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1.0 INTRODUCTION 

1.1 Terms of Reference 
 
This report presents the findings of a geotechnical investigation for the replacement and development of a 
new Ranger Station building at Louis A. Stelzer County Park in Lakeside. The 310-acre park is nominally 
located at 11470 Wildcat Canyon Road, about 4 miles northeast of Lakeside. 

The work reported herein was completed by NOVA Services, Inc. (NOVA) for MW Peltz & Associates 
Inc. (MWPA), in accordance with the scope of work detailed in NOVA’s proposal dated January 9, 2019 
as authorized on June 11, 2019. 

Figure 1-1 depicts the site vicinity. 

 
Figure 1-1.  Vicinity Map 

1.2 Objective, Scope, and Limitations of This Work 

1.2.1 Objective 

The objective of the work proposed herein is to characterize the subsurface conditions at the location of 
the proposed replacement building in a manner sufficient to develop recommendations for geotechnical-
related development, including foundations and earthwork. 
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1.2.2 Scope 

In order to accomplish the above objectives, NOVA undertook the scope of services as described below. 

1. Task 1, Background Review.  Reviewed background data, including geotechnical reports, 
published geologic reports, fault maps, and preliminary planning for the project. 

 

2. Task 2, Subsurface Exploration.  The subsurface exploration included the subtasks listed below. 
 
• Subtask 2-1, Reconnaissance. Prior to undertaking any invasive work, NOVA conducted a 

site reconnaissance, including layout of the test trenches used to explore the subsurface 
conditions. Underground Service Alert and a utility location contractor were notified for 
underground utility mark-out services. 
 

• Subtask 2-2, Coordination. NOVA retained a specialty subcontractor to conduct excavation 
of the test trenches and coordinated access for fieldwork.  

 

• Subtask 2-3, Test Trenches. A NOVA geologist directed the excavation of two (2) test 
trenches within the location of the proposed building. The trenches extended to dense 
bedrock at depths of 6 to 7.5 feet below ground surface (bgs), encountering practical backhoe 
excavation refusal at that point.  

 

• Subtask 2-3, Closure. The trenches were backfilled with the excavated cuttings on completion 
and the ground in the area restored to the degree practical. 
 

3. Task 3, Laboratory Testing.  Laboratory testing of bulk samples was completed. Testing 
addressed soil gradation, plasticity, moisture content and density, strength, and corrosivity 
(testing for sulfate and chloride concentrations, pH and resistivity). 
 

4. Task 4, Engineering Evaluations.  Conducted engineering evaluations, utilizing field and 
laboratory information obtained during the preceding tasks. 
 

5. Task 5, Reporting.  Preparation of this report presenting NOVA’s findings and preliminary 
geotechnical recommendations completes the scope of work described in NOVA’s proposal. 

1.2.3 Limitations 

The construction recommendations included in this report are not final. These recommendations are 
developed by NOVA using judgment and opinion and based upon the limited information available from 
the test trenches. NOVA can finalize its recommendations only by observing actual subsurface conditions 
revealed during construction. NOVA cannot assume responsibility or liability for the report's 
recommendations if NOVA does not perform construction observation.  

This report does not address any environmental assessment or investigation for the presence or absence of 
hazardous or toxic materials in the soil, groundwater, or surface water within or beyond the site. 
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Appendix A to this report provides important additional guidance regarding the use and limitations of this 
report. This information should be reviewed by all users of the report. 

1.3 Organization of This Report 
 
The remainder of this report is organized as described below. 

• Section 2 reviews the presently available project information. 
• Section 3 describes the subsurface exploration and laboratory testing. 
• Section 4 describes the geologic, surface and subsurface conditions. 
• Section 5 reviews geologic, soil and siting-related hazards common to the area. 
• Section 6 provides recommendations for earthwork and foundation design. 
• Section 7 provides recommendations for development of pavements. 
• Section 8 lists the primary references used in development of this report. 

 

Figures are embedded within the report to amplify the text. A plate depicting the location of NOVA’s site 
work is provided in larger scale following the text of the report. 

The report is supported by three appendices. Appendix A provides guidance regarding the use and 
limitations of this report. Appendix B presents logs of the engineering test trenches. Appendix C provides 
records of laboratory testing. 
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2.0 PROJECT INFORMATION 

2.1 Location 
Louis A. Stelzer County Park is located at 11470 Wildcat Canyon Road, about 4 miles northeast of 
Lakeside, California. The park is bounded by residential properties to the north, Wildcat Canyon Road to 
the west, and vacant, steep hillside topography to the east and south. The redevelopment will be to the 
southeast of the parking lot for the park. 

Figure 2-1 provides a current aerial view showing the approximate limits of the proposed improvements. 

 

 
Figure 2-1.  Current Aerial View of Site Location and Limits 

(source: adapted from Google Earth 2019) 

2.2 Site Description  
The park comprises 310 total acres of oak woods and coastal sage scrub.  The park includes a parking lot, 
a ranger station/visitor center, restrooms, playgrounds, a horseshoe pit, picnic facilities, trails, and 
barbecues. Paved pathways and bridges also are features of the park.   
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An asphalt paved parking lot, oriented parallel to Wildcat Canyon Road, is set at about elevation +730 
feet mean sea level (msl) to about +737 feet msl. The existing Ranger Station/Visitor Center, to be 
replaced, is on the southeast side of the parking lot.  The Ranger Station is a one-story wooden structure. 

2.3 Planned Improvements 

2.3.1 General 

NOVA’s understanding of the planned Ranger Station replacement is based upon review of conceptual 
plans provided by MWPA.  That documentation is listed below. 

• MWPA 2018a. Concept Alternative A, Stelzer Park, M.W. Peltz & Associates, August 15, 2018. 
 

• MWPA 2018b. Concept Floor Plan, Stelzer Park, M.W. Peltz & Associates, undated. 
 

MWPA 2018a indicates that the existing ranger station/visitor center will be demolished and replaced 
with a new 1,000 sf +/- ranger station building.  Figure 2-2 presents the Conceptual Plan for 
improvements to the Ranger Station/Visitor Center. 
 

 
Figure 2-2.  Conceptual Plan for Improvements to the Ranger Station  

(source:  MPWA 2018a) 
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2.3.2 Structural 

No structural related design information is available at this time.  However, it is expected that the 
replacement ranger station/visitor center will be no more than two levels in height, imposing relatively 
light loads to foundations. 

