for the 
temporary excavation supported by CIDH soldier piles is plotted on Cross Sections H-H’ and 
I-I’ (Temporary Excavation Supported by Soldier Pile) in Appendix E. 

The slope stability analyses used the 2D limit equilibrium software, Slide, by RocScience.  
This software utilizes robust search methods to locate critical slip surfaces and computes 
associated minimum factors of safety.  The analyses used Spencer’s complete equilibrium 
procedure to evaluate critical circular failure surfaces under static and seismic (pseudostatic) 
loading conditions.   

Analysis for seismic slope stability was performed using the pseudostatic procedure.  In this 
procedure, the seismic loading is introduced into the conventional limit equilibrium analysis 
as a static horizontal force equal to the soil weight multiplied by a seismic coefficient, k.  The 
seismic coefficient is an empirical value which in no way models actual seismic forces.  
However, the pseudostatic procedure does provide some indication of slope stability or 
instability during seismic loading.  A seismic coefficient value of k = 0.15 was selected for our 
analyses. 

The pile/micro pile support types in Slide were used in the limit-equilibrium stability analyses 
for the design of temporary excavation supports.  The applied pile/micro pile support force is 
entered as a pile shear strength and is oriented tangentially to the slip surface. 

The results of the stability analyses are graphically illustrated in Appendix D.  Based on the 
results, the analyzed temporary excavation slopes and temporary excavation support by soldier 
piles comply with the minimum factor of safety requirements for gross stability under 
temporary conditions (FS ≥ 1.25).  The Soldier Pile wall system with wall elements spanning 
between cast-in-drill-hole (CIDH) piles comply with the minimum factor of safety 
requirements for gross stability under static (FS ≥ 1.5) and seismic (FS ≥ 1.15) loading 
conditions, assuming our recommendations are implemented. 
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8.0  GENERAL CONCLUSIONS AND GRADING RECOMMENDATIONS 

General 

From the feasibility perspective, the locations of the proposed buildings as shown on the 
attached Geologic Map (Plate I) and Geotechnical Map (Plate II) are satisfactory from the 
standpoints of geology and soils, provided that the recommendations presented in this report 
are implemented in the design and construction phases of this project. 

Based on our evaluation of the site and soil conditions the following conclusions and 
recommendations are made: 

 Based upon our subsurface exploration, artificial fill, and older fan deposits underlie the 
existing improvements at the location of the proposed buildings. 

 In order to provide competent and uniform foundation and slab support, existing site 
artificial fill soils should be removed and the older fan deposits over-excavated to at least 
3 ft beneath the bottom of proposed footings and replaced as an engineered compacted 
fill. 

 Shallow foundations may be used for support, provided they are bearing onto at least 3 

feet of engineered compacted fill material. 

 Footing excavations should be observed for competency and adequate embedment prior 
to placement of reinforcing steel or concrete. 

 Grade low areas adjacent to future footings to cause water to drain away.  The design 
should include eave gutters.  All downspouts should discharge directly into pipe drains 
directed to the street.  Other concentrated drainage should also be collected and 
discharged to the street in non-erosive devices. 

Earthwork and Grading Recommendations 

All earthworks shall be accomplished under the observation and testing of the Project 
Geotechnical Engineer, Engineering Geologist and/or their authorized representatives in 
accordance with the recommendations contained herein and the applicable California 
Building Code. 

Site Preparation 

The purpose of site preparation is to expose competent subgrades on which to support 
structures and/or place compacted engineered fill.  Site preparation includes removal of 
vegetation, organic topsoil, and debris from the project site.  Demolition will be required 
to remove the existing structures and pavements prior to the start of grading.  It should be 
anticipated that the buried remnants of previous construction could also be encountered 
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anywhere on the site.  Any loose or disturbed soils created by demolition should be 
removed.  Buried utilities are located within and adjacent to the building area.  Precautions 
should be taken to remove and relocate or protect existing utilities.  All excavations created 
by demolition should be properly backfilled.  The Geotechnical Engineer or his 
representative shall observe the excavated areas prior to placing compacted fill on them. 

Removals for Buildings 

Based on the boring locations relative to the proposed building locations and site 
topography, the buildings are underlain by about 5 to 9.5 feet of existing fill.  Any existing 
fill should be considered uncertified and should be removed and replaced with properly 
compacted engineered fill.  Additionally, in order to mitigate the potential compressibility 
of existing site soils and to provide a uniform bearing surface for footing foundations, the 
existing site soils should be removed to a depth of at least 3 feet beneath the bottom of the 
foundation, placed as a properly compacted engineered fill.  Based on the prior building 
foundations, it is assumed that the bottom of the footing will be ~3.3 ft below the finished 
floor elevations.  Based upon the preceding the removal depths are expected to be 5 to 
10.5 ft below existing ground surface.  

The attached Cross Sections illustrate the opined thickness of artificial fill based on the 
subsurface explorations.  The depth of removal and recompaction below the proposed 
buildings is denoted by an elevation, which is illustrated on the Geotechnical Map (Plate 
II) and Cross Sections. 

The removal bottom should extend laterally a horizontal distance equal to the depth of the 
removal beyond the building foundation footprint.  In general, the lateral limits of the 
removals constrained by property lines or existing improvements may be reduced, but 
shall maintain a 1:1 (h:v) projection from bottom of footing down to the removal bottom 
(e.g., see Cross Section 2-2’).  

Removal areas shall be observed by the Geotechnical Engineer, or his authorized 
representative, prior to placement of compacted fill, to confirm the removal of all 
unsuitable materials.  The exposed removal bottom should be proof-rolled with loaded 
equipment and any soft or yielding materials should be removed and recompacted.  The 
exact depth and extent of necessary removals may be revised in the field during the grading 
operations, when observations and more location-specific evaluations can be performed. 

Removals for Retaining Walls 

Depth of removal and recompaction beneath retaining wall footings may vary depending 
on various parameters, including retained height, footing depth, and proximity to other 
structures and improvements.  We understand that the retaining wall (up to 8 ft tall) 
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northwest of Building E will likely be supported on a conventional foundation system or 
as a soldier pile wall system with wall elements spanning between cast-in-drill-hole 
(CIDH) piles.   

The following are general removal recommendations for the other retaining wall heights 
and locations shown on the Civil Site Grading Plan.  The parameter “H” below refers to 
the height from the top of the footing to the top of the retained soil behind the retaining 
wall. 

Retaining Walls:  H ≤ 2 ft with Level Backfill  

Retaining walls, generally retaining less than 2 ft, that will be underlain by the artificial 
fill or compacted fill from the building removal and recompaction.  No removal or 
recompaction is required below these retaining wall footings.  However, at the bottom 
of the retaining wall footing excavation, the exposed sub-grade materials shall be ripped 
to a minimum depth of six inches, brought to optimum moisture content or up to 2 
percent above, and thoroughly mixed to obtain a near-uniform moisture condition and 
uniform blend of materials, and then thoroughly compacted to at least 90% percent of 
the Maximum Dry Density, per the latest ASTM D1557 laboratory maximum density. 

Retaining Walls: 2 < H ≤ 4 ft with Level Backfill and H ≤ 2 with sloped backfill 

The existing site soils at these locations shall be removed to a depth of at least 1 foot 
beneath the bottom of the foundation, and replaced as properly compacted engineered 
fill.  The removal bottom should extend laterally a horizontal distance of 1 foot beyond 
the foundation footprint, which will maintain a 1:1 (h:v) projection from the bottom of 
the footing down to the removal bottom.  Example, retaining wall (up to 4 ft tall) west 
and south of Building E (see Section J-J’). 

Retaining Walls:  4 < H ≤ 6 ft with Level Backfill and 2 < H ≤ 6 with sloped 
backfill  

The existing site soils at these locations shall be removed to a depth of at least 4 feet 
beneath the existing grade or 2 feet beneath the bottom of the foundation, whichever is 
greater, and replaced as properly compacted engineered fill.  The removal bottom should 
extend laterally a horizontal distance of 2 feet beyond the foundation footprint, which 
will maintain a 1:1 (h:v) projection from the bottom of the footing down to the removal 
bottom.  

8 ft Retaining Wall Northwest of Building E 

If this retaining wall is constructed conventionally the footing excavation is anticipated 
to be embedded within dense alluvial fan deposits and removals are not anticipated 
below the retaining wall footing.   
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Preparation of Removal Bottom Areas 

After the ground surface to receive fill has been exposed, it shall be ripped to a minimum 
depth of six inches, brought to optimum moisture content or above and thoroughly mixed 
to obtain a near uniform moisture condition and uniform blend of materials, and then 
thoroughly compacted to at least 90% percent of the Maximum Dry Density, per the latest 
ASTM D1557 laboratory maximum density. 

Fill Materials 

Onsite soils, excluding any debris or organic matter, may be used for compacted fill.  
Rocks with a maximum dimension larger than 8 inches may not be placed in the fill.  
Rocks with a maximum dimension between 4 inches and 8 inches shall not compose more 
than 25 percent of any fill lift. 

Oversize Material 

Oversized, irreducible rocks are likely present in the older fan deposits.  Cobbly layers are 
expected to be encountered within the structural removals.  Any large rock fragments over 
eight (8) inches in size will require the contractor to employ proper means and equipment 
to remove all large-size pieces and disposal off-site. 

Placement and Compaction of Fill Materials 

All fill materials should be placed in lifts not exceeding 8 inches prior to compaction, then 
aerated or water-conditioned to obtain Optimum Moisture Content or up to 2% above 
Optimum Moisture Content, then thoroughly mixed to produce a nearly uniform moisture 
content and uniform blend of materials, and then compacted to at least 90% percent of 
maximum dry density (MDD), in accordance with ASTM D1557.  Additional 
recommendations for compaction of fill are provided in the “Recommended Earthwork 
Specifications” (Appendix E). 

