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minor heave of the flatwork. Dowelling details should be designed by the project structural 

engineer. 

 

9.8.4 The recommendations presented herein are intended to reduce the potential for cracking of 

exterior slabs as a result of differential movement. However, even with the incorporation of 

the recommendations presented herein, slabs-on-grade will still crack. The occurrence of 

concrete shrinkage cracks is independent of the soil supporting characteristics.  

Their occurrence may be reduced and/or controlled by limiting the slump of the concrete, the 

use of crack control joints and proper concrete placement and curing. Crack control joints 

should be spaced at intervals no greater than 12 feet. Literature provided by the  

Portland Concrete Association (PCA) and American Concrete Institute (ACI) present 

recommendations for proper concrete mix, construction, and curing practices, and should be 

incorporated into project construction. 

9.9 Conventional Retaining Walls  

9.9.1 The recommendations presented herein are generally applicable to the design of rigid 

concrete or masonry retaining walls having a maximum height of 10 feet. If walls higher 

than 10 feet or other types of walls are planned, Geocon should be consulted for additional 

recommendations.  

 

9.9.2 Retaining wall foundations may be designed in accordance with the recommendations 

provided in the Foundation and Concrete Slabs-On-Grade Recommendations section of this 

report. 

 

9.9.3 Retaining walls with a level backfill surface that are not restrained at the top should be 

designed utilizing a triangular distribution of pressure (active pressure) of 35 pcf. Restrained 

walls are those that are not allowed to rotate more than 0.001H (where H equals the height of 

the retaining portion of the wall in feet) at the top of the wall. Where walls are restrained 

from movement at the top and are retaining a level soil backfill, walls may be designed 

utilizing a triangular distribution of pressure (at-rest pressure) of 55 pcf. If restrained walls 

which retain sloping backfill are planned, Geocon should be contacted for additional 

recommendations. 

 

9.9.4 The wall pressures provided above assume that the proposed retaining walls will support 

relatively undisturbed older alluvium soils, granitic bedrock, or engineered fill derived from 

selectively graded onsite soils with an EI of 60 or less. If import soil will be used to backfill 

proposed retaining walls, revised earth pressures may be required to account for the 

geotechnical properties of the import soil used as engineered fill. This should be evaluated 
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once the use of import soil is established. Imported fill should be observed, tested, and 

approved by Geocon West, Inc. prior to bringing soil to the site. 

 

9.9.5 In addition to the recommended earth pressure, retaining walls adjacent to the street or 

driveway areas should be designed to resist a uniform lateral pressure of 100 psf, acting as a 

result of an assumed 300 psf surcharge behind the wall due to normal street traffic. If the 

traffic is kept back at least 10 feet from the walls, the traffic surcharge may be neglected. 

 

9.9.6 Additional active pressure should be added for a surcharge condition due to sloping  

ground, vehicular traffic, or adjacent structures. Once the design becomes more finalized, an 

addendum letter can be prepared revising recommendations and addressing specific 

surcharge conditions throughout the project, if necessary. 

 

9.9.7 The structural engineer should determine the seismic design category for the project in 

accordance with Section 1613 of the CBC. If the project possesses a seismic design category 

of D, E, or F, proposed retaining walls in excess of 6 feet in height should be designed with 

seismic lateral pressure (Section 1803.5.12 of the 2016 CBC). 

 

9.9.8 A seismic load of 10 pcf should be used for design of walls that support more than 6 feet of 

backfill in accordance with Section 1803.5.12 of the 2016 CBC. The seismic load is applied 

as an equivalent fluid pressure along the height of the wall and the calculated loads result in 

a maximum load exerted at the base of the wall and zero at the top of the wall. This seismic 

load should be applied in addition to the active earth pressure. The earth pressure is based on 

half of two-thirds of PGAM calculated from ASCE 7-10 Section 11.8.3. 

 

9.9.9 Unrestrained walls will move laterally when backfilled and loading is applied. The amount 

of lateral deflection is dependent on the wall height, the type of soil used for backfill, and 

loads acting on the wall. The retaining walls and improvements above the retaining walls 

should be designed to incorporate an appropriate amount of lateral deflection as determined 

by the structural engineer. 