2.3.3 Potential for Earthwork  

Civil design drawings are not yet developed.  However, based upon review of MWPA 2018a and MWPA 
2018b, it appears that redevelopment of the site will be adapted to the existing ground form, such that the 
potential for earthwork will be limited to that required for development of foundations and below-grade 
utilities. 



                                                                                                       
 

Report of Geotechnical Investigation  January 22, 2020 
Proposed Ranger Station, Louis A. Stelzer County Park, Lakeside, CA      NOVA Project No. 2019133 
_____________________________________________________________________________________________ 
 

7 

 

3.0 SUBSURFACE EXPLORATION AND LABORATORY TESTING 

3.1 Subsurface Exploration 
Two (2) exploratory test trenches (‘T-1’ and ‘T-2’) were excavated under the surveillance of a NOVA 
geologist on June 20, 2019. The geologist located the trenches and directed sampling.  Samples recovered 
from the trenches were delivered to NOVA’s materials laboratory for analysis. 

Figure 3-1 depicts the approximate locations of the test trenches. 

 
Figure 3-1. Test Trench Locations 

3.2 Test Trenches 

3.2.1 General 

Test trenches T-1 and T-2 were excavated with a track-mounted backhoe with a bucket equipped with 
rock teeth, to depths of 7.5 and 6 feet bgs, respectively. The trenches extended to backhoe refusal on 
dense Granitic bedrock. 

Table 3-1 (following page) provides an abstract of the trenches. Logs of the test trenches are presented in 
Appendix B. 
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Table 3-1.  Abstract of the Exploratory Test Trenches 

Test Trench 
Reference 

Approx.  
Elevation 
(feet, msl) 

Total Depth 
(feet) 

Approx. Depth 
to Residual Soil 

(feet) 

Approx. Depth 
to Formation 

(feet) 

T-1 +725 7.5 3 7.5 

T-2 +723 6 2 6 
*Note: Elevations are approximated 

 
Figure 3-2 depicts backhoe operations on June 20, 2019. 
 

 
Figure 3-2.  Backhoe Excavation, June 20, 2019 
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3.2.2 Closure 

On completion, the trenches were backfilled with soil cuttings that were lightly tamped with the bucket. 
The areas where the trenches were excavated were cleaned and left as close to the original condition as 
practical. 

3.3 Laboratory Testing  

3.3.1 General 

Soil samples were returned to the NOVA geotechnical laboratory following the field investigation. An 
experienced geotechnical engineer reviewed the exploratory test trench logs and classified the soil 
samples on the basis of texture and plasticity in accordance with the Unified Soil Classification System, 
after ASTM D 2488. The group symbols for each soil type are indicated in parentheses following the soil 
descriptions on the boring log. The stratification lines designating the interfaces between earth materials 
on the trench logs are approximate. 

Representative soil samples were selected for testing in NOVA’s materials laboratory to check visual 
classifications and to determine pertinent engineering properties. The laboratory testing program included 
index and chemical testing on selected soil samples. Testing was performed in general accordance with 
ASTM standards.  

Records of the geotechnical laboratory testing are provided in Appendix C. 

3.3.2 Chemical Testing 

Laboratory testing was performed to evaluate pH and electrical resistivity, as well as chloride and sulfate 
contents. Electrical resistivity, chloride content, and pH level are all indicators of the soil’s tendency to 
corrode ferrous metals. Concentrations of water-soluble sulfates are an index of the potential for sulfates 
in soils to react with and damage concrete.  
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4.0 SITE CONDITIONS 

4.1 Geologic Setting 

4.1.1 Regional 

The project area is located in the eastern San Diego County portion of the Peninsular Ranges Geomorphic 
Province. The geomorphic province encompasses an area that extends approximately 900 miles from the 
Transverse Ranges and the Los Angeles Basin south to the southern tip of Baja California. The province 
varies in width from approximately 30 to 100 miles.  The eastern San Diego County portion of the 
Geomorphic Province consists of rugged mountains and valleys underlain mostly by Jurassic volcanic and 
sedimentary rocks and Cretaceous igneous rocks of the southern California batholith.  

4.1.2 Site   

The site is underlain by a few feet of fill and colluvium/alluvium over granitic rocks of Cretaceous Age. 
Colluvial and alluvial soils in the area are typically silty sand with small amounts of clay. The granitic 
bedrock is typically dense to very dense and provides excellent bearing capacity for structures. Figure 4-1 
reproduces published geologic mapping of the site vicinity. 

 

 
 

 

 

 
Figure 4-1.  Geologic Mapping of the Site Vicinity 
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4.2 Site Conditions 

4.2.1 Surface 

The project site is currently occupied by a single-story Ranger Station/Visitor Center with a small shed to 
the northeast, and associated paved pathways. Large oak trees and dense vegetation surround the 
structures. Figure 4-2 depicts surface conditions at the time of NOVA’s subsurface exploration. 

 
Figure 4-2.  Site View, Ranger Station, June 2019  

4.2.2 Subsurface  

The subsurface disclosed by the test trenches may be generalized to occur as described below. 

1. Unit 1, Fill/Colluvium. The site is covered by a mantle of undifferentiated fill/colluvial soils 
approximately 2 to 3 feet in thickness. Unit 1 is comprised of clayey sand of loose to medium 
dense consistency, with numerous roots and vegetative matter in the upper two feet.  
 

2. Unit 2, Residual Soil. Residual soil formed from in-place weathering of the granitic rock (Kgr) 
lies beneath Unit 1. Approximately 4 feet in thickness, this unit is comprised of very stiff/dense 
reddish-brown sandy clay and clayey sand. Some granitic rock boulders were encountered near 
the bottom of this unit.  Figure 4-3 (following page) depicts a NOVA geologist determining the 
consistency of this unit by hand probing. 

3. Unit 3, Granitic Rock.  Granitic bedrock (Kgr) underlies the entire area at approximately 6 to 7.5 
feet bgs. Trenching met refusal on this unit where encountered. Figure 4-4 (following page) 
depicts a granitic rock boulder indicative of this unit. 

4.2.3 Groundwater 

Groundwater was not encountered in either test trench.  It is expected that groundwater first occurs at 
depths greater than 15 feet below ground at the location of the replacement ranger station/visitor center. 
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Figure 4-3.  Unit 2 Residual Soil, In-Place Probing  

 

 
Figure 4-4.  Granitic Rock Boulder  
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5.0 REVIEW OF GEOLOGIC, SOIL AND SITING HAZARDS 

5.1 Overview 
This section provides review of geologic, soil and siting-related hazards that commonly affect civil works 
in this region.  The primary hazard identified by this review is the likelihood of moderate-to-severe 
ground shaking in response to local moderate or more distant large-magnitude earthquakes during the life 
of the planned structures. While there is no risk of liquefaction or related phenomena, the occurrence of a 
major seismic event will affect the site during the life of the planned improvements. 