Construction of Fill Slopes 

In general, fill slopes of any significance are not currently anticipated for this site.  
However, the following recommendations are provided should the situation arise during 
the design that requires construction of a fill slope.  Fill slope inclination should not be 
steeper than 2:1 (h:v).  The relative compaction requirement of the finished fill-slope faces 
depends on the construction method.  A compaction of at least 90 percent of the MDD, 
per ASTM D1557, is for finished fill-slope faces constructed by over-building the slope, 
typically 2 ft vertically, and cutting back to the compacted fill material.  If the fill-slope 
face is constructed basically on-grade then the outer 10 feet, measured horizontally from 
the slope face, shall be compacted to at least 92 percent of the MDD, per ASTM D1557. 
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Import Fill 

All imported fill shall be observed, tested and accepted by the Geotechnical Engineer prior 
to use at the project site.  Import soils to be used in the building pad areas should have an 
expansion index of less than 20 and corrosive characteristics that are equally or less 
detrimental than that of the existing onsite soils. 

Proposed Fill Slopes 

Based on site grades manufactured slopes, if any, are not anticipated to exceed 10 ft in height.  
Manufactured slope inclination should not be steeper than 2:1 (h:v).  Manufactured slopes 
are considered grossly stable under static and pseudo static conditions based on a slope 
gradient of 2:1 and a maximum slope height of 10 ft. 

Proposed Cut-Slopes 

The cut slopes, if any, are not anticipated to exceed 10 ft in vertical height.  Cut slope 
inclination should not be steeper than 2:1 (h:v).  Cut slopes are considered grossly stable 
under static and pseudo-static conditions based on a slope gradient of 2:1 (h:v) and a 
maximum slope height of 10 ft. 

Soil Shrinkage 

Based on measured in-situ density values within the range of the recommended removal 
depths for the building pad and assuming that fill will be compacted to an average of about 
of 92 percent of maximum dry density (per ASTM D1557), soil shrinkage when excavated, 
placed, and compacted as a controlled fill is estimated to be 12 to 18 percent.  However, 
actual shrinkage (or bulking) quantities will depend on the degree of compaction achieved 
during earthwork operations.  The supervising civil engineer should design pad grades with 
sufficient flexibility to accommodate a possible shrinkage or bulking of fill of up to 5 percent 
of the total grading volume. 

Existing Utilities 

Existing wet and dry utility pipes and areal drain pipes should be removed from beneath the 
footprint area of proposed structures and relocated. 

Building Setbacks 

The building setbacks from property lines should be in accordance with standards set by the 
City of La Canada. 

Sewage Disposal 

It is our understanding that sewage disposal will be via public sanitary sewer. 
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Drainage 

Water should not be allowed to stand or pond on structural pads, parking areas, level-graded 
areas, or constructed slopes.  Water that flows into these areas should be conducted to 
appropriate discharge locations via non-erodible drainage devices.  Drainage devices should 
be inspected periodically and should be kept clear of debris.  Drainage and erosion control 
should be designed in accordance with the standards outlined in the 2022 California Building 
Code. 

Any modification of the grade of the building pad, parking areas, etc. after certification by 
the project Civil Engineer could adversely affect drainage at the site.  Future landscaping, 
construction of walkways, planters and walls, etc. must never modify site drainage unless 
additional measures to enhance drainage (such as area drains, additional grading, etc.) are 
designed and constructed in compliance with applicable regulations. 

Landscaping 

All final grades should be sloped away from the building foundations to allow rapid removal 
of surface water runoff.  No ponding of water should be allowed adjacent to the foundations.  
Plants and other landscaped vegetation requiring excessive watering should be avoided 
adjacent to the building foundations.  Should landscaping be constructed, an effective water-
tight barrier should be provided or drains to discharge water well away from the perimeter 
footing foundations. 
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9.0  FOUNDATION DESIGN RECOMMENDATIONS 

Conventional Shallow Footing Foundations 

Continuous shallow spread footings are considered adequate for the support of the proposed 
building structures based on the assumptions indicated below.  We understand that footing 
design for the buildings should be in accordance with the minimum foundation requirements 
of the applicable California Building Code.  Results of observations during earthworks for 
this project may warrant revisions to the recommendations herein. 

Assumptions 

The recommendations for the design of conventional footing foundations provided below 
are based on the following assumptions: 

 The expansion potential of foundation subgrades is very low. 

 Minimum continuous footing width = 12 inches (1-story) and 15 inches (2-story). 

 Minimum individual column footing width = 24 inches. 

 Minimum embedment of footing foundations beneath lowest adjacent final subgrade 
elevation: 12 inches. 

 Bearing foundation material: Compacted engineered fill (Cef). 

 Footings are not influenced by other footing loads. 

 Removals beneath the proposed grade: per the Removals section of this report. 

Vertical Bearing Capacity Parameters 

 Allowable static vertical bearing pressure applied to the soil subgrade by footing 
foundations with the embedment and width recommended above: 2,000 psf.   

 The maximum allowable foundation bearing pressure may be increased by 250 pounds 

per square foot for every additional foot of width of the foundation, to a maximum 
value of 2,500 pounds per square foot. 

 No increase in allowable footing bearing pressure with depth. 

 Increase in allowable bearing pressure for seismic loads and wind loads: one-third. 

Footing Settlements 

For conventional footing foundations designed as recommended herein, the static 
settlements is not expected to exceed 1 inch.  Expected maximum differential settlement 
can be taken as ½-inch over a horizontal distance of 30 ft.  Foundation settlement caused 
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by earthquake shaking is expected to be negligible. 

Resistance to Lateral Loads 

 Allowable lateral passive pressure (i.e., a factor of safety of 2.0) that can be developed 
against the side of footing foundations is 200 psf per foot of depth beneath the lowest 
adjacent soil subgrade, to a maximum value of 2,000 psf.  If care is not taken to 
compact soil adjacent to footing foundations or if the soil surface adjacent to footing 
foundations is not protected against erosion, the passive resistance of soil provided by 
the upper foot of foundation embedment should be neglected. 

 A one-third increase in allowable passive pressure may be used for short-term seismic 

and wind loads. 

 The allowable frictional resistance (i.e., factor of safety of 2.0) that can be developed 

beneath the base of footing foundations may be calculated by multiplying the dead 
load by a friction coefficient of 0.3. 

 The passive pressure and frictional resistance may be used concurrently without 
reduction. 

Additional Foundation Recommendations 

Additional recommendations for shallow foundations that should be incorporated into the 
design and construction of future structures, as applicable, are presented below. 

 All continuous footing foundations shall be reinforced with at least four No. 4 steel 
bars (two placed near the top, and two placed near the bottom of the foundations) or 
by the requirements of the applicable structural design code for the design loadings, 
whichever is greater. 

 Foundation excavations should be observed by a representative of the Geotechnical 

Engineer prior to placement of forms, reinforcement, or concrete, to confirm that the 
excavations are embedded into the recommended material. 

 The footing excavations should be pre-moistened to optimum moisture content and 
free of all loose or sloughed material prior to placement of concrete.  The footing area 
should not be allowed to desiccate prior to placing concrete. 

 To reduce moisture intrusion beneath slabs on grade, utility trenches should be 
backfilled with lean concrete or concrete slurry at the foundation perimeters.  The lean 
concrete plug shall be under the full width of the footing and may be extended along 
the trench a minimum of 24 inches in the direction of the slab. 
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 Material from utility trench excavations should not be spread on slab-on-grade areas 
unless it is compacted and tested. 

Concrete Slab-on-Grade Floors 

The following recommendations are included for concrete slab-on-grade floors should they 
be needed 

General 

Concrete slab-on-grade floors shall be supported on a fill subgrade compacted to at least 
95 percent of Maximum Dry Density (per ASTM D1557) in the upper 12 inches.  The 
design of the required slab thickness and reinforcement is under the purview of the 
structural engineer.  The following are minimum recommendations for design of 
conventional slab-on-grade floors based on a very low expansion potential of the fill 
subgrade beneath the floor slabs. 

 Slab-on-grade thickness: at least 5 inches 

 Slab reinforcement:  No. 4 Rebar at 16-inch each way. 

 Slab underlayment: 2 inches of clean sand. 

 Concrete used in floor slabs should satisfy the requirements presented in Chapter 19 
of the California Building Code. 

In order to minimize shrinkage cracking of concrete slab-on-grade, the slabs should be 
constructed using low-slump concrete and with crack control joints in both horizontal 
directions.  In any case, concrete used in slabs-on-grade should satisfy the requirements 
of Chapter 19 of the California Building Code. 

In order to reduce moisture intrusion from utility trenches beneath slabs on grade, utility 
trenches should be plugged with lean concrete or concrete slurry at foundation perimeters.  
The plug should extend under the full width of the footing foundation and should extend 
at least 24 inches along the utility trench in the direction of the slab. 

Deflections, shears, and moments in concrete slabs-on-grade caused by applied vertical 
pressures up to 1,000 psf may be estimated using a coefficient of vertical subgrade 
reaction, kv.  The value kv is defined as the pressure applied by a concrete slab to the 
subgrade divided by the resulting settlement of the subgrade and is a function of the 
subgrade soil type, soil stiffness, and dimensions of the loaded area.  A kv value of 120 pci 
may be used to represent the soil subgrade that supports slab-on-grade floors at the project 
site.  This value should be adjusted based on the actual dimensions of a loaded area.  The 
coefficient of vertical subgrade reaction for a loaded area of specific width, kb, may be 
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determined using the following equation, where b equals the width of the loaded area in 
feet: kb = kv [(b + 1) / 2b] 

Slab Underlayment 

Slab underlayment to mitigate vapor transmission is not under the purview of the 
geotechnical engineer; however, the following specifications based on standard local 
practice may be incorporated into the design: 

 The compacted granular material recommended to be placed and compacted over the 
soil subgrade to minimize effects of expansive soil pressures (i.e., 2 inches of clean 
sand for very low expansion potential) may act as a capillary break and should be 
overlain with a 10-mil vapor retarder (i.e., “Visqueen” vapor retarder or an approved 
equivalent) to prevent transmission of water vapor.  The vapor retarder should then be 
overlain by an additional 2-inch-thick protective cushion of compacted, well-graded 
clean sand. 

 Alternatively, the omission of the 2-inch protective sand cushion and placement of an 
engineered under-slab vapor barrier (e.g., Stego Wrap 15-mil Vapor Barrier) directly 
between the compacted granular material and concrete slab-on-grade is also 
acceptable, provided the barrier is installed in accordance with the manufacturer’s 
instructions. 

 The selected membrane should be properly lapped and sealed at all seams and around 

all plumbing structures and other openings.  Care should be taken to prevent sharp 
objects in the subgrade and/or structures from puncturing the membrane. 

