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December 9, 2022 
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WESTERN REALCO 

500 Newport Center Drive, Suite #630 

Newport Beach, California 92660 

 

Attention: Mr. Jeremy Mape 

 

Subject:  Updated Preliminary Geotechnical Evaluation, Proposed Magnolia Avenue Business 

Center, 16.5-Acre Site at 1375 Magnolia Avenue, City of Corona, Riverside County, 

California 

 

Dear Mr. Mape: 

 

Petra Geosciences, Inc. (Petra) is submitting an update of our previous Preliminary Geotechnical 

Evaluation report, dated February 19, 2020, for the proposed business center facility in the city of Corona, 

California. The original work was performed in accordance with the scope of work outlined in our Proposal 

No. 19-433P dated December 20, 2019. This supplemental work is based on the new Preliminary Grading 

Plan, prepared by KWC Engineers. As with our previous report, this update is based on the requirements 

of the 2019 California Building Code (CBC), as well as our findings, engineering judgment, opinions, 

conclusions, and recommendations pertaining to geotechnical design aspects of the proposed development. 

It should be noted that this geotechnical and geological evaluation does not address soil contamination or 

other environmental issues, which may affect the property. 

 

It has been a pleasure to be of service to you on this project. Please contact us if you have any questions 

regarding the contents of this report or require additional information. 

 

Respectfully submitted, 

 

PETRA GEOSCIENCES, INC. 

 

 

 

    

 

Douglass Johnston, CEG  Grayson Walker, GE 

Senior Associate Geologist  Principal Engineer 
 

http://www.petra-inc.com/
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UPDATED PRELIMINARY GEOTECHNICAL EVALUATION 

PROPOSED MAGNOLIA AVENUE BUSINESS CENTER 

16.5-ACRE SITE AT 1375 MAGNOLIA AVENUE 

CITY OF CORONA, RIVERSIDE COUNTY, CALIFORNIA 

 

 

INTRODUCTION 

 

Petra Geosciences, Inc. (Petra) is presenting herein the results of our updated preliminary geotechnical 

evaluation for the proposed re-development of an approximately 16.5-acre property situated at the 

northeasterly corner of Magnolia and El Camino Avenues, in the city of Corona, California. The purpose 

of this study was to obtain preliminary information on the general geologic and geotechnical conditions 

within the project area in order to provide conclusions and recommendations for the feasibility of the 

proposed project, and preliminary geotechnical recommendations for site grading and assumed 

improvements.  

 

SCOPE OF WORK 

 

The scope of our evaluation consisted of the following. 

 

• Both an initial and update site reconnaissance of surface conditions and review of the recent 

preliminary grading plan prepared by KWC Engineers. 

 

• Review of available published and unpublished reports, maps and data concerning geologic and 

soil conditions within the site and nearby area that could have an impact on the proposed 

development (see References). 

 

• Review readily available satellite imagery of the site and surrounding area. 

 

• Coordinate with Underground Service Alert [USA] and representatives of the onsite tenant to 

obtain an underground-utility clearance, prior to commencement of the subsurface exploration. 

 

• Geotechnical drilling, logging, and sampling of five (5) exploratory soil borings utilizing a hollow-

stem auger drill rig and advance five (5) Cone Penetrometer Test soundings (CPT). Log and 

visually classify soil and materials encountered in the borings in accordance with the Unified Soil 

Classification System (USCS). 

 

• Conduct preliminary laboratory testing of representative samples (bulk and undisturbed) obtained 

from the borings to determine their engineering properties. 

 

• Engineering and geologic analysis of the research, field exploration findings and laboratory data 

with respect to the proposed site development. 

 

• Preparation of this geotechnical report presenting the results of our evaluation and providing 

recommendations for the proposed site development in general conformance with the requirements 

of the 2019 CBC, as well as in accordance with applicable state and local jurisdictional 

requirements. 
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LOCATION AND SITE DESCRIPTION 

 

The subject property is irregularly shaped and approximately 16.5 acres in size, situated north-northwest of 

Magnolia Avenue, east of El Camino Avenue and south-southwest of Temescal Wash flood control channel 

in the city of Corona, California. The property is also identified as Assessor Parcel Number 107-030-022. 

Figure 1 depicts the general site location. Temescal Wash adjacent to the site consists of a concrete-lined 

flood control channel along the north-northeast boundary built several decades ago. A rail line is present 

between the site westerly boundary and El Camino Avenue. Existing commercial/industrial developments 

are located in the general area. 

 

The majority of the site is currently occupied with various improvements, including several large 

industrial/warehouse type buildings, office buildings, material racks, loading docks, asphalt pavements, 

concrete slabs etc. that appear to have been constructed several decades ago. Lesser, unimproved areas 

expose soil materials at grade. Chain link fencing is present along the property line with the flood control 

channel and along Magnolia Avenue. We estimate the north-northeast property line is setback 

approximately 25 to 30 feet from the top of the flood control channel. A rail line extends into a portion of 

the site at the west-central boundary and a shallow drainage ditch is present along the northwestern property 

line. Existing underground utilities such as sewer, water, gas, electric and possibly storm drain liens are 

present throughout the property and based on the previous site usage, it is possible that other buried 

structures could be present. Overhead electric lines are also present in the central portion of the site. The 

site was an active business operation at the time of our 2020 fieldwork. 

 

Mature trees are randomly present within the site, predominantly on the property boundaries, as well as 

minor landscaping. The property is relatively flat, sloping very gently towards the north/northwest with site 

elevations ranging from approximately 645 feet above mean sea level (msl) in the southeast corner to 

approximately 640 feet in the northwest corner. 

 

Based on the recent site reconnaissance, this site remains essentially unchanged since our last work in 

January 2020, with the exception of some minor new pavements as generally described by Geotechnical 

Professionals Inc. last year (GPI, 2021) 

 

PROPOSED DEVELOPMENT 

 

Based on the recent preliminary grading plan prepared by KWC Engineers, the planned development will 

consist of two commercial buildings with ancillary site improvements including underground utilities 

(sewer, water, storm drain and dry utilities), loading docks, asphalt and/or concrete pavements, perimeter 
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masonry walls, sidewalks and landscaping. The westerly Building No. 1 will be approximately 231,4000 

square feet in size and the easterly Building No. 2 will be approximately 90,100 square feet in size. The 

buildings are presumed to be of concrete tilt-up construction and although foundation loads are currently 

unknown, we have assumed 2- to 5-kip per foot line loads for continuous footings and 25- to 50-kip point 

loads for columns. 

 

Review of the KWC earthwork exhibit indicates the proposed site grading will generally entail fills on the 

order of 2 to 7 feet from existing grades to create the two buildings pads and cuts up to approximately 2.5 

feet maximum in the parking lot/driveway areas, remedial grading notwithstanding. Raw earthwork 

quantities indicate about 36,000 cubic yards of import. No notable cut or fill slopes, or retaining walls are 

currently anticipated. 

 

Literature and Online Imagery Review 

 

Petra researched and reviewed available published and unpublished geologic data and reports pertaining to 

regional geology, groundwater, faulting and geologic hazards that may affect the site. The results of this 

review are included in this report and noted references are attached. Based on readily available online aerial 

imagery, the site’s current conditions/existing improvements appear to be in a similar condition for at least 

the past several decades with the exception of some remedial excavations and new pavements as described 

by Geotechnical Professionals Inc. last year (GPI, 2021). 

 

Field Exploration 

 

A subsurface exploration program was conducted under the supervision of an engineering geologist from 

Petra on January 2, 2020. Subsurface exploration involved the drilling of five (5) exploratory borings, 

designated B-1 through B-5, to depths between 19 to 25.5 feet below existing site grades where refusal to 

drilling occurred at all locations by the presence of cobbles or boulders. Drilling was performed with a 

conventional truck-mounted drill rig equipped with 8-inch outside diameter, hollow-stem augers. Earth 

materials encountered within the exploratory borings were classified and logged in accordance with the 

visual-manual procedures of the Unified Soil Classification System (USCS). Additionally, five (5) Cone 

Penetration Test (CPT) soundings, designated CPT-1 through CPT-5 were advanced to approximate depths 

between 22 and 23 feet below surface grades utilizing a truck-mounted CPT rig. The CPT soundings also 

encountered refusal at all locations. The approximate locations of the exploratory test borings and CPT 

soundings are shown on the attached Figure 2. Descriptive logs of the borings/CPT logs are presented in 

Appendix A. 
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Subsurface exploration also included the collection of bulk samples and relatively undisturbed samples of 

soil materials for classification, laboratory testing and geotechnical engineering analyses. Bulk samples 

consisted of selected soil materials obtained from the exploratory borings. Relatively undisturbed samples 

were obtained using a 3-inch outside diameter modified California split-spoon soil sampler lined with brass 

rings. The sampler was mechanically driven to a depth of 18 inches with successive 30-inch drops of a 140-

pound automatic trip hammer and the number of blows required to drive the sampler for each 6-inch 

increment inches are noted in the boring logs in Appendix A. The driven core samples were placed in sealed 

containers and transported to Petra’s laboratory for laboratory testing. 

 

Standard Penetration Tests (SPT) were also performed at selected depth intervals in accordance with ASTM 

D1586. This method consists of mechanically driving an unlined, 2.0-inch outside diameter (OD) standard 

penetrometer split-barrel sampler 18 inches into the soil with successive 30-inch drops of the 140-pound 

automatic trip hammer. Incremental blow counts are also noted on the exploration logs. Disturbed soil 

samples from the unlined standard split-spoon samplers were placed in sealed plastic bags and transported 

to our laboratory for testing. 

 

Laboratory Testing 

 

Laboratory testing for selected samples of onsite soils materials included in-situ dry density and moisture 

content, maximum dry density and optimum moisture content, expansion index, grain-size sieve analysis 

and #200 wash, shear strength and general soil corrosivity potential (sulfate content, chloride content, 

pH/resistivity). A description of laboratory test methods and laboratory testing are presented in Appendix 

B and the results of in-situ moisture content and dry density tests are summarized on the boring logs 

presented in Appendix A. 

 

FINDINGS 

 

Regional Geologic Setting 

 

Geologically, the site lies within the northerly portion of the Peninsular Ranges Geomorphic Province 

(CGS, 2002). The Peninsular Range Province extends from the tip of Baja California north to the Transverse 

Ranges Geomorphic Province and is characterized by northwest trending mountain ranges separated by 

subparallel fault zones. The San Bernardino Mountains, located on the north side of the valley, provides 

the boundary between the Peninsula Range Province and the Transverse Ranges Province. In general, the 

province is underlain primarily of plutonic rock of the Southern California Batholith. These rocks formed 

from the cooling of molten magma deep within the earth's crust. Intense heat associated with the plutonic 
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magma metamorphosed the ancient sedimentary rocks into which the plutons intruded. The Peninsular 

Range Geomorphic Province is generally characterized by alluviated basins and elevated erosional surfaces. 

 

Local Geology and Subsurface Soil Conditions 

 

The geologic map of the Corona North and South quadrangles depicts the subject property near the central 

portion of a relatively narrow northwesterly trending active alluvial valley, Temescal Wash, locally 

underlain by alluvial fan deposits and at depth, granitic bedrock. The local hillsides further to the north, 

east and southeast are generally comprised of Cretaceous-aged granitic bedrock units. Subsurface 

conditions observed in our exploratory borings, and a well boring near our B-3 boring (Ferro Engineering, 

2006) indicates the surface of the site is mantled by undocumented fill soils on the order of 5 to 7.5 feet 

thick, that are underlain by Holocene to Late Pleistocene alluvium to depths of at least 65 feet below the 

ground surface (bgs). A general description of the units is provided below. 

 

Undocumented Fill – Undocumented fill soils, presumably placed with the existing development, are 

present within the upper approximately 5 to 7.5 feet of the subject property. These fills may also be variable 

in depth at other random areas throughout the site. Additionally, any active or abandoned utility lines will 

likely encounter localized undocumented trench backfill that could be deeper than 5 to 7 feet bgs. The fills 

soils encountered in the exploratory borings generally consisted of dry to slightly moist, medium dense, 

fine- to coarse-grained sand with gravels and lesser occurrences of silty sand. 

 

Alluvium – Alluvium of Holocene age is present beneath the undocumented fills across the site, to depths 

of at least 19 to 25 feet. These upper alluvial soils predominantly consisted of slightly moist to occasional 

moist, medium dense to occasionally dense, sand with gravel with minor interbeds of silty sands and clayey 

sands to possible sandy silts. A concentrated layer of cobbles to possibly boulders was encountered at 

approximately 19 to 25.5 feet bgs where refusal was encountered to all of our borings and CPT soundings. 

Below the approximate depths of 19 to 25 feet bgs, Fero Engineering’s boring log FB1 (FE, 2006), near 

our boring B-3, generally encountered very dense sands with gravel and minor interbeds of silty sand to a 

depth of 49± feet bgs and dense, saturated sands with some gravel from 50 to 65 feet bgs. A copy of Fero’s 

FB1 boring/well log is included in Appendix A. Based on the reported density of the sandy soils below the 

layer of cobble/boulders, we interpret this lower alluvial unit as either older alluvium and/or older alluvial 

fan deposits, likely of Late Pleistocene age. 
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Groundwater 

 

Although we didn’t encounter in our exploration to a maximum of 25.5 feet bgs, Fero Engineering (FE, 

2009) measured groundwater at monitoring well FB1 generally between 45.0 and 50.3 feet bgs between 

October 2006 and February 2009. Based on Figures 26 and 27 from Todd Engineers’ (TE, 2008) 

groundwater management plan for the City of Corona, the historic high groundwater levels beneath the site 

may have been around 65± feet bgs in the spring of 1964 and may have been as shallow as 40± feet bgs in 

the spring of 1984. Subsurface groundwater flow direction beneath the subject site is likely to be 

northwesterly within the general trend of Temescal Wash valley. 

 

Groundwater is not likely to be encountered, however, as with any project site, there is the possibility of 

encountering localized perched water and/or minor seepage during remedial grading. 

 

Faulting 

 

Based on our review of published and unpublished geotechnical maps and literature pertaining to site 

geology, no active or potentially active faults are known to project through the site and the site does not lie 

within the bounds of an “Earthquake Fault Zone” as defined by the State of California in the Alquist-Priolo 

(AP) Earthquake Fault Hazard Zoning Act (Bryant and Hart, 2007) nor a Riverside County fault zone. In 

addition, we did not observe any features in the field that would indicate active faulting. The closest known 

active faults  is the Elsinore Fault zone which lies approximately 3.4 miles to the southwest. The potential 

for active fault rupture at the site is considered to be very low. 

 

Secondary Seismic Effects 

 

Secondary effects of seismic activity normally considered as possible hazards to a site include several types 

of ground failure and seismically induced flooding. Various general types of ground failures, which might 

occur as a consequence of severe ground shaking at the site, include landsliding, ground subsidence, ground 

lurching and lateral spreading. The probability of occurrence of each type of ground failure depends on the 

severity of the earthquake, distance from faults, topography, subsurface soil and groundwater conditions, 

in addition to other factors. The subject property proposed for development exhibits nearly level topography 

that is not subject to landsliding, and the potential for ground lurching and lateral spreading are considered 

very low. The potential for seismically-induced flooding due to tsunami or seiche (i.e., a wave-like 

oscillation of the surface of water in an enclosed basin) is considered negligible at this site. 
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Liquefaction and Seismically Induced Settlement 

 

Liquefaction occurs when strong seismic shaking of a saturated sand or silt causes intergranular fluid (pore-

water) pressures to increase to levels where grain-to-grain contact is lost, and material temporarily behaves 

as a viscous fluid. Liquefaction can cause settlement of the ground surface, loss of bearing, settlement and 

tilting of structures, flotation and buoyancy of buried structures and fissuring of the ground surface. A 

common surface manifestation of liquefaction is the formation of sand boils – short-lived fountains of soil 

and water that emerge from fissures or vents and leave freshly deposited, usually conical mounds of sand 

or silt on the ground surface. 

 

For sandy soils above the water table, strong seismic shaking can also result in rearrangement of the granular 

soil structure leading to densification of sandy soils, ground settlement and settlement and tilting of 

superstructures. 

 

Assessment of liquefaction or dry sand settlement potential for a particular site requires knowledge of a 

number of regional as well as site-specific parameters, including the estimated design earthquake 

magnitude, and the associated probable peak horizontal ground acceleration at the site, subsurface 

stratigraphy and soil characteristics. Parameters such as estimated probable peak horizontal ground 

acceleration can readily be determined using published references, or by utilizing a commercially available 

computer program specifically designed to perform a probabilistic analysis. On the other hand, stratigraphy 

and soil characteristics can only be accurately determined by means of a site-specific subsurface 

investigation combined with appropriate laboratory analysis of representative samples of onsite soils. 

 

Riverside County has identified located the subject property area within a high liquefaction zone. 

Groundwater has been reported at depths between 45 and 50 feet bgs (FE, 2009), and historic high 

groundwater may have been as shallow as 40 feet bgs (TE, 2008). Beneath the surface fills, medium dense 

to occasionally dense alluvium was encountered in our borings to depths ranging from 19 to 25.5 feet bgs, 

underlain by an estimated 5- to 6-foot layer of concentrated cobbles to boulders. Beneath the layer of 

cobbles, Fero (FE, 2006) reported very dense sandy soils to approximately 49 feet bgs and dense, saturated 

sandy soils from 50 to 65 feet bgs, which we interpret as an older alluvial unit. 

 

Based upon the very dense nature of the older alluvial soils below the cobble/boulder zone, the liquefaction 

potential at the site is considered low. As such, surface manifestation of liquefaction such as ground fissures, 

sand boils, loss of bearing, liquefaction-induced settlement, etc. is considered very low. 
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Due to the very dense alluvial soils reported by Fero (FE, 2006) below 25 feet, the most likely scenario for 

dynamic settlements is the dry sand settlement within the upper 25 feet of the site. This is due primarily to 

the presence of unconsolidated granular sandy soils and to the proximity of seismic sources. For this reason, 

a site-specific dry sand settlement analysis was performed as part of this study. 

 

Dry Sand Settlement 

 

Propagating earthquake waves induce shearing stresses and strains in soil materials during strong ground 

shaking. This process rearranges the structure of granular soils such that there is an increase in density, with 

a corresponding decrease in volume, which results in vertical settlement. Dynamic settlement has been well 

documented in wet, sandy deposits undergoing liquefaction (see Tokimatsu and Seed, 1987) and in 

relatively dry sediments as well (Stewart et al, 1996). Specific methods to analyze potential wet and dry 

dynamic settlement are reported in Tokimatsu and Seed (1987), and specifically dry settlement in Pradel 

(1998) and Stewart et al. (2001; 2002) respectively. Most of the referenced papers focus on the seismic 

effects on dry, clean sands of a uniform grain size, though several reports extend the literature to fine-

grained soils (Stewart et al., 2001 & 2002). State guidelines for evaluating dynamic settlement are provided 

in the California Geological Survey Special Publication 117A (CGS, 2008). 

 

Dry sand settlement was calculated with the continuous CPT data utilizing the computer program 

GeoLogismiki, Cliq V.3.0.1.6 based on. The largest calculated settlement was in the order of 0.3 inch (CPT-

5) based on the PGA of 0.87g and an earthquake magnitude of 6.47. Tabulated results of the estimated 

settlements are provided in Appendix C of this report. It should be noted that our estimated settlement is 

for free field condition. Depending on proposed structures foundation, height and stiffness, the dynamic 

settlement during the design earthquake may vary from those estimated herein due to soil-structure 

interaction. 

 

Differential Dynamic Settlement 

As stated above total seismic settlements are estimated to be less than 0.3 inches. Differential dynamic 

settlement is estimated to be less than 0.2 inches over a span of 30 feet. 

 

Compressible Soils 

 

A geotechnical factor affecting the project site is the presence of existing fill soils ranging in depth from 

approximately 5 to 7.5 feet bgs across the site. In view of the undocumented nature of the fill, and likely 

disturbance with site demolition, these materials in their current state are not considered suitable for support 

of proposed fills or fill or structural loads. Accordingly, these materials will require removal (over-
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excavation) to expose the underlying competent alluvial deposits, to be verified in the field by the 

geotechnical consultant. The removed soils are considered to be suitable for re-use as engineered fill. 

 

CONCLUSIONS AND RECOMMENDATIONS  

 

Development Feasibility 

 

Based on our preliminary field exploration, research and review of pertinent geologic literature, and 

preliminary laboratory testing and analysis, development of the project site is considered feasible for the 

proposed commercial development from a geotechnical standpoint. The following geotechnical factors 

should be considered during the design process. 

 

Seismic Shaking 

 

The site is located within an active tectonic area of southern California with several significant faults 

capable of producing moderate to strong earthquakes. The site will likely be subjected to very strong 

seismically related ground shaking during the anticipated life span of the project and structures within the 

site should therefore be designed and constructed to resist the effects of strong ground motion in accordance 

with the most current edition of the 2019 California Building Code. 

 

Seismically Induced Settlement Analysis 

 

The minimum goal of dynamic (i.e., seismic) settlement mitigation should be to provide a foundation 

system that can withstand the expected movement without causing such structural damage, so as to pose a 

life-safety hazard (such as structural collapse from excessive drift). The conclusions expressed herein are 

reached based on conventional boring and continuous CPT data. 