5.2 Geologic Hazards 

5.2.1 Strong Ground Motion 

The site is about 21 miles east of the Newport-Inglewood Rose Canyon Fault Zone, which is capable of 
generating earthquakes with M >7. Figure 5-1 depicts this setting.  The Peak Ground Acceleration (PGA) 
for the site was evaluated utilizing a web-based tool supported by ASCE, estimating the PGA at ~ 0.34 g. 

 
Figure 5-1.  Faulting in the Site Area 

5.2.2 Faulting and Fault Rupture 

The site is not located within a currently designated Alquist-Priolo Earthquake Zone. No known active 
faults are mapped on the site area. No active faults are known to underlie the site.  As may be seen by 
review of Figure 5-1, mapped active faulting is located well to the west of Louis A. Stelzer County Park. 
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Because of the lack of known active faults that transect the site, the potential for surface rupture at the site 
is considered very low. Shallow ground rupture due to shaking from distant seismic events is not 
considered a significant hazard, although it is a possibility at any site. 

5.2.3 Landslide 

As used herein, ‘landslide’ describes downslope displacement of a mass of rock, soil, and/or debris by 
sliding, flowing, or falling. Such mass earth movements are greater than about 10 feet thick and larger 
than 300 feet across. Landslides typically include cohesive block glides and disrupted slumps that are 
formed by translation or rotation of the slope materials along one or more slip surfaces. These mass 
displacements can also include similarly larger-scale, but more narrowly confined modes of mass wasting 
such as rock topples, ‘mud flows’ and ‘debris flows’. 

The causes of classic landslides start with a preexisting condition- characteristically, a plane of weak soil 
or rock- inherent within the rock or soil mass. Thereafter, movement may be precipitated by earthquakes, 
wet weather, and changes to the structure or loading conditions on a slope (e.g., by erosion, cutting, 
filling, release of water from broken pipes, etc.).  Rainfall is the most common trigger for landslide 
events. In the San Diego area, landslide has been also been precipitated by a larger-scale earthwork, by 
destabilizing slopes by the cutting and/or filling on existing adverse geologic structure. 

In assessment of this hazard, NOVA conducted a geologic reconnaissance of the site and reviewed aerial 
photography for indications of landslide instability at the site. This review indicated no evidence of active 
or dormant landsliding. Clues to the landslide hazard for an area can also be obtained by review of 
mapping that depicts both historic landslides and landslide-prone geology/topography. Review of this 
mapping indicates that the site is in an area judged ‘generally susceptible’ to landsliding.   

In consideration of the indications of the geologic reconnaissance, review of published mapping, and 
review of aerial photography, NOVA considers the landslide hazard at the site to be ‘low’ for the site and 
the surrounding area in their current condition. 

5.3 Soil Hazards 

5.3.1 Embankment Stability 

As used herein, ‘embankment stability’ is intended to mean the safety of localized natural or man-made 
embankments against failure. Unlike landslides described above, embankment stability can include 
smaller scale slope failures such as erosion-related washouts and more subtle, less evident processes such 
as soil ‘creep’.   

No new slopes are planned as part of the future site development. Existing slopes in and around the area 
of the existing ranger station will not be modified by new construction, are well stabilized, and have been 
stable for 20 years. There is no concern regarding embankment stability at this site. 

5.3.2 Liquefaction 

General 

 ‘Liquefaction’ refers to the loss of soil strength during a seismic event. The phenomenon is 
observed in areas that include geologically ‘younger’ soils (i.e., soils of Holocene age), shallow 
water table (less than about 60 feet depth), and cohesionless (i.e., sandy and silty) soils of looser 
consistency. The seismic ground motions increase soil water pressures, decreasing grain-to-grain 
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contact among the soil particles, which causes the soils to lose strength. Resistance of a soil mass 
to liquefaction increases with increasing density, plasticity (associated with clay-sized particles), 
geologic age, cementation, and stress history. 

Neither the Unit 1 fill/colluvium, clayey Unit 2 residual soil, nor the very dense and geologically 
‘older’ Unit 3 granitic bedrock have potential for liquefaction. 

Lateral Spreading 

Lateral spreading is a phenomenon in which large blocks of intact, non-liquefied soil move 
downslope on a liquefied soil layer. Lateral spreading is often a regional event. For lateral 
spreading to occur, a liquefiable soil zone must be laterally continuous, unconstrained laterally, 
and free to move along sloping ground. It is likely that some lateral spreading would be 
associated with major seismic events. 

Seismically Induced Settlement 

During a strong seismic event, seismically induced settlement (by densification) can occur within 
loose to moderately dense, unsaturated granular soils, a mechanism apart from liquefaction. 
Settlement caused by ground shaking is often non-uniformly distributed, which can result in 
differential settlement.  

The limited thickness of the unsaturated Unit 1 will limit any such settlement to immeasurably 
small levels (i.e., less than about 0.2 inch). 

5.3.3 Expansive Soil 

Expansive soils are clayey soils characterized by their ability to undergo significant volume changes 
(shrinking or swelling) due to variations in moisture content, the magnitude of which is related to both 
clay content and plasticity index. These volume changes can be damaging to structures. Nationally, the 
annual value of real estate damage caused by expansive soils is exceeded only by that caused by termites.   

As is discussed in Section 3, the Unit 1 and Unit 2 soils have been characterized by testing to determine 
Expansion Index (‘EI’, after ASTM D 4829). Originally developed in Orange County in the 1960s, EI has 
been adopted by the California Building Code (‘CBC’, Section 1803.5.3) for characterization of 
expansive soils. The listing below tabulates qualitative descriptors of expansion potential based upon EI. 