The suitability of proposed sand cushion materials should be evaluated in our laboratory 
before transporting them to the subject site. 

Expansive Soil Considerations 

Recommendations are provided in this report for mitigation of the effects of potential 
expansion of fill soils, including recommendations for footing embedment and 
reinforcement, slab thickness and reinforcement, and moisture conditioning of subgrades 
beneath footing foundations and slab-on-grade floors, as required.  These recommendations 
depend on the expansion potential that characterizes the subgrade of the building pads.  
Based on the predominantly granular nature of site soils, the expansion potential when 
removed, mixed, and replaced as compacted fill is anticipated to be very low (per ASTM 
D4849 expansion potential classification). 

Geotechnical observation of the soils exposed in the foundation excavation and slab 
subgrade should be performed and the Expansion Index measured (if warranted) in order to 
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confirm the applicability of minimum parameters presented herein for the design and 
construction of footing foundations and concrete slab-on-grade floors. 

Soil Corrosivity Considerations 

Based on the results of sulfate content testing, corrosivity of soils at the site to concrete is 
expected to be negligible.  Therefore, Type I or II Portland cement may be used for concrete 
structures that will be in contact with site soils.  Based on the results of resistivity testing site 
soils classify as moderately corrosive to metals. 

The on-site soils when excavated, mixed and placed as a compacted fill are not anticipated 
to exhibit corrosive characteristics to concrete or ferrous metals.  However, the following 
precautionary measures may be implemented to mitigate for corrosion potential: 

 Steel and wire reinforcement in concrete structures cast against site soils should have at 
least 3 inches of concrete cover. 

 Buried utilities made of ferrous metals should be protected with polyethylene extruded 
coating, or with tape over primer per AWWA Standard C209 or C203, or with hot-
applied coal tar enamel, or as recommended by manufacturers of the utility conduits. 

 Metallic pipes that penetrate concrete structures should be surrounded by plastic 

sleeves, rubber seals, boots, or other dielectric material in order to prevent contact 
between the pipe and the concrete structure. 

 Below-grade ferrous metals should be electrically insulated from above-grade metals. 

Additional corrosivity testing of soils from the subgrades of footings and floor slabs should 
be performed following site grading.  A corrosion specialist should provide final 
recommendations for mitigation of potential corrosion of metals, as it does not fall under 
purview of geotechnical engineering. 

10.0  RETAINING WALLS 

The following recommendations may be used for the design and construction of retaining 
walls, as applicable.   

Assumptions 

Retaining walls should be founded on clean, non-deleterious, competent compacted fill.  The 
earth materials exposed at the bottom of the proposed retaining wall footing should be 
observed by the Soils Engineer/Engineering Geologist or his representative.  
Recommendations for remedial removals beneath retaining wall footings are presented in 
the Removals section of this report.  If the earth materials in the bottom of the foundation 
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excavation appear to be disturbed, they should be removed and replaced with compacted fill. 

Footing Parameters for Conventional Shallow Footings 

Footings that will support conventional retaining walls shall be designed as recommended 
above for conventional shallow footing foundations for the building, except where 
superseded below. 

 Minimum footing depth: 24 inches below lowest adjacent soil subgrade. 

 Minimum footing width: 24 inches. 

Footing Parameters for Soldier Pile Wall 

A Soldier Pile Wall system with cast-in-drilled-hole (CIDH) concrete friction piles with wall 
elements spanning between cast-in-drill-hole (CIDH) piles for the proposed retaining wall 
northwest of Building E, provided that the recommendations herein are incorporated into the 
design and construction.  In addition, we understand that CIDH piles will also provide 
temporary stability for the near vertical excavation of the wall and during the remedial 
grading for Building E (see Cross Sections H-H’ and I-I’ Temporary Excavation Supported 
by Soldier Pile).  At this time, structural plans and details have not been provided. 

Assumptions 

The recommendations for concrete friction piles are based on the following assumptions: 

 Maximum excavation depth: 12.6 feet 

 Pile type: Reinforced concrete, cast-in-drill-hole (CIDH) pile 

 Minimum pile diameter: 24 inches  

 Pile configuration: Single pile row, with center-to-center horizontal spacing 

as described herein. 

 Pile head condition: Unrestrained against rotation in the direction 
perpendicular to the wall axis 

 Minimum Pile Embedment into Competent Stratum (i.e., alluvial fan deposits) ≥ 3 x 
pile diameter 

 Estimate depth to alluvial fan deposits = ~7 ft below existing ground at the location 

of the wall 

 Center-to-center pile spacing: ≥ 3 x pile diameter 
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 Minimum Allowable Pile Shear Strength (kips) = 5 kips, based upon 6-ft center-to-
center spacing 

 Location of the Applied Shear = at elevation 1,314 (i.e., ~2 ft below the proposed 

grade elevation), at Cross Sections I-I’ and H-H’. 

 For cantilevered shoring up to 13 feet in height supporting a level backslope, a 
triangular distribution of lateral earth pressure of 38 pcf should be used per Section 
10.4. 

 For cantilevered shoring up to 13 feet in height supporting a 2:1 (h:v) gradient 
backslope, a triangular distribution of lateral earth pressure of 60 pcf should be used, 
per Section 10.4. 

 We have assumed tie-backs or braced soldier piles are not required for this project.  

In the event the shoring engineer, may decide otherwise, this firm should be contacted 
to provide supplemental recommendations to address trapezoidal lateral earth 
distribution. 

 Additional lateral earth pressure from surcharge pressure should be included as a 

uniform pressure acting on the upper 10 feet of the shoring wall and computed as the 
product of vertical surcharge pressure and the “Coefficient of Lateral Pressure” equal 
to 0.3 for the temporary condition.  The temporary condition does not require 
inclusion of seismic force. 

 The distribution of lateral loading on the soldier pile during the temporary excavation 
is illustrated on the attached detail, Active Lateral Earth Pressures – Temporary 
Excavation Supported by Pile.  Cross Sections H-H’ and I-I’ (Temporary 
Excavation Supported by Soldier Pile) illustrate the assumptions used to determine 
the height of the temporary excavations to evaluate active loading conditions. 

Vertical Bearing Capacity 

The allowable vertical bearing capacity of CIDH piles embedded in alluvial fan deposits 
should be calculated using shaft friction, fs,all of 300 psf for the portion of the pile 
embedded beneath the maximum excavation depth.  This shaft friction value includes a 
safety factor of 2.  End-bearing of the piles should be neglected. 

fs,all = k*σ’vo*tan(δ) / FS 

Where, 
k = lateral earth pressure coefficient = 1.8*(1 – sinϕ’) 
ϕ’ = drained friction angle of competent subsurface materials 
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σ’vo = average vertical effective stress in the upper 15 ft of embedment in the 
competent stratum (assuming pile tip is within this upper 15 ft).  If deeper 
embedment depths are determined by the project structural engineer, this 
firm should be contacted to reevaluate our recommendations, (e.g., fs,all ). 

δ  = soil-pile friction angle, taken as 0.75*ϕ’ 
FS = factor of safety 

The length of the CIDH piles should be determined by the project structural engineer to be 
greater than either the length calculated using the preceding allowable shaft friction value, 
the length selected to provide adequate resistance to lateral loading (see the following 
section of this report), or the length required to achieve minimum slope setback 
requirements, as the case maybe.  

Excavation Considerations 

For center-to-center CIDH pile spacings greater than three pile diameters (i.e., 6 ft), the 
contractor should provide all temporary bracing required to support the near vertical 
excavation until the permanent retaining elements that will span between the CIDH piles 
are installed. 

Resistance to Lateral Loads 

 The allowable lateral passive pressure (i.e., a factor of safety of 2), that can be 
developed against portions of CIDH piles embedded within alluvial fan deposits is 
200 psf per foot of depth, up to a maximum of 2,000 psf. 

 The adjusted pile width may be taken as 2 times the shaft diameter to account for soil 
arching when calculating passive resistance.   

 A one-third increase in allowable passive pressure may be used for short-term seismic 

and wind loads. 

 Passive resistance should be neglected for the portion of CIDH piles above the bottom 
of the temporary excavation (e.g., elevation 1,310 on Cross Section H-H’ Temporary 
Excavation Supported by Soldier Pile). 

 Passive resistance should be neglected for the portion of CIDH piles embedded in 
artificial fill, if any.  

 Required embedment depth of CIDH pile into the competent strata can be evaluated 
in accordance with Section 1807.3 of the 2022 California Building Code. 
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Lateral Earth Pressures 

Retaining walls should be designed to resist lateral (static) earth pressures equal to those 
exerted by an equivalent fluid with a density not less than the following for active (free-
standing) and at-rest (restrained) conditions.  A wall is considered restrained if it is prevented 
from movement greater than 0.002 x H (H = height of the wall in feet) at the top of the wall. 

Lateral Static Earth Pressure 

BACKFILL SLOPE  
(HORIZONTAL TO VERTICAL) 

EQUIVALENT FLUID DENSITY VALUE  
FREE-STANDING CANTILEVER RETAINING WALLS 

(ACTIVE CONDITIONS) 
RETAINING WALLS RESTRAINED AGAINST ROTATION 

(AT-REST CONDITIONS) 
Level 38 pcf 58 pcf 

2:1 max 60 pcf 80 pcf 

These equivalent fluid density (EFD) values assume backfill consisting of compacted fill 
materials with low expansion potential and plasticity, and that drainage will be provided 
behind walls in order to prevent buildup of water pressure.  If soil retained by walls is not 
drained, the walls should be designed to resist hydro-static water pressures in addition to the 
applicable active or at-rest soil pressures discussed above. 

Additional lateral pressures due to surcharge loads from adjacent footings are not 
anticipated.  Additional lateral pressures may be exerted against retaining walls by traffic 
loads.  Potential traffic loads may be represented by a vertical surcharge load of 250 psf.  
Potential incidental pedestrian loads may be represented by a vertical surcharge load of 100 
psf.  A uniform lateral surcharge pressure against the retaining wall and base can be taken 
as one-third when this vertical surcharge pressure is applied within a 1:1 (h:v) projection up 
from the base of the wall.  For surcharges applied beyond a 2:1 (h:v) projection from the 
base of the wall, the associated lateral surcharge pressure against retaining walls is 
considered negligible.  The magnitude of lateral surcharge for applied surcharge loads 
between these two cases can be estimated using linear interpolation.  Additional analyses 
can be performed to evaluate or confirm appropriate lateral surcharges, as needed, on a case-
by-case basis. 