 

As noted previously, the data retrieved from the CPTs was utilized in our dynamic settlement analysis. The 

results of our preliminary analysis using available subsurface data indicate that the highest total seismically 

induced settlement at the site is anticipated to be to be less than 0.3 inches at CPT-5 and the analysis are 

presented in Appendix C. Liquefaction nor dynamic settlement is not a significant factor in site 

development. 

 

Soil Settlement and Remedial Grading 

 

The upper site soils consisting of undocumented artificial fill and the roughly upper one foot of native 

alluvial soils are inconsistent due to their variable nature and are subject to static settlement due to dead 

and live loading conditions of structures. Accordingly, remedial grading of the all of the undocumented fill 

soils and the upper 1± foot of native alluvium will be necessary for support of engineered fills for the 
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structure foundation system. In general, in all areas where structures are proposed, all existing 

undocumented fill and any subsurface compressible alluvial soils will need to be removed (over-excavated), 

to be subsequently placed as properly compacted (engineered) fill. 

 

Earthwork Recommendations 

 

General Recommendations 

 

Earthwork should be performed in accordance with the Grading Code of the City of Corona, to the 

applicable provisions of the 2019 CBC and should also be performed in accordance with the following site-

specific recommendations prepared by Petra herein based on the proposed construction. 

 

Geotechnical Observations and Testing 

 

Prior to the start of earthwork, a meeting should be held at the site with the owner, contractor and 

geotechnical consultant to discuss the work schedule and geotechnical aspects of the grading. Earthwork, 

which in this instance will generally entail removal and re-compaction of existing unsuitable soils and/or 

over-excavation, should be accomplished under full-time observation and testing of the geotechnical 

consultant. A representative of the project geotechnical consultant should be present onsite during all 

earthwork operations to document proper placement and compaction of fills, as well as to document 

compliance with the other recommendations presented herein. 

 

Demolition, Clearing and Grubbing 

 

All existing buildings, foundations, asphalt or concrete pavements, vegetation and subsurface utility lines 

throughout the site should be demolished and removed from the site. Following demolition, clearing 

operations should also include the removal of any remaining trash, debris, vegetation and similar deleterious 

materials including the root balls for any trees. Any cavities or excavations created upon removal of any 

unknown subsurface structures should be cleared of loose soil, shaped to provide access for backfilling and 

compaction equipment and then backfilled with engineered fill. Note that buried deleterious materials are 

likely to be encountered within the site (i.e., buried organics or debris) due to the past site usage and may 

need to be removed by hand (i.e. root pickers), during grading operations. 

 

The project geotechnical consultant should provide periodic observation and testing services during final 

clearing and grubbing operations to document compliance with the above recommendations. In addition, 

should unusual or adverse soil conditions or buried structures be encountered during grading that are not 

described herein, these conditions should be brought to the immediate attention of the project geotechnical 

consultant for corrective recommendations. 
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Boundary Conditions 

 

Average remedial removals within the building pad areas of the subject site are anticipated to be on the 

order of 6 to 8 feet± below the existing ground surface, although locally deeper over-excavation may be 

warranted. Temporary backcut slopes adjacent to the tract boundaries should generally be restricted to a 

slope ratio of 1:1 (horizontal to vertical) or flatter to protect adjacent offsite improvements (including 

pavement, sidewalks, walls, buried utilities, etc.) along the property boundaries. Depending on the actual 

horizontal extent of remedial grading that is achievable by the grading contractor, it is likely that a wedge 

of unsuitable soil will remain in place along the site perimeter that will extend into the site to a horizontal 

distance equal to twice the depth of remedial removals (i.e., approximately 10 feet). Since new perimeter 

site improvements are anticipated to be within this zone, such improvements may need to be designed and 

constructed with deepened and/or strengthened foundation systems designed to withstand relative 

movement that is likely to result from settlement of these likely compressible surficial soils. More specific 

recommendations for remedial grading or alternative foundation design would be provided as field 

conditions are better defied during grading. 

 

Suitability of On-Site Materials for Use as Engineered Fill 

 

Based on our field observations and subsurface soil conditions encountered in our borings, the onsite soil 

materials would be suitable for use as engineered fill, provided they are clean of organics, construction 

debris or other deleterious materials. Boulders greater than 12 inches in diameter, if encountered during 

remedial grading, may be placed in an engineered fashion is fills as recommended further herein. Soils 

exposed at or near the surface will likely require significant moisture-conditioning, i.e. pre-watering, to 

near optimum moisture for use as engineered fill during the onset of grading. 

 

Excavation Characteristics 

 

The existing site soils consisting of undocumented fill and native alluvium are expected to be readily 

excavated with conventional earthmoving equipment. 

 

Ground Preparation 

 

Geotechnical Observations 

 

A representative of the project geotechnical consultant should also be present on site during major grading 

operations to document that proper placement and adequate compaction of fills has been achieved, as well 

as to observe compliance with the other recommendations presented herein. Exposed bottom surfaces in 

remedial removal areas should be observed and approved by a representative of the project geotechnical 
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consultant prior to the placement of fill. It is the grading contractor's responsibility to notify the project 

geotechnical consultant at least 24 hours prior to requiring observation (including excavation bottom 

verification). 

 

Unsuitable Soil Removals and Bottom Processing 

 

The existing surficial undocumented fills and roughly the upper 1 foot of native alluvial soils are considered 

unsuitable for support of proposed fills, structures, flatwork, pavement or other improvements and should 

be removed to underlying competent alluvial materials as approved by the project geotechnical consultant. 

The estimated depth of removal of alluvial soils is recommended to be approximately 6 to 8 feet below the 

existing ground surface in proposed building areas, but no less than 4 feet below bottom of the proposed 

footings. Soil removals may need to be locally deeper depending upon the exposed conditions encountered 

during grading. The actual depths and horizontal limits of removals and over-excavations should be 

evaluated during grading on the basis of observations and testing performed by the project geotechnical 

consultant. 

 

Prior to placing engineered fill, the exposed bottom surfaces in the removal areas should be approved by a 

representative of project geotechnical consultant. The exposed bottom(s) should be scarified to a minimum 

depth of 12 inches, moisture-conditioned or air-dried to achieve approximately two percent above optimum 

moisture content and then compacted with a heavy construction equipment prior to placement of fill. 

Minimum compaction of the upper 12 inches of the removal bottom should meet or exceed 90 percent 

relative compaction. The laboratory maximum dry density, the standard for determining relative 

compaction, and optimum moisture content for each change in soil type should be determined in accordance 

with Test Method ASTM D1557. 

 

Fill Placement 

 

Fill materials should be placed in approximately 6- to 8-inch thick loose lifts, watered or air-dried as 

necessary to achieve a moisture content of at least above optimum moisture condition, and then compacted 

in-place to a minimum relative compaction of 90 percent with the exception of the building foundation 

zone. All engineered fill to be placed within the building foundation zone shall be compacted to no less than 

95 percent relative compaction. The foundation zone is defined as extending vertically from the top of the 

footing to the bottom of the over-excavation (minimum 4 feet) and laterally a distance of 5 feet beyond the 

sides of the footing. The laboratory maximum dry density and optimum moisture content for each change 

in soil type should be determined in accordance with ASTM D 1557. 

 



WESTERN REALCO December 9, 2022 

Magnolia Avenue Project / Corona J.N. 19-433 

  Page 13 

 

 

 

Disposal of Oversize Rock 

 

If oversize rock (rock greater than 12 inches in dimension) is encountered, it may be disposed of onsite by 

placing the rock in the lower portions of the deeper fills in a manner to avoid nesting. Placement of oversize 

rock should be restricted from the upper 10 feet of building pads, within 15 feet of a slope face, and areas 

to receive deep utilities. 

 

Where placed in deep fill areas, the oversize rock should be placed individually or in windrows and then 

completely covered with clean finer-grained (SE equal to or greater than 30), onsite earth materials. The 

finer-grained materials should be thoroughly watered and rolled to infill voids. A typical rock disposal 

detail is shown on Plate SG-2 (Appendix D). Oversize rock shall not be placed shallower than 10 feet from 

pad grade or less than 15 feet, measured horizontally, from a slope face. Petra recommends that rock no 

greater than 8 inches be placed in the upper 3 feet of the building pad to facilitate excavating for building 

foundations and utilities. 

 

Temporary Excavations 

 

Temporary excavations varying up to a depth of up to roughly 8 feet below existing grades may be required 

to accomplish the recommended over-excavation of existing soils. Based on the physical properties of the 

onsite soils, temporary excavations which are constructed exceeding 4 feet in height should be cut back to 

an inclination of 1:1 (h:v) or flatter for the duration of the over-excavation of unsuitable soil material and 

replacement as compacted fill, as well as placement of underground utilities. The 1:1 (h:v) recommendation 

may possibly be steepened, depending of conditions observed by a representative of the project geotechnical 

consultant. Other factors which should be considered with respect to the stability of the temporary slopes 

include construction traffic and/or storage of materials on or near the tops of the slopes, construction 

scheduling, presence of nearby walls or structures on adjacent properties and weather conditions at the time 

of construction. Applicable requirements of the California Construction and General Industry Safety 

Orders, the Occupational Safety and Health act of 1970 and the Construction Safety Act should also be 

followed. 

 

Slot Cutting 

 

To mitigate potential off-site ground instability due to over-excavation operations along the project 

boundaries, a slot cutting technique, commonly referred to as the "ABC" method, may be utilized. This 

method consists of first excavating a temporary excavation at a 1:1 (h:v) maximum inclination along the 

length of the existing fencing/block wall or toe-of-slope, with the top of the temporary backcut slope located 

a minimum of approximately 3 feet horizontally from the outside edge of the existing boundary 
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improvements. The 1:1 (h:v) backcut slope is then divided into approximately equal sections not exceeding 

a width of approximately 10 feet, depending largely upon the nature of the exposed alluvial soils. Every 

third section is then excavated at a vertical inclination and the section then brought to design grade with 

compacted fill prior to excavating the next series of 10-foot wide slot cuts. 

 

Continuous observations should be provided by the project geotechnical consultant during excavation of 

the initial 1:1 (h:v) backcut slope. If any evidence of potential instability is observed, revised 

recommendations such as flatter (h:v) backcut slopes and/or narrower slot cuts may be necessary. 

Continuous observations should also be provided by the project geotechnical consultant during excavation 

of the individual vertical slot cuts. If any evidence of potential instability is observed, immediate revised 

recommendations for performing the slot cuts may become necessary. 

 

Import Soils for Grading 

 

If import soils are needed to achieve final design grades the soils should be free of deleterious materials, 

oversize rock and any hazardous materials. The soils should also be non-expansive, consistent with the on-

site soils, and essentially non-corrosive and approved by the project geotechnical consultant prior to being 

brought onsite. The geotechnical consultant should visit the potential borrow site and conduct testing of the 

soil at least three days before the commencement of import operations. 

 

Volumetric Changes - Shrinkage and Subsidence 

 

Volumetric changes in earth quantities will occur when onsite soils are excavated and replaced as properly 

compacted fill. Based on our observations of earth materials encountered in the borings, a shrinkage factor 

on the order of 5 to 10 percent may be considered during removal and re-compaction for the undocumented 

fills and native alluvial soils. The actual shrinkage that will occur during grading will depend on the average 

degree of relative compaction achieved. A subsidence of approximately 0.1 to 0.2 feet may be anticipated 

as a result of the scarification and re-compaction of the exposed bottom surfaces within the removal areas. 

 

The above estimates of shrinkage and subsidence are intended for use by project planners in estimating 

earthwork quantities and should not be considered absolute values. Contingencies should be made for 

balancing earthwork quantities based on actual shrinkage and subsidence that will occur during site grading. 
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Tentative Foundation Design Considerations 

 

Seismic Design Coefficients 

 

Earthquake loads on earthen structures and buildings are a function of ground acceleration which may be 

determined from the site-specific ground motion analysis. Alternatively, a design response spectrum can be 

developed for certain sites based on the code guidelines. To provide the design team with the parameters 

necessary to construct the design acceleration response spectrum for this project, we used two computer 

applications. Specifically, the first computer application, which was jointly developed by Structural 

Engineering Association of California (SEAOC) and California’s Office of Statewide Health Planning and 

Development (OSHPD), the SEA/OSHPD Seismic Design Maps Tool website, https://seismicmaps.org, is 

used to calculate the ground motion parameters. The second computer application, the United Stated 

Geological Survey (USGS) Unified Hazard Tool website, https://earthquake.usgs.gov/hazards/interactive/, 

is used to estimate the earthquake magnitude and the distance to surface projection of the fault. 

 

To run the above computer applications, site latitude and longitude, seismic risk category and knowledge 

of site class are required. The site class definition depends on the direct measurement of certain soil 

properties and the ASCE 7-16 recommended procedure for calculating the average value within the upper 

30 meters (approximately 100 feet) of site soils. One such parameter is the soil strength/resistance as 

measured by standard blow count of the standard soil sampler, commonly referred to as standard penetration 

testing (SPT) blow count. 

 

Based on an analysis of the field sampler penetration resistance from our borings, the boring FB1 reported 

by Fero (FE, 2006), or N-Value per Table 20.3-1 and Section 20.4.2 of ASCE 7-16, and our CPT and shear 

wave data, Site Class D has been assigned to the subject site. A seismic risk category of II was assigned to 

the proposed buildings in accordance with 2019 CBC, Table 1604.5. The following table provides 

parameters required to construct the design acceleration response spectrum based the 2019 CBC guidelines. 

 

While the Fero FB1 boring only extends to a depth of 65 feet, it is our opinion that the soil consistency and 

density would be higher with increasing depth. Therefore, it is our professional opinion that the geotechnical 

data obtained is a reasonable representation of the upper 100 feet of existing ground with respect to shear 

wave velocity. 

  

https://seismicmaps.org/
https://earthquake.usgs.gov/hazards/interactive/
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TABLE 1 

Seismic Design Parameters 

Ground Motion Parameters Specific Reference 
Parameter 

Value 
Unit 

Site Latitude (North)  - 33.8699 ° 

Site Longitude (West)  - -117.5377 ° 

Site Class Definition Section 1613.2.2 (1), Chapter 20 (2) D (4) - 

Assumed Risk Category Table 1604.5 (1) II - 

Mw - Earthquake Magnitude  USGS Unified Hazard Tool (3)  6.5 (3) - 

R – Distance to Surface Projection of Fault  USGS Unified Hazard Tool (3) 5.4 (3) km 

Ss - Mapped Spectral Response Acceleration  

Short Period (0.2 second) Figure 1613.2.1(1) (1) 1.872 (4) g 

S1 - Mapped Spectral Response Acceleration  

Long Period (1.0 second) Figure 1613.2.1(2) (1) 0.732 (4) g 

Fa – Short Period (0.2 second) Site Coefficient  Table 1613.2.3(1) (1) 1 (4) - 

Fv – Long Period (1.0 second) Site Coefficient  Table 1613.2.3(2) (1) Null (4) - 

SMS – MCER Spectral Response Acceleration Parameter 

Adjusted for Site Class Effect (0.2 second) 
Equation 16-36 (1) 1.872 (4) g 

SM1 - MCER Spectral Response Acceleration Parameter 

Adjusted for Site Class Effect (1.0 second) 
Equation 16-37 (1) Null (4) g 

SDS - Design Spectral Response Acceleration at 0.2-s  Equation 16-38 (1) 1.248 (4) g 

SD1 - Design Spectral Response Acceleration at 1-s  Equation 16-39 (1) Null (4) g 

To = 0.2 SD1/ SDS 
 Section 11.4.6 (2) Null s 

Ts = SD1/ SDS  Section 11.4.6 (2) Null s 

TL - Long Period Transition Period  Figure 22-14 (2) 8 (4) s 

PGA - Peak Ground Acceleration at MCEG 
(*) Figure 22-9 (2) 0.788 (4) g 

FPGA - Site Coefficient Adjusted for Site Class Effect 
(2) Table 11.8-1 (2) 1.1 (4) - 

PGAM –Peak Ground Acceleration (2)  

Adjusted for Site Class Effect 
Equation 11.8-1 (2) 0.867 (4) g 

Design PGA ≈ (⅔ PGAM) - Slope Stability (†) Similar to Eqs. 16-38 & 16-39 (2) 0.57 g 

Design PGA ≈ (0.4 SDS) – Short Retaining Walls 
(‡) Equation 11.4-5 (2) 0.50 g 

CRS - Short Period Risk Coefficient  Figure 22-18A (2) 0.918 (4) - 

CR1 - Long Period Risk Coefficient  Figure 22-19A (2) 0.905 (4) - 

SDC - Seismic Design Category (§)  Section 1613.2.5 (1) Null (4) - 

References: 
(1)  California Building Code (CBC), 2019, California Code of Regulations, Title 24, Part 2, Volume I and II. 
(2) American Society of Civil Engineers/Structural Engineering Institute (ASCE/SEI), 2016, Minimum Design Loads and Associated 

Criteria for Buildings and Other Structures, Standards 7-16.  
(3) USGS Unified Hazard Tool - https://earthquake.usgs.gov/hazards/interactive/ 
(4) SEI/OSHPD Seismic Design Map Application – https://seismicmaps.org 
Related References:  

    Federal Emergency Management Agency (FEMA), 2015, NEHERP (National Earthquake Hazards Reduction Program) 

    Recommended Seismic Provision for New Building and Other Structures (FEMA P-1050). 

Notes: 

*   PGA Calculated at the MCE return period of 2475 years (2 percent chance of exceedance in 50 years). 
†   PGA Calculated at the Design Level of ⅔ of MCE; approximately equivalent to a return period of 475 years (10 percent chance of 

exceedance in 50 years). 
‡   PGA Calculated for short, stubby retaining walls with an infinitesimal (zero) fundamental period. 
§   The designation provided herein may be superseded by the structural engineer in accordance with Section 1613.2.5.1, if applicable. 

https://earthquake.usgs.gov/hazards/interactive/
https://seismicmaps.org/
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Discussion 

 

Owing to the characteristics of the subsurface soils, as defined by Site Class D-Stiff Soil designation, and 

proximity of the site to the sources of major ground shaking, the site is expected to experience strong ground 

shaking during its anticipated life span. Under these circumstances, where the code-specified design 

response spectrum may not adequately characterize site response, the 2019 CBC typically requires a site-

specific seismic response analysis to be performed. This requirement is signified/identified by the “null” 

values that are output using SEA/OSHPD software in determination of short period, but mostly, in 

determination of long period seismic parameters, see Table 1. 

 

For conditions where a “null” value is reported for the site, a variety of design approaches are permitted by 

2019 CBC and ASCE 7-16 in lieu of a site-specific seismic hazard analysis. For any specific site, these 

alternative design approaches, which include Equivalent Lateral Force (ELF) procedure, Modal Response 

Spectrum Analysis (MRSA) procedure, Linear Response History Analysis (LRHA) procedure and 

Simplified Design procedure, among other methods, are expected to provide results that may or may not be 

more economical than those that are obtained if a site-specific seismic hazards analysis is performed. These 

design approaches and their limitations should be evaluated by the project structural engineer. 

 

Notwithstanding the above discussion, should the Equivalent Lateral Force (ELF) method is used for 

seismic design of structural elements, the value of Constant Velocity Domain Transition Period, Ts, is 

estimated to be 0.674 and the value of Long Period Transition Period, TL, is provided in Table 1 for 

construction of Seismic Response Coefficient – Period (Cs -T) curve that is used in the ELF procedure. 

 

Please note that the Seismic Design Category, SDC, is also designated as “null” in Table 1. For condition 

where the mapped spectral response acceleration parameter at 1 – second period, S1, is less than 0.75, the 

2019 CBC, Section 1613.2.5.1 allows that seismic design category to be determined from Table 1613.2.5(1) 

alone provided that all 4 requirements concerning fundamental period of structure, story drift, seismic 

response coefficient, and relative rigidity of the diaphragms are met. Our interpretation of ASCE 7-16 is 

that for conditions where one or more of these 4 conditions are not met, seismic design category should be 

assigned based on: 1) 2019 CBC, Table 1613.2.5(1), 2) structure’s risk category and 3) the value of SDS, at 

the discretion of the project structural engineer. 

 

As stated herein, the subject site is within a Site Class D-Stiff Soil. A site-specific ground motion hazard 

analysis is not required for structures on Site Class D-Stiff Soil with S1 > 0.2 provided that the Seismic 

Response Coefficient Cs is determined in accordance with ASCE 7-16, Article 12.8 and structural design 

is performed in accordance with Equivalent Lateral Force (ELF) procedure. 
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Expansive Soil Conditions 

 

Based on our initial laboratory test, near-surface soils encountered in our borings are granular and Very 

Low in expansion potential (Expansion Index less than 20). Additional sampling and testing should be 

performed during site grading for determining actual expansion potential of the supporting building pad 

soils. 

 

Foundation System 

 

In consideration of the existing granular soils and the recommended remedial grading herein, conventional 

shallow foundations, consisting of isolated column footings and continuous footings, may be used for 

support of the commercial structures. Foundation loads for the presumed two-story concrete tilt-up 

buildings are currently unknown, however Petra has assumed 2- to 5-kip per foot line loads for continuous 

footings and 25- to 50-kip point loads for columns. 

 

Allowable Soil Bearing Capacity 

 

Isolated Column Footings 

A basic allowable soil bearing capacity of 2,500 pounds per square foot, including dead and live loads, may 

be utilized for design of minimum 24-inch square pad footing founded no less than 18 inches below lowest 

adjacent finish grade. The bearing capacity may be increased by 20 percent for each additional foot of 

embedment and/or 10 percent for each additional foot of width to a maximum of 3,500 pounds per square 

foot. The recommended allowable bearing value includes both dead and live loads, and may be increased 

by one-third for short-duration wind and seismic forces. 