Table 5-1.  Qualitative Descriptors of Expansion Potential Based Upon EI  

Expansion Index (‘EI’), 
ASTM D 4829 

Expansion Potential, 
ASTM D 4829 

Expansion Classification, 
2016 CBC 

0 to 20 Very Low Non-Expansive 
21 to 50 Low 

Expansive 51 to 90 Medium 
91 to 130 High 

>130 Very high 
 

As is reported in Appendix C, the clayey Unit 1 fill and the Unit 2 residual soils are of Very Low to Low 
expansion potential, with Expansion Indexes ranging from of EI = 10 to EI = 30. 
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5.3.4 Hydro-Collapsible Soils 

Hydro-collapsible soils are common in the western United States in specific depositional environments 
(principally, in arid areas of young alluvial fans, debris flow sediments, and loess (wind-blown sediment)) 
deposits. Such soils are characterized by low in situ density, low moisture contents, and relatively high 
unwetted strength. While relatively strong in a dry state, the introduction of water to these soils causes the 
binding agents to fail. Destruction of the bonds/binding causes relatively rapid densification and volume 
loss (collapse), a change manifested by subsidence or settlement. 

The depositional history and observed condition of the subsoils in the vicinity of the ranger station 
indicate no potential for hydro-collapsible soils. 

5.3.5 Corrosive Soils and Sulfate Attack 

The tested soils have low levels of soluble sulfates, such that these soils will not be a risk for attack to 
embedded concrete foundations.  The tested soils indicated resistivity that suggests the soils will be 
corrosive to exposed ferrous metals.  Section 6 discusses the above considerations in more detail. 

5.4 Siting Hazards 

5.4.1 Flooding 

The site is located within a FEMA-designated flood zone, designated as Flood “Zone X” (FEMA, 2012). 
Zone X depicts an area of minimal flood hazard. Figure 5-2 depicts flood mapping of the site area. 

 
Figure 5-2.  Flood Mapping of the Site Area 

5.4.2 Tsunami  

Tsunami (‘harbor wave’) describes a series of fast-moving, long-period ocean waves caused by 
earthquakes or volcanic eruptions. Tsunami can be the source of extensive coastal flooding. Based on the 
site’s location inland and high elevation, tsunamis will not affect the site. 
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5.4.3  Seiche 

Seiches are standing waves that develop in an enclosed or partially enclosed body of water such as lakes 
or reservoirs. Harbors or inlets can also develop seiches. Most commonly caused by wind and 
atmospheric pressure changes, seiches can be effected by seismic events and tsunamis. There is no body 
of water near the site that could generate a seiche. 
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6.0 EARTHWORK AND FOUNDATIONS 

6.1 Overview 

6.1.1 Review of Site Hazards 

Section 5 provides a review of soil, geologic and siting hazards common to development of civil works in 
the project area. The primary hazard identified by that review is that the site is at risk for moderate-to-
severe ground shaking in response to a large-magnitude earthquake during the lifetime of the planned 
development. While strong ground motion could affect the site, there is no risk of liquefaction or related 
seismic phenomena. The expectation of strong ground motion is common to all civil works in this area of 
California. 

Section 6.2 addresses design parameters to adapt structures to seismic shaking. 

6.1.2 Site Suitability 

Based upon the indications of the field and laboratory data developed for this investigation, it is the 
judgment of NOVA that the site is suitable for development of the replacement ranger station and visitor 
center utilizing shallow foundations established on compacted fill.   

Development as presently envisioned will not affect the structural integrity of adjacent properties or 
existing public improvements and street right-of-ways located adjacent to the site if the recommendations 
of this report are incorporated into project design. 

6.1.3 Review and Surveillance 

The subsections following provide geotechnical recommendations for the planned development as it is 
now understood. It is intended that these recommendations provide sufficient geotechnical information to 
develop the project in general accordance with the 2019 California Building Code (CBC) requirements. 

NOVA should be given the opportunity to review the grading plan, foundation plan, and geotechnical-
related specifications as they become available to confirm that the recommendations presented in this 
report have been incorporated into the plans prepared for the project. All earthwork related to site and 
foundation preparation should be completed under the observation of NOVA. 

6.2 Seismic Design Parameters 

6.2.1 Site Class 

The site-specific data used to determine the Site Class typically includes borings drilled to refusal 
materials to determine Standard Penetration resistances (N-values). Though the depth of soil information 
available for this site is limited, the site is known to be underlain by a variety of dense granitics to great 
depth, such that the site is classified as Site Class C per ASCE 7 (Table 20.3-1). 

6.2.2 Seismic Design Parameters 

Table 6-1 (following page) provides seismic design parameters for the site in accordance with 2019 CBC.  
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Table 6-1.  Seismic Design Parameters, ASCE 7-16 

Parameter Value 

Site Soil Class C 
Site Latitude (decimal degrees) 32.883473 
Site Longitude (decimal degrees) -116.896683 

Site Coefficient, Fa 1.2 
Site Coefficient, Fv 1.5 
Mapped Short Period Spectral Acceleration, SS 0.788 g 
Mapped One-Second Period Spectral Acceleration, S1 0.288 g 
Short Period Spectral Acceleration Adjusted For Site Class, SMS 0.945 g 
One-Second Period Spectral Acceleration Adjusted For Site Class, SM1 0.432 g 
Design Short Period Spectral Acceleration, SDS 0.635 g 
Design One-Second Period Spectral Acceleration, SD1 0.288 g 

 
 

              Source: ASCE 7-16 Hazard Tool, found at: https://asce7hazardtool.online/ 

6.3 Metals Corrosivity and Sulfates 

6.3.1 General 

Electrical resistivity, chloride content, and pH level are all indicators of the soil’s tendency to corrode 
ferrous metals. Concentrations of water-soluble sulfates are an index of the potential for sulfates in soils 
to react with and damage concrete. Chemical tests were performed on a representative soil sample, the 
results of which are tabulated on Table 6-2.  Records of this testing are provided in Appendix C. 

                      Table 6-2.  Summary of Corrosivity Testing of the Near Surface Soil 

Parameter Units Value 
pH standard unit 5.5 
Resistivity Ohm-cm 5,700 
Water-Soluble Chloride ppm 21 

 Water Soluble Sulfate ppm 36 

6.3.2 Metals 

Caltrans considers a site to be ‘corrosive’ to unprotected embedded metals if one or more of the following 
conditions exist for representative soil and/or water samples taken at the site:   

• chloride concentration is 500 parts per million (ppm) or greater; 
• sulfate concentration is 2,000 ppm or greater;  
• the pH is 5.5 or less;  
• minimum resistivity is less than 2,000 ohm-cm. 

 

https://asce7hazardtool.online/
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Based on the Caltrans criteria, the on-site soils are considered ‘corrosive’ to unprotected metals embedded 
in the site soil.  