Walls that will retain more than 6 feet of earth materials (typically taken as the difference 
between grade at the front and back of the wall) shall be designed to resist dynamic seismic 
lateral earth pressures.  The total seismic earth pressure (PAE) is equal to the sum of the static 

lateral earth pressure under active conditions (PA) and a dynamic load increment (ΔPAE) 

tabulated below.  The dynamic load increment can be represented by an equivalent fluid with 
a density not less than the following: 
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Dynamic Load Increment 

BACKFILL SLOPE  
(HORIZONTAL TO VERTICAL) 

EQUIVALENT FLUID DENSITY VALUE  

ACTIVE CONDITION (PA) SEISMIC INCREMENT (ΔPAE) 

Level 38 pcf 26 pcf 

2:1 max 60 pcf 43 pcf 

Dynamic load increments are calculated as follows: 

 Unrestrained wall with level backfill: ΔPAE = 0.5γH2(0.42 PGAM /g) 

 Unrestrained wall with sloping backfill: ΔPAE = 0.5γH2(0.70 PGAM /g) 

where γ is the moist unit weight of retained soil (120 pcf), H is the retained height, and PGAM 
(0.51g) is the design peak ground acceleration (i.e., SDS/2.5). 

The equivalent fluid pressures provided for the dynamic load increment are in addition to 
the equivalent fluid density (EFD) values provided for active and at-rest conditions under 
static loading.  The resultant seismic earth pressure acts at about H/3 from the base of the 
wall. 

Retaining Wall Drainage 

Retaining walls should be provided with a freeboard of at least 6 inches and a standard 
surface backdrain swale, if applicable (see Retaining Wall Drainage Detail).  All drainage 
should flow to the toe of the adjacent slope using non-erodible devices.  In order to reduce 
infiltration of surface water behind retaining walls, the surface backdrain swale should be 
paved or the surface of the backfill covered with at least 12 inches of low permeability fill 
for a horizontal distance equal at least to the height of the wall. 

A backdrain system should be provided to prevent development of hydrostatic water 
pressures behind retaining walls.  The referenced Retaining Wall Drainage Detail and 
Alternate Wall Drainage Detail show drainage recommendations with specifications for 
drainage materials behind the walls.  If a drainage composite is selected for use in lieu of 
drainage rock it should consist of a high-strength core (compressive strength > 15,000 psi) 
and a high-flow (flow rate > 140 gpm/ft2) non-woven filter fabric.  At locations where 
moisture migration through walls is undesirable, the side of the wall in contact with backfill 
soils should be waterproofed.  The drainage composite shall be compatible with the 
waterproofing materials. 

Retaining Wall Backfill 

Retaining wall backfill to be confirmed by the Geotechnical Engineer, must be placed in 
accordance with our recommendations presented in this report and observed and tested by 
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our personnel during placement.  Under no circumstances will retaining wall backfill be 
confirmed by this office if our recommendations concerning backfill placement are not 
followed, or if our personnel do not observe the installed backdrain and test the backfill 
during placement. 

To prevent the buildup of lateral soil pressures in excess of the recommended design 
pressures, over-compaction of fill behind walls should be avoided by placement of wall 
backfill in lifts not exceeding 6 inches in thickness and by compacting each lift with hand-
operated or self-propelled compaction equipment that weighs less than 1,000 pounds.  Use 
of heavier equipment for compacting backfills should be limited to those areas at least 8 feet 
from the retaining walls.  If these precautions cannot be maintained, then the respective 
retaining walls should either be redesigned to support the significantly higher lateral loads 
or the walls should be braced to support higher loads during placement and compaction of 
backfill. 

11.0  DESIGN RESPONSE SPECTRUM 

Based on site soil properties, the site is classified as Site Class D (stiff soil).  The following 
spectral response parameters were determined using the OSHPD Seismic Design Maps web 
tool by the Structural Engineers Association of California (SEAOC).  The parameters represent 
mapped values (adjusted for Site Class) with a 2% probability of exceedance in 50 years and 
corresponding risk-targeted ground motion (RTGM) with a 1% probability of collapse in 50 
years 

FACTOR VALUE 

Risk Category III 

Site Class D – Stiff Soil 

MCER ground motion (for 0.2 second period), Ss 1.916 

MCER ground motion (for 1.0 second period), S1 0.719 

Site Coefficient, Fa 1.0 

Site Coefficient, Fv 1.7* 

Site-modified spectral acceleration value, SMS 1.916 

Site-modified spectral acceleration value, SM1 1.833* 

Design Spectral Response Acceleration at Short Period, SDS 1.278 

Design Spectral Response Acceleration 1-Second Period, SD1 1.222* 

Design Peak Ground Acceleration (PGA), SDS/2.5 0.51g 

*See requirements for site-specific ground motions in Section 11.4.8 of ASCE 7.  These values of Fv shall only be used for 
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calculation of Ts, determination of Seismic Design Category, linear interpolation for intermediate values of S1, and when 
taking the exceptions under Items 1 and 2 of Section 11.4.8 for the calculation of SD1. 

The values were obtained for site coordinates of 34.20888°N, and 118.18777°W.  The 
preceding parameters should be used to calculate a response spectrum in accordance with 
Section 1613.3 of the 2022 California Building Code (CBC) and assume that planned 
structures will meet at least one of the exceptions noted in ASCE 7-16 Section 11.4.8.  Further, 
the recommended value of the parameters SM1 and SD1 are already increased by 50 percent as 
required in ASCE7-16 Supplement 3, Section 11.4.8, item 1 exception.   

The final selection of the appropriate seismic design coefficients should be made by the project 
structural engineer based on the local practices and ordinances, expected building response, 
and desired level of conservatism. 

12.0  CONSTRUCTION CONSIDERATIONS 

Temporary Excavations  

Cross sections have been constructed to illustrate the remedial removal configurations.  
Cross section locations are shown on the attached Geotechnical Map (Plate II).  Based on 
the remedial removal configuration shown on these cross sections, temporary excavations 
for the building removals up to 12 feet will be required.  In addition, if the proposed retaining 
wall northwest of Building E is constructed with a conventional spread footing a temporary 
excavation up to 17 feet will be required (see Cross Section I-I’, conventional footing). 

Excavations deeper than 3.5 ft should conform to the State Construction Safety Orders of 
the State Division of Industrial Safety, CAL-OSHA.  Temporary excavations in competent 
on-site soils up to 5 feet in height may be vertical.  Temporary excavations greater than 5 ft 
in height shall be laid back to a gradient no steeper than 1.5:1 (h:v).  The lower 3 ft of the 
sloping excavation may be vertical.  At locations where the lateral limits of the excavation 
are constrained, slot cuts or temporary shoring may be used.  Excavation walls in sands and 
dry soils must be kept moist at all times, but not saturated. 

The horizontal distance of vertical surcharge loads from excavations should be at least 5 feet 
or half the excavation depth, whichever is greater.  Some sloughing from granular soils may 
occur in excavations.  Workers should be adequately protected from such sloughing, i.e., 
using movable shields/shoring.  Surface drainage should be controlled along the top of 
excavation slopes. 

During construction, the soil conditions should be regularly evaluated to confirm that 
conditions are as anticipated.  The contractor shall be responsible for providing the 
“competent person” required by OSHA standards to evaluate soil conditions.  Close 
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coordination between the competent person and the geotechnical engineer should be 
maintained to facilitate construction while providing safe excavations.  The construction 
slopes should be visually observed during excavation operations and periodically thereafter 
in order to check for any cracks or other signs of instability.  Prior to personnel entering the 
excavation, all loose material near the top of the excavation should be cleared.  Observations 
of the excavation should be conducted following any significant rain or seismic event.  If 
any signs of incipient failure are discovered, the conditions should be assessed immediately 
and appropriate safety measures implemented prior to anyone entering the excavation.   

Temporary Slot Cut Excavations 

Near-vertical excavations are not anticipated for the recommended grading removals.  Never 
the less, near-vertical excavations may be required to achieve the recommended grading 
removals due to constraints from existing improvements or property line.  In order to 
maintain temporary stability, it is recommended that removals in these areas be performed 
using an A-B-C slot cutting procedure.  The Slot Cut Procedure is illustrated on a detail in 
Appendix D and described below: 

 The area to be excavated should initially be excavated at an inclination no steeper than 
1.5:1 (h:v) to a maximum height of 12 ft.  

 Then, vertical cuts up to 9 feet in height should be excavated down to the required 
removal bottom at the locations of the “A” slots (this may result in up to a 3-ft high 
1.5:1 slope at top of excavation).  The width of the slots should not exceed 8 ft. 

 Then, the “A” slots should be backfilled with compacted fill, in accordance with the 

grading recommendations/specifications provided in this report. 

 Then, the “B” slots should be excavated and backfilled, as described above for the “A” 
slots. 

 Then, the “C” slots should be excavated and backfilled, as described above for the “A” 
slots. 

Temporary Shoring 

Temporary shoring should be utilized to support portions of the temporary excavation that 
are not in conformance with our prior recommendations (e.g., removals for the northwest 
corner of Building E, see Cross Sections I-I’ and H-H’).  Shoring may consist of steel soldier 
piles that are placed in drilled holes and filled with concrete and designed in accordance with 
the following general design parameters: 
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 Drilled cast-in-place soldier piles should be spaced no closer than 3 diameters on center. 
The minimum diameter of the piles is 24 inches and the minimum embedment is at least 
three times pile diameter or 6 feet into the competent materials, whichever is greater, 
beneath the bottom of the excavation. 

 For cantilevered shoring up to 13 feet in height supporting a level backslope, a triangular 

distribution of lateral earth pressure of 38 pcf should be used per Section 10.4 above. 

 For cantilevered shoring up to 13 feet in height supporting a 2:1 (h:v) gradient backslope, 
a triangular distribution of lateral earth pressure of 60 pcf should be used, per Section 
10.4 above.  