 

Continuous Footings 

A basic allowable soil bearing capacity of 2,000 pounds per square foot, including dead and live loads, may 

be utilized for design of minimum 12-inch wide continuous footing founded no less than 18 inches below 

lowest adjacent finish grade. The bearing capacity may be increased by 20 percent for each additional foot 

of embedment and/or 10 percent for each additional foot of width to a maximum of 3,000 pounds per square 

foot. The recommended allowable bearing value includes both dead and live loads, and may be increased 

by one-third for short-duration wind and seismic forces. 

 

Lateral Resistance 

 

A passive earth pressure of 350 pounds per square foot per foot of depth, to a maximum value of 2,000 

pounds per square foot, may be used to determine lateral bearing resistance for footings. In addition, a 

coefficient of friction of 0.40 times the dead load forces may be used between concrete and the supporting 
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soils to determine lateral sliding resistance. The above values may be increased by one-third when designing 

for transient wind or seismic forces. It should be noted that the above values are based on the condition 

where footings are cast in direct contact with compacted fill. In cases where the footing sides are formed, 

all backfill placed against the footings upon removal of forms should be compacted to at least 90 percent 

of the applicable maximum dry density. 

 

Static Settlement 

 

Based on the allowable bearing values provided above, total settlement of the footings is anticipated to be 

less than 1 inch. Differential settlement is expected to be approximately two-thirds of the total settlement 

over 40 feet (angular distortion of 1:720). The majority of static settlement is likely to take place as footing 

loads are applied or shortly thereafter. 

 

Dynamic Settlement 

 

As previously noted, the total seismic settlements are estimated to be less than 0.3 inches. Differential 

dynamic settlement is estimated to be less than 0.2 inches over a span of 30 feet. 

 

Building Floor Slabs 

 

1. Concrete floor slabs should be a minimum 5 inches thick and reinforced with a minimum No. 3 bars 

spaced a maximum of 18 inches on centers, both ways. All slab reinforcement should be properly 

supported to ensure placement near mid-depth. 

 

2. Where a moisture barrier is not needed, as is likely the case in the warehouse and manufacturing areas 

of the buildings, the concrete may be placed directly upon the prepared subgrade soils. The preparation 

shall include compaction of the subgrade soils to achieve 95 percent relative per ASTM D1557 prior to 

foundation trenching, as described in the Fill Placement section. Following the construction of 

foundations and installation of interior utilities, the backfill of excavations shall be compacted to no 

less than 90 percent relative compaction prior to slab concrete placement. 

 

3. Concrete floor slabs to receive moisture sensitive floor covering should be underlain with a moisture 

vapor retarder consisting of a minimum 10-mil-thick polyethylene or polyolefin membrane that meets 

the minimum requirements of ASTM E96 and ASTM E1745 for vapor retarders (such as Husky Yellow 

Guard®, Stego® Wrap, or equivalent). All laps within the membrane should be sealed, and at least 2 

inches of clean sand should be placed over the membrane to promote uniform curing of the concrete. 

To reduce the potential for punctures, the membrane should be placed on a pad surface that has been 

graded smooth without any sharp protrusions. If a smooth surface cannot be achieved by grading, 

consideration should be given to lowering the pad finished grade an additional inch and then placing a 

1-inch-thick leveling course of sand across the pad surface prior to the placement of the membrane. 

 

At the present time, some slab designers, geotechnical professionals and concrete experts view 

the sand layer below the slab (blotting sand) as a place for entrapment of excess moisture that 

could adversely impact moisture-sensitive floor coverings. As a preventive measure, the 

potential for moisture intrusion into the concrete slab could be reduced if the concrete is placed 
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directly on the vapor retarder. However, if this sand layer is omitted, appropriate curing 

methods must be implemented to ensure that the concrete slab cures uniformly. A qualified 

materials engineer with experience in slab design and construction should provide 

recommendations for alternative methods of curing and supervise the construction process to 

ensure uniform slab curing. Additional steps would also need to be taken to prevent puncturing 

of the vapor retarder during concrete placement. 

 

4. Prior to placing concrete, the subgrade soils below the slab should be pre-watered to achieve a moisture 

content that is at least optimum moisture content, but not overly wet. 

 

5. Slab dimension, reinforcement type, size and spacing need to account for internal concrete forces (e.g., 

thermal, shrinkage and expansion) as well as external forces (e.g., applied loads), as deemed necessary. 

The minimum dimensions and reinforcement recommended herein for building floor slabs may be 

modified (increased or decreased) by the structural engineer responsible for foundation design based 

on his/her calculations and engineering experience and judgment. A modulus of subgrade reaction of 

125 pci may be used for slab design. 

 

General Corrosivity Screening 

 

As a screening level study, limited chemical and electrical tests were performed on representative samples 

of onsite soils to identify potential corrosive characteristics of these soils. The following sections present 

the test results and an interpretation of current codes and guidelines that are commonly used in our industry 

as they relate to the adverse impact of chemical contents and electrical resistance of the site soils on various 

components of the proposed structures in contact with site soils. 

 

A variety of test methods are available to quantify corrosive potential of soils for various elements of 

construction materials. Depending on the test procedures adopted, characteristics of the leachate that is used 

to extract the target chemicals from the soils and the test equipment; the results can vary appreciably for 

different test methods in addition to those caused by variability in soil composition. The testing procedures 

referred to herein are considered to be typical for our industry and have been adopted and/or approved by 

many public or private agencies. In drawing conclusions from the results of our chemical and electrical 

laboratory testing and providing mitigation guidelines to reduce the detrimental impact of corrosive site 

soils on various components of the structure in contact with site soils, heavy references were made to 2016 

California Building Code (2016 CBC) and American Concrete Institute publication (2014 Building Code 

Requirements for Structural Concrete, ACI 318-14). Where relevant information was not available in these 

codes, references were made to guidelines developed by California Department of Transportation 

(Caltrans), Post-Tensioning Institute (PTI DC10.5-12) and other reputable institutions and/or publications. 

Specifically, the reference to Caltrans approach were made because their risk management protocol for 

highway bridges are considered comparable to those for residential or commercial structures and that Post 
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Tensioning Institute (PTI), in part, accepts and uses Caltrans’ relevant corrosivity criteria for post-tensioned 

slabs on-grade. 

 

It should be noted that Petra does not practice corrosion engineering; therefore, the test results, opinion and 

engineering judgment provided herein should be considered as general guidelines only. Additional analyses 

would be warranted, especially, for cases where buried metallic building materials (such as copper and cast 

or ductile iron pipes) in contact with site soils are planned for the project. In many cases, the project 

geotechnical engineer may not be informed of these choices. Therefore, for conditions where such elements 

are considered, we recommend that other, relevant project design professionals (e.g., the architect, 

landscape architect, civil and/or structural engineer) also consider recommending a qualified corrosion 

engineer to conduct additional sampling and testing of near-surface soils during the final stages of site 

grading to provide a complete assessment of soil corrosivity. Recommendations to mitigate the detrimental 

effects of corrosive soils on buried metallic and other building materials that may be exposed to corrosive 

soils should be provided by the corrosion engineer as deemed appropriate. 

 

Concrete in Contact with Site Soils 

Soils containing soluble sulfates beyond certain threshold levels as well as acidic soils are considered to be 

detrimental to long-term integrity of concrete placed in contact with such soils. For the purpose of this 

study, soluble sulfates (SO4
2-) concentration in soils determined in accordance with California Test Method 

No. 417. Soil acidity, as indicated by hydrogen-ion concentration (pH), was determined in accordance with 

California Test Method No. 643. The soil acid severity rating is adopted from The United States Department 

of Agriculture, Natural Resources Conservation Service classification. 

 

Article 1904.1 of Section 1904 of the 2016 CBC indicates that structural concrete shall conform to the 

durability requirements of ACI 318. Concrete durability is impacted by exposure to water soluble chemicals 

and its resistance to fluid penetration. Section 19.3 of Chapter 19 of ACI 318-14 provides guidelines for 

assigning exposure categories and classes for various conditions. Exposure Category S, which is 

subdivided to four Exposure Classes of S0, S1, S2 and S3, applies to concrete in contact with soil or water 

containing deleterious amounts of water soluble ions. 

 

The results of our limited in-house laboratory testing indicates that on-site soils contain a water-soluble 

sulfate content of 0.005 to 0.0006 percent by weight. Based on Table 19.3.1.1 of ACI 318-14, the Exposure 

Class S0 is appropriate for onsite soils. For this exposure class, Table 19.3.2.1 of ACI 318-14 provides that 

no restriction for cement type or maximum water-cement ratio for the fresh concrete would be required. 
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Further, this table indicates that the concrete minimum unconfined strength should not be less than 2,500 

psi. 

 

The results of limited in-house testing of a representative sample indicates that soils exhibit a moderately 

alkaline pH of 8.6 to 8.7. Based on this finding and according to Table 8.22.2 of Caltrans’ 2003 Bridge 

Design Specifications (2003 BDS) requirements (which consider the combined effects of soluble sulfates 

and soil pH), a commercially available Type II Modified cement may be used. 

 

The guidelines provided herein should be evaluated and confirmed, or modified, in its entirety by the project 

structural engineer and the contractor responsible for concrete placement for structural concrete used in 

exterior and interior footings, interior slabs on-ground, garage slabs, walls foundation and concrete exposed 

to weather such as driveways, patios, porches, walkways, ramps, steps, curbs, etc. 

 

Metals Encased in Concrete 

Soils containing a soluble chloride concentration beyond a certain threshold level are considered corrosive 

to metallic elements such as reinforcement bars, tendons, cables, bolts, anchors, etc. that are encased in 

concrete that, in turn, is in contact with such soils. For the purpose of this study, soluble chlorides (Cl) in 

soils were determined in accordance with California Test Method No. 422. 

 

As stated Earlier, Article 1904.1 of Section 1904 of the 2016 CBC indicates that structural concrete shall 

conform to the durability requirements of ACI 318. Concrete durability is impacted by exposure to water 

soluble chemicals and its resistance to fluid penetration. Section 19.3 of Chapter 19 of ACI 318-14 provides 

guidelines for assigning exposure categories and classes for various conditions. Exposure Category C, 

which is subdivided to three Exposure Classes of C0, C1, and C2, applies to nonprestressed and prestressed 

concrete exposed to conditions that require additional protection against corrosion of reinforcement. 

 

According to Table 19.3.1.1 of ACI 318-14, the Exposure Class C0 is appropriate for reinforced concrete 

that remains dry or protected from moisture. Similarly, the Exposure Class C1 is appropriate for reinforced 

concrete that is exposed to moisture but not to external sources of chlorides. And, lastly, the Exposure 

Class C2 is appropriate for reinforced concrete that is exposed to moisture and external sources of chlorides 

as “deicing chemicals, salt, brackish water, seawater, or spray from these sources”. 

 

Based on our understanding of the project, it is our professional opinion that the Exposure Class C1 is 

appropriate for reinforced concrete, to be placed at the site, that are in contact with site soils. 
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The results of our limited laboratory testing indicate that onsite soils contain a water-soluble chloride 

concentration of 66 to 99 parts per million (ppm). No maximum water/cement ratio for the fresh concrete 

is prescribed by ACI 318 for Exposure Class C1 condition. Table 19.3.2.1 of ACI 318-14 indicates that 

concrete minimum unconfined compressive strength, f’c, should not be less than 2,500 psi. 

 

The guidelines provided herein should be evaluated and confirmed, or modified, in its entirety by the project 

structural engineer for reinforced concrete placement for structural concrete used in exterior and interior 

footings, interior slabs on-ground, garage slabs, walls foundation and concrete exposed to weather such as 

driveways, patios, porches, walkways, ramps, steps, curbs, etc. 

 

Metallic Elements in Contact with Site Soils 

Elevated concentrations of soluble salts in soils tend to induce low level electrical currents in metallic 

objects in contact with such soils. This process promotes metal corrosion and can lead to distress to building 

metallic components that are in contact with site soils. The minimum electrical resistivity measurement 

provides a simple indication of relative concentration of soluble salts in the soil and, therefore, is widely 

used to estimate soil corrosivity with regard to metals. For the purpose of this investigation, the minimum 

resistivity in soils is measured in accordance with California Test Method No. 643. The soil corrosion 

severity rating is adopted from the Handbook of Corrosion Engineering by Pierre R. Roberge. 

 

The onsite soils were found to exhibit a minimum electrical resistivity of 4,800 to 15,000 ohm-cm based 

on limited testing. The result indicates that on-site soils are moderately to mildly Corrosive to ferrous 

metals and copper. As such, any ferrous metal or copper components of the subject buildings (such as cast 

iron or ductile iron piping, copper tubing, etc.) that are expected to be placed in direct contact with site soils 

should be protected against detrimental effects of corrosive soils. Such protection could include the use of 

galvanized tubing, coated pipes, wrapping or encasing these metallic objects in special protection wrappings 

or conduits or devising a cathodic protection system. It should be noted that at this time Petra is not aware 

of any plans to incorporate such items for the proposed buildings. Should such elements be considered for 

these building, we recommend that a qualified corrosion engineer to be consulted to provide appropriate 

recommendations for long term protection of metallic elements in contact with site soils. 

 

Post-Grading Considerations 

 

Utility Trenches 

 

All utility trench backfill should be compacted to a minimum relative compaction of 90 percent. Trench 

backfill materials should be free of oversize rock and placed in lifts no greater than approximately 12 inches 
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in thickness, watered or air-dried as necessary to achieve near optimum moisture conditions, and then 

mechanically compacted in place to a minimum relative compaction of 90 percent. A representative of the 

project geotechnical consultant should probe and test the backfills to verify adequate compaction. 

 

As an alternative for shallow trenches where pipe or utility lines may be damaged by mechanical 

compaction equipment, such as under building floor slabs, clean sand having a sand equivalent (SE) value 

of 30 or greater may be utilized. The sand backfill materials should be watered to achieve near optimum 

moisture conditions and then tamped into place. No specific relative compaction will be required; however, 

observation, probing, and if deemed necessary, testing should be performed by a representative of the 

project geotechnical consultant to verify an adequate degree of compaction. 

 
If clean, imported sand is to be used for backfill of exterior utility trenches, it is recommended that the 

upper 12 inches of trench backfill materials consist of properly compacted onsite soil materials. This is to 

mitigate infiltration of irrigation and rainwater into granular trench backfill materials. 

 
Where an exterior and/or interior utility trench is proposed in a direction parallel to a building footing, the 

bottom of the trench should not extend below a 1:1 (horizontal to vertical) plane projected downward from 

the bottom edge of the adjacent footing. Where this condition occurs, the adjacent footing should be 

deepened or the utility constructed and the trench backfilled and compacted prior to footing construction. 

Where utility trenches cross under a building footing, these trenches should be backfilled with on-site soils 

at the point where the trench crosses under the footing to reduce the potential for water to migrate under 

the floor slabs. 

 

Site Drainage 

 

Positive surface drainage systems consisting of a combination of sloped concrete flatwork/asphalt 

pavement, sheet flow gradients, swales and surface area drains (where needed) should be provided around 

the building and within the planter areas to collect and direct all surface waters to an appropriate drainage 

facility as determined by the project civil engineer. The ground surfaces of planter and landscape areas that 

are located within 10 feet of building foundations should be sloped at a minimum gradient of 5 percent 

away from the foundations and towards the nearest area drains. The ground surface of planter and landscape 

areas that are located more than 10 feet away from building foundations may be sloped at a minimum 

gradient of 2 percent away from the foundations and towards the nearest area drains. 

 

Concrete flatwork surfaces that are located within 10 feet of building foundations should be inclined at a 

minimum gradient of one percent away from the building foundations and towards the nearest area drains. 
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Concrete flatwork surfaces that are located more than 10 feet away from building foundations may be sloped 

at a minimum gradient of 1 percent towards the nearest area drains. Surface waters should not be allowed 

to collect or pond against building foundations and within the level areas of the site. All drainage devices 

should be properly maintained throughout the lifetime of the development. Future changes to site 

improvements, or planting and watering practices, should not be allowed to cause over-saturation of site 

soils adjacent to the structures. 

 

Masonry Screen Walls 
 
Construction on Level Ground 

 

Where masonry walls are proposed on level ground and 5 feet or more from the tops of descending slopes, 

the footings for these walls may be founded 18 inches or more below the lowest adjacent final grade. These 

footings should also be reinforced with two No. 4 bars, one near top and one near bottom. 

 

Construction Joints 

 

In order to reduce the potential for unsightly cracking related to the effects of differential settlement, 

positive separations (construction joints) should be provided in the walls at horizontal intervals of 

approximately 20 to 25 feet and at each corner. The separations should be provided in the blocks only and 

not extend through the footings. The footings should be placed monolithically with continuous rebars to 

serve as effective "grade beams" along the full lengths of the walls. 

 

Exterior Concrete Flatwork 

 

General 

 

Near-surface compacted fill soils within the site are expected to exhibit an expansion index of 0 to 20, i.e. 

non-expansive. We recommend that all exterior concrete flatwork such as sidewalks, patio slabs, large 

decorative slabs, concrete subslabs that will be covered with decorative pavers, private and/or public 

vehicular driveways and/or access roads within and adjacent to the site be designed by the project architect 

and/or structural engineer with consideration given to mitigating the potential cracking and uplift that can 

develop in soils exhibiting expansion index values that fall in the very low category. 

 

The guidelines that follow should be considered as minimums and are subject to review and revision by the 

project architect, structural engineer and/or landscape consultant as deemed appropriate. 
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Thickness and Joint Spacing 

 

To reduce the potential of unsightly cracking, concrete walkways, patio-type slabs, large decorative slabs 

and concrete subslabs to be covered with decorative pavers should be at least 4 inches thick and provided 

with construction joints or expansion joints every 6 feet or less. 

 

Reinforcement 

 

All concrete flatwork having their largest plan-view panel dimension exceeding 10 feet should be reinforced 

with a minimum of No. 3 bars spaced 24 inches on centers, both ways. Alternatively, the slab reinforcement 

may consist of welded wire mesh of the sheet type (not rolled) with 6x6/W1.4xW1.4 designation in 

accordance with the Wire Reinforcement Institute (WRI). The reinforcement should be properly positioned 

near the middle of the slabs. 

 

The reinforcement recommendations provided herein are intended as guidelines to achieve 

adequate performance for anticipated soil conditions. The project architect, civil and/or structural 

engineer should make appropriate adjustments in reinforcement type, size and spacing to account 

for concrete internal (e.g., shrinkage and thermal) and external (e.g., applied loads) forces as 

deemed necessary. 

 

Subgrade Preparation 

 

Compaction 

To reduce the potential for distress to concrete flatwork, the subgrade soils below concrete flatwork areas 

to a minimum depth of 12 inches (or deeper, as either prescribed elsewhere in this report or determined in 

the field) should be moisture conditioned to at least equal to, or slightly greater than, the optimum moisture 

content and then compacted to a relative compaction of no less than 90 percent. Where concrete public 

roads, concrete segments of roads and/or concrete access driveways are proposed, the upper 6 inches of 

subgrade soil should be compacted to no less than 95 percent relative compaction. 

 

Pre-Moistening 

As a further measure to reduce the potential for concrete flatwork cracking, subgrade soils should be 

thoroughly moistened prior to placing concrete. The moisture content of the soils should be approximately 

1.2 times the optimum moisture content and penetrate to a minimum depth of 12 inches into the subgrade. 

Flooding or ponding of the subgrade is not considered feasible to achieve the above moisture conditions 

since this method would likely require construction of numerous earth berms to contain the water. 

Therefore, moisture conditioning should be achieved with a light spray applied to the subgrade over a period 
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of few to several days just prior to pouring concrete. Pre-watering of the soils is intended to promote 

uniform curing of the concrete, reduce the development of shrinkage cracks and reduce the potential for 

differential expansion pressure on freshly poured flatwork. A representative of the project geotechnical 

consultant should observe and verify the density and moisture content of the soils, and the depth of moisture 

penetration prior to pouring concrete. 

 

Drainage 

 

Drainage from patios and other flatwork areas should be directed to local area drains and/or graded earth 

swales designed to carry runoff water to the adjacent streets or other approved drainage structures. The 

concrete flatwork should be sloped at a minimum gradient of one percent, or as prescribed by project civil 

engineer or local codes, away from building foundations, retaining walls, masonry garden walls and slope 

areas. 

 

Tree Wells 

 

Tree wells are not recommended in concrete flatwork areas since they introduce excessive water into the 

subgrade soils and allow root invasion, both of which can cause heaving and cracking of the flatwork. 

 

Preliminary Pavement Design Recommendations 

 

The final pavement section should be designed once rough grading has occurred and the R-Value of the 

resulting subgrade can be determined. For the purposes of this preliminary evaluation, we assumed an R-

value of 50 based on the soil types encountered. The following pavement sections have been computed in 

accordance with Caltrans design procedures and presented in the following table, Table 2. Based upon our 

experience, the thicker pavement section is provided below is recommended due to increased performance 

and life. 