6.3.3 Sulfates 

As shown on Table 6-1, the soil sample tested indicated water-soluble sulfate (SO4) content of 36 parts 
per million (‘ppm,’ 0.0036% by weight). With SO4 < 0.10 percent by weight, the American Concrete 
Institute (ACI) 318-08 considers a soil to have no potential for sulfate attack to concrete (Class S0). 
 
Table 6-3 shows the Exposure Categories considered by ACI. 

 
Table 6-3.  Exposure Categories and Requirements for Water-Soluble Sulfates 

Exposure 
Category Class 

Water-Soluble 
Sulfate (SO4) In Soil 
(percent by weight) 

Cement Type 
(ASTM C150) 

Max Water-
Cement Ratio 

Min. f’c  

(psi) 

Not Applicable S0 SO4 < 0.10 - - - 
Moderate S1 0.10 ≤ SO4 < 0.20 II 0.50 4,000 
Severe S2 0.20 ≤ SO4 ≤ 2.00 V 0.45 4,500 
Very severe S3 SO4 > 2.0 V + pozzolan 0.45 4,500 

          Adapted from:  ACI 318-08, Building Code Requirements for Structural Concrete 

6.3.4 Limitations 

Testing to determine several chemical parameters that indicate a potential for soils to be corrosive to 
construction materials are traditionally completed by the Geotechnical Engineer, comparing testing results 
with a variety of indices regarding corrosion potential. Like most geotechnical consultants, NOVA does 
not practice corrosion engineering. Should you require more information, a specialty corrosion consultant 
should be retained to address these conditions. 

6.4 Earthwork  

6.4.1 General 

As is noted in Section 2, no structural related design information is available at this time.  However, based 
on the known condition of the site and the design concept that is currently considered, NOVA expects that 
earthwork will be limited to excavations for foundations and utilities.  

Earthwork should be performed in accordance with Section 300 of the most recent approved edition of the 
“Standard Specifications for Public Works Construction” and “Regional Supplement Amendments.”  

6.4.2 Select Fill 

Materials 

All structural fill should be Select Fill, a mineral soil free of organics and environmentally 
regulated constituents, with the characteristics listed below: 

1. at least 40 percent by weight finer than ¼-inches in size; 
2. maximum particle size of 4 inches; and, 
3. expansion index (EI) of less than 50 (i.e., EI < 50, after ASTM D 4829).  
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Much of the Unit 1 will meet the above criteria. Any imported soils will need to be sampled and 
tested by NOVA to confirm suitability as Select Fill prior to use. NOVA should be afforded at 
least 72 hours to perform testing on all imported soils.  

Compaction 

Select Fill should be compacted to a minimum of 90 percent relative compaction after ASTM 
D1557 (the ‘modified Proctor’) following moisture conditioning to at least 2% above the 
optimum moisture content.   

Select Fill should be placed in loose lifts no thicker than the ability of the compaction equipment 
to thoroughly densify the lift.  For most self-propelled construction equipment, this will limit 
loose lifts to on the order of 10-inches or less. Lift thickness for hand-operated equipment 
(tampers, walked behind compactors, etc.) will be limited to on the order of 4 inches or less. 

6.4.3 Site Preparation 

Prior to the start of earthwork, the site should be cleared of structures, utilities, vegetation and related root 
systems, and existing pavement. The deleterious materials should be disposed of in approved off-site 
locations.   

Any existing utilities which are to be abandoned should either be (i) excavated and the trenches 
backfilled; or, (ii) the lines completely filled with sand-cement slurry. 

6.4.4 Foundation Preparation 

Ground Supported Slab 

The ground supported slab of the structure may be supported at grade following removal of the 
upper 24 inches of Unit 1 fill/colluvium beneath the finished floor level and backfilling of this 
removal to finish pad grade with Select Fill that conforms with Section 6.4.2. 

The excavation for the on-grade slab will expose stiff, clayey Unit 2 residual soils that are 
sensitive to construction disturbance and to moisture. Once excavation is complete, the exposed 
surface should be inspected for areas of unusual softness, wetness, or disturbance. Prior to placing 
new fill, the bottom of the excavations should be moisture conditioning to at least 3% above the 
optimum moisture content and compacted to a minimum of 90 percent relative compaction after 
ASTM D1557 (the ‘modified Proctor’). 

Isolated and Continuous Foundations 

Isolated and continuous foundations should be supported on either Unit 2 residual soils or Select 
Fill.  The upper surface of ground loosened by excavation should be redensified to at least 
90%relative compaction after ASTM D 1557.  

6.4.5 Stabilization of Subgrade Disturbed by Construction 

The excavations for the on-grade slab and foundations will expose stiff, clayey Unit 2 soils that are 
sensitive to construction disturbance and to moisture.  Once excavation is complete, the exposed surface 
should be inspected for areas of unusual softness, wetness or disturbance.  Prior to placing new fill, the 
bottom of the excavations should be moisture conditioning to at least 3% above the optimum moisture 
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content and compacted to a minimum of 90 percent relative compaction after ASTM D1557 (the 
‘modified Proctor’).  

In the event compaction of the clay cannot be achieved, the bottom of removals can be stabilized by the 
use of at least 6 inches of Caltrans Class II base material or ¾-inch crushed rock.  A representative of 
NOVA should approve the bottoms prior to placement of backfills. 

6.4.6 Trenching and Backfilling for Utilities 

Excavation for utility trenches must be performed in conformance with OSHA regulations contained in 29 
CFR Part 1926.  

Utility trench excavations have the potential to degrade the properties of the adjacent soils. Utility trench 
walls that are allowed to move laterally will reduce the bearing capacity and increase settlement of 
adjacent footings and overlying slabs. 

Backfill for utility trenches is as important as the original subgrade preparation or engineered fill placed 
to support either a foundation or slab. Backfill for utility trenches must be placed to meet the project 
specifications for the engineered fill of this project. Unless otherwise specified, the backfill for the utility 
trenches should be placed in 4 to 6-inch loose lifts and compacted to a minimum of 90 percent relative 
compaction after ASTM D 1557 (the ‘modified Proctor’) at soil moisture +2 percent of the optimum 
moisture content.  Up to 4 inches of bedding material placed directly under the pipes or conduits placed in 
the utility trench can be compacted to 90 percent relative compaction with respect to the Modified 
Proctor. 