 An allowable passive value of 200 psf per foot of depth (to a maximum of 2,000 psf) 
may be used in the anchoring stratum below the excavation bottom. 

 For piles spaced greater than or equal to three times their diameter, the effective width 
of the pile may be taken as two times its diameter in passive resistance computations.  In 
all cases of pile spacing, the structure should be considered as a continuous sheet pile 
structure in the active force computations.  Active pressure should be considered as 
acting on the full height and depth of the pile shaft unless indicated as otherwise. 

 Continuous lagging between soldier piles will be required.  The lagging should be 

designed for full lateral earth pressures, limited to a maximum of 400 psf. 

 Structural concrete should be used for that portion of a soldier pile, which is below the 
excavated level; lean mix concrete may be used above that level.  

 Frictional resistance between the soldier piles and the retained earth may be used in 
resisting the downward component of the anchor load.   

 Axial loads on soldier piles may be resisted by skin friction on the piles below the bottom 

plane of the excavation.  The coefficient of friction between soldier piles and the retained 
earth may be taken as 0.30 assuming that uniform full shear load transfer will develop 
between the steel soldier beam and the lean-mix concrete and between the lean mix 
concrete and the retained earth. 

 A civil or structural engineer experienced in shoring design shall prepare signed and 
sealed shoring plans by a California Registered Professional Engineer. 

 We should review, from a geotechnical perspective only, the shoring plans, calculations 
and specifications before bidding. 
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Installation of CIDH Piles 

General 

Since the proposed piles are not designed for end bearing, some “slough” or loose soils in 
the bottom of the pile drill holes is acceptable, provided the actual depth of the drill holes 
(at the time that steel rebar cages are placed and concrete is cast) is at least equal to the 
specified pile depth(s).  Care should be exercised to carefully position steel reinforcement 
cages and place concrete without disturbing the sidewalls of the pile drill holes. 

Excavations for CIDH piles drilled in the predominantly granular site soils may be subject 
to caving.  Casing or other means may be required to prevent caving.  CIDH pile 
foundations may be constructed using the “dry method”, the “casing method”, or by other 
methods, selected by the contractor, such as the “slurry displacement” method, subject to 
acceptance by the structural engineer and the geotechnical engineer.  The “dry method” 
consists of casting concrete directly in a dry, drilled hole, where no caving, squeezing, or 
sloughing of soils has occurred.  The “casing method” may be used where soils with 
significant caving potential are present, when excessive water collects in a pile drill hole, 
or if other difficulties arise during construction of the pile foundation.  The “slurry 
displacement” method employs drilling fluid along the full depth of the pile drill hole to 
minimize caving and slough of earth materials.  Where the “slurry displacement” method 
is employed, concrete is cast in the pile drill hole by pumping or tremie methods so that 
the drilling fluid is displaced by concrete mix. 

Casting of concrete in the drill hole for CIDH piles should be performed as follows: 

 A tremie pipe should be lowered to the bottom of the CIDH drill hole and concrete 
should be cast into the hole until the height of concrete over the end of the tremie pipe 
is at least five ft. 

 A height of five ft of concrete above the end of the tremie pipe should be maintained 
during casting as the tremie pipe is removed from the drill hole. 

Dry Method 

Pile excavations performed using the Dry Method usually are drilled without the use of 
water.  However, if necessary, water may be used to facilitate removal of cuttings, unless 
this causes caving of the drill hole sidewalls.  Any added water that may accumulate at the 
bottom of the pile drill hole should be removed from the hole prior to casting of concrete.  
Each pile drill hole should be completed in a continuous operation and the concrete should 
be placed without undue delay. 

If caving conditions are encountered in a pile drill hole, no further drilling should be 
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allowed until the contractor selects a drilling method for preventing ground movement, 
subject to acceptance by the engineer.  The contractor may elect to place casing in the pile 
drill hole by approved means, or advance the pile drill hole by stabilizing the drill hole 
using a fluid of appropriate density, or other appropriate means.  The contractor should 
use appropriate means to clean the bottom of the pile drill hole so that loose material does 
not accumulate near the elevation of the pile tip.  The pile drill hole should be protected 
with a platform to prevent the collar of the drill hole from caving during casting of 
concrete.  Prior to casting the concrete in the pile drill hole, any water in the hole should 
be removed. 

Casing Method 

Approved casing, when employed, should have sufficient strength to withstand handling 
stresses and the external pressure of the caving soil.  The outside diameter of the casing 
should not be less than the specified diameter of the drilled shaft.  Preferably, casing 
should not be left in the ground.  Where casing cannot be withdrawn, the shaft friction 
capacity may be reduced.  The amount of shaft friction reduction should be assessed by 
the geotechnical engineer. 

Protection of Structures and Holes Adjacent To Piles 

representative of this firm should observe excavation operations adjacent to the existing 
hotel building and drilling and casting of the proposed CIDH piles.  Displacement of the 
existing hotel structure should be monitored during grading operations. 

If horizontal spacing between adjacent CIDH piles is less than five pile diameters, center-
to-center, adjacent drilled shafts should be concreted simultaneously, or drilled and 
concreted alternately, allowing at least eight hours between concrete placement in one 
drilled pile and drilling of an adjacent pile.  When the slurry method is used, the steel cage 
should be positioned and the concrete should be cast before proceeding to the next pile 
drill hole. 

Quality and Casting of Concrete 

Concrete placement should begin within four hours after completion of drilling.  Concrete 
placement should be continuous without interruption, and should proceed at a sufficient 
rate that will prevent fresh concrete from being deposited on concrete that has already 
hardened sufficiently to form a cold joint or plane of weakness. 

Ordinary Type I or Type II Portland Cement Concrete may be used for casting of the 
CIDH piles.  The slump of the concrete mix used in a dry pile drill hole should be 4 to 6 
inches. Concrete slump for pile holes drilled using the casing method should be 6 to 8 
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inches.  If casing is required, it should be withdrawn as the concrete is being placed, 
maintaining a five-foot minimum head of concrete within the casing.  This prevents 
reduction in the diameter of the drilled shaft due to earth pressure that acts against the 
fresh concrete, and prevents caving of materials in the drill hole sidewalls and mixing of 
these materials into the concrete.  Concrete casting should continue in this manner until 
suitable concrete extends to the top of the excavation of forms. 

Observation of Pile Construction 

CIDH pile drilling operations should be performed in the presence of the geotechnical 
engineer or his representative, to confirm that suitable materials for lateral and vertical 
support of the piles are penetrated, that the dimensions of the installed piles meet the 
design dimensions, and that the installation has been performed as recommended herein.  
Accordingly, the geotechnical engineer or his representative must examine the pile drill 
holes prior to placement of steel reinforcement cages in the holes, and again prior to 
casting of concrete in the holes.  The contractor should provide all aid and assistance 
required by the geotechnical engineer and his representative for field monitoring of the 
pile construction operations.  If workers or inspectors are required to go into pile drill 
holes, the drill holes should be cased and ventilation should be provided in the borehole.  
All applicable safety regulations of OSHA and other regulatory authorities regarding 
working in excavations should also be implemented. 

Drilled piles are accepted or rejected based on visual observation and testing during 
construction.  The contractor should not allow or cause any of his work to be permanently 
enclosed or covered up until it has been observed, tested, and accepted by the engineer 
and all legally constituted authorities having jurisdiction. 

Utility Trench Backfill 

Utility trench backfill should be compacted at least to 90 percent of Maximum Dry Density 
(MDD), per ASTM Test Method D1557.  Compaction shall be performed with a mechanical 
compaction device in accordance with specifications for trench backfill presented in 
Appendix E.  If the excavated soils have dried, they should be moisture-conditioned to near 
Optimum Moisture Content before placement and compaction in trenches.  Trench backfill 
within the building footprints must comply with all PCC floor slab compaction and moisture 
requirements. 

Bedding material placed around utility conduits shall consist of clean gravel or sand with a 
Sand Equivalent (per ASTM D2419) of 30 or greater.  Compaction of bedding material shall 
be in accordance with “Standard Specifications for Public Works Construction” 
(Greenbook) specifications.  Jetting should not be employed for compaction of bedding 
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material at depths less than 4 feet beneath the subgrade of concrete slabs-on-grade, vehicle 
pavements, or other structures. 

13.0  TENTATIVE PAVEMENT DESIGN AND ASSOCIATED GRADING 

Asphalt Concrete Pavements 

Design of asphalt concrete pavement sections depends primarily on support characteristics 
(strength) of soil beneath the pavement section and on cumulative traffic loads within the 
service life of the pavement.  Strength of the pavement subgrade is represented by R-Value 
test data.  Traffic loads within service life of a pavement are represented by a Traffic Index 
(TI) which is calculated based on anticipated traffic loads and on the projected number of 
load repetitions during the design life of the pavement.  The design TI value should be 
decided by the Project Civil Engineer prior to construction. 

Based on soil type and compaction characteristics of future subgrade soils, and on judgment 
regarding variability of site soils, a preliminary design R-Value of 30 was selected.  
Pavement sections are provided in the following table.  These sections satisfy the minimum 
requirements of the CALTRANS flexible pavement design procedure for the design R-Value 
and a design service life of 20 years. 

Flexible Pavement Sections 

TRAFFIC INDEX (TI) 
PAVEMENT SECTION (THICKNESS IN INCHES) 

ASPHALT CONCRETE BASE COURSE   

4 3.0 4.5 

5 3.0 5.5 

6 4.0 7.0 

7 4.5 8.5 

The preceding pavement sections provide the minimum thickness of asphalt concrete 
permitted by the Caltrans design procedure.  Alternate designs with greater asphalt thickness 
and smaller base course thickness can be provided upon request.  Confirmatory R-Value 
testing should be performed during the finished grading of the project to determine whether 
or not any revision to pavement section recommendations above may be necessary.  

PCC Vehicle Pavements 

The design of PCC pavement and slab thicknesses and reinforcement is under the purview 
of a structural engineer.  Deflections, shears, and moments in PCC pavements may be 
estimated using a coefficient of vertical subgrade reaction, kv.  The value kv is defined as the 
pressure applied by the PCC slab divided by the resulting settlement of the subgrade and is 
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a function of the subgrade soil type, soil stiffness, base thickness, and base type.  An effective 
kv value of 120 pci may be used for design of PCC pavements that support vehicle loads. 