 

9.9.10 Retaining walls should be provided with a drainage system adequate to prevent the buildup 

of hydrostatic forces and waterproofed as required by the project architect. The soil 

immediately adjacent to the backfilled retaining wall should be composed of free draining 

material completely wrapped in Mirafi 140N (or equivalent) filter fabric for a lateral  

distance of 1 foot for the bottom two-thirds of the height of the retaining wall. The upper 

one-third should be backfilled with less permeable compacted fill to reduce water 

infiltration. Alternatively, a drainage panel, such as a Miradrain 6000 or equivalent, can be 

placed along the back of the wall. The options are shown on Figure 10. The use of drainage 
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openings through the base of the wall (weep holes) is not recommended where the seepage 

could be a nuisance or otherwise adversely affect the property adjacent to the base of the 

wall. The recommendations herein assume a properly compacted backfill (EI of 50 or less) 

with no hydrostatic forces or imposed surcharge load. If conditions different than those 

described are expected or if specific drainage details are desired, Geocon should be contacted 

for additional recommendations. 

 

9.9.11 Wall foundations should be designed in accordance with the above foundation 

recommendations. 

9.10 Lateral Design 

9.10.1 To resist lateral loads, a passive pressure exerted by an equivalent fluid weight of 

200 pounds per cubic foot (pcf) should be used for the design of footings or shear keys 

poured neat against newly compacted fill. The allowable passive pressure assumes a 

horizontal surface extending at least 5 feet, or three times the surface generating the passive 

pressure, whichever is greater. The upper 12 inches of material in areas not protected by 

floor slabs or pavement should not be included in design for passive resistance. 

 

9.10.2 If friction is to be used to resist lateral loads, an allowable coefficient of friction between 

newly compacted fill soil and concrete of 0.25 should be used for design. 

9.11 Preliminary Pavement Recommendations 

9.11.1 The final pavement sections for roadways should be based on the R-Value of the subgrade 

soils encountered at final subgrade elevation. Streets should be designed in accordance with 

the County of Riverside requirements, when final Traffic Indices and R-Value test results of 

subgrade soil are completed. Based on our experience with similar soils we have estimated 

an R-value of 15 for the site. Preliminary flexible pavement sections are presented in  

Table 9.11.1. We have provided pavement thicknesses for typical roadway classifications. 

The civil engineer should select the appropriate roadway classification and traffic index 

based on the anticipated traffic. Geocon should be contacted for additional recommendations 

if other traffic indices are appropriate for the site roadways.  

 

TABLE 9.11.1 
PRELIMINARY FLEXIBLE PAVEMENT SECTIONS 

Roadway Classification 

Assumed 

Traffic 

Index 

Assumed 

Subgrade 

R-Value 

Asphalt 

Concrete 

(inches) 

Crushed 

Aggregate 

Base (inches) 

Roadways Servicing Light-Duty Vehicles  

Local Streets 
5.5 15 4.0 7.5 

Roadways Servicing Heavy Truck Vehicles 

Collector Streets 
7.0 15 4.0 13.0 
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9.11.2 The upper 12 inches of the subgrade soil should be compacted to a dry density of at least 

95 percent of the laboratory maximum dry density at 2 percent above optimum moisture 

content beneath pavement sections. 

 

9.11.3 The crushed aggregated base and asphalt concrete materials should conform to Section  

200-2.2 and Section 203-6, respectively, of the Standard Specifications for Public Works 

Construction (Greenbook) and the latest edition of the City of Menifee/Riverside County 

Design Standards. Base materials should be compacted to a dry density of at least 95 percent 

of the laboratory maximum dry density at optimum moisture content. Asphalt concrete 

should be compacted to a density of 95 percent of the laboratory Hveem density in 

accordance with ASTM D 1561. 

 

9.11.4 A rigid Portland cement concrete (PCC) pavement section should be placed in driveway 

aprons and cross gutters and where desired to support heavy vehicle loads. We calculated the 

rigid pavement section in general conformance with the procedure recommended by the 

American Concrete Institute report ACI 330R, Guide for Design and Construction of 

Concrete Parking Lots using the parameters presented in Table 8.11.7. 

 

TABLE 9.11.4 
RIGID PAVEMENT DESIGN PARAMETERS 

Design Parameter Design Value 

Modulus of subgrade reaction, k 75 pci 

Modulus of rupture for concrete, MR 550 psi 

Traffic Category, TC C and D 

Average daily truck traffic, ADTT 100 and 700 

 

9.11.5 Based on the criteria presented herein, the PCC pavement sections should have a minimum 

thickness as presented in Table 8.11.8. 