 

TABLE 2 

Preliminary Structural Pavement Sections 

Location 
Design 

R-value 

Traffic 

Index 
Pavement Section 

Auto Parking Spaces 50 4.5 3 in. AC / 4 in. AB 

Auto Driveways 50 5.0 3 in. AC / 4 in. AB 

Truck Driveways/Parking  50 8.0 4.5 in. AC / 6 in. AB 

Notes:  AC = Asphalt Concrete     AB = Aggregate Base 
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Final pavement design recommendations should be provided based on sampling and testing at the 

completion of rough grading and the values of traffic indices that should be provided by the project civil 

engineer. Subgrade soils should be properly compacted, smooth, and non-yielding prior to pavement 

construction. The subgrade soils should be compacted to at least 95 percent of ASTM D 1557. 

 
Aggregate base materials should be Crushed Aggregate Base, Crushed Miscellaneous Base, or Processed 

Miscellaneous Base conforming to Section 200-2 of the Standard Specifications for Public Works 

Construction (Greenbook). The base materials should be brought to uniform moisture near optimum 

moisture then compacted to at least 95 percent of the applicable maximum density standard as determined 

per ASTM D 1557. Asphaltic concrete materials and construction should conform to Section 203 of the 

Greenbook. 

 

Loading Docks 

 

1. The slab subgrade should be graded such that it accommodates placement of 7-inch thick concrete 

pavement section. Subgrade compaction shall be no less than 95 percent relative compaction with 

reference to ASTM D1557. 

 

2. Prior to placing concrete, the subgrade soils below the slab should be pre-watered to achieve a moisture 

content that is at least optimum moisture content, but not overly wet. 

 

3. The concrete pavement section should be a minimum 7 inches thick and reinforced with No. 3 bars 

spaced a maximum of 18 inches on centers (both ways). The reinforcement should be properly 

positioned near the middle of the slabs. 

 

4. Concrete shall exhibit an unconfined compressive strength of no less than 3,250 psi. 

 

5. The minimum dimensions and reinforcement recommended herein for equipment slab may be modified 

(increased or decreased subject to the constraints of the 2019 CBC) by the Structural Engineer based 

on his/her calculations, engineering experience and judgment. 

 

GRADING AND STRUCTURAL PLAN REVIEW 

 

This report is based on the existing site conditions as we understand and the preliminary conceptual grading 

plan by KWC Engineers. We recommend that our firm be retained to review the grading plan and structural 

foundation plans once when they become available. Additional recommendations and/or modification of 

the recommendations provided herein will be provided if necessary, depending on the results of the plan 

reviews. 

 

If additional or alternative improvements are considered in the future, our firm should be notified so that 

we may provide design recommendations. It is further recommended that we be engaged to review the final 
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design drawings, specifications and grading plan prior to any new construction. If we are not provided the 

opportunity to review these documents with respect to the geotechnical aspects of new construction and 

grading, it should not be assumed that the recommendations provided herein are wholly or in part applicable 

to the proposed construction. 

 

We recommend that Petra be retained to provide soil-engineering services during excavation, grading, 

construction and foundation phases of the work. This is to observe compliance with the design, 

specifications or recommendations and to allow design changes in the event that subsurface conditions 

differ from those anticipated prior to start of construction. 

 

REPORT LIMITATIONS 

 

This report is based on the project site and our ten preliminary subsurface borings/CPT’s, laboratory testing 

and geotechnical analysis. The materials encountered on the project site and utilized in our laboratory 

evaluation are believed representative of the total area; however, soil and groundwater conditions can vary 

in characteristics between excavations, both laterally and vertically, especially when considering the 

historical site undocumented grading, development and use. 

 

The conclusions and opinions contained in this report are based on the results of the described geotechnical 

evaluations and represent our professional judgment. This report has been prepared consistent with that 

level of care being provided by other professionals providing similar services at the same locale and in the 

same time period. The contents of this report are professional opinions and as such, are not to be considered 

a guaranty or warranty. This report has not been prepared for use by parties or projects other than those 

named or described herein. This report may not contain sufficient information for other parties or other 

purposes. In addition, this report should be reviewed and updated after a period of 1 year or if the site 

ownership or project concept changes from that described herein. 
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It has been a pleasure to be of service to you on this project. Should you have questions regarding the 

contents of this report or should you require additional information, please contact this office. 

 

Respectfully submitted, 

 

PETRA GEOSCIENCES, INC. 

 

 

 

    

 12/9/22 
Douglass Johnston  Grayson R. Walker 

Senior Associate Geologist  Principal Engineer 

CEG 2477  GE 871 

 

DJ/GW/lv 

 

Distribution:  (1) Addresses (electronic copy) 

(1) Ms. Kimberly Thienes, T&B Planning 

(1) Mr. Nick Nguyen, KWC Engineers 
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ARTIFICIAL FILL, undocumented (afu)
Sand (SP): Dark brown, moist, loose to medium-dense, fine- to coarse-
grained sand.

Becomes dark yellowish-brown.

YOUNGER ALLUVIUM (Qya)
Sand (SP): Yellowish-brown to gray, dry to slighlu moist, medium-dense to
dense, fine- to coarse-grained sand, poorly graded, trace gravel up to 0.5" in
diameter.
Same as above.

Same as above.

Silty Sand (SM): Brown, moist, medium-dense, fine- to coarse-grained sand,
trace gravel up to 2.5" in diameter.
Gravelly Sand (SP/GP): Yellowish-brown, moist, medium-dense, fine- to
ocarse-grained sand, gravel up to 3" in diameter.

Disturbed sample, same as above.

Drill begins to chatter.

Becomes very dense with trace cobbles up to 4" in diameter.

Total Depth= 25'7"
No groundwater encountered
Boring backfilled with cuttings and tamped.
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ASPHALT
3" thick.
ARTIFICIAL FILL, undocumented (afu)
Sand (SP): Dark brown to black, moist, loose to medium-dense, fine- to
coarse-grained sand, few gravel up to 2" in diameter, trace brick debris.
Becomes brown.

Concrete storm drain pipe encountered, obstruction was not identified until
after drilling of B-2 had completed.
Becomes medium-dense to dense.

Becomes gray and dry.

YOUNGER ALLUVIUM (Qya)
Sand (SP): Yellowish-brown to gray, slightly moist, medium-dense to dense,
medium- to coarse-grained sand.

Same as above with few gravel up to 2" in diameter
No recovery.

Becomes yellowish-brown to brown, slightly moist, dense to very dense, fine-
grained, no gravel.

Gravelly Sand (SP/GP): Yellowish-brown to brown, dry, very dense, fine- to
coarse-grained sand, gravel up to 3" in diameter
No recovery
Drill begins to chatter.

Same as above with few cobbles up to 6" in diameter
No recovery.
Total Depth= 25'2"
Refusal due to cobble content
No groundwater encountered
Boring backfilled with cuttings and capped with asphalt patch.
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ASPHALT
3.5" thick.
ARTIFICIAL FILL, undocumented (afu)
Sand (SP): Dark grayish-brown, moist, medium-dense, fine- to coarse-grained
sand, poorly graded, few gravel up to 3" in diameter.
Becomes brown.

YOUNGER ALLUVIUM (Qya)
Sand (SP): Yellowish-brown to brown, very moist, medium-dense, medium- to
coarse-grained sand, trace cobbles up to 4" in diameter.

Becomes very dense.
Strong hydrocarbon odor.

Becomes gray, fine- to coarse-grained, dense, poorly graded, strong
hydrocarbon odor.

Becomes reddish-brown, moist, fine- to medium-grained, medium-dense,
strong hydrocarbon odor.
Silty Sand (SM): Dark gray, moist, medium-dense, fine-grained sand, strong
hydrocarbon odor.

Drill begins to struggle
Cobbles encountered.
Total Depth= 19'
Refusal due to cobble content
No groundwater encountered
Boring backfilled with cuttings and capped with asphalt patch.
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Project: 1375 Magnolia Ave. Boring No.: B-3

Location: Corona Elevation: ±644'

Job No.: 19-433 Client: Western Realco Date: 1/2/2020

Drill Method: 8" Hollow Stem Auger Driving Weight: 140lbs/30" Logged By: KTM
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ASPHALT
3.5" thick.
ARTIFICIAL FILL, undocumented (afu)
Sand (SP): Grayish-brown, moist, medium-dense, fine- to coarse-grained
sand, few gravel up to 2" in diameter.
Becomes brown.

YOUNGER ALLUVIUM (Qya)
Sand (SP): Yellowish-brown to brown, slightly moist, dense, fine- to coarse-
grained sand.

Same as above.

Same as above.

Sandy Clay (CL): Brown, very moist, soft to firm, fine- to medium-grained
sand, trace gravel up to 3" in diameter
Disturbed sample.
Sand (SP): Brown, moist, medium-dense, fine- to coarse-grained sand, few
gravel up to 3" in diameter.

Same same as above with trace cobbles up to 6" in diameter
No recovery.
Total Depth= 20'5"
Refusal due to cobble content
No groundwater encountered
Boring backfilled with cuttings and capped with asphalt patch.
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Project: 1375 Magnolia Ave. Boring No.: B-4

Location: Corona Elevation: ±646'

Job No.: 19-433 Client: Western Realco Date: 1/2/2020

Drill Method: 8" Hollow Stem Auger Driving Weight: 140lbs/30" Logged By: KTM
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ASPHALT
3.5" thick.
ARTIFICIAL FILL, undocumented (afu)
Sand (SP): Yellowish-brown, to grayish-brown, moist, medium-dense, fine- to
coarse-grained sand, few gravel up to 2" in diameter.

YOUNGER ALLUVIUM (Qya)
Sand (SP): Yellowish-brown, moist, medium-dense, fine- to coarse-grained
sand, poorly graded, trace gravel up to 2" in diameter.

Becomes fine- to medium-grained.

Silty Sand (SM): Brown, moist, medium-dense, fine- to coarse-grained sand,
trace gravel up to 2" in diameter.

Becomes silty fine-grained sand, and very dense.

Sand (SP): Gray, slightly moist, very dense, fine- to coarse-grained sand,
poorly graded, few gravel up to 3" in diameter
Disturbed sample.

Total Depth= 23'
Refusal due to cobble content
No groundwater encountered
Boring backfilled with cuttings and capped with asphalt patch.
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Project: 1375 Magnolia Ave. Boring No.: B-5

Location: Corona Elevation: ±642'

Job No.: 19-433 Client: Western Realco Date: 1/2/2020

Drill Method: 8" Hollow Stem Auger Driving Weight: 140lbs/30" Logged By: KTM

Depth
(Feet)

Lith-
ology

Material Description

W
A
T
E
R

Blows
per
foot

Samples

C
o
r
e

B
u
l
k

Moisture
Content

(%)

Laboratory Tests

Dry
Density

(pcf)

Other
Lab

Tests

E X P L O R A T I O N   L O G

Petra Geosciences, Inc.
PLATE A-5



CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 22.15 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-1

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grained
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 22.15 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-1

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grainedWATER TABLE FOR ESTIMATING PURPOSES ONLY
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 22.15 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-3

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grained
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 22.15 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-3

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grainedWATER TABLE FOR ESTIMATING PURPOSES ONLY
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-4

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grained
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-4

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grainedWATER TABLE FOR ESTIMATING PURPOSES ONLY
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-5

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grained
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: CPT-5
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SBTn legend
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3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grainedWATER TABLE FOR ESTIMATING PURPOSES ONLY
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: SCPT-2

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grained
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CLIENT: PETRA GEOSCIENCES

Gregg Drilling, LLC
www.greggdrilling.com

Total depth: 23.13 ft, Date: 1/2/2020CLOW VALVE, CORONA, CA

CPT: SCPT-2

SITE:
FIELD REP: KURT

SBTn legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty clay
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to clayey 
9. Very stiff fine grainedWATER TABLE FOR ESTIMATING PURPOSES ONLY
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LABORATORY TEST PROCEDURES 
 

LABORATORY DATA SUMMARY 



 

 _________________________________________________________________________________________________  
 

PETRA GEOSCIENCES, INC.  Laboratory Address: 1251 W. Pomona Road, Unit 103, Corona, CA, 92882 

J.N. 19-433 

LABORATORY TEST PROCEDURES 

 

Soil Classification 

 

Soils encountered within the exploration borings were initially classified in the field in general accordance 

with the visual-manual procedures of the Unified Soil Classification System (ASTM D 2488). The samples 

were re-examined in the laboratory and the classifications revised if appropriate. 

 

In-Situ Moisture and Density 

 

Moisture content and unit dry density of in-place soil were determined in representative strata and are 

depicted on the Exploration Logs, Appendix A. 

 

Maximum Dry Density 

 

Maximum dry density and optimum moisture content were determined for selected samples of soil in 

accordance with ASTM D 1557. Pertinent test values are given on Plate B-1. 

 

Expansion Index 

 

An expansion index test was performed on a selected sample of soil in accordance with ASTM D 4829. 

The expansion potential classification was determined from 2010 CBC Section 1802.3.2 on the basis of the 

expansion index value. The test result and expansion potentials are presented on Plate B-1. 

 

Soil Corrosivity 

 

Chemical analyses were performed on a selected sample of soil to determine concentrations of soluble 

sulfate and chloride, as well as pH and resistivity. These tests were performed in accordance with California 

Test Method Nos. 417 (sulfate), 422 (chloride) and 643 (pH and resistivity). Test results are included on 

Plate B-1. 

 

Grain-Size Analysis 

 

Grain-size analyses were performed on selected samples to verify visual classifications performed in the 

field. These tests were performed in accordance with ASTM C136 and C117. Test results are presented on 

Plate B-2. 

 

Direct Shear 

 

The Coulomb shear strength parameters, i.e., angle of internal friction and cohesion, were determined for a 

remolded sample of onsite soil. This test was performed in general accordance with the current version of 

Test Method ASTM D 3080. Three specimens were prepared for each test. The test specimens were 

inundated and then sheared under various normal loads at a constant strain rate of 0.005 inch per minute. 

The results of the direct shear test are graphically presented on Plate B-3. 
 

 



 

 ____________________________________________________________________________________________________________________________________  
 

PETRA GEOSCIENCES, INC.  Laboratory Address: 1251 W. Pomona Road, Unit 103, Corona, CA, 92882 

J.N. 19-433 PLATE B-1 

 

(--) Tests Not Performed 

  
Test Procedures: 

 
1  Per ASTM Test Method D 1557 

 
5  Per Caltrans Test Method 417  

 
 
2  Per ASTM Test Method D 4829 

 
6  Per Caltrans Test Method 422  

 
 
3  Per ASTM Test Method D 2487 

 
7  Per Caltrans Test Method 643 

 
  
4  Per ASTM Test Method D 4318 

 
 

 

 

LABORATORY DATA SUMMARY 

Boring 

Number 

Sample 

Depth 

(ft) 

Soil Description 

Max. Dry 

Density 1 

(pcf) 

Optimum 

Moisture1 

(%) 

Expansion 

Index2 

USCS Soil 

Classification3 

Atterberg 

Limits4 
Sulfate 

Content5 

(%) 

Chloride 

Content6 

(ppm) 

pH7 

Minimum 

Resistivity7 

(ohm-cm) LL PL PI 

B-1 0-5 Sand, trace Silt (SP) 133.5 6.5 -- Non-Expansive -- -- -- 0.0006 99 8.7 15,000 

B-3 0-5 Silty Sand (SM) -- -- 0 Non-Expansive  -- -- -- 0.005 66 8.6 4,800 
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Client: Western RealCo

Project: 1375 Magnolia

Source of Sample: B-1 Depth: 0-5

Proj. No.: 19-433 Date Sampled: 1-3-20

Sample Type: Remolded to 90% RC

Description: Brown, Silty fine to coarse Sand

Assumed Specific Gravity= 2.65

Remarks:

Figure B-3
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EARTHQUAKE-INDUCED SETTLEMENT ANALYSIS 

AND SEISMIC DESIGN PARAMETERS 
 



Uni�ed Hazard Tool

 Input

U.S. Geological Survey - Earthquake Hazards Program

Please do not use this tool to obtain ground motion parameter values for the design code reference documents covered by the U.S. Seismic
Design Maps web tools (e.g., the International Building Code and the ASCE 7 or 41 Standard). The values returned by the two applications are not
identical.



Edition

Dynamic: Conterminous U.S. 2014 (update) (v4.2.0)

Latitude
Decimal degrees

33.86988

Longitude
Decimal degrees, negative values for western longitudes

-117.537768

Site Class

259 m/s (Site class D)

Spectral Period

Peak Ground Acceleration

Time Horizon
Return period in years

2475

https://earthquake.usgs.gov/hazards/designmaps/


 Hazard Curve
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 Deaggregation
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr⁻¹
PGA ground motion: 0.89168659 g

Recovered targets

Return period: 2970.0995 yrs
Exceedance rate: 0.00033668906 yr⁻¹

Totals

Binned: 100 %
Residual: 0 %
Trace: 0.07 %

Mean (over all sources)

m: 6.64
r: 8.07 km
ε₀: 1.73 σ

Mode (largest m-r bin)

m: 6.47
r: 6.39 km
ε₀: 1.74 σ
Contribution: 40.5 %

Mode (largest m-r-ε₀ bin)

m: 6.47
r: 6.34 km
ε₀: 1.7 σ
Contribution: 35.66 %

Discretization

r: min = 0.0, max = 1000.0, Δ = 20.0 km
m: min = 4.4, max = 9.4, Δ = 0.2
ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys

ε0: [-∞ .. -2.5)
ε1: [-2.5 .. -2.0)
ε2: [-2.0 .. -1.5)
ε3: [-1.5 .. -1.0)
ε4: [-1.0 .. -0.5)
ε5: [-0.5 .. 0.0)
ε6: [0.0 .. 0.5)
ε7: [0.5 .. 1.0)
ε8: [1.0 .. 1.5)
ε9: [1.5 .. 2.0)
ε10: [2.0 .. 2.5)
ε11: [2.5 .. +∞]



Deaggregation Contributors

Source Set   Source Type r m ε0 lon lat az %

UC33brAvg_FM31 System 43.64
Elsinore (Glen Ivy) rev [0] 6.30 6.71 1.62 117.563°W 33.819°N 202.01 35.62
Elsinore (Glen Ivy) rev [1] 7.99 6.53 1.90 117.531°W 33.799°N 175.38 1.90
Whittier alt 1 [0] 6.30 6.54 1.39 117.588°W 33.833°N 228.26 1.54
San Jacinto (San Bernardino) [4] 31.69 8.09 2.32 117.276°W 34.055°N 49.47 1.28

UC33brAvg_FM32 System 43.00
Elsinore (Glen Ivy) rev [0] 6.30 6.69 1.63 117.563°W 33.819°N 202.01 32.54
Chino alt 2 [3] 6.04 6.93 1.54 117.584°W 33.833°N 226.27 4.14
Elsinore (Glen Ivy) rev [1] 7.99 6.56 1.89 117.531°W 33.799°N 175.38 2.02
San Jacinto (San Bernardino) [4] 31.69 8.08 2.32 117.276°W 34.055°N 49.47 1.26

UC33brAvg_FM31 (opt) Grid 6.77
PointSourceFinite: -117.538, 33.910 6.63 5.73 1.79 117.538°W 33.910°N 0.00 1.46
PointSourceFinite: -117.538, 33.910 6.63 5.73 1.79 117.538°W 33.910°N 0.00 1.46

UC33brAvg_FM32 (opt) Grid 6.59
PointSourceFinite: -117.538, 33.910 6.63 5.74 1.78 117.538°W 33.910°N 0.00 1.43
PointSourceFinite: -117.538, 33.910 6.63 5.74 1.78 117.538°W 33.910°N 0.00 1.43



19-433 (1375 Magnolia Avenue, Corona, CA)
Latitude, Longitude: 33.86988, -117.537768

Date 1/7/2020, 8:51:00 AM

Design Code Reference Document ASCE7-16

Risk Category II

Site Class D - Stiff Soil

Type Value Description
SS 1.872 MCER ground motion. (for 0.2 second period)

S1 0.732 MCER ground motion. (for 1.0s period)

SMS 1.872 Site-modified spectral acceleration value

SM1 null -See Section 11.4.8 Site-modified spectral acceleration value

SDS 1.248 Numeric seismic design value at 0.2 second SA

SD1 null -See Section 11.4.8 Numeric seismic design value at 1.0 second SA

Type Value Description
SDC null -See Section 11.4.8 Seismic design category

Fa 1 Site amplification factor at 0.2 second

Fv null -See Section 11.4.8 Site amplification factor at 1.0 second

PGA 0.788 MCEG peak ground acceleration

FPGA 1.1 Site amplification factor at PGA

PGAM 0.867 Site modified peak ground acceleration

TL 8 Long-period transition period in seconds

SsRT 2.128 Probabilistic risk-targeted ground motion. (0.2 second)

SsUH 2.319 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration

SsD 1.872 Factored deterministic acceleration value. (0.2 second)

S1RT 0.752 Probabilistic risk-targeted ground motion. (1.0 second)

S1UH 0.831 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.