Unless specifically designed by the project structural engineer, PCC vehicle pavements 
should be at least 6 inches thick and reinforced with No. 3 rebar placed 18 inches on center 
in each horizontal direction.  PCC vehicle pavements should be supported on at least 6 inches 
of compacted base material. 

PCC apron slabs planned for support of heavy vehicle loads in loading areas (i.e., trash 
enclosure) should be reinforced with No. 4 bars at 14-inch spacing in both horizontal 
directions.  PCC apron slabs should be at least 8-inches thick and should be supported on at 
least 8 inches of compacted base material. 

PCC Curb and Gutter 

Based on the anticipated expansion potential of the compacted fills at the project site (i.e., 
very low), proposed PCC curbs and gutters may be cast directly on compacted soil 
subgrades. 

Base Course 

The base course beneath pavements should have an R-value of at least 78 and should comply 
with specifications for untreated crushed aggregate base (CAB), crushed miscellaneous base 
(CMB), or processed miscellaneous base (PMB), as defined in Section 200-2 of the current 
Green Book (Standard Specifications for Public Works Construction), or aggregate base 
(AB-Class 2) as defined in Section 605.3 of the current Caltrans Highway Design Manual. 

Concrete Flatwork/Hardscape 

Portland Cement Concrete sidewalks that will not support vehicular traffic should be at least 
4 inches thick, and as a minimum, should be reinforced at mid-depth with 6x6-W1.4xW1.4 
welded wire-fabric reinforcement. 

Based on a very low expansion potential, PCC sidewalks may be cast directly on compacted 
soil subgrades.  The moisture conditioned subgrade should not be allowed to desiccate prior 
to casting of concrete hardscape elements. 

To help minimize shrinkage cracking, concrete flatwork should be constructed using 
uniformly cured, low-slump concrete, with crack control joints spaced at intervals not 
exceeding 8 ft. 
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Grading Recommendations for Pavement Construction 

General 

All grading shall be performed under the observation and testing of the Project 
Geotechnical Engineer and/or their authorized representatives in accordance with the 
recommendations contained herein and in accordance with the current Building Code 
requirements of the County of Los Angeles. 

In order to provide suitable bearing support for the pavement section, all disturbed 
compacted fill soils (e.g., due to desiccation or over-saturation by rainfall, broken water 
lines, etc.) must be removed and replaced with a minimum 12 inches of fill compacted to 
the required density and moisture content before placement of PCC pavement. 

Subgrade Preparation 

The top 6 inches of the sub-grade materials shall be scarified and moisture conditioned to 
Optimum Moisture Content, or above, immediately prior to pavement construction.  The 
moisture content shall be brought to the specified percentage by the addition of water, by 
the addition and blending of dry suitable material, or by the drying of existing material.  
The subgrade material shall then be compacted to a relative compaction of at least 95 
percent of Maximum Dry Density, per ASTM 1557. 

During processing of the top 6 inches of backfill in the pavement subgrade, all rocks larger 
than 3 inches in dimension shall be removed.  If unsuitable material is found below the 
processing depth, it shall be removed and replaced as a compacted fill.  After compaction 
and trimming, the subgrade shall be firm, hard, and unyielding. 

Placement of Base Materials 

Base material shall be watered as required to facilitate compaction and spread and 
compacted in horizontal lifts of approximately equal thickness.  The maximum compacted 
thickness of any aggregate base lift shall not exceed 6 inches.  Each lift of aggregate base 
material shall be compacted to at least 95 percent of Maximum Dry Density, per ASTM 
D1557. 

14.0  LANDSLIDE, SETTLEMENT & SLIPPAGE STATEMENT 

It is the finding of this firm that the proposed area for new buildings on the attached Geologic 
Map (Plate I), and Geotechnical Map (Plate II) submitted with this report, will be safe against 
hazards from landslide, settlement, and slippage, for the use intended, and will not affect the 
offsite property, provided that all our recommendations are incorporated in the Grading and 
Building Plans and implemented during construction. 
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15.0  PLAN REVIEW AND CONSTRUCTION OBSERVATIONS 

Allan E. Seward Engineering Geology, Inc. (AESEGI) should be authorized to review project 
grading plans, foundation plans, and specifications for conformance with the recommendations 
provided in this report.  Before the approval of the Grading Plans and Building Plans by the 
regulatory agency, this office is required to review and approve your plans by manual 
signatures and date. 

AESEGI should also be authorized to perform on-site construction observation and testing to 
ascertain that conditions at the project site are consistent with the findings and conclusions 
presented in this report and that construction operations are performed in accordance with the 
recommendations presented in this report.  If variations in subsurface soil conditions become 
evident during construction, the recommendations presented in this report may require 
revision. 

The geotechnical and geological consultants of record should be authorized to perform the 
testing and observation recommended in this report, including the following tasks: 

1. Observation and testing of all subgrade and fill bottoms (following excavation and prior 
to scarifying, recompaction, and fill placement). 

2. Observation and testing of all fill placement and compaction. 

3. Observation of foundation excavations to confirm embedment into competent bearing 
material (prior to the placement of forms or reinforcement into the excavations).  
Excavations must be free of all loose and slough material and must be neatly trimmed and 
water-conditioned prior to casting concrete in them. 

4. Observation and testing of utility trenches beneath and adjacent to the proposed structures 

5. Observation of slab-on-grade subgrades prior to casting of concrete and/or installation of 
slab underlayment materials.  The slab subgrades must be tested to confirm that they have 
been maintained at the moisture content recommended herein. 

Please notify AESEGI at least 48 hours in advance of any required observations, sampling, or 
testing, so that appropriate personnel can be made available. 

16.0  GEOLOGIST/GEOTECHNICAL ENGINEER OF RECORD 

This report has been prepared assuming that all required geologic and geotechnical field 
inspections and observations will be performed by Allan E. Seward Engineering Geology, Inc.  
If these tasks are performed by another party, that party must review this report, assume full 
responsibility for recommendations contained herein, and assume the title and responsibility 
of “Geologist/Geotechnical Engineer of Record” for the specific work. 
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A representative of the Geologist/Geotechnical Engineer of Record shall be present to observe 
all grading operations.  All footing excavations shall be observed by a representative of the 
Geologist/Geotechnical Engineer of Record prior to placing steel or casting concrete in the 
excavations.  A report that presents results of these observations and related testing shall be 
issued at the end of grading operations. 

17.0  LIMITATIONS 

This report has been prepared by Allan E. Seward Engineering Geology, Inc. for the exclusive 
use of the La Cañada Unified School District and their design consultants for the specific site 
discussed herein.  This report should not be considered transferable.  Prior to use by others, 
this firm must be notified, as additional work may be required to update this report. 

In the event that any modification in the location or design of the proposed development, as 
discussed herein, are planned, the conclusions and recommendations contained in this report 
will require a written review by this firm with respect to the planned modifications. 

The proposed development is located in southern California, a geologically and tectonically 
active region, where large magnitude, potentially destructive earthquakes are common.  
Therefore, ground motions from moderate or large magnitude earthquakes could affect the 
project site during the design life of the proposed structure(s). Typically, faulting is confined 
to the area adjacent to a known fault.  However, absolute assurance against future fault 
displacement is not possible in tectonically active regions because new faults can form over 
time as the orientation and magnitude of deformational forces change in the earth's crust.  
Therefore, the location and magnitude of new ground surface ruptures during a seismic event 
cannot be anticipated. 

In performing these professional services, this firm has used the degree of care and skill 
ordinarily exercised under similar circumstances by reputable engineering geologists and 
geotechnical engineers practicing in this or similar localities.  The data presented in this report 
are based on the results of pertinent field and laboratory testing.  It should be recognized that 
subsurface conditions can vary in time and laterally and with depth at a given site and that the 
conclusions and recommendations presented in this report are based on our interpretation of 
these data.  Therefore, our conclusions and recommendations are professional opinions and 
are not meant to be a control of nature.  We make no warranty, either expressed or implied. 

  



La Cañada Unified School District Job No.: 24-2775-6 
June 19, 2024 Page 43 

Allan E. Seward Engineering Geology, Inc. Geology and Geotechnology 

This opportunity to be of continued service is appreciated.  If you have any questions regarding 
this report, please contact us. 

Respectfully submitted, 
 
 
 
Colton H. Seward, GIT Farbod Bouya, MS, PE 94592 
Project Geologist Professional Engineer 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eric J. Seward, CEG 2110 Martin Neely, MS, GE 2937 
Principal Engineering Geologist Principal Geotechnical Engineer 
Vice President 
 
 
 
 
 
 
 
 
 
The following attachments and appendices complete this report. 
 
Location Map following page 4 
Regional Geologic Map following page 6 
References 

APPENDIX A – Subsurface Logs  
 Hollow-Stem Auger and Percolation Boring Logs 

HS-1 thru HS-5 (11/10/23) 
HS-6 thru HS-9 
PB-1 and PB-2 (1/13/23) 
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 Hand-Auger Boring Logs 
HA-1 
HA-2 thru HA-6 (2/8/24) 

 Trench Log (T-1) 
 Key to Boring Log Symbols 

APPENDIX B – Laboratory Testing 

APPENDIX C – Seismicity 
 Ground Motion and Response Spectra References 
 Quaternary Fault Location Map Figure C1 
 Earthquake Epicenter Location Map Figure C2 
 Earthquake Zones of Required Investigation Figure C3 
 OSHPD Seismic Design Maps Output 

APPENDIX D – Slope Stability Analyses 
 Slope Stability Analyses Results Table D1 
 Gross Slope Stability Analyses Computer Output 

APPENDIX E – General Specifications and Construction Details 
 Recommended Earthwork Specifications 
 Recommended Specifications for Placement of Trench Backfill 
 Drainage and Erosion Control Recommendations 
 Retaining Wall Drainage Details 
 Slot Cut Procedure 
 Active Lateral Earth Pressures, Temporary Excavation Supported by Pile 

Cross Sections 2-2’, 3-3’, 4-4’, 6-6’ and 7-7’ (20-scale) 
Cross Sections H-H’, I-I’ and J-J’ (10-scale)2 
Geologic Map (Site Plan) Plate I 
Geotechnical Map (Civil Site Grading Plan) Plate II 

Distribution: 

La Cañada Unified School District (via email in PDF format) 
(C/o Linik Corp. Builders Management) 

Attn: Mr. Harold Pierre 

GGA Architecture (via email in PDF format) 
Attn: Mr. Seth Barnard 

KPFF (via email in PDF format) 
Attn: Mr. Adam Vorwald 

 

 
2 Cross Sections H-H’ and I-I’ have three versions:  Conventional Footing (illustrating temporary backcut); 
Soldier Pile Wall; and Temporary Excavation Supported by Soldier Pile.  
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GEOTECHNICAL LABORATORY INVESTIGATION 
 
1. General 

a. The laboratory investigation used current, accepted test procedures of the American 
Society of Testing and Materials (ASTM) and/or California Test Standards, wherever 
practical. 

b. Bulk samples, Standard Penetration Test (SPT) samples, and Modified California 
Drive ring samples were obtained during the field investigation.  Laboratory sample 
identification is by project name and number, trench/boring number, and depth. 