6.5 Foundations 

6.5.1 Conventionally Reinforced Concrete Slab 

The structure may employ conventional on-grade (ground-supported) slab designed to bear on the Unit 2 
residual soil following subgrade preparation as described in Section 6.3 and using a modulus of subgrade 
reaction (k) of 90 pounds per cubic inch (i.e., k = 90 pci).   

The actual slab thickness and reinforcement should be designed by the Structural Engineer.  NOVA 
recommends the slab be a minimum 6 inches thick, reinforced by at least #3 bars placed at 16 inches on 
center each way within the middle third of the slabs by supporting the steel on chairs or concrete blocks 
("dobies").   

Minor cracking of concrete after curing due to drying and shrinkage is normal. Cracking is aggravated by 
a variety of factors, including high water/cement ratio, high concrete temperature at the time of 
placement, small nominal aggregate size, and rapid moisture loss due during curing.  The use of low-
slump concrete or low water/cement ratios can reduce the potential for shrinkage cracking.   

To reduce the potential for excessive cracking, concrete slabs-on-grade should be provided with 
construction or ‘weakened plane’ joints at frequent intervals.  Joints should be laid out to form 
approximately square panels and never exceeding a length to width ratio of 1.5 to 1. Proper joint spacing 
and depth are essential to effective control of random cracking.  Joints are commonly spaced at distances 
equal to 24 to 30 times the slab thickness. Joint spacing that is greater than 15 feet should include the use 
of load transfer devices (dowels or diamond plates).  Contraction/control joints should be established to a 
depth of ¼ the slab thickness as depicted in Figure 6-1. 
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Figure 6-1.  Sawed Contraction Joint 

6.5.2 Conventional Shallow Foundations 

Conventional foundations, consisting of isolated and continuous footings founded on ground prepared as 
described in Section 6.4 may be employed as described below.   

Bearing Unit 

Isolated and continuous footings should bear on either Unit 2 residual soil or on Select Fill 
developed as described in Section 6.4.4. 

Isolated Foundations 

Foundations may be designed for an allowable contact stress of 2,000 psf. This value may be 
increased by one-third for transient loads such as wind and seismic. These foundations should 
have a minimum width of 18 inches, embedded at least 24 inches below surrounding grade. This 
bearing value may be increased by one-third for transient loads such as wind and seismic. 

Continuous Foundations 

Continuous foundations may be designed for an allowable contact stress of 1,800 psf. These 
foundation units should have a minimum width of 18 inches, embedded a minimum of 24 inches 
below surrounding grade. This bearing value may be increased by one-third for transient loads 
such as wind and seismic. 

Resistance to Lateral Loads 

Lateral loads to shallow foundations cast ‘neat’ against compacted fill, Unit 1 or Unit 2 may be 
resisted by passive earth pressure against the face of the footing, calculated as a fluid density of 
250 psf per foot of depth, neglecting the upper 1 foot of soil below surrounding grade in this 
calculation.  Additionally, a coefficient of friction of 0.35 between soil and the concrete base of 
the footing may be used with dead loads.   

Settlement 

Supported as recommended above, the structure will settle on the order of 0.5 inch.  This 
movement will occur elastically, as dead load (DL) and permanent live loads (LL) are applied.  In 
usual circumstance, about 70% of this settlement will occur during the construction period.  
Angular distortion due to differential settlement of adjacent, unevenly loaded footings should be 
less than 1 inch in 40 feet (i.e., Δ/L less than 1:480). 
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6.6 Capillary Break and Underslab Vapor Retarder 

6.6.1 Capillary Break 

NOVA recommends that the requirements for a capillary break (‘sand layer’) be determined in 
accordance with ACI Publication 302 “Guide for Concrete Floor and Slab Construction.”  A “capillary 
break” may consist of a 4-inch thick layer of compacted, well-graded sand should be placed below the 
floor slab.  

This porous fill should be clean coarse sand or sound, durable gravel with not more than 5 percent coarser 
than the 1-inch sieve or more than 10 percent finer than the No. 4 sieve, such as AASHTO Coarse 
Aggregate No. 57.   

6.6.2 Vapor Retarder 

Design Responsibility 

Soil moisture vapor that penetrates ground-supported concrete slabs can result in damage to 
moisture-sensitive floor covering, some floor sealers, or sensitive equipment in direct contact 
with the floor.  

It is not the responsibility of the geotechnical consultant to provide recommendations for vapor 
retarders to address this concern. This responsibility usually falls to the Architect.  Decisions 
regarding the appropriate vapor retarder are principally driven by the nature of the building space 
above the slab, floor coverings, anticipated penetrations, concerns for mold or soil gas, and a 
variety of other environmental, aesthetic and materials factors known only to the Architect.   

Design Guidance 

A variety of specialty polyethylene (polyolefin)-based vapor retarding products are available to 
retard moisture transmission into and through concrete slabs.   

Guidance to support selection of vapor retarders and to address the issue of moisture transmission 
into and through concrete slabs is provided in a variety of publications by the American Society 
for Testing and Materials (ASTM) and the American Concrete Institute (ACI).  A partial listing 
of those publications is provided below. 

• ASTM E1745-97 (2009).  Standard Specification for Plastic Water Vapor Retarders 
Used in Contact with Soil or Granular Fill under Concrete Slabs 
 

• ASTM E154-88 (2005).  Standard Test Methods for Water Vapor Retarders Used in 
Contact with Earth Under Concrete Slabs, on Walls, or as Ground Cover 
 

• ASTM E96-95 (2005).  Standard Test Methods for Water Vapor Transmission of 
Materials 
 

• ASTM E1643-98 (2009).  Standard Practice for Installation of Water Vapor Retarders 
Used in Contact with Earth or Granular Fill Under Concrete Slabs 
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• ACI 302.2R-06.  Guide for Concrete Slabs that Receive Moisture-Sensitive Flooring 
Materials 

 
Vapor retarders employed for ground supported slabs in the San Diego are commonly specified as 
minimum 10 mil polyolefin plastic that conforms to the requirements of ASTM E1745 as a Class 
A vapor retarder (i.e., a maximum vapor permeance of 0.1 perms, minimum 45 lb/in tensile 
strength and 2,200 grams puncture resistance).  Among the commercial products that meet this 
requirement are the series of Yellow Guard® vapor retarders vended by Poly-America, L.P.; the 
Perminator® products by W. R. Meadows; and, Stego®Wrap products by Stego Industries, LLC.  