S1D 0.732 Factored deterministic acceleration value. (1.0 second)

PGAd 0.788 Factored deterministic acceleration value. (Peak Ground Acceleration)

CRS 0.918 Mapped value of the risk coefficient at short periods

CR1 0.905 Mapped value of the risk coefficient at a period of 1 s



 

DISCLAIMER

While the information presented on this website is believed to be correct, SEAOC /OSHPD and its sponsors and contributors assume no responsibility or liability for its accuracy. The material presented in this web application should not
be used or relied upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this
information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results
of the seismic data provided by this website. Users of the information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible for
building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website.
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Overall vertical settlements report

Project title : 19-433, Western Realco

Location : 1375 Magnolia Avenue, Corona, CA
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 19-433, Western Realco Location : 1375 Magnolia Avenue, Corona, CA

Petra Geosciences, Inc.
3186 Airway Avenue, Suite K
Costa Mesa, CA 92626
www.petra-inc.com

CPT file : CPT-1

45.00 ft
45.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
All soils
No
N/A
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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:: Post-earthquake settlement of dry sands ::

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

0.16 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.33 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.49 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.66 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.82 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.98 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.15 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.31 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.48 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.64 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.80 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.97 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.13 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.30 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.46 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.62 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.79 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.95 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.12 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.28 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.44 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.61 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.77 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.94 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.10 1.59 139.40 1.00 139.40 25 504 0.50 0.244 0.19 7.11 0.12 0.002

4.27 1.48 201.59 1.00 201.59 35 685 0.50 0.076 0.04 7.11 0.03 0.001

4.43 1.42 202.05 1.00 202.05 34 668 0.50 0.090 0.05 7.11 0.03 0.001

4.59 1.47 216.82 1.00 216.82 37 752 0.50 0.065 0.03 7.11 0.02 0.000

4.76 1.46 228.42 1.00 228.42 39 799 0.50 0.057 0.03 7.11 0.02 0.000

4.92 1.57 246.98 1.00 246.98 44 956 0.50 0.038 0.01 7.11 0.01 0.000

5.09 1.58 250.29 1.00 250.29 45 988 0.50 0.037 0.01 7.11 0.01 0.000

5.25 1.60 236.44 1.00 236.44 43 965 0.50 0.041 0.02 7.11 0.01 0.000

5.41 1.50 214.64 1.00 214.64 37 817 0.50 0.068 0.03 7.11 0.02 0.000

5.58 1.46 194.22 1.00 194.22 33 723 0.50 0.109 0.06 7.11 0.04 0.001

5.74 1.49 186.47 1.00 186.47 32 720 0.50 0.117 0.07 7.11 0.04 0.001

5.91 1.44 177.11 1.00 177.11 30 663 0.50 0.171 0.10 7.11 0.07 0.001

6.07 1.53 189.91 1.00 189.91 34 781 0.50 0.098 0.05 7.11 0.03 0.001

6.23 1.49 192.67 1.00 192.67 34 773 0.50 0.106 0.06 7.11 0.04 0.001

6.40 1.63 211.05 1.00 211.05 38 966 0.50 0.056 0.03 7.11 0.02 0.000

6.56 1.69 215.09 1.03 221.50 41 1050 0.50 0.047 0.02 7.11 0.01 0.000

6.73 1.70 223.70 1.04 231.71 43 1114 0.50 0.043 0.02 7.11 0.01 0.000

6.89 1.68 227.96 1.02 232.92 43 1129 0.50 0.043 0.02 7.11 0.01 0.000

7.05 1.59 230.39 1.00 230.39 41 1065 0.50 0.052 0.02 7.11 0.01 0.000

7.22 1.58 221.84 1.00 221.84 40 1033 0.50 0.058 0.03 7.11 0.02 0.000

7.38 1.55 199.71 1.00 199.71 35 913 0.50 0.086 0.04 7.11 0.03 0.001

7.55 1.56 177.09 1.00 177.09 31 818 0.50 0.130 0.08 7.11 0.05 0.001

7.71 1.58 166.41 1.00 166.41 30 793 0.50 0.153 0.09 7.11 0.06 0.001

7.87 1.57 168.41 1.00 168.41 30 802 0.50 0.152 0.09 7.11 0.06 0.001
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

8.04 1.53 187.01 1.00 187.01 33 871 0.50 0.119 0.06 7.11 0.04 0.001

8.20 1.48 217.93 1.00 217.93 38 969 0.50 0.087 0.04 7.11 0.02 0.000

8.37 1.43 254.44 1.00 254.44 43 1085 0.50 0.065 0.03 7.11 0.02 0.000

8.53 1.50 286.69 1.00 286.69 50 1319 0.49 0.042 0.01 7.11 0.01 0.000

8.69 1.51 304.58 1.00 304.58 53 1440 0.49 0.036 0.01 7.11 0.01 0.000

8.86 1.56 302.94 1.00 302.94 54 1515 0.49 0.034 0.01 7.11 0.01 0.000

9.02 1.53 288.47 1.00 288.47 51 1412 0.49 0.040 0.01 7.11 0.01 0.000

9.19 1.49 270.45 1.00 270.45 47 1277 0.49 0.051 0.02 7.11 0.01 0.000

9.35 1.42 262.62 1.00 262.62 45 1168 0.49 0.065 0.02 7.11 0.01 0.000

9.51 1.39 262.04 1.00 262.04 44 1135 0.49 0.073 0.03 7.11 0.02 0.000

9.68 1.44 261.29 1.00 261.29 45 1199 0.49 0.065 0.02 7.11 0.01 0.000

9.84 1.50 250.85 1.00 250.85 44 1240 0.49 0.061 0.02 7.11 0.01 0.000

10.01 1.55 238.76 1.00 238.76 42 1243 0.49 0.063 0.03 7.11 0.02 0.000

10.17 1.56 233.24 1.00 233.24 42 1249 0.49 0.064 0.03 7.11 0.02 0.000

10.33 1.58 227.02 1.00 227.02 41 1239 0.49 0.067 0.03 7.11 0.02 0.000

10.50 1.63 213.24 1.00 213.24 39 1238 0.49 0.069 0.03 7.11 0.02 0.000

10.66 1.67 193.37 1.02 197.03 36 1190 0.49 0.078 0.04 7.11 0.02 0.000

10.83 1.71 188.15 1.04 195.95 37 1210 0.49 0.077 0.04 7.11 0.02 0.000

10.99 1.70 208.04 1.04 215.44 40 1336 0.49 0.061 0.03 7.11 0.02 0.000

11.15 1.66 248.58 1.01 251.44 46 1548 0.49 0.045 0.02 7.11 0.01 0.000

11.32 1.61 293.28 1.00 293.28 53 1730 0.49 0.037 0.01 7.11 0.01 0.000

11.48 1.60 331.30 1.00 331.30 60 1954 0.49 0.030 0.01 7.11 0.00 0.000

11.65 1.62 351.27 1.00 351.27 64 2147 0.49 0.027 0.01 7.11 0.00 0.000

11.81 1.67 344.69 1.02 351.16 65 2241 0.49 0.025 0.01 7.11 0.00 0.000

11.98 1.74 290.22 1.07 309.98 59 2064 0.49 0.029 0.01 7.11 0.00 0.000

12.14 1.81 223.34 1.12 249.53 48 1732 0.49 0.041 0.01 7.11 0.01 0.000

12.30 1.88 163.72 1.17 191.05 38 1373 0.49 0.070 0.03 7.11 0.02 0.000

12.47 1.83 140.51 1.13 158.71 31 1127 0.49 0.124 0.07 7.11 0.04 0.001

12.63 1.79 130.38 1.10 143.22 28 1004 0.49 0.188 0.13 7.11 0.07 0.001

12.80 1.78 128.34 1.09 139.99 27 983 0.49 0.208 0.15 7.11 0.08 0.002

12.96 1.77 130.56 1.08 141.36 27 994 0.49 0.206 0.14 7.11 0.08 0.002

13.12 1.77 132.30 1.09 143.69 27 1020 0.49 0.192 0.13 7.11 0.07 0.001

13.29 1.79 135.43 1.10 148.48 29 1069 0.49 0.167 0.11 7.11 0.06 0.001

13.45 1.82 136.28 1.12 152.38 30 1122 0.49 0.145 0.09 7.11 0.05 0.001

13.62 1.83 136.99 1.13 155.10 30 1160 0.49 0.133 0.08 7.11 0.04 0.001

13.78 1.84 137.62 1.14 156.42 31 1182 0.49 0.129 0.08 7.11 0.04 0.001

13.94 1.81 141.41 1.11 157.36 31 1178 0.49 0.133 0.08 7.11 0.04 0.001

14.11 1.76 146.66 1.08 158.09 30 1161 0.49 0.143 0.09 7.11 0.05 0.001

14.27 1.73 147.05 1.06 155.75 29 1133 0.49 0.158 0.10 7.11 0.05 0.001

14.44 1.76 139.88 1.08 150.72 29 1120 0.49 0.168 0.11 7.11 0.06 0.001

14.60 1.83 127.93 1.13 144.16 28 1119 0.49 0.172 0.11 7.11 0.06 0.001

14.76 1.88 117.64 1.17 137.77 27 1106 0.49 0.184 0.13 7.11 0.07 0.001

14.93 1.89 113.57 1.18 133.65 27 1083 0.49 0.202 0.14 7.11 0.08 0.002

15.09 1.84 117.04 1.14 133.23 26 1063 0.49 0.221 0.16 7.11 0.09 0.002

15.26 1.77 130.68 1.08 141.41 27 1088 0.49 0.208 0.14 7.11 0.08 0.002

15.42 1.67 155.98 1.01 158.17 29 1156 0.49 0.172 0.11 7.11 0.06 0.001

15.58 1.60 184.81 1.00 184.81 33 1276 0.49 0.128 0.07 7.11 0.04 0.001

15.75 1.55 211.66 1.00 211.66 38 1377 0.49 0.105 0.05 7.11 0.03 0.001
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

15.91 1.55 234.37 1.00 234.37 42 1522 0.49 0.082 0.03 7.11 0.02 0.000

16.08 1.60 253.65 1.00 253.65 46 1783 0.49 0.058 0.02 7.11 0.01 0.000

16.24 1.55 268.32 1.00 268.32 48 1773 0.49 0.060 0.02 7.11 0.01 0.000

16.40 1.50 273.90 1.00 273.90 48 1716 0.49 0.065 0.02 7.11 0.01 0.000

16.57 1.36 280.34 1.00 280.34 47 1465 0.49 0.097 0.03 7.11 0.02 0.000

16.73 1.34 299.63 1.00 299.63 50 1539 0.49 0.087 0.03 7.11 0.01 0.000

16.90 1.31 321.67 1.00 321.67 53 1602 0.49 0.080 0.02 7.11 0.01 0.000

17.06 1.33 336.51 1.00 336.51 56 1715 0.49 0.069 0.02 7.11 0.01 0.000

17.22 1.40 337.88 1.00 337.88 57 1904 0.49 0.056 0.02 7.11 0.01 0.000

17.39 1.45 335.85 1.00 335.85 58 2022 0.49 0.051 0.01 7.11 0.01 0.000

17.55 1.47 342.05 1.00 342.05 59 2115 0.49 0.047 0.01 7.11 0.01 0.000

17.72 1.46 346.06 1.00 346.06 60 2122 0.48 0.047 0.01 7.11 0.01 0.000

17.88 1.46 354.40 1.00 354.40 61 2184 0.48 0.046 0.01 7.11 0.01 0.000

18.04 1.50 352.67 1.00 352.67 62 2298 0.48 0.042 0.01 7.11 0.01 0.000

18.21 1.51 340.31 1.00 340.31 60 2278 0.48 0.043 0.01 7.11 0.01 0.000

18.37 1.55 311.53 1.00 311.53 55 2181 0.48 0.047 0.01 7.11 0.01 0.000

18.54 1.54 289.10 1.00 289.10 51 2008 0.48 0.056 0.02 7.11 0.01 0.000

18.70 1.52 281.62 1.00 281.62 50 1929 0.48 0.062 0.02 7.11 0.01 0.000

18.86 1.46 291.40 1.00 291.40 50 1844 0.48 0.069 0.02 7.11 0.01 0.000

19.03 1.44 307.85 1.00 307.85 53 1912 0.48 0.065 0.02 7.11 0.01 0.000

19.19 1.42 321.73 1.00 321.73 55 1961 0.48 0.062 0.02 7.11 0.01 0.000

19.36 1.47 341.33 1.00 341.33 59 2212 0.48 0.050 0.01 7.11 0.01 0.000

19.52 1.38 349.16 1.00 349.16 59 2041 0.48 0.059 0.02 7.11 0.01 0.000

19.69 1.36 342.10 1.00 342.10 57 1935 0.48 0.067 0.02 7.11 0.01 0.000

19.85 1.34 301.64 1.00 301.64 50 1685 0.48 0.093 0.03 7.11 0.01 0.000

20.01 1.42 277.39 1.00 277.39 47 1727 0.48 0.088 0.03 7.11 0.01 0.000

20.18 1.52 257.84 1.00 257.84 45 1841 0.48 0.077 0.03 7.11 0.01 0.000

20.34 1.56 261.70 1.00 261.70 47 1974 0.48 0.067 0.02 7.11 0.01 0.000

20.51 1.62 251.19 1.00 251.19 46 2051 0.48 0.063 0.02 7.11 0.01 0.000

20.67 1.66 255.11 1.01 257.39 47 2210 0.48 0.055 0.02 7.11 0.01 0.000

20.83 1.62 289.90 1.00 289.90 53 2411 0.48 0.047 0.01 7.11 0.01 0.000

21.00 1.56 351.90 1.00 351.90 63 2693 0.48 0.039 0.01 7.11 0.00 0.000

21.16 1.46 421.60 1.00 421.60 73 2825 0.48 0.037 0.01 7.11 0.00 0.000

21.33 1.40 459.52 1.00 459.52 78 2877 0.48 0.036 0.01 7.11 0.00 0.000

21.49 1.39 470.25 1.00 470.25 79 2894 0.48 0.036 0.01 7.11 0.00 0.000

21.65 1.39 466.88 1.00 466.88 79 2892 0.48 0.037 0.01 7.11 0.00 0.000

21.82 1.40 463.78 1.00 463.78 78 2911 0.48 0.037 0.01 7.11 0.00 0.000

21.98 1.41 460.53 1.00 460.53 78 2932 0.48 0.037 0.01 7.11 0.00 0.000

22.15 1.41 457.82 1.00 457.82 78 2957 0.48 0.037 0.01 7.11 0.00 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

Total estimated settlement: 0.05

Abbreviations
Qtn:
Kc:
Qtn,cs:
Gmax:
CSR:
γ:
evol(15):
Nc:
ev:
Settle.:

Equivalent clean sand normalized cone resistance
Fines correction factor
Post-liquefaction volumentric strain
Small strain shear modulus
Soil cyclic stress ratio
Cyclic shear strain
Volumetric strain after 15 cycles
Equivalent number of cycles
Volumetric strain
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 19-433, Western Realco Location : 1375 Magnolia Avenue, Corona, CA

Petra Geosciences, Inc.
3186 Airway Avenue, Suite K
Costa Mesa, CA 92626
www.petra-inc.com

CPT file : SCPT-2

45.00 ft
45.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
All soils
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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FS Plot Vertical settlements
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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:: Post-earthquake settlement of dry sands ::

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

0.16 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.33 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.49 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.66 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.82 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.98 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.15 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.31 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.48 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.64 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.80 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.97 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.13 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.30 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.46 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.62 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.79 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.95 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.12 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.28 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.44 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.61 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.77 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.94 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.10 1.55 131.71 1.00 131.71 23 460 0.50 0.385 0.32 7.11 0.21 0.004

4.27 1.47 187.72 1.00 187.72 32 634 0.50 0.100 0.06 7.11 0.04 0.001

4.43 1.48 199.49 1.00 199.49 35 687 0.50 0.081 0.04 7.11 0.03 0.001

4.59 1.50 227.85 1.00 227.85 40 807 0.50 0.052 0.02 7.11 0.02 0.000

4.76 1.42 247.05 1.00 247.05 42 835 0.50 0.051 0.02 7.11 0.01 0.000

4.92 1.47 256.36 1.00 256.36 44 918 0.50 0.042 0.02 7.11 0.01 0.000

5.09 1.53 241.00 1.00 241.00 43 917 0.50 0.044 0.02 7.11 0.01 0.000

5.25 1.65 236.45 1.00 237.27 44 1003 0.50 0.037 0.01 7.11 0.01 0.000

5.41 1.64 232.64 1.00 232.18 42 996 0.50 0.040 0.02 7.11 0.01 0.000

5.58 1.62 235.32 1.00 235.32 43 1005 0.50 0.041 0.02 7.11 0.01 0.000

5.74 1.57 230.12 1.00 230.12 41 950 0.50 0.049 0.02 7.11 0.01 0.000

5.91 1.51 221.75 1.00 221.75 39 884 0.50 0.063 0.03 7.11 0.02 0.000

6.07 1.44 217.01 1.00 217.01 37 822 0.50 0.083 0.04 7.11 0.03 0.001

6.23 1.41 200.29 1.00 200.29 34 751 0.50 0.119 0.06 7.11 0.04 0.001

6.40 1.41 201.23 1.00 201.23 34 761 0.50 0.120 0.06 7.11 0.04 0.001

6.56 1.42 203.77 1.00 203.77 35 786 0.50 0.112 0.06 7.11 0.04 0.001

6.73 1.46 223.78 1.00 223.78 39 898 0.50 0.076 0.03 7.11 0.02 0.000

6.89 1.51 232.82 1.00 232.82 41 992 0.50 0.060 0.03 7.11 0.02 0.000

7.05 1.56 228.27 1.00 228.27 41 1031 0.50 0.056 0.02 7.11 0.02 0.000

7.22 1.59 204.26 1.00 204.26 37 952 0.50 0.073 0.04 7.11 0.02 0.000

7.38 1.61 169.98 1.00 169.98 31 817 0.50 0.125 0.07 7.11 0.05 0.001

7.55 1.60 142.27 1.00 142.27 26 688 0.50 0.259 0.19 7.11 0.12 0.002

7.71 1.62 127.22 1.00 127.22 23 628 0.50 0.419 0.35 7.11 0.22 0.004

7.87 1.63 124.57 1.00 124.57 23 629 0.50 0.436 0.37 7.11 0.23 0.005

CLiq v.3.0.1.6 - CPT Liquefaction Assessment Software - Report created on: 1/7/2020, 11:15:37 AM 15
Project file: D:\Petra\Jobs\19-433 Western Realco (1375 Magnolia Avenue, Corona) Geotech Evaluation\Calcs & Analysis\19-433, Settlement Analysis.clq



This software is licensed to: Petra Geosciences, inc. CPT name: SCPT-2

:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

8.04 1.62 125.55 1.00 125.55 23 636 0.50 0.434 0.37 7.11 0.23 0.004

8.20 1.61 132.93 1.00 132.93 24 669 0.50 0.357 0.29 7.11 0.18 0.003

8.37 1.64 147.04 1.00 146.87 27 774 0.50 0.198 0.14 7.11 0.09 0.002

8.53 1.68 162.72 1.02 166.44 31 894 0.49 0.121 0.07 7.11 0.04 0.001

8.69 1.69 172.82 1.03 177.74 33 967 0.49 0.097 0.05 7.11 0.03 0.001

8.86 1.62 177.27 1.00 177.27 32 940 0.49 0.110 0.06 7.11 0.04 0.001

9.02 1.54 175.94 1.00 175.94 31 869 0.49 0.150 0.09 7.11 0.05 0.001

9.19 1.53 175.46 1.00 175.46 31 860 0.49 0.161 0.10 7.11 0.06 0.001

9.35 1.52 175.57 1.00 175.57 31 856 0.49 0.171 0.10 7.11 0.06 0.001

9.51 1.66 190.11 1.01 191.84 35 1081 0.49 0.082 0.04 7.11 0.02 0.000

9.68 1.67 193.46 1.02 196.54 36 1121 0.49 0.076 0.04 7.11 0.02 0.000

9.84 1.79 198.67 1.10 218.05 42 1316 0.49 0.052 0.02 7.11 0.01 0.000

10.01 1.80 192.36 1.10 212.20 41 1297 0.49 0.056 0.02 7.11 0.01 0.000

10.17 1.83 182.78 1.13 206.65 40 1294 0.49 0.057 0.02 7.11 0.01 0.000

10.33 1.79 167.69 1.10 183.99 35 1142 0.49 0.082 0.04 7.11 0.02 0.000

10.50 1.70 155.13 1.04 161.11 30 972 0.49 0.139 0.08 7.11 0.05 0.001

10.66 1.64 152.29 1.00 152.29 28 899 0.49 0.190 0.13 7.11 0.07 0.001

10.83 1.57 150.03 1.00 150.03 27 832 0.49 0.266 0.19 7.11 0.11 0.002

10.99 1.57 148.05 1.00 148.05 26 827 0.49 0.284 0.20 7.11 0.12 0.002

11.15 1.58 148.33 1.00 148.33 27 837 0.49 0.278 0.20 7.11 0.11 0.002

11.32 1.59 152.86 1.00 152.86 27 879 0.49 0.235 0.16 7.11 0.09 0.002

11.48 1.62 161.66 1.00 161.66 29 971 0.49 0.166 0.10 7.11 0.06 0.001

11.65 1.61 172.01 1.00 172.01 31 1025 0.49 0.142 0.08 7.11 0.05 0.001

11.81 1.61 175.46 1.00 175.46 32 1052 0.49 0.134 0.08 7.11 0.04 0.001

11.98 1.58 170.41 1.00 170.41 31 995 0.49 0.167 0.10 7.11 0.06 0.001

12.14 1.57 158.98 1.00 158.98 28 928 0.49 0.222 0.15 7.11 0.08 0.002

12.30 1.59 149.59 1.00 149.59 27 901 0.49 0.257 0.18 7.11 0.10 0.002

12.47 1.62 143.78 1.00 143.78 26 894 0.49 0.272 0.20 7.11 0.11 0.002

12.63 1.63 139.30 1.00 139.30 25 889 0.49 0.288 0.22 7.11 0.12 0.002

12.80 1.67 137.33 1.02 139.99 26 922 0.49 0.255 0.19 7.11 0.10 0.002

12.96 1.71 134.91 1.05 141.13 26 954 0.49 0.229 0.16 7.11 0.09 0.002

13.12 1.75 135.94 1.07 145.55 28 1010 0.49 0.190 0.13 7.11 0.07 0.001

13.29 1.74 137.04 1.07 145.97 28 1015 0.49 0.192 0.13 7.11 0.07 0.001

13.45 1.71 140.05 1.04 146.12 27 1006 0.49 0.204 0.14 7.11 0.08 0.002

13.62 1.68 145.23 1.02 148.49 27 1013 0.49 0.204 0.14 7.11 0.08 0.002

13.78 1.62 158.25 1.00 158.25 29 1036 0.49 0.192 0.12 7.11 0.07 0.001

13.94 1.61 173.37 1.00 173.37 31 1130 0.49 0.146 0.09 7.11 0.05 0.001

14.11 1.59 185.72 1.00 185.72 33 1195 0.49 0.125 0.07 7.11 0.04 0.001

14.27 1.57 191.09 1.00 191.09 34 1208 0.49 0.124 0.07 7.11 0.04 0.001

14.44 1.55 192.02 1.00 192.02 34 1187 0.49 0.134 0.07 7.11 0.04 0.001

14.60 1.53 187.11 1.00 187.11 33 1132 0.49 0.159 0.09 7.11 0.05 0.001

14.76 1.53 172.15 1.00 172.15 30 1043 0.49 0.217 0.13 7.11 0.07 0.001

14.93 1.55 147.58 1.00 147.58 26 932 0.49 0.348 0.25 7.11 0.13 0.003

15.09 1.65 118.23 1.00 118.23 22 838 0.49 0.577 0.52 7.11 0.28 0.005

15.26 1.81 90.38 1.12 100.93  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.42 2.02 69.34 1.32 91.77  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.58 2.25 54.87 1.81 99.33  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.75 2.47 45.59 2.64 120.18  0  0 0.49 0.000 0.00 0.00 0.00 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