 

TABLE 9.11.5 
RIGID PAVEMENT RECOMMENDATIONS 

Roadway Classification Portland Cement Concrete (inches) 

Roadways (TC=C) 7.0 

Truck Areas (TC=D) 8.5 
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9.11.6 The PCC pavement should be placed over subgrade soil that is compacted to a dry density of 

at least 95 percent of the laboratory maximum dry density at 2 percent above optimum 

moisture content. This pavement section is based on a minimum concrete compressive 

strength of approximately 3,500 psi (pounds per square inch). Base material will not be 

required beneath concrete improvements. 

 

9.11.7 A thickened edge or integral curb should be constructed on the outside of concrete slabs 

subjected to wheel loads. The thickened edge should be 1.2 times the slab thickness or a 

minimum thickness of 2 inches, whichever results in a thicker edge, and taper back to the 

recommended slab thickness 4 feet behind the face of the slab (e.g., a 9-inch-thick slab 

would have an 11-inch-thick edge). Reinforcing steel will not be necessary within the 

concrete for geotechnical purposes with the possible exception of dowels at construction 

joints as discussed herein.  

 

9.11.8 In order to control the location and spread of concrete shrinkage cracks, crack-control joints 

(weakened plane joints) should be included in the design of the concrete pavement slab in 

accordance with the referenced ACI report. 

 

9.11.9 Performance of the pavements is highly dependent on providing positive surface drainage 

away from the edge of the pavement. Ponding of water on or adjacent to the pavement 

surfaces will likely result in pavement distress and subgrade failure. Drainage from 

landscaped areas should be directed to controlled drainage structures. Landscape areas 

adjacent to the edge of asphalt pavements are not recommended due to the potential for 

surface or irrigation water to infiltrate the underlying permeable aggregate base and cause 

distress. Where such a condition cannot be avoided, consideration should be given to 

incorporating measures that will significantly reduce the potential for subsurface water 

migration into the aggregate base. If planter islands are planned, the perimeter curb should 

extend at least 6 inches below the level of the base materials. 

9.12 Temporary Excavations 

9.12.1 It is the responsibility of the contractor to ensure that excavations and trenches are properly 

shored and maintained in accordance with applicable OSHA rules and regulations to 

maintain safety and maintain the stability of adjacent existing improvements.  

 

9.12.2 Onsite excavations must be conducted in such a manner that potential surcharges from existing 

structures, construction equipment, and vehicle loads are resisted. The surcharge area may be 

defined by a 1:1 projection down and away from the bottom of an existing foundation or vehicle 

load. Penetrations below this 1:1 projection will require special excavation measures such as 

sloping or shoring.  
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9.12.3 Excavations on the order of 5 to 10 feet in vertical height may be required during grading 

operations and utility installation. The contractor’s competent person should evaluate the 

necessity for layback of vertical cut areas. Vertical excavations up to 5 feet may be attempted 

where loose soils or caving sands are not present, and where not surcharged by existing 

structures or vehicle/construction equipment loads.  

 

9.12.4 Vertical excavations greater than 5 feet may require sloping or slot-cutting measures in order 

to provide a stable excavation. It is anticipated that sufficient space is available to complete 

the majority of the required earthwork for this project using sloping measures. If necessary, 

shoring recommendations will be provided in an addendum. 

 

9.12.5 Where sufficient space is available, temporary unsurcharged embankments may be sloped 

back at a uniform 1.5:1 (h:v) slope gradient or flatter for heights up to 20 feet. A uniform 

slope does not have a vertical portion.  

 

9.12.6 Where sloped embankments are utilized, the top of the slope should be barricaded to prevent 

vehicles and storage loads at the top of the slope within a horizontal distance equal to the 

height of the slope. If the temporary construction embankments are to be maintained during 

the rainy season, berms are suggested along the tops of the slopes where necessary to prevent 

runoff water from entering the excavation and eroding the slope faces. The contractor’s 

personnel should inspect the soil exposed in the cut slopes during excavation so that 

modifications of the slopes can be made if variations in the soil conditions occur. 

Excavations should be stabilized within 30 days of initial excavation. 