The person responsible for design of the vapor barrier should consult with product vendors to 
ensure selection of the vapor retarder that best meets the project requirements.  For example, 
concrete slabs with particularly sensitive floor coverings may require lower permeance or other 
performance-related factors are specified by the ASTM E1745 class rating. 

Quality Assurance 

The performance of vapor retarders is particularly sensitive to the quality of installation.  
Installation should be performed in accordance with the vendor’s recommendations under full-
time Quality Assurance (QA) surveillance.  

6.7 Control of Moisture Around Foundations 

6.7.1 General 

Design for the structure should include care to control accumulations of moisture around and below 
foundations. Such design will require coordination from among the Design Team; at a minimum to 
include the Architect, the Civil Engineer, and the Landscape Architect.  

6.7.2 Erosion and Moisture Control During Construction 

Surface water should be controlled during construction, via berms, gravel/sandbags, silt fences, straw 
wattles, siltation basins, positive surface grades, or other methods to avoid damage to the finished work or 
adjoining properties.  The Contractor should take measures to prevent erosion of graded areas until such 
time as permanent drainage and erosion control measures have been installed. After grading, all excavated 
surfaces should exhibit positive drainage and eliminate areas where water might pond.  

6.7.3 Design 

Civil, structural, architectural and landscaping design for the areas around foundations should be 
undertaken with a view to the maintenance of an environment that encourages drainage away from below-
grade walls.   Roof and surface drainage, landscaping, and utility connections should be designed to limit 
the potential for mounding of water near subterranean walls. In particular, rainfall to roofs should be 
collected in gutters and discharged away from foundations.  

Proper surface drainage will be required to minimize the potential of water seeking the level of the garage 
walls and pavements.  In areas where sidewalks or paving do not immediately adjoin the structure, 
protective slopes should be provided with a minimum grade (away from the structure) of approximately 3 
percent for at least 5 feet.  A minimum gradient of 1 percent is recommended in hardscape areas.   
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6.8 Flatwork 
Prior to casting exterior flatwork, at least the one foot of Unit 1 soils should be removed and replaced 
with Select Fill, moisture conditioned and recompacted, as described in Section 6.4.2.  Concrete slabs for 
pedestrian traffic or landscaping should be at least four (4) inches thick.  Most of the Unit 1 soil will 
conform to the criteria for Select Fill. 
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7.0 PAVEMENTS 

7.1 Overview 

7.1.1 General 

The structural design of pavement sections depends primarily on anticipated traffic conditions, subgrade 
soils, and construction materials. For the purposes of the preliminary evaluation provided in this section, 
NOVA has assumed a Traffic Index (TI) of 5.0 for passenger car parking, and 6.0 for the driveways. 
These traffic indices should be confirmed by the project civil engineer prior to final design. 

7.1.2 Design to Limit Infiltration 

The surface grades of pavements and related design features to limit infiltration should conform with the 
concepts discussed in Section 6.   

An important consideration with the design and construction of pavements is surface and subsurface 
drainage. Where standing water develops, either on the pavement surface or within the base course, 
softening of the subgrade and other problems related to the deterioration of the pavement can be expected.  

Furthermore, good drainage should minimize the risk of the subgrade materials becoming saturated over a 
long period of time. The following recommendations should be considered to limit the amount of excess 
moisture, which can reach the subgrade soils: 

• site grading at a minimum 2% grade away from the pavements; 
• compaction of any utility trenches for landscaped areas to the same criteria as the pavement subgrade; 
• sealing all landscaped areas in or adjacent to pavements to minimize or prevent moisture migration to 

subgrade soils near pavements; and, 
• concrete curbs bordering landscaped areas should have a deepened edge to provide a cutoff for 

moisture flow beneath pavements (generally, the edge of the curb can be extended an additional twelve 
inches below the base of the curb). 

7.1.3 Maintenance 

Preventative maintenance should be planned and provided for.  Preventative maintenance activities are 
intended to slow the rate of pavement deterioration and to preserve the pavement investment.  
Preventative maintenance consists of both localized maintenance (e.g. crack sealing and patching) and 
global maintenance (e.g. surface sealing).  Preventative maintenance is usually the first priority when 
implementing a planned pavement maintenance program and provides the highest return on investment 
for pavements. 

7.1.4 Review and Surveillance 

The Geotechnical Engineer-of-Record should review the planning and design for pavement to confirm 
that the recommendations presented in this report have been incorporated into the plans prepared for the 
project. The preparation of subgrades for roadways should be observed on a full-time basis by a 
representative of the Geotechnical Engineer-of-Record. 
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7.2 Pavement Subgrade Preparation 

Remedial grading for paved areas should be as described in Section 6.4.3, removing the upper 12 inches 
of the Unit 1, compacting the bottom of the removals to at least 90% relative compaction after ASTM D 
1557 (the ‘modified Proctor’). The removed soils should be replaced with “Select” fill and densified to at 
least 95% relative compaction after ASTM D 1557 (the ‘modified Proctor’).  

After the completion of compaction/densification, areas to receive pavements should be proof-rolled.  A 
loaded dump truck or similar should be used to aid in identifying localized soft or unsuitable material. 
Any soft or unsuitable materials encountered during this proof-rolling should be removed, replaced with 
an approved backfill, and compacted. The Geotechnical Engineer can provide alternative options such as 
using geogrid and/or geotextile to stabilize the subgrade at the time of construction, if necessary. 

Construction should be managed such that preparation of the subgrade immediately precedes placement 
of the base course. Proper drainage of the paved areas should be provided to reduce moisture infiltration 
to the subgrade. 

The preparation of roadway and parking area subgrades should be observed on a full-time basis by a 
representative of NOVA to confirm that any unsuitable materials have been removed and that the 
subgrade is suitable for support of the proposed driveways and parking areas, after ASTM D1557.   

7.3 Flexible Pavements 

The structural design of flexible pavement depends primarily on anticipated traffic conditions, subgrade 
soils, and construction materials. Table 7-1 provides preliminary flexible pavement sections using an 
assumed R-value of 20.   

Table 7-1.  Preliminary Pavement Sections, R = 20 

Area Subgrade R-Value Traffic 
Index 

Asphalt 
Thickness (in) 

Base Course 
Thickness (in) 

Auto Parking 20 5 4.0 6.0 

Roadways/Fire Lane 20 6 4.0 8.5 

1. The above sections assume properly prepared subgrade consisting of at least 
12 inches of subgrade compacted to a minimum of 90% relative compaction 
after ASTM D1557, with EI <50. 