15.91 2.47 49.81 2.60 129.45  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.08 2.38 60.86 2.23 135.81  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.24 2.04 107.24 1.36 145.35  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.40 1.85 156.71 1.14 179.33  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.57 1.80 211.82 1.11 234.96 45 1918 0.49 0.051 0.02 7.11 0.01 0.000

16.73 1.80 231.71 1.10 256.04 49 2097 0.49 0.043 0.01 7.11 0.01 0.000

16.90 1.81 235.67 1.11 262.75 51 2182 0.49 0.041 0.01 7.11 0.01 0.000

17.06 1.82 227.42 1.12 254.25 49 2130 0.49 0.043 0.01 7.11 0.01 0.000

17.22 1.83 224.06 1.13 252.37 49 2142 0.49 0.044 0.01 7.11 0.01 0.000

17.39 1.87 215.30 1.16 249.42 49 2177 0.49 0.043 0.01 7.11 0.01 0.000

17.55 1.83 228.54 1.13 258.81 51 2234 0.49 0.042 0.01 7.11 0.01 0.000

17.72 1.73 271.14 1.06 286.24 54 2324 0.48 0.039 0.01 7.11 0.01 0.000

17.88 1.64 327.80 1.00 327.80 60 2527 0.48 0.035 0.01 7.11 0.00 0.000

18.04 1.57 361.27 1.00 361.27 64 2549 0.48 0.035 0.01 7.11 0.00 0.000

18.21 1.56 366.19 1.00 366.19 65 2563 0.48 0.035 0.01 7.11 0.00 0.000

18.37 1.51 351.04 1.00 351.04 61 2318 0.48 0.042 0.01 7.11 0.01 0.000

18.54 1.44 336.83 1.00 336.83 58 2059 0.48 0.052 0.01 7.11 0.01 0.000

18.70 1.43 311.73 1.00 311.73 53 1886 0.48 0.063 0.02 7.11 0.01 0.000

18.86 1.46 294.86 1.00 294.86 51 1859 0.48 0.066 0.02 7.11 0.01 0.000

19.03 1.52 272.94 1.00 272.94 48 1863 0.48 0.067 0.02 7.11 0.01 0.000

19.19 1.55 255.72 1.00 255.72 45 1832 0.48 0.070 0.03 7.11 0.01 0.000

19.36 1.61 247.11 1.00 247.11 45 1912 0.48 0.065 0.02 7.11 0.01 0.000

19.52 1.61 253.37 1.00 253.37 46 1970 0.48 0.062 0.02 7.11 0.01 0.000

19.69 1.58 271.91 1.00 271.91 49 2059 0.48 0.057 0.02 7.11 0.01 0.000

19.85 1.54 292.97 1.00 292.97 52 2104 0.48 0.056 0.02 7.11 0.01 0.000

20.01 1.56 303.39 1.00 303.39 54 2234 0.48 0.050 0.02 7.11 0.01 0.000

20.18 1.59 318.74 1.00 318.74 57 2485 0.48 0.042 0.01 7.11 0.01 0.000

20.34 1.58 339.50 1.00 339.50 61 2605 0.48 0.039 0.01 7.11 0.00 0.000

20.51 1.49 355.04 1.00 355.04 62 2425 0.48 0.045 0.01 7.11 0.01 0.000

20.67 1.39 355.14 1.00 355.14 60 2121 0.48 0.058 0.02 7.11 0.01 0.000

20.83 1.18 382.00 1.00 382.00 60 1729 0.48 0.092 0.02 7.11 0.01 0.000

21.00 1.14 430.15 1.00 430.15 67 1861 0.48 0.078 0.02 7.11 0.01 0.000

21.16 1.10 483.62 1.00 483.62 75 1989 0.48 0.069 0.01 7.11 0.01 0.000

21.33 1.20 492.20 1.00 492.20 78 2322 0.48 0.051 0.01 7.11 0.00 0.000

21.49 1.19 491.09 1.00 491.09 78 2300 0.48 0.053 0.01 7.11 0.00 0.000

21.65 1.35 481.60 1.00 481.60 80 2791 0.48 0.038 0.01 7.11 0.00 0.000

21.82 1.43 481.85 1.00 481.85 82 3136 0.48 0.032 0.01 7.11 0.00 0.000

21.98 1.55 450.66 1.00 450.66 80 3493 0.48 0.028 0.01 7.11 0.00 0.000

22.15 1.53 416.45 1.00 416.45 73 3144 0.48 0.033 0.01 7.11 0.00 0.000

22.31 1.42 397.73 1.00 397.73 68 2578 0.48 0.045 0.01 7.11 0.00 0.000

22.47 1.15 435.32 1.00 435.32 68 1958 0.48 0.078 0.02 7.11 0.01 0.000

22.64 0.90 511.41 1.00 511.41 75 1635 0.48 0.123 0.03 7.11 0.01 0.000

22.80 0.84 562.82 1.00 562.82 81 1674 0.48 0.117 0.02 7.11 0.01 0.000

22.97 0.82 589.85 1.00 589.85 84 1692 0.48 0.115 0.02 7.11 0.01 0.000

23.13 0.82 584.58 1.00 584.58 84 1692 0.48 0.116 0.02 7.11 0.01 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

Total estimated settlement: 0.10

Abbreviations
Qtn:
Kc:
Qtn,cs:
Gmax:
CSR:
γ:
evol(15):
Nc:
ev:
Settle.:

Equivalent clean sand normalized cone resistance
Fines correction factor
Post-liquefaction volumentric strain
Small strain shear modulus
Soil cyclic stress ratio
Cyclic shear strain
Volumetric strain after 15 cycles
Equivalent number of cycles
Volumetric strain
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 19-433, Western Realco Location : 1375 Magnolia Avenue, Corona, CA

Petra Geosciences, Inc.
3186 Airway Avenue, Suite K
Costa Mesa, CA 92626
www.petra-inc.com

CPT file : CPT-3

45.00 ft
45.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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FS Plot Vertical settlements
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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:: Post-earthquake settlement of dry sands ::

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

0.16 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.33 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.49 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.66 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.82 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.98 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.15 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.31 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.48 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.64 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.80 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.97 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.13 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.30 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.46 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.62 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.79 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.95 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.12 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.28 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.44 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.61 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.77 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.94 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.10 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.27 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.43 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.59 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.76 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.92 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

5.09 1.62 141.67 1.00 141.67 26 580 0.50 0.216 0.16 7.11 0.10 0.002

5.25 1.53 215.06 1.00 215.06 38 828 0.50 0.062 0.03 7.11 0.02 0.000

5.41 1.52 235.17 1.00 235.17 41 913 0.50 0.050 0.02 7.11 0.01 0.000

5.58 1.49 238.07 1.00 238.07 41 910 0.50 0.053 0.02 7.11 0.01 0.000

5.74 1.43 231.01 1.00 231.01 39 853 0.50 0.067 0.03 7.11 0.02 0.000

5.91 1.32 213.93 1.00 213.93 35 728 0.50 0.119 0.06 7.11 0.04 0.001

6.07 1.28 205.91 1.00 205.91 34 682 0.50 0.162 0.09 7.11 0.06 0.001

6.23 1.28 192.25 1.00 192.25 31 644 0.50 0.219 0.13 7.11 0.08 0.002

6.40 1.38 200.85 1.00 200.85 34 738 0.50 0.133 0.07 7.11 0.05 0.001

6.56 1.43 225.94 1.00 225.94 39 875 0.50 0.078 0.04 7.11 0.02 0.000

6.73 1.47 270.90 1.00 270.90 47 1096 0.50 0.044 0.02 7.11 0.01 0.000

6.89 1.46 323.32 1.00 323.32 56 1312 0.50 0.031 0.01 7.11 0.01 0.000

7.05 1.43 414.46 1.00 414.46 71 1659 0.50 0.021 0.00 7.11 0.00 0.000

7.22 1.39 500.35 1.00 500.35 84 1948 0.50 0.017 0.00 7.11 0.00 0.000

7.38 1.41 527.65 1.00 527.65 90 2114 0.50 0.015 0.00 7.11 0.00 0.000

7.55 1.47 505.97 1.00 505.97 87 2155 0.50 0.016 0.00 7.11 0.00 0.000

7.71 1.56 478.64 1.00 478.64 85 2244 0.50 0.015 0.00 7.11 0.00 0.000

7.87 1.53 476.42 1.00 476.42 84 2206 0.50 0.016 0.00 7.11 0.00 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

8.04 1.49 458.16 1.00 458.16 80 2062 0.50 0.018 0.00 7.11 0.00 0.000

8.20 1.36 433.15 1.00 433.15 72 1730 0.50 0.024 0.01 7.11 0.00 0.000

8.37 1.35 417.79 1.00 417.79 70 1666 0.50 0.027 0.01 7.11 0.00 0.000

8.53 1.47 428.69 1.00 428.69 74 1932 0.49 0.021 0.00 7.11 0.00 0.000

8.69 1.59 438.70 1.00 438.70 79 2266 0.49 0.017 0.00 7.11 0.00 0.000

8.86 1.64 469.09 1.00 468.21 86 2568 0.49 0.015 0.00 7.11 0.00 0.000

9.02 1.63 469.26 1.00 469.26 86 2573 0.49 0.015 0.00 7.11 0.00 0.000

9.19 1.58 467.81 1.00 467.81 84 2452 0.49 0.017 0.00 7.11 0.00 0.000

9.35 1.59 430.33 1.00 430.33 77 2297 0.49 0.019 0.00 7.11 0.00 0.000

9.51 1.63 399.35 1.00 399.35 73 2242 0.49 0.020 0.00 7.11 0.00 0.000

9.68 1.68 373.35 1.02 382.53 71 2230 0.49 0.020 0.00 7.11 0.00 0.000

9.84 1.67 350.59 1.02 357.10 66 2094 0.49 0.023 0.01 7.11 0.00 0.000

10.01 1.54 340.19 1.00 340.19 60 1785 0.49 0.030 0.01 7.11 0.00 0.000

10.17 1.44 317.08 1.00 317.08 54 1504 0.49 0.043 0.01 7.11 0.01 0.000

10.33 1.34 299.07 1.00 299.07 50 1287 0.49 0.063 0.02 7.11 0.01 0.000

10.50 1.37 284.04 1.00 284.04 48 1267 0.49 0.067 0.02 7.11 0.01 0.000

10.66 1.35 273.65 1.00 273.65 46 1197 0.49 0.080 0.03 7.11 0.02 0.000

10.83 1.37 268.86 1.00 268.86 45 1205 0.49 0.081 0.03 7.11 0.02 0.000

10.99 1.37 261.63 1.00 261.63 44 1182 0.49 0.088 0.03 7.11 0.02 0.000

11.15 1.37 254.20 1.00 254.20 43 1156 0.49 0.096 0.04 7.11 0.02 0.000

11.32 1.35 250.41 1.00 250.41 42 1126 0.49 0.106 0.04 7.11 0.03 0.001

11.48 1.33 245.67 1.00 245.67 41 1088 0.49 0.121 0.05 7.11 0.03 0.001

11.65 1.35 236.61 1.00 236.61 39 1068 0.49 0.132 0.06 7.11 0.03 0.001

11.81 1.37 228.43 1.00 228.43 38 1067 0.49 0.136 0.06 7.11 0.04 0.001

11.98 1.39 226.27 1.00 226.27 38 1082 0.49 0.134 0.06 7.11 0.04 0.001

12.14 1.39 235.54 1.00 235.54 40 1137 0.49 0.117 0.05 7.11 0.03 0.001

12.30 1.47 267.96 1.00 267.96 46 1421 0.49 0.065 0.02 7.11 0.01 0.000

12.47 1.58 321.30 1.00 321.30 58 1947 0.49 0.035 0.01 7.11 0.01 0.000

12.63 1.61 354.76 1.00 354.76 64 2234 0.49 0.028 0.01 7.11 0.00 0.000

12.80 1.62 342.97 1.00 342.97 62 2202 0.49 0.029 0.01 7.11 0.00 0.000

12.96 1.58 305.33 1.00 305.33 55 1891 0.49 0.039 0.01 7.11 0.01 0.000

13.12 1.55 268.12 1.00 268.12 48 1610 0.49 0.055 0.02 7.11 0.01 0.000

13.29 1.55 250.90 1.00 250.90 45 1516 0.49 0.064 0.02 7.11 0.01 0.000

13.45 1.57 240.10 1.00 240.10 43 1501 0.49 0.067 0.03 7.11 0.01 0.000

13.62 1.59 249.94 1.00 249.94 45 1596 0.49 0.059 0.02 7.11 0.01 0.000

13.78 1.56 259.13 1.00 259.13 46 1622 0.49 0.058 0.02 7.11 0.01 0.000

13.94 1.50 260.40 1.00 260.40 45 1521 0.49 0.068 0.03 7.11 0.01 0.000

14.11 1.47 251.49 1.00 251.49 44 1427 0.49 0.081 0.03 7.11 0.02 0.000

14.27 1.43 248.71 1.00 248.71 42 1348 0.49 0.096 0.04 7.11 0.02 0.000

14.44 1.43 254.29 1.00 254.29 43 1382 0.49 0.092 0.04 7.11 0.02 0.000

14.60 1.44 260.27 1.00 260.27 45 1443 0.49 0.084 0.03 7.11 0.02 0.000

14.76 1.45 265.71 1.00 265.71 46 1494 0.49 0.078 0.03 7.11 0.02 0.000

14.93 1.46 254.84 1.00 254.84 44 1454 0.49 0.085 0.03 7.11 0.02 0.000

15.09 1.46 237.84 1.00 237.84 41 1366 0.49 0.102 0.04 7.11 0.02 0.000

15.26 1.52 203.81 1.00 203.81 36 1265 0.49 0.131 0.06 7.11 0.03 0.001

15.42 1.63 167.63 1.00 167.63 31 1201 0.49 0.157 0.09 7.11 0.05 0.001

15.58 1.81 126.73 1.12 141.32 27 1142 0.49 0.190 0.13 7.11 0.07 0.001

15.75 2.00 96.71 1.30 125.55 26 1106 0.49 0.217 0.16 7.11 0.08 0.002

CLiq v.3.0.1.6 - CPT Liquefaction Assessment Software - Report created on: 1/7/2020, 11:15:38 AM 25
Project file: D:\Petra\Jobs\19-433 Western Realco (1375 Magnolia Avenue, Corona) Geotech Evaluation\Calcs & Analysis\19-433, Settlement Analysis.clq



This software is licensed to: Petra Geosciences, inc. CPT name: CPT-3

:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

15.91 2.05 97.31 1.38 133.84 28 1198 0.49 0.168 0.11 7.11 0.06 0.001

16.08 1.90 132.36 1.19 157.30 32 1355 0.49 0.117 0.07 7.11 0.04 0.001

16.24 1.85 170.37 1.15 195.18 38 1652 0.49 0.071 0.03 7.11 0.02 0.000

16.40 1.77 192.10 1.09 209.14 40 1704 0.49 0.068 0.03 7.11 0.02 0.000

16.57 1.70 213.71 1.04 222.08 41 1740 0.49 0.066 0.03 7.11 0.01 0.000

16.73 1.57 220.33 1.00 220.33 39 1532 0.49 0.090 0.04 7.11 0.02 0.000

16.90 1.60 227.06 1.00 227.06 41 1647 0.49 0.077 0.03 7.11 0.02 0.000

17.06 1.76 206.39 1.08 222.04 42 1830 0.49 0.062 0.03 7.11 0.01 0.000

17.22 1.89 211.94 1.18 250.53 50 2249 0.49 0.042 0.01 7.11 0.01 0.000

17.39 1.90 230.62 1.18 273.22 55 2472 0.49 0.036 0.01 7.11 0.01 0.000

17.55 1.82 263.14 1.12 295.47 58 2583 0.49 0.034 0.01 7.11 0.00 0.000

17.72 1.82 242.69 1.12 271.35 53 2377 0.48 0.040 0.01 7.11 0.01 0.000

17.88 1.84 218.06 1.13 247.33 48 2207 0.48 0.046 0.02 7.11 0.01 0.000

18.04 1.89 186.02 1.18 219.99 44 2038 0.48 0.054 0.02 7.11 0.01 0.000

18.21 1.87 178.78 1.16 208.12 41 1919 0.48 0.062 0.03 7.11 0.01 0.000

18.37 1.91 155.54 1.20 187.14 38 1774 0.48 0.074 0.03 7.11 0.02 0.000

18.54 2.03 124.79 1.34 166.81 35 1657 0.48 0.088 0.04 7.11 0.02 0.000

18.70 2.10 107.19 1.46 156.72 34 1584 0.48 0.100 0.05 7.11 0.03 0.001

18.86 2.16 95.77 1.58 151.14 34 1536 0.48 0.110 0.06 7.11 0.03 0.001

19.03 2.20 90.25 1.67 150.75 34 1535 0.48 0.112 0.06 7.11 0.03 0.001

19.19 2.21 90.25 1.68 151.95 34 1556 0.48 0.110 0.06 7.11 0.03 0.001

19.36 2.21 91.80 1.69 155.10 35 1598 0.48 0.104 0.05 7.11 0.03 0.000

19.52 2.20 92.94 1.67 155.38 35 1613 0.48 0.103 0.05 7.11 0.03 0.000

19.69 2.21 93.32 1.68 156.76 35 1637 0.48 0.100 0.05 7.11 0.02 0.000

19.85 2.20 93.78 1.68 157.20 36 1653 0.48 0.099 0.05 7.11 0.02 0.000

20.01 2.19 96.55 1.64 158.59 36 1681 0.48 0.096 0.05 7.11 0.02 0.000

20.18 2.10 102.66 1.46 150.25 33 1605 0.48 0.110 0.06 7.11 0.03 0.001

20.34 2.00 112.54 1.30 146.84 31 1546 0.48 0.124 0.07 7.11 0.03 0.001

20.51 1.96 119.23 1.25 149.28 31 1555 0.48 0.123 0.07 7.11 0.03 0.001

20.67 1.92 132.17 1.21 159.69 32 1640 0.48 0.108 0.06 7.11 0.03 0.001

20.83 1.70 192.96 1.04 200.79 38 1798 0.48 0.087 0.04 7.11 0.02 0.000

21.00 1.51 254.86 1.00 254.86 45 1828 0.48 0.085 0.03 7.11 0.01 0.000

21.16 1.40 305.94 1.00 305.94 52 1893 0.48 0.079 0.03 7.11 0.01 0.000

21.33 1.40 302.74 1.00 302.74 51 1891 0.48 0.081 0.03 7.11 0.01 0.000

21.49 1.40 299.55 1.00 299.55 51 1889 0.48 0.082 0.03 7.11 0.01 0.000

21.65 1.41 296.83 1.00 296.83 50 1889 0.48 0.083 0.03 7.11 0.01 0.000

21.82 1.41 294.36 1.00 294.36 50 1896 0.48 0.083 0.03 7.11 0.01 0.000

21.98 1.42 292.16 1.00 292.16 50 1903 0.48 0.083 0.03 7.11 0.01 0.000

22.15 1.42 290.33 1.00 290.33 49 1911 0.48 0.083 0.03 7.11 0.01 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

Total estimated settlement: 0.04

Abbreviations
Qtn:
Kc:
Qtn,cs:
Gmax:
CSR:
γ:
evol(15):
Nc:
ev:
Settle.:

Equivalent clean sand normalized cone resistance
Fines correction factor
Post-liquefaction volumentric strain
Small strain shear modulus
Soil cyclic stress ratio
Cyclic shear strain
Volumetric strain after 15 cycles
Equivalent number of cycles
Volumetric strain
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 19-433, Western Realco Location : 1375 Magnolia Avenue, Corona, CA

Petra Geosciences, Inc.
3186 Airway Avenue, Suite K
Costa Mesa, CA 92626
www.petra-inc.com

CPT file : CPT-4

45.00 ft
45.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CLiq v.3.0.1.6 - CPT Liquefaction Assessment Software - Report created on: 1/7/2020, 11:15:38 AM 29
Project file: D:\Petra\Jobs\19-433 Western Realco (1375 Magnolia Avenue, Corona) Geotech Evaluation\Calcs & Analysis\19-433, Settlement Analysis.clq

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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FS Plot Vertical settlements
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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:: Post-earthquake settlement of dry sands ::

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

0.16 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.33 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.49 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.66 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.82 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.98 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.15 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.31 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.48 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.64 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.80 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.97 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.13 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.30 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.46 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.62 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.79 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.95 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.12 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.28 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.44 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.61 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.77 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.94 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.10 1.87 91.65 1.16 106.47 21 466 0.50 0.361 0.34 7.11 0.23 0.004

4.27 1.82 151.26 1.12 169.66 33 722 0.50 0.064 0.04 7.11 0.02 0.000

4.43 1.95 197.11 1.24 244.14 50 1107 0.50 0.024 0.01 7.11 0.01 0.000

4.59 1.91 265.17 1.20 318.13 64 1420 0.50 0.016 0.00 7.11 0.00 0.000

4.76 1.84 307.98 1.14 349.92 69 1505 0.50 0.015 0.00 7.11 0.00 0.000

4.92 1.71 313.20 1.05 327.64 61 1358 0.50 0.019 0.00 7.11 0.00 0.000

5.09 1.62 286.37 1.00 286.37 52 1174 0.50 0.026 0.01 7.11 0.01 0.000

5.25 1.55 277.86 1.00 277.86 49 1094 0.50 0.031 0.01 7.11 0.01 0.000

5.41 1.58 295.04 1.00 295.04 53 1211 0.50 0.027 0.01 7.11 0.01 0.000

5.58 1.61 300.90 1.00 300.90 54 1276 0.50 0.025 0.01 7.11 0.00 0.000

5.74 1.63 291.17 1.00 291.17 53 1277 0.50 0.026 0.01 7.11 0.01 0.000

5.91 1.56 261.82 1.00 261.82 47 1099 0.50 0.037 0.01 7.11 0.01 0.000

6.07 1.50 249.41 1.00 249.41 43 1001 0.50 0.049 0.02 7.11 0.01 0.000

6.23 1.46 262.78 1.00 262.78 45 1032 0.50 0.047 0.02 7.11 0.01 0.000

6.40 1.45 274.84 1.00 274.84 47 1084 0.50 0.043 0.02 7.11 0.01 0.000

6.56 1.44 271.28 1.00 271.28 47 1073 0.50 0.046 0.02 7.11 0.01 0.000

6.73 1.46 260.29 1.00 260.29 45 1052 0.50 0.051 0.02 7.11 0.01 0.000

6.89 1.47 252.39 1.00 252.39 44 1039 0.50 0.054 0.02 7.11 0.01 0.000

7.05 1.44 263.83 1.00 263.83 45 1075 0.50 0.052 0.02 7.11 0.01 0.000

7.22 1.42 284.49 1.00 284.49 48 1142 0.50 0.046 0.02 7.11 0.01 0.000

7.38 1.41 302.41 1.00 302.41 51 1214 0.50 0.042 0.01 7.11 0.01 0.000

7.55 1.42 301.90 1.00 301.90 51 1241 0.50 0.041 0.01 7.11 0.01 0.000

7.71 1.46 296.11 1.00 296.11 51 1266 0.50 0.041 0.01 7.11 0.01 0.000

7.87 1.48 291.85 1.00 291.85 51 1290 0.50 0.040 0.01 7.11 0.01 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

8.04 1.50 291.41 1.00 291.41 51 1320 0.50 0.040 0.01 7.11 0.01 0.000

8.20 1.49 286.87 1.00 286.87 50 1304 0.50 0.042 0.01 7.11 0.01 0.000

8.37 1.49 282.50 1.00 282.50 49 1293 0.50 0.044 0.01 7.11 0.01 0.000

8.53 1.48 277.54 1.00 277.54 48 1272 0.49 0.047 0.02 7.11 0.01 0.000

8.69 1.48 279.03 1.00 279.03 48 1288 0.49 0.047 0.02 7.11 0.01 0.000

8.86 1.49 281.58 1.00 281.58 49 1327 0.49 0.045 0.02 7.11 0.01 0.000

9.02 1.51 289.25 1.00 289.25 51 1391 0.49 0.042 0.01 7.11 0.01 0.000

9.19 1.50 310.20 1.00 310.20 54 1497 0.49 0.037 0.01 7.11 0.01 0.000

9.35 1.52 322.56 1.00 322.56 57 1602 0.49 0.034 0.01 7.11 0.01 0.000

9.51 1.47 365.74 1.00 365.74 63 1734 0.49 0.030 0.01 7.11 0.00 0.000

9.68 1.45 390.76 1.00 390.76 67 1828 0.49 0.028 0.01 7.11 0.00 0.000

9.84 1.35 423.96 1.00 423.96 71 1793 0.49 0.029 0.01 7.11 0.00 0.000

10.01 1.37 399.95 1.00 399.95 67 1750 0.49 0.031 0.01 7.11 0.00 0.000

10.17 1.45 409.74 1.00 409.74 70 1956 0.49 0.027 0.01 7.11 0.00 0.000

10.33 1.52 409.31 1.00 409.31 72 2123 0.49 0.024 0.01 7.11 0.00 0.000

10.50 1.49 458.69 1.00 458.69 80 2313 0.49 0.021 0.00 7.11 0.00 0.000

10.66 1.43 472.32 1.00 472.32 81 2249 0.49 0.023 0.00 7.11 0.00 0.000

10.83 1.42 490.35 1.00 490.35 84 2345 0.49 0.022 0.00 7.11 0.00 0.000

10.99 1.45 481.84 1.00 481.84 83 2398 0.49 0.021 0.00 7.11 0.00 0.000

11.15 1.49 454.10 1.00 454.10 79 2372 0.49 0.022 0.00 7.11 0.00 0.000

11.32 1.51 425.52 1.00 425.52 74 2277 0.49 0.024 0.00 7.11 0.00 0.000

11.48 1.52 390.72 1.00 390.72 69 2128 0.49 0.027 0.01 7.11 0.00 0.000

11.65 1.50 376.76 1.00 376.76 66 2037 0.49 0.030 0.01 7.11 0.00 0.000

11.81 1.49 355.91 1.00 355.91 62 1907 0.49 0.034 0.01 7.11 0.01 0.000

11.98 1.44 362.33 1.00 362.33 62 1836 0.49 0.037 0.01 7.11 0.01 0.000

12.14 1.44 370.29 1.00 370.29 63 1890 0.49 0.036 0.01 7.11 0.01 0.000

12.30 1.45 368.33 1.00 368.33 63 1912 0.49 0.036 0.01 7.11 0.01 0.000

12.47 1.53 325.88 1.00 325.88 57 1870 0.49 0.038 0.01 7.11 0.01 0.000

12.63 1.56 275.22 1.00 275.22 49 1646 0.49 0.050 0.02 7.11 0.01 0.000

12.80 1.58 235.52 1.00 235.52 42 1455 0.49 0.067 0.03 7.11 0.02 0.000

12.96 1.56 221.75 1.00 221.75 40 1353 0.49 0.082 0.04 7.11 0.02 0.000

13.12 1.58 219.31 1.00 219.31 39 1378 0.49 0.080 0.04 7.11 0.02 0.000

13.29 1.59 227.17 1.00 227.17 41 1444 0.49 0.073 0.03 7.11 0.02 0.000

13.45 1.58 232.21 1.00 232.21 42 1466 0.49 0.071 0.03 7.11 0.02 0.000

13.62 1.54 239.17 1.00 239.17 42 1446 0.49 0.075 0.03 7.11 0.02 0.000

13.78 1.51 239.97 1.00 239.97 42 1404 0.49 0.083 0.03 7.11 0.02 0.000

13.94 1.47 242.35 1.00 242.35 42 1370 0.49 0.090 0.04 7.11 0.02 0.000

14.11 1.45 240.13 1.00 240.13 41 1334 0.49 0.099 0.04 7.11 0.02 0.000

14.27 1.47 236.07 1.00 236.07 41 1352 0.49 0.097 0.04 7.11 0.02 0.000

14.44 1.56 220.23 1.00 220.23 39 1401 0.49 0.090 0.04 7.11 0.02 0.000

14.60 1.65 199.58 1.01 200.90 37 1437 0.49 0.086 0.04 7.11 0.02 0.000

14.76 1.75 180.24 1.07 192.62 37 1459 0.49 0.084 0.04 7.11 0.02 0.000

14.93 1.77 171.73 1.08 185.87 35 1433 0.49 0.090 0.05 7.11 0.02 0.000

15.09 1.76 173.78 1.08 187.95 36 1457 0.49 0.087 0.04 7.11 0.02 0.000

15.26 1.73 195.60 1.06 206.59 39 1576 0.49 0.073 0.03 7.11 0.02 0.000

15.42 1.65 242.21 1.00 243.31 45 1789 0.49 0.056 0.02 7.11 0.01 0.000

15.58 1.58 285.31 1.00 285.31 51 1932 0.49 0.049 0.02 7.11 0.01 0.000

15.75 1.56 311.90 1.00 311.90 56 2081 0.49 0.043 0.01 7.11 0.01 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

15.91 1.60 304.27 1.00 304.27 55 2141 0.49 0.042 0.01 7.11 0.01 0.000

16.08 1.68 287.61 1.03 295.12 55 2260 0.49 0.038 0.01 7.11 0.01 0.000

16.24 1.77 284.12 1.09 308.79 59 2512 0.49 0.033 0.01 7.11 0.00 0.000

16.40 1.77 277.99 1.09 302.08 58 2473 0.49 0.034 0.01 7.11 0.00 0.000

16.57 1.71 296.49 1.04 309.40 58 2449 0.49 0.035 0.01 7.11 0.01 0.000

16.73 1.63 291.52 1.00 291.52 53 2196 0.49 0.043 0.01 7.11 0.01 0.000

16.90 1.65 299.78 1.00 300.57 55 2322 0.49 0.039 0.01 7.11 0.01 0.000

17.06 1.81 240.00 1.11 267.20 52 2293 0.49 0.041 0.01 7.11 0.01 0.000

17.22 1.92 196.21 1.21 237.47 48 2179 0.49 0.045 0.02 7.11 0.01 0.000

17.39 2.06 148.98 1.39 206.39 44 1985 0.49 0.055 0.02 7.11 0.01 0.000

17.55 1.98 157.67 1.27 200.84 41 1908 0.49 0.060 0.02 7.11 0.01 0.000

17.72 1.88 166.78 1.17 195.52 39 1792 0.48 0.070 0.03 7.11 0.02 0.000

17.88 1.79 173.25 1.10 190.30 37 1659 0.48 0.084 0.04 7.11 0.02 0.000

18.04 1.70 181.68 1.03 187.95 35 1549 0.48 0.102 0.05 7.11 0.03 0.001

18.21 1.64 186.82 1.00 186.82 34 1488 0.48 0.115 0.06 7.11 0.03 0.001

18.37 1.60 188.69 1.00 188.69 34 1439 0.48 0.129 0.07 7.11 0.03 0.001

18.54 1.60 181.06 1.00 181.06 33 1392 0.48 0.144 0.08 7.11 0.04 0.001

18.70 1.63 172.71 1.00 172.71 31 1378 0.48 0.151 0.09 7.11 0.04 0.001

18.86 1.63 175.47 1.00 175.47 32 1410 0.48 0.143 0.08 7.11 0.04 0.001

19.03 1.60 185.57 1.00 185.57 34 1444 0.48 0.135 0.07 7.11 0.04 0.001

19.19 1.58 198.57 1.00 198.57 36 1495 0.48 0.124 0.06 7.11 0.03 0.001

19.36 1.55 206.46 1.00 206.46 37 1512 0.48 0.122 0.06 7.11 0.03 0.001

19.52 1.55 205.36 1.00 205.36 36 1506 0.48 0.125 0.06 7.11 0.03 0.001

19.69 1.65 189.82 1.00 190.63 35 1603 0.48 0.107 0.05 7.11 0.03 0.001

19.85 1.74 169.53 1.07 180.78 34 1623 0.48 0.105 0.06 7.11 0.03 0.001

20.01 1.85 145.64 1.14 166.71 33 1617 0.48 0.108 0.06 7.11 0.03 0.001

20.18 1.88 135.08 1.17 157.96 31 1568 0.48 0.119 0.07 7.11 0.03 0.001

20.34 2.00 130.31 1.30 169.80 35 1795 0.48 0.085 0.04 7.11 0.02 0.000

20.51 2.02 136.59 1.32 180.76 38 1932 0.48 0.073 0.03 7.11 0.02 0.000

20.67 1.94 161.19 1.22 197.24 40 2051 0.48 0.065 0.03 7.11 0.01 0.000

20.83 1.93 176.46 1.22 214.54 43 2235 0.48 0.056 0.02 7.11 0.01 0.000

21.00 1.98 195.44 1.27 248.98 51 2671 0.48 0.041 0.01 7.11 0.01 0.000

21.16 2.04 188.21 1.35 254.81 54 2804 0.48 0.038 0.01 7.11 0.01 0.000

21.33 1.99 195.67 1.29 252.08 52 2748 0.48 0.040 0.01 7.11 0.01 0.000

21.49 1.88 202.05 1.17 237.27 47 2466 0.48 0.049 0.02 7.11 0.01 0.000

21.65 1.83 212.61 1.13 240.03 47 2421 0.48 0.051 0.02 7.11 0.01 0.000

21.82 1.83 213.30 1.13 240.49 47 2435 0.48 0.051 0.02 7.11 0.01 0.000

21.98 1.76 210.55 1.08 226.99 43 2199 0.48 0.062 0.02 7.11 0.01 0.000

22.15 1.75 205.05 1.07 219.66 42 2122 0.48 0.068 0.03 7.11 0.01 0.000

22.31 1.62 227.88 1.00 227.88 41 1985 0.48 0.079 0.03 7.11 0.01 0.000

22.47 1.60 264.04 1.00 264.04 48 2249 0.48 0.061 0.02 7.11 0.01 0.000

22.64 1.53 302.84 1.00 302.84 53 2329 0.48 0.058 0.02 7.11 0.01 0.000

22.80 1.51 317.65 1.00 317.65 56 2386 0.48 0.056 0.02 7.11 0.01 0.000

22.97 1.51 317.98 1.00 317.98 56 2419 0.48 0.055 0.02 7.11 0.01 0.000

23.13 1.51 320.04 1.00 320.04 56 2441 0.48 0.055 0.02 7.11 0.01 0.000
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

Total estimated settlement: 0.03

Abbreviations
Qtn:
Kc:
Qtn,cs:
Gmax:
CSR:
γ:
evol(15):
Nc:
ev:
Settle.:

Equivalent clean sand normalized cone resistance
Fines correction factor
Post-liquefaction volumentric strain
Small strain shear modulus
Soil cyclic stress ratio
Cyclic shear strain
Volumetric strain after 15 cycles
Equivalent number of cycles
Volumetric strain
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 19-433, Western Realco Location : 1375 Magnolia Avenue, Corona, CA

Petra Geosciences, Inc.
3186 Airway Avenue, Suite K
Costa Mesa, CA 92626
www.petra-inc.com

CPT file : CPT-5

45.00 ft
45.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
All soils
No
N/A
Method based
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
6.47
0.87
45.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

45.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
No
All soils
No
N/A



This software is licensed to: Petra Geosciences, inc. CPT name: CPT-5

Cone resistance

HAND AUGER

qt (tsf)
5004003002001000

D
ep

th
 (

ft
)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0
Cone resistance SBTn Plot

HAND AUGER

Ic (Robertson 1990)
4321

D
ep

th
 (

ft
)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0
SBTn Plot FS Plot

HAND AUGER

Factor of safety
21.510.50

D
ep

th
 (

ft
)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0
FS Plot Vertical settlements

HAND AUGER

Settlement (in)
0.250.20.150.10.050

D
ep

th
 (

ft
)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0
Vertical settlements

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s

Strain plot

Volumentric strain (%)
6543210

D
ep

th
 (

ft
)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0
Strain plot

CLiq v.3.0.1.6 - CPT Liquefaction Assessment Software - Report created on: 1/7/2020, 11:15:39 AM 41
Project file: D:\Petra\Jobs\19-433 Western Realco (1375 Magnolia Avenue, Corona) Geotech Evaluation\Calcs & Analysis\19-433, Settlement Analysis.clq

Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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:: Post-earthquake settlement of dry sands ::

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

0.16 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.33 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.49 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.66 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.82 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

0.98 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.15 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.31 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.48 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.64 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.80 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

1.97 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.13 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.30 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.46 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.62 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.79 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

2.95 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.12 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.28 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.44 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.61 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.77 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

3.94 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.10 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.27 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.43 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.59 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.76 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

4.92 4.06 -1.00 26.61 -26.61  0  0 0.50 0.000 0.00 0.00 0.00 0.000

5.09 1.87 71.08 1.16 82.69 16 362 0.50 3.356 4.26 7.11 2.78 0.055

5.25 1.67 106.44 1.00 106.44 20 457 0.50 0.800 0.82 7.11 0.53 0.010

5.41 1.54 113.08 1.00 113.08 20 443 0.50 1.052 1.05 7.11 0.68 0.013

5.58 1.47 127.96 1.00 127.96 22 481 0.50 0.699 0.62 7.11 0.40 0.008

5.74 1.42 146.50 1.00 146.50 25 533 0.50 0.428 0.33 7.11 0.21 0.004

5.91 1.32 179.87 1.00 179.87 30 607 0.50 0.243 0.15 7.11 0.10 0.002

6.07 1.23 217.79 1.00 217.79 35 687 0.50 0.153 0.08 7.11 0.05 0.001

6.23 1.17 246.18 1.00 246.18 39 740 0.50 0.122 0.05 7.11 0.04 0.001

6.40 1.17 252.42 1.00 252.42 40 770 0.50 0.111 0.05 7.11 0.03 0.001

6.56 1.18 252.83 1.00 252.83 40 783 0.50 0.110 0.05 7.11 0.03 0.001

6.73 1.17 259.22 1.00 259.22 41 801 0.50 0.106 0.05 7.11 0.03 0.001

6.89 1.16 270.06 1.00 270.06 42 828 0.50 0.100 0.04 7.11 0.03 0.001

7.05 1.16 275.27 1.00 275.27 43 854 0.50 0.094 0.04 7.11 0.02 0.000

7.22 1.18 273.63 1.00 273.63 43 873 0.50 0.092 0.04 7.11 0.02 0.000

7.38 1.20 268.50 1.00 268.50 43 876 0.50 0.094 0.04 7.11 0.02 0.000

7.55 1.21 260.81 1.00 260.81 42 867 0.50 0.102 0.04 7.11 0.03 0.001

7.71 1.24 249.55 1.00 249.55 40 853 0.50 0.113 0.05 7.11 0.03 0.001

7.87 1.30 238.11 1.00 238.11 39 870 0.50 0.110 0.05 7.11 0.03 0.001
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:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