2. Geotechnical Index Parameter Tests 

The following Geotechnical Index Parameters tests were performed on bulk samples, 
Standard Penetration Test (SPT) samples, and modified California ring samples of soil 

collected at the project site. 

TEST TYPE NUMBER OF TESTS 

PERFORMED 
TESTING STANDARD 

In-Situ Moisture Content  25 ASTM D2216 

In-Situ Dry Density 25 ASTM D7263 

Percent-Finer Than #200 Sieve 7 ASTM D1140 

Particle-Size Analysis of Soils 3 ASTM D422 

 
The purpose of each test type is briefly described below. 

a. In-Situ Moisture Content (ASTM D2216) and Dry Density (ASTM D7263) testing of 
soils provide an indication of the strength and compressibility of in-situ soils.  These 
data aided in evaluation of soil consistency and in selection of samples for additional 
laboratory testing.  Results of Moisture Content and Dry Density testing are recorded 
on the Trench and Drill Hole Logs in Appendix A. 

b. Percent Finer than #200 Sieve (ASTM D1140) testing aids in classification of soils in 
accordance with the Unified Soil Classification System (USCS).  Results of Percent 
Finer than #200 Sieve testing are recorded on the Trench and Drill Hole Logs in 
Appendix A and on applicable test reports in this appendix. 
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3. Geotechnical Engineering Parameters Tests 

The following Geotechnical Engineering Parameters Tests were performed on bulk 
samples and modified California ring samples of soil collected at the project site. 

TEST TYPE NUMBER OF TESTS PERFORMED TESTING STANDARD 

Modified Proctor 1 ASTM D1557 

Collapse of Soils 2 ASTM D4546 

Direct Shear 3 ASTM D3080 

The Geotechnical Engineering Parameters testing is briefly described below. 

a. A modified Proctor (ASTM D1557) test was performed on a mixture of soils collected 
from Borings HS-6 and HS-8 to assess the laboratory moisture content vs. dry density 
relationship of future compacted fill materials generated from on-site soils.  Results 
of the testing are presented in Figure B1 within this Appendix. 

b. One-dimensional Collapse of Soils (ASTM D4546) testing was performed on 
California drive ring samples to assess the hydro-compression potential of alluvial 
soils when inundated with water under future loading conditions.  The samples were 
incrementally loaded to normal pressures ranging from 200 to 8,000 psf in accordance 
with Procedure B.  The “hydro-compression” was taken as the percent strain when 
inundated with water under an applied pressure approximately equal to the existing 
overburden pressure plus future applied foundation-bearing pressure at that depth.  
Results of collapse testing are presented on Figures B2.1 and B2.2 in this Appendix. 

c. Direct Shear (ASTM D3080) testing was performed on selected ring samples and on 
remolded test specimens using a displacement-controlled Direct Shear machine.  The 
remolded sample was prepared using material passing the No. 4 sieve compacted to 
about 90% of Maximum Dry Density.  Before testing, the samples were inundated 
and consolidated under normal pressures ranging from about 1,000 psf to 4,000 psf.  
Thereafter, the samples were sheared horizontally at a controlled displacement rate 
until the horizontal shear force reduced to a stable value.  Results of the Direct Shear 
testing, including interpreted peak strength and residual shear strength parameters, 
are recorded in Figures B3.1 through B3.3 in this Appendix.   
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4. Corrosivity Tests 

The following corrosivity tests were performed on a mixture of soils collected from 
Borings HS-6 and HS-8 at a depth ranging from 0 to 8 feet. 

TEST TYPE NUMBER OF TESTS  TESTING STANDARD 

Sulfate-Content 1 California Test 417 

Chloride-Content 1 California Test 422 

Resistivity and pH 1 California Test 643 

 
Soluble Sulfates Content, Chloride Content, Resistivity, and pH tests were performed to 
evaluate corrosivity of soils to concrete, ferrous metals, and non-ferrous metals.  Results 
of the testing are presented in Table B1. 
 

The following attachments complete this Appendix. 
 
LABORATORY TEST RESULTS 

Current Study 
 Corrosivity Testing Summary Table B1 
 Summary of Compaction (Modified Proctor) Test Results Table B2 
 Compaction Report Figure B1 
 Consolidation Test Reports Figures B2.1 to B2.2 
 Direct Shear Test Reports Figures  B3.1 to B3.3 

Seismic Retrofit Assessment, 2/8/24 
 Consolidation Test Reports Figure B1 
 Direct Shear Test Reports Figures B2.1 & 2.2 

Geologic Hazards Evaluation Report, 11/10/23 
 Particle-Size Analysis Test Report Figure B1 
 Compaction Report Figure B2 
 Consolidation Test Reports Figures B3.1 to B3.3 
 Direct Shear Test Reports Figures B4.1 & 4.2 

Observation and Testing of Compacted (Fault) Trench Backfill, 9/28/23 
 Compaction Report Figure A1 
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Table B1 – Summary of Corrosivity Test Results 

LOCATION USCS 

RESISTIVITY CHEMICAL ANALYSES 

SATURATED 
(OHM-CM) 

CORROSION 
CHARACTERISTIC3 PH CHLORIDE CL 

(PPM) 
SULFATE 
SO4 (%) 

CONCRETE 
EXPOSURE TO 

SULFATE4 
HS-6 and HS-8 
blend at 0 – 8’ SM 5,814 Moderately 

Corrosive 7.2 84  0.001 Negligible 

HA- 5 (0 – 7’) 
(2024) 

SM 9,666 Moderately 
Corrosive 

8.15 108 0.003 Negligible 

HS-2 and HS-5  
blend at 1 – 6’ 

(2022) 
SM > 10,000 Mildly Corrosive 8.41 90 < 0.001 Negligible 

 

Table B2 – Summary of Compaction (Modified Proctor) Test Results 

SOURCE 
DEPTH 

(FT) SOIL DESCRIPTION USCS % FINES 
MAXIMUM DRY 
DENSITY (PCF) 5 

OPTIMUM 

MOISTURE 
CONTENT1 (%) 

HS-2 and HS-5 blend 1 - 6 Brown Silty Sand SM 16 137.1 5.9 

Fault Trench (9/28/23) 0 - 10 Yellowish-brown Silty Sand with 
gravel SM ~25 

(visual) 136.4 7.0 

HS-6 and HS-8 blend 0 - 8 Silty Sand SM 12.1 137.2 7.1 

 

 
3 Per County of Los Angeles classification 
4 Per ACI 318 
5 Per ASTM Test Method D1557 
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GROUND MOTION AND RESPONSE SPECTRA REFERENCES 

American Society of Civil Engineers, 2016, Minimum Design Loads and Associated Criteria for Buildings and 
Other Structures (ASCE/SEI 7-16), provisions and commentary. 

Structural Engineers Association of California (SEAOC), OSHPD Seismic Design Maps web application, 
https://seismicmaps.org/ 

U.S.  Geological Survey, Quaternary Faults and Folds in the U.S., Google Earth .kmz file, 
https://www.usgs.gov/natural-hazards/earthquake-hazards/google-earth-kml-files 
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CROSS 
SECTION 

FILE 
NAME SLOPE CONDITION ANALYZED 

PLANE SEARCH TYPE METHOD 
FACTOR OF SAFETY 

COMMENTS RUN 
NO. Temp. Static Seismic 

H-H’ Hs1a 
Hps1a Retaining wall Circular Auto-refine Spencer -- 1.63 1.23 Min FS (circular) 1 

2 

H-H’ Hs2a Temporary excavation w/ 
soldier pile Circular Auto-refine Spencer 1.28 -- -- 

Evaluation of full depth shored 
excavation (H=11.3’) w/ soldier pile 
at 6-ft spacing.  Req’d pile support 
force of 3 kips 

3 

I-I’ Is1aw 
Ips1aw 

Retaining wall Circular Auto-refine Spencer -- 1.52 1.28 Min FS (circular) 4 
5 

I-I’ Is2a 
Temporary excavation w/ 

soldier pile Circular Auto-refine Spencer 1.27 -- -- 

Evaluation of full depth shored 
excavation (H=12.6’) w/ soldier pile 
at 6-ft spacing.  Req’d pile support 
force of 5 kips 

6 

I-I’ Is1a 
Temporary excavation for 

retaining wall w/ 
conventional ftg  

Circular Auto-refine Spencer 1.47 -- -- Temporary min FS (circular) 7 
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RECOMMENDED EARTHWORK SPECIFICATIONS 
 

The following specifications are recommended to provide a basis for quality control during the 
placement of compacted fill or backfill, as applicable.  If there may be any perceived 
discrepancy between the recommendations in this Appendix, and those provided in the main 
text of the report, the more stringent requirement governs.  
 
1. Areas on which compacted fill will be placed shall be observed by Allan E. Seward 

Engineering Geology, Inc. (AESEGI) prior to the placement of fill. 

2. All drainage devices shall be properly installed and observed by AESEGI and/or the 
owner’s representative(s) prior to placement of backfill. 