2. The aggregate base materials should be placed at a minimum of 95% 
relative compaction after ASTM D1557.  
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7.4 Rigid Pavements 

7.4.1 General 

Concrete pavement sections should be developed in the same manner as undertaken for all other slabs and 
pavements:  removal of the Unit 1 and replacement of that material in an engineered manner as described 
in Section 7.2.  

Concrete pavement sections consisting of 7 inches of Portland cement concrete over a base course of 6 
inches and a properly prepared subgrade support a wide range of traffic indices.  

Where rigid pavements are used, the concrete should be obtained from an approved mix design with the 
minimum properties of Table 7-2. 

Table 7-2.   Recommended Concrete Requirements 

Property Recommended Requirement 
Compressive Strength @ 28 days    3,250 psi minimum 

Strength Requirements ASTM C94 
Minimum Cement Content 5.5 sacks/cu. yd. 

Cement Type Type I Portland 

Concrete Aggregate ASTM C33 and CalTrans Section 
703 

Aggregate Size 1-inch maximum 
Maximum Water Content 0.50 lb/lb of cement 

Maximum Allowable Slump 4 inches 
 

7.4.2 Jointing and Reinforcement 

Longitudinal and transverse joints should be provided as needed in concrete pavements for 
expansion/contraction and isolation.  Sawed joints should be cut within 24-hours of concrete placement, 
and should be a minimum of 25% of slab thickness plus 1/4 inch.  All joints should be sealed to prevent 
entry of foreign material and doweled where necessary for load transfer.   

Load transfer devices, such as dowels or keys are recommended at joints in the paving to reduce possible 
offsets. Where dowels cannot be used at joints accessible to wheel loads, pavement thickness should be 
increased by 25 percent at the joints and tapered to regular thickness in 5 feet. 

7.5 Interlocking Concrete Pavers 

7.5.1 Overview 

The recommendations for interlocking concrete pavers provided herein have been developed in general 
conformance with Structural Design of Interlocking Concrete Pavement for Roads and Parking Lots 
Interlocking Concrete Pavement Institute (ICPI), Technical Specification No. 4, May 2011. 
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7.5.2 General 

Concrete paver units should be at least 80 millimeters (3 ⅛-inches) thick for vehicular concrete pavers. 
Interlocking concrete pavement can be constructed by placing the concrete paver units over a 1-inch 
bedding sand layer generally conforming to ASTM C-33 sand.   

7.5.3 Bedding and Joint Sand Gradation 

Table 7-3 summarizes bedding sand gradation recommendations and recommended joint sand gradation. 
The joint sand should comply with ASTM C144 with a maximum 100 percent passing the No. 16 sieves 
and no more than 5 percent passing the No. 200 sieve.  

Bedding sand may be used as joint sand; however, additional effort may be required due to its coarser 
gradation.    

Table 7-3.  Gradation of Sand for Paver Systems 

Sieve Size  
Percent Passing 

Bedding Sand Joint Sand 
3/8 – inch 100 - 

No. 4 95 - 100 100 
No. 8 80 - 100 95 - 100 
No. 16 50 - 85 70 - 100 
No. 30 25 - 60 40 - 75 
No. 50 5 - 30 20 - 40 
No. 100 0 - 10 10 - 25 
No. 200 0 - 1 0 - 5 

 

7.5.4 Base and Subgrade 

The bedding sand should be underlain with at least 10-inches of Class II base compacted to at least 95 percent 
of the maximum dry density at or slightly above optimum moisture content as determined by ASTM D 1557. 

The upper 12 inches of the subgrade soil should be scarified; moisture conditioned as necessary, and 
compacted to a dry density of at least 95 percent of the laboratory maximum dry density at or slightly 
above optimum moisture content as determined by ASTM D1557. 

7.5.5 Control of Infiltration 

An impermeable liner (e.g., 30-mil PVC or equivalent) should be placed surrounding the pavers to 
prevent soil subgrade saturation and lateral water migration. The liner should extend up to the top of the 
aggregate base layer and adhered to the edge restraint.   

Water retained by the liner can be collected by a subdrain. The lined subgrade soils should be sloped at 
least one percent towards the subdrain. A 4-inch diameter, Schedule 40, perforated PVC pipe 
encapsulated with Caltrans Class II permeable base (or equivalent) should be suitable as a subdrain. This 
piping should connect to solid PVC pipe to convey the stormwater to a suitable outlet structure, i.e. area 
drain or storm drain structure.     

Figure 7-1 depicts a design to control infiltrating surface water that reflects the above recommendations. 



                                                                                                       
 

Report of Geotechnical Investigation  January 22, 2020 
Proposed Ranger Station, Louis A. Stelzer County Park, Lakeside, CA      NOVA Project No. 2019133 
_____________________________________________________________________________________________ 
 

31 

 

 
Figure 7-1.  Design to Control Infiltration 

7.5.6 Installation 

Concrete paver installation should be performed in accordance with the manufacturer's and ICPI 
guidelines. Stable edge restraints such as concrete edge bands and curbs are essential to maintain 
horizontal interlock while the paver units are subjected to repeated vehicular loads.   

7.5.7 Edge Restraint 

The edge restraint may consist of a concrete pavement section. Other edge restraint recommendations can 
be found in the ICPI technical guidelines. 

 
A concrete edge restraint pavement section may be designed in general conformance with the procedure 
recommended by the American Concrete Institute report ACI 330R-08 Guide for Design and 
Construction of Concrete Parking Lots using the following parameters: 
 

Modulus of subgrade reaction, k = 100 pci 
Modulus of rupture for concrete, MR= 500 psi 
Traffic Category = B 
Average daily truck traffic, ADTT (assumed) = 30 
 

Based on the criteria presented above, concrete pavement should consist of a minimum of 6 inches of 
PCC placed over subgrade soil compacted to a dry density of at least 95 percent of the laboratory 
maximum dry density near to slightly above optimum moisture content. This pavement section is based 
on a minimum concrete compressive strength of approximately 3,200 psi (pounds per square inch). 

No reinforcing steel will be necessary within the concrete for geotechnical purposes. 

7.5.8 Maintenance 

A maintenance schedule consisting of inspecting the pavement sections should be established.  Periodic 
removal, replacement, and re-leveling of individual pavers may be required. 
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APPENDIX A 
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APPENDIX B 

LOGS OF EXPLORATORY TRENCHES 
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APPENDIX C 

LABORATORY ANALYTICAL RESULTS  
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