8.04 1.56 242.41 1.00 242.41 43 1151 0.50 0.051 0.02 7.11 0.01 0.000

8.20 1.68 248.78 1.02 254.44 47 1333 0.50 0.038 0.01 7.11 0.01 0.000

8.37 1.61 279.63 1.00 279.63 51 1416 0.50 0.034 0.01 7.11 0.01 0.000

8.53 1.56 325.45 1.00 325.45 58 1582 0.49 0.029 0.01 7.11 0.00 0.000

8.69 1.47 351.92 1.00 351.92 61 1587 0.49 0.029 0.01 7.11 0.00 0.000

8.86 1.50 341.32 1.00 341.32 60 1599 0.49 0.030 0.01 7.11 0.00 0.000

9.02 1.39 285.23 1.00 285.23 48 1205 0.49 0.056 0.02 7.11 0.01 0.000

9.19 1.38 235.67 1.00 235.67 40 988 0.49 0.100 0.04 7.11 0.03 0.001

9.35 1.38 200.54 1.00 200.54 34 847 0.49 0.176 0.09 7.11 0.06 0.001

9.51 1.40 181.39 1.00 181.39 31 789 0.49 0.242 0.14 7.11 0.09 0.002

9.68 1.40 174.42 1.00 174.42 29 761 0.49 0.293 0.18 7.11 0.11 0.002

9.84 1.38 175.76 1.00 175.76 30 761 0.49 0.306 0.19 7.11 0.11 0.002

10.01 1.36 189.65 1.00 189.65 32 807 0.49 0.247 0.14 7.11 0.08 0.002

10.17 1.33 202.53 1.00 202.53 34 840 0.49 0.217 0.12 7.11 0.07 0.001

10.33 1.30 214.75 1.00 214.75 35 864 0.49 0.201 0.10 7.11 0.06 0.001

10.50 1.31 219.75 1.00 219.75 36 901 0.49 0.177 0.09 7.11 0.05 0.001

10.66 1.34 221.72 1.00 221.72 37 941 0.49 0.156 0.08 7.11 0.04 0.001

10.83 1.37 218.39 1.00 218.39 37 970 0.49 0.145 0.07 7.11 0.04 0.001

10.99 1.36 216.01 1.00 216.01 36 949 0.49 0.161 0.08 7.11 0.05 0.001

11.15 1.35 211.48 1.00 211.48 35 922 0.49 0.185 0.09 7.11 0.05 0.001

11.32 1.34 207.81 1.00 207.81 34 901 0.49 0.208 0.11 7.11 0.06 0.001

11.48 1.35 203.74 1.00 203.74 34 899 0.49 0.216 0.11 7.11 0.07 0.001

11.65 1.36 202.59 1.00 202.59 34 911 0.49 0.212 0.11 7.11 0.06 0.001

11.81 1.36 204.37 1.00 204.37 34 930 0.49 0.202 0.11 7.11 0.06 0.001

11.98 1.39 209.05 1.00 209.05 35 989 0.49 0.166 0.08 7.11 0.05 0.001

12.14 1.39 212.47 1.00 212.47 36 1003 0.49 0.162 0.08 7.11 0.05 0.001

12.30 1.41 215.05 1.00 215.05 37 1052 0.49 0.142 0.07 7.11 0.04 0.001

12.47 1.42 214.95 1.00 214.95 37 1059 0.49 0.142 0.07 7.11 0.04 0.001

12.63 1.40 208.90 1.00 208.90 35 1018 0.49 0.167 0.08 7.11 0.05 0.001

12.80 1.35 204.07 1.00 204.07 34 941 0.49 0.230 0.12 7.11 0.07 0.001

12.96 1.31 197.06 1.00 197.06 32 874 0.49 0.319 0.18 7.11 0.10 0.002

13.12 1.38 191.63 1.00 191.63 32 925 0.49 0.260 0.15 7.11 0.08 0.002

13.29 1.44 182.86 1.00 182.86 31 947 0.49 0.244 0.14 7.11 0.08 0.002

13.45 1.46 175.61 1.00 175.61 30 945 0.49 0.252 0.15 7.11 0.08 0.002

13.62 1.43 175.17 1.00 175.17 30 913 0.49 0.297 0.18 7.11 0.10 0.002

13.78 1.43 177.85 1.00 177.85 30 925 0.49 0.289 0.18 7.11 0.10 0.002

13.94 1.46 181.17 1.00 181.17 31 987 0.49 0.230 0.13 7.11 0.07 0.001

14.11 1.50 182.87 1.00 182.87 32 1043 0.49 0.192 0.11 7.11 0.06 0.001

14.27 1.52 179.29 1.00 179.29 32 1063 0.49 0.184 0.11 7.11 0.06 0.001

14.44 1.52 166.43 1.00 166.43 29 982 0.49 0.254 0.16 7.11 0.09 0.002

14.60 1.54 147.33 1.00 147.33 26 897 0.49 0.378 0.28 7.11 0.15 0.003

14.76 1.57 121.99 1.00 121.99 22 778 0.49 0.761 0.69 7.11 0.37 0.007

14.93 1.69 96.97 1.00 96.97 18 714 0.49 1.238 1.40 7.11 0.75 0.015

15.09 1.88 69.13 1.17 80.94  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.26 2.15 45.94 1.55 71.00  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.42 2.43 29.77 2.43 72.26  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.58 2.61 22.05 3.40 75.01  0  0 0.49 0.000 0.00 0.00 0.00 0.000

15.75 2.73 17.89 4.22 75.50  0  0 0.49 0.000 0.00 0.00 0.00 0.000
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This software is licensed to: Petra Geosciences, inc. CPT name: CPT-5

:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

15.91 2.73 16.90 4.19 70.87  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.08 2.72 16.14 4.18 67.40  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.24 2.77 16.47 4.51 74.24  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.40 2.74 19.64 4.27 83.78  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.57 2.44 42.13 2.48 104.39  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.73 2.22 71.52 1.72 123.10  0  0 0.49 0.000 0.00 0.00 0.00 0.000

16.90 2.11 91.63 1.47 134.37  0  0 0.49 0.000 0.00 0.00 0.00 0.000

17.06 2.00 97.57 1.30 127.26  0  0 0.49 0.000 0.00 0.00 0.00 0.000

17.22 1.91 95.76 1.19 114.38  0  0 0.49 0.000 0.00 0.00 0.00 0.000

17.39 1.78 99.92 1.09 108.84  0  0 0.49 0.000 0.00 0.00 0.00 0.000

17.55 1.70 102.16 1.00 102.16  0  0 0.49 0.000 0.00 0.00 0.00 0.000

17.72 1.61 107.27 1.00 107.27 19 780 0.48 1.204 1.25 7.11 0.62 0.012

17.88 1.56 116.51 1.00 116.51 21 804 0.48 1.047 1.00 7.11 0.50 0.010

18.04 1.55 126.25 1.00 126.25 22 856 0.48 0.779 0.68 7.11 0.34 0.007

18.21 1.53 135.07 1.00 135.07 24 904 0.48 0.612 0.50 7.11 0.25 0.005

18.37 1.52 137.22 1.00 137.22 24 909 0.48 0.607 0.49 7.11 0.24 0.005

18.54 1.52 136.11 1.00 136.11 24 902 0.48 0.644 0.52 7.11 0.26 0.005

18.70 1.51 131.02 1.00 131.02 23 868 0.48 0.796 0.67 7.11 0.33 0.006

18.86 1.53 125.18 1.00 125.18 22 845 0.48 0.929 0.83 7.11 0.40 0.008

19.03 1.53 121.31 1.00 121.31 21 825 0.48 1.075 0.99 7.11 0.48 0.009

19.19 1.52 124.62 1.00 124.62 22 839 0.48 1.006 0.90 7.11 0.44 0.009

19.36 1.47 137.76 1.00 137.76 24 880 0.48 0.806 0.65 7.11 0.31 0.006

19.52 1.42 154.45 1.00 154.45 26 924 0.48 0.650 0.47 7.11 0.22 0.004

19.69 1.44 166.00 1.00 166.00 28 1021 0.48 0.423 0.28 7.11 0.13 0.003

19.85 1.47 168.39 1.00 168.39 29 1087 0.48 0.333 0.21 7.11 0.10 0.002

20.01 1.72 160.66 1.05 168.80 32 1438 0.48 0.130 0.08 7.11 0.04 0.001

20.18 1.73 153.74 1.06 163.18 31 1412 0.48 0.140 0.08 7.11 0.04 0.001

20.34 1.77 148.63 1.08 161.13 31 1434 0.48 0.136 0.08 7.11 0.04 0.001

20.51 1.64 147.85 1.00 147.53 27 1214 0.48 0.236 0.16 7.11 0.08 0.002

20.67 1.74 140.94 1.06 149.84 28 1318 0.48 0.181 0.12 7.11 0.06 0.001

20.83 1.75 145.30 1.07 155.56 30 1386 0.48 0.157 0.10 7.11 0.05 0.001

21.00 1.63 170.40 1.00 170.40 31 1392 0.48 0.157 0.09 7.11 0.04 0.001

21.16 1.42 220.88 1.00 220.88 38 1375 0.48 0.166 0.08 7.11 0.04 0.001

21.33 1.18 303.61 1.00 303.61 48 1370 0.48 0.170 0.06 7.11 0.03 0.001

21.49 1.03 382.39 1.00 382.39 58 1413 0.48 0.157 0.04 7.11 0.02 0.000

21.65 0.95 438.63 1.00 438.63 65 1462 0.48 0.144 0.03 7.11 0.02 0.000

21.82 0.93 452.01 1.00 452.01 67 1472 0.48 0.143 0.03 7.11 0.02 0.000

21.98 0.93 448.12 1.00 448.12 66 1469 0.48 0.146 0.03 7.11 0.02 0.000

22.15 0.93 445.09 1.00 445.09 66 1463 0.48 0.149 0.04 7.11 0.02 0.000

22.31 0.93 441.43 1.00 441.43 65 1458 0.48 0.153 0.04 7.11 0.02 0.000

22.47 0.94 437.59 1.00 437.59 65 1454 0.48 0.156 0.04 7.11 0.02 0.000

22.64 0.94 434.29 1.00 434.29 64 1450 0.48 0.160 0.04 7.11 0.02 0.000

22.80 0.94 431.28 1.00 431.28 64 1450 0.48 0.162 0.04 7.11 0.02 0.000

22.97 0.95 428.38 1.00 428.38 63 1452 0.48 0.164 0.04 7.11 0.02 0.000

23.13 0.95 426.36 1.00 426.36 63 1455 0.48 0.165 0.04 7.11 0.02 0.000
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This software is licensed to: Petra Geosciences, inc. CPT name: CPT-5

:: Post-earthquake settlement of dry sands :: (continued)

Depth
(ft)

Ic KcQtn Qtn,cs N1,60

(blows)
Gmax

(tsf)
CSR Shear, γ

(%)
evol(15)

(%)
Nc ev

(%)
Settle.
(in)

Total estimated settlement: 0.27

Abbreviations
Qtn:
Kc:
Qtn,cs:
Gmax:
CSR:
γ:
evol(15):
Nc:
ev:
Settle.:

Equivalent clean sand normalized cone resistance
Fines correction factor
Post-liquefaction volumentric strain
Small strain shear modulus
Soil cyclic stress ratio
Cyclic shear strain
Volumetric strain after 15 cycles
Equivalent number of cycles
Volumetric strain
Calculated settlement
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These specifications present the usual and minimum requirements for projects on which Petra Geosciences, 

Inc. (Petra) is the geotechnical consultant.  No deviation from these specifications will be allowed, except 

where specifically superseded in the preliminary geology and soils report, or in other written communication 

signed by the Soils Engineer and Engineering Geologist of record (Geotechnical Consultant). 
 

 

I. GENERAL 

 

A. The Geotechnical Consultant is the Owner's or Builder's representative on the project.  For the purpose 

of these specifications, participation by the Geotechnical Consultant includes that observation 

performed by any person or persons employed by, and responsible to, the licensed Soils Engineer and 

Engineering Geologist signing the soils report. 

 

B. The contractor should prepare and submit to the Owner and Geotechnical Consultant a work plan that 

indicates the sequence of earthwork grading, the number of "spreads" and the estimated quantities of 

daily earthwork to be performed prior to the commencement of grading.  This work plan should be 

reviewed by the Geotechnical Consultant to schedule personnel to perform the appropriate level of 

observation, mapping, and compaction testing as necessary. 

 

C. All clearing, site preparation, or earthwork performed on the project shall be conducted by the 

Contractor in accordance with the recommendations presented in the geotechnical report and under the 

observation of the Geotechnical Consultant. 

 

D. It is the Contractor's responsibility to prepare the ground surface to receive the fills to the satisfaction 

of the Geotechnical Consultant and to place, spread, mix, water, and compact the fill in accordance 

with the specifications of the Geotechnical Consultant.  The Contractor shall also remove all material 

considered unsatisfactory by the Geotechnical Consultant. 

 

E. It is the Contractor's responsibility to have suitable and sufficient compaction equipment on the job 

site to handle the amount of fill being placed.  If necessary, excavation equipment will be shut down to 

permit completion of compaction to project specifications.  Sufficient watering apparatus will also be 

provided by the Contractor, with due consideration for the fill material, rate of placement, and time of 

year. 

 

F. After completion of grading a report will be submitted by the Geotechnical Consultant. 
 

 

II. SITE PREPARATION 

 

A. Clearing and Grubbing 

 

1. All vegetation such as trees, brush, grass, roots, and deleterious material shall be disposed of 

offsite.  This removal shall be concluded prior to placing fill. 

 

2. Any underground structures such as cesspools, cisterns, mining shafts, tunnels, septic tanks, 

wells, pipe lines, etc., are to be removed or treated in a manner prescribed by the Geotechnical 

Consultant. 
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III. FILL AREA PREPARATION 

 

A.  Remedial Removals/Overexcavations 

 

1. Remedial removals, as well as overexcavation for remedial purposes, shall be evaluated by the 

Geotechnical Consultant.  Remedial removal depths presented in the geotechnical report and 

shown on the geotechnical plans are estimates only.  The actual extent of removal should be 

determined by the Geotechnical Consultant based on the conditions exposed during grading.  All 

soft, loose, dry, saturated, spongy, organic-rich, highly fractured or otherwise unsuitable ground 

shall be overexcavated to competent ground as determined by the Geotechnical Consultant. 

 

2. Soil, alluvium, or bedrock materials determined by the Soils Engineer as being unsuitable for 

placement in compacted fills shall be removed from the site.  Any material incorporated as a part 

of a compacted fill must be approved by the Geotechnical Consultant. 

 

3. Should potentially hazardous materials be encountered, the Contractor should stop work in the 

affected area.  An environmental consultant specializing in hazardous materials should be 

notified immediately for evaluation and handling of these materials prior to continuing work in 

the affected area. 

 

B. Evaluation/Acceptance of Fill Areas 

 

All areas to receive fill, including removal and processed areas, key bottoms, and benches, shall be 

observed, mapped, elevations recorded, and/or tested prior to being accepted by the Geotechnical 

Consultant as suitable to receive fill.  The contractor shall obtain a written acceptance from the 

Geotechnical Consultant prior to fill placement.  A licensed surveyor shall provide sufficient survey 

control for determining locations and elevations of processed areas, keys, and benches. 

 

C. Processing 

 

After the ground surface to receive fill has been declared satisfactory for support of fill by the 

Geotechnical Consultant, it shall be scarified to a minimum depth of 6 inches and until the ground 

surface is uniform and free from ruts, hollows, hummocks, or other uneven features which may 

prevent uniform compaction. 

 

The scarified ground surface shall then be brought to optimum moisture, mixed as required, and 

compacted to a minimum relative compaction of 90 percent. 

 

D. Subdrains 

 

Subdrainage devices shall be constructed in compliance with the ordinances of the controlling 

governmental agency, and/or with the recommendations of the Geotechnical Consultant.  (Typical 

Canyon Subdrain details are given on Plate SG-1). 

 

E. Cut/Fill & Deep Fill/Shallow Fill Transitions 

 

In order to provide uniform bearing conditions in cut/fill and deep fill/shallow fill transition lots, the 

cut and shallow fill portions of the lot should be overexcavated to the depths and the horizontal 

limits discussed in the approved geotechnical report and replaced with compacted fill.  (Typical 

details are given on Plate SG-7.) 
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IV. COMPACTED FILL MATERIAL 

 

A. General 

 

Materials excavated on the property may be utilized in the fill, provided each material has been 

determined to be suitable by the Geotechnical Consultant. Material to be used for fill shall be 

essentially free of organic material and other deleterious substances.  Roots, tree branches, and 

other matter missed during clearing shall be removed from the fill as recommended by the 

Geotechnical Consultant.  Material that is spongy, subject to decay, or otherwise considered 

unsuitable shall not be used in the compacted fill. 

 

Soils of poor quality, such as those with unacceptable gradation, high expansion potential, or low 

strength shall be placed in areas acceptable to the Geotechnical Consultant or mixed with other 

soils to achieve satisfactory fill material. 

 

B. Oversize Materials 

 

Oversize material defined as rock, or other irreducible material with a maximum dimension greater 

than 12 inches in diameter, shall be taken offsite or placed in accordance with the 

recommendations of the Geotechnical Consultant in areas designated as suitable for rock disposal 

(Typical details for Rock Disposal are given on Plate SG-4).  

 

Rock fragments less than 12 inches in diameter may be utilized in the fill provided, they are not 

nested or placed in concentrated pockets; they are surrounded by compacted fine grained soil 

material and the distribution of rocks is approved by the Geotechnical Consultant. 

 

C. Laboratory Testing 

 

Representative samples of materials to be utilized as compacted fill shall be analyzed by the labora-

tory of the Geotechnical Consultant to determine their physical properties.  If any material other 

than that previously tested is encountered during grading, the appropriate analysis of this material 

shall be conducted by the Geotechnical Consultant as soon as possible. 

 

D. Import 

 

If importing of fill material is required for grading, proposed import material should meet the 

requirements of the previous section.  The import source shall be given to the Geotechnical 

Consultant at least 2 working days prior to importing so that appropriate tests can be performed and 

its suitability determined. 
 

 

V. FILL PLACEMENT AND COMPACTION 

 

A. Fill Layers 

 

Material used in the compacting process shall be evenly spread, watered, processed, and compacted 

in thin lifts not to exceed 6 inches in thickness to obtain a uniformly dense layer.  The fill shall be 

placed and compacted on a horizontal plane, unless otherwise approved by the Geotechnical 

Consultant. 
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B. Moisture Conditioning 

 

Fill soils shall be watered, dried back, blended, and/or mixed, as necessary to attain a relatively 

uniform moisture content at or slightly above optimum moisture content. 

 

C. Compaction 

 

Each layer shall be compacted to 90 percent of the maximum density in compliance with the 

testing method specified by the controlling governmental agency.  (In general, ASTM D 1557-02, 

will be used.) 

 

If compaction to a lesser percentage is authorized by the controlling governmental agency because 

of a specific land use or expansive soils condition, the area to received fill compacted to less than 

90 percent shall either be delineated on the grading plan or appropriate reference made to the area 

in the soils report. 

 

D. Failing Areas 

 

If the moisture content or relative density varies from that required by the Geotechnical Consultant, 

the Contractor shall rework the fill until it is approved by the Geotechnical Consultant. 

 

E. Benching 

 

All fills shall be keyed and benched through all topsoil, colluvium, alluvium or creep material, into 

sound bedrock or firm material where the slope receiving fill exceeds a ratio of 5 horizontal to 1 

vertical, in accordance with the recommendations of the Geotechnical Consultant. 

 

 

VI. SLOPES 

 

A. Fill Slopes 

 

The contractor will be required to obtain a minimum relative compaction of 90 percent out to the 

finish slope face of fill slopes, buttresses, and stabilization fills.  This may be achieved by either 

overbuilding the slope and cutting back to the compacted core, or by direct compaction of the slope 

face with suitable equipment, or by any other procedure that produces the required compaction. 

 

B. Side Hill Fills 

 

The key for side hill fills shall be a minimum of 15 feet within bedrock or firm materials, unless 

otherwise specified in the soils report.  (See detail on Plate SG-5.) 

 

C. Fill-Over-Cut Slopes  

 

Fill-over-cut slopes shall be properly keyed through topsoil, colluvium or creep material into rock 

or firm materials, and the transition shall be stripped of all soils prior to placing fill.  (see detail on 

Plate SG-6). 
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D. Landscaping 

 

All fill slopes should be planted or protected from erosion by other methods specified in the soils 

report. 

 

E. Cut Slopes 

 

1. The Geotechnical Consultant should observe all cut slopes at vertical intervals not exceeding 

10 feet. 

 

2. If any conditions not anticipated in the preliminary report such as perched water, seepage, 

lenticular or confined strata of a potentially adverse nature, unfavorably inclined bedding, 

joints or fault planes are encountered during grading, these conditions shall be evaluated by 

the Geotechnical Consultant, and recommendations shall be made to treat these problems 

(Typical details for stabilization of a portion of a cut slope are given in Plates SG-2 and SG-

3.). 

 

3. Cut slopes that face in the same direction as the prevailing drainage shall be protected from 

slope wash by a non-erodible interceptor swale placed at the top of the slope. 

 

4. Unless otherwise specified in the soils and geological report, no cut slopes shall be excavated 

higher or steeper than that allowed by the ordinances of controlling governmental agencies. 

 

5. Drainage terraces shall be constructed in compliance with the ordinances of controlling 

governmental agencies, or with the recommendations of the Geotechnical Consultant. 

 

 

VII. GRADING OBSERVATION 

 

A. General 

 

All cleanouts, processed ground to receive fill, key excavations, subdrains, and rock disposals must 

be observed and approved by the Geotechnical Consultant prior to placing any fill.  It shall be the 

Contractor's responsibility to notify the Geotechnical Consultant when such areas are ready. 

 

B. Compaction Testing 

Observation of the fill placement shall be provided by the Geotechnical Consultant during the 

progress of grading.  Location and frequency of tests shall be at the Consultants discretion based on 

field conditions encountered.  Compaction test locations will not necessarily be selected on a 

random basis.  Test locations may be selected to verify adequacy of compaction levels in areas that 

are judged to be susceptible to inadequate compaction. 

 

C. Frequency of Compaction Testing 

 

In general, density tests should be made at intervals not exceeding 2 feet of fill height or every 

1000 cubic yards of fill placed.  This criteria will vary depending on soil conditions and the size of 

the job.  In any event, an adequate number of field density tests shall be made to verify that the 

required compaction is being achieved. 
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VIII. CONSTRUCTION CONSIDERATIONS 

 

A. Erosion control measures, when necessary, shall be provided by the Contractor during grading and 

prior to the completion and construction of permanent drainage controls. 

 

B. Upon completion of grading and termination of observations by the Geotechnical Consultant, no 

further filling or excavating, including that necessary for footings, foundations, large tree wells, 

retaining walls, or other features shall be performed without the approval of the Geotechnical 

Consultant. 

 

C. Care shall be taken by the Contractor during final grading to preserve any berms, drainage terraces, 

interceptor swales, or other devices of permanent nature on or adjacent to the property. 
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