3. Fill soils shall consist of imported soils or on-site soils which are free of organics, cobbles, 
and deleterious material, provided that each material is approved by AESEGI.  AESEGI 
shall evaluate and/or test the import material for its conformance with the report 
recommendations prior to its delivery to the site.  The contractor shall notify AESEGI at 
least 72 hours prior to importing material to the site 

4. The thickness of the controlled lifts in which Fill is placed shall be compatible with the 
type of compaction equipment used.  The fill materials shall be brought to Optimum 
Moisture Content or above, thoroughly mixed during spreading to obtain a near uniform 
water content and a uniform blend of materials, and then placed in lifts with a pre-
compaction thickness not exceeding 8 inches.  Each lift shall be compacted to the specified 
percentage of Maximum Dry Density determined in accordance with ASTM Test Method 
D1557.  Density testing shall be performed by AESEGI to verify relative compaction.  The 
contractor shall provide proper access and level areas for testing. 

5. Rocks or rock fragments less than eight (8) inches in the largest dimension may be utilized 
in the fill, provided they are not placed in concentrated pockets.  However, rocks larger 
than four (4) inches in dimension shall not be placed within three (3) ft of finish grade. 

6. Rocks greater than eight (8) inches in largest dimension shall be taken offsite, or placed 
in areas designated by the Geotechnical Engineer to be suitable for rock disposal. 

7. Where space limitations do not allow for conventional fill compaction operations, special 
backfill materials and procedures may be required.  Pea gravel or other select fill can be 
used in areas of limited space.  A sand and Portland Cement slurry (2 sacks per cubic-yard 
of slurry mix) shall be used in limited space areas for shallow backfill near final pad grade, 
and pea gravel shall be placed in deeper backfill near drainage systems. 
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8. AESEGI shall observe the placement of fill and conduct in-place field density tests on the 
compacted fill in order to check adequacy of in-situ water content and relative compaction.  
Where measured in-situ density of compacted fill soil is lower than the required relative 
compaction, the soil shall be water-conditioned and recompacted until adequate relative 
compaction is achieved. 

9. The Contractor shall achieve with the specified relative compaction out to the finish slope 
face of fill slopes, buttresses, and stabilization fills, as set forth in the specifications for 
compacted fill.  This may be achieved either by overbuilding the slope and cutting back 
as necessary, by direct compaction of the slope face with suitable equipment, or by other 
procedures which produce the required result. 

10. Any abandoned underground structures such as cesspools, cisterns, mining shafts, tunnels, 
septic tanks, wells, pipelines, or others not discovered prior to grading are to be removed 
or treated to the satisfaction of the Geotechnical Engineer and/or the controlling agency 
for the project. 

11. The Contractor shall have suitable and sufficient equipment during a particular operation 
to handle the volume of fill being placed.  When necessary, fill placement equipment shall 
be shut down temporarily in order to permit proper compaction of fill, correction of 
deficient areas, or to facilitate required field testing. 

12. The Contractor shall be responsible for the satisfactory completion of all earthwork in 
accordance with the project plans and specifications. 

13. Final reports shall be submitted after completion of earthwork and after the Geotechnical 
Engineer and Engineering Geologist have finished their observations of the work.  No 
additional excavation or filling shall be performed without prior notification to the 
Geotechnical Engineer and/or Engineering Geologist. 

14. Whenever the words “supervision”, “inspection”, or “control” are used, they shall mean 
observation of the work and/or testing of the compacted fill by AESEGI to assess whether 
substantial compliance with plans, specifications and design concepts has been achieved.  
However, these words do not refer to direction by AESEGI of the actual work of the 
Contractor or the Contractor’s workers. 
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RECOMMENDED SPECIFICATIONS  
FOR PLACEMENT OF TRENCH BACKFILL 

 
1. Trench excavations in which backfill will be placed shall be free of trash, debris or other 

deleterious materials prior to backfill placement, and shall be observed by a representative 
of Allan E. Seward Engineering Geology, Inc. (AESEGI). 

2. Except as stipulated herein, soils obtained from the excavation may be used as backfill if 
they are free of organics and other deleterious materials. 

3. Rocks generated by trench excavation operations that do not exceed three (3) inches in 
largest dimension may be used as trench backfill material.  However, material larger than 
1-½  inches in dimension may not be placed within 12 inches of the top of pipes.  No more 
than 30 percent of the backfill volume shall contain particles larger than 1-½ inches in 
dimension, and particles larger than 1-½ inches in dimension shall be well mixed with 
finer soil. 

4. Clean aggregates with a Sand Equivalent (SE) greater than or equal to 30 (as determined 
by ASTM Standard Test Method D2419) or other soils authorized by the Geotechnical 
Engineer or his representative in the field, may be used for bedding and shading material 
in pipe trenches. 

5. Trench backfill other than bedding and shading shall be compacted by mechanical 
methods as tamping sheepsfoot, vibrating or pneumatic rollers, or other mechanical 
tampers to achieve the specified density.  The backfill materials shall be brought to 
Optimum Moisture Content or above, thoroughly mixed during spreading to obtain a near 
uniform water content and uniform blend of materials, and then placed in horizontal lifts 
with a pre-compaction thickness not exceeding 8 inches.  Trench backfills shall be 
compacted to the specified percentage of Maximum Dry Density determined in 
accordance with ASTM Test Method D1557. 

6. The Contractor shall select the equipment and procedure for achieving the specified 
density without damage to the pipe, the adjacent ground, existing improvements, or 
completed work. 

7. Observations and field tests shall be performed during construction by AESEGI to confirm 
that the required degree of compaction has been achieved.  Where achieved compaction 
is less than that specified value, the water content shall be adjusted as necessary and 
additional compactive effort shall be made until the specified compaction is achieved.  
Field density tests may be omitted at the discretion of the Geotechnical Engineer or his 
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representative in the field. 

8. Whenever, in the opinion of AESEGI or the Owner’s Representative(s), an unstable 
condition is being created either by cutting or filling, the work shall not proceed until an 
investigation has been made and the excavation plan has been revised, if deemed 
necessary. 

9. Fill material shall not be placed, spread, or rolled during unfavorable weather conditions.  
When the work is interrupted by heavy rain, fill operations shall not be resumed until field 
tests by AESEGI indicate the water content and density of the fill materials and of the fill 
surface over which they are to be compacted satisfy the requirements of the specifications. 

10. Whenever the words “supervision”, “inspection”, or “control” are used, they shall mean 
observation of the work and/or testing of the compacted fill by AESEGI to assess whether 
substantial compliance with plans, specifications and design concepts has been achieved. 
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DRAINAGE AND EROSION CONTROL RECOMMENDATIONS 
 
Slopes and pads for this project shall be designed to direct surficial runoff away from structures 
and to reduce water-induced surficial erosion/sloughing.  Permanent erosion control measures 
shall be initiated immediately following completion of grading.  All constructed slopes will 
undergo some erosion when subjected to sustained water influx.  To maintain appropriate long-
term drainage and erosion control, the following points shall be incorporated in slope 
protection, landscaping, irrigation, and modifications to slopes, pads and structures: 
 
1. All interceptor ditches, drainage terraces, down-drains and any other drainage devices 

shall be maintained and kept clear of debris.  A qualified Engineer should review any 
proposed additions or revisions to these systems in order to evaluate their impact on slope 
erosion. 

2. Retaining walls shall have adequate freeboard to provide a catchment area for minor slope 
erosion.  Periodic inspection, and if necessary, cleanout of deposited soil and debris shall 
be performed, particularly during and after periods of rainfall. 

3. The future developers shall be made aware of the potential problems, which may develop 
when drainage is altered by landscaping and/or by construction of retaining walls and 
paved walkways.  Ponded water, water directed over slope faces, leaking irrigation 
systems, over-watering, or other conditions which could lead to excessive soil moisture, 
must be avoided. 

4. Surficial slope soils may be subject to water-induced mass erosion.  Therefore, a suitable 
proportion of slope planting shall have root systems which will extend well below three 
feet.  We suggest consideration of drought-resistant shrubs and low trees for this purpose.  
Intervening areas can then be planted with lightweight surface plants with shallower root 
systems.  All plants shall be lightweight and require low moisture.  Any loose slough 
generated during planting of shrubs, trees, and other surface plants shall be removed from 
slope faces. 

5. Construction delays, climate/weather conditions, and plant growth rates may necessitate 
additional short-term, non-plant erosion control measures such as matting, netting, plastic 
sheets, deep (5-ft) staking, etc. 

6. Significant erosion can be initiated by seemingly insignificant events such as rodent 
burrowing, human trespass (footprints, etc.), small concentrations of uncontrolled 
surface/subsurface water, or poor compaction of utility trench backfill on slopes. 

7. High and/or fluctuating water content in slope materials is a major factor in slope erosion 
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and/or slope failures.  Therefore, all possible precautions shall be taken to maintain 
moderate and uniform soil moisture in soil and rock slopes.  Slope irrigation systems shall 
be properly operated and maintained and irrigation system controls shall be placed under 
strict control. 

 
EROSION CONTROL REFERENCES 

 
1. "Slope Protection for Residential Developments", National Academy of Sciences, Washington D.C. (1969). 
 
2. "Guide for Erosion and Debris Control in Hillside Areas", Department of Building and Safety, City of Los 

Angeles. (1970). 
 
3. "Slope Stability Report", Orange County Department of Building and Safety (1973). 
 
4. "Guides for Erosion and Sediment Control", Soil Conservation Service, Davis, California, U.S. Department 

of Agriculture (1977). 
 
5. "Rain-Care and Protection of Hillside Homes", brochure undated, published by Building and Safety 

Division, Los Angeles County Engineer. 
 
6. "Guidelines for Erosion and Sediment Control Planning and Implementation: Office of Research and 

Monitoring", U.S. Environmental Protection Agency (1972). 
 
7. "Resource Conservation Glossary", Soil Conservation Society of America (1970). 
 
8. "Standards and Specifications for Soil Erosion and Sediment Control Developing Areas", Soil Conservation 

Service, U.S. Department of Agriculture (1975). 
 
9. "Homeowners Guide for Debris and Erosion Control", Los Angeles County Flood Control District 

(undated). 
 
10. "Grading Guidelines (8 pages, stapled sheets)", Building and Safety Division, Department of County 

Engineer, County of Los Angeles (undated, but probably about 1977). 
 
11. "Biotechnical Slope Protection and Erosion Control", Donald H. Gray and Andrew T. Leiser, Robert E. 

Krieger Publishing Company, Malabuv, Florida, 1989. 
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