9.13 Site Drainage and Moisture Protection 

9.13.1 Proper site drainage is critical to reduce the potential for differential soil movement, erosion 

and subsurface seepage. Under no circumstances should water be allowed to pond adjacent 

to footings. The site should be graded and maintained such that surface drainage is directed 

away from structures in accordance with 2016 CBC 1804.4 or other applicable standards. In 

addition, surface drainage should be directed away from the top of slopes into swales or 

other controlled drainage devices. Roof and pavement drainage should be directed into 

conduits that carry runoff away from the proposed structure. 

 

9.13.2 Underground utilities should be leak free. Utility and irrigation lines should be checked 

periodically for leaks, and detected leaks should be repaired promptly. Detrimental soil 

movement could occur if water is allowed to infiltrate the soil for prolonged periods of time. 
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9.13.3 Landscaping planters adjacent to paved areas are not recommended due to the potential for 

surface or irrigation water to infiltrate the pavement’s subgrade and base course.  

We recommend that area drains to collect excess irrigation water and transmit it to drainage 

structures or impervious above-grade planter boxes be used. In addition, where landscaping 

is planned adjacent to the pavement, we recommend construction of a cutoff wall along the 

edge of the pavement that extends at least 6 inches below the bottom of the base material. 

 

9.13.4 If not properly constructed, there is a potential for distress to improvements and properties 

located hydrologically down gradient or adjacent to infiltration areas. Factors such as the 

amount of water to be detained, its residence time, and soil permeability have an important 

effect on seepage transmission and the potential adverse impacts that may occur if the storm 

water management features are not properly designed and constructed. We have not 

performed a hydrogeology study at the site. Down-gradient and adjacent structures may be 

subjected to seeps, movement of foundations and slabs, or other impacts as a result of water 

infiltration. 

9.14 Plan Review 

9.14.1 Geocon should review the grading, structural, and foundation plans for the project prior to 

final submittal to verify that the plans have been prepared in substantial conformance with 

the recommendations of this report. Additional analyses may be required after review of the 

project plans. 
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LIMITATIONS AND UNIFORMITY OF CONDITIONS 

1. The recommendations of this report pertain only to the site investigated and are based upon 

the assumption that the soil conditions do not deviate from those disclosed in the 

investigation. If any variations or undesirable conditions are encountered during construction, 

or if the proposed construction will differ from that anticipated herein, Geocon should be 

notified so that supplemental recommendations can be given. The evaluation or identification 

of the potential presence of hazardous materials was not part of the scope of services 

provided by Geocon. 

2. This report is issued with the understanding that it is the responsibility of the owner, or of his 

representative, to ensure that the information and recommendations contained herein are 

brought to the attention of the architect and engineer for the project and incorporated into the 

plans, and the necessary steps are taken to see that the contractor and subcontractors carry out 

such recommendations in the field. 

3. The findings of this report are valid as of the date of this report. However, changes in the 

conditions of a property can occur with the passage of time, whether they are due to natural 

processes or the works of man on this or adjacent properties. In addition, changes in 

applicable or appropriate standards may occur, whether they result from legislation or the 

broadening of knowledge. Accordingly, the findings of this report may be invalidated wholly 

or partially by changes outside our control. Therefore, this report is subject to review and 

should not be relied upon after a period of three years. 

4. The firm that performed the geotechnical investigation for the project should be retained to 

provide testing and observation services during construction to provide continuity of 

geotechnical interpretation and to check that the recommendations presented for geotechnical 

aspects of site development are incorporated during site grading, construction of 

improvements, and excavation of foundations. If another geotechnical firm is selected to 

perform the testing and observation services during construction operations, that firm should 

prepare a letter indicating their intent to assume the responsibilities of project geotechnical 

engineer of record. A copy of the letter should be provided to the regulatory agency for their 

records. In addition, that firm should provide revised recommendations concerning the 

geotechnical aspects of the proposed development, or a written acknowledgement of their 

concurrence with the recommendations presented in our report. They should also perform 

additional analyses deemed necessary to assume the role of Geotechnical Engineer of Record. 
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TYPICAL HEADWALL DETAIL 

 
7.7 The final grading plans should show the location of the proposed subdrains. After 

completion of remedial excavations and subdrain installation, the project civil engineer 

should survey the drain locations and prepare an “as-built” map showing the drain 

locations. The final outlet and connection locations should be determined during grading 

operations. Subdrains that will be extended on adjacent projects after grading can be placed 

on formational material and a vertical riser should be placed at the end of the subdrain. The 

grading contractor should consider videoing the subdrains shortly after burial to check 

proper installation and functionality. The contractor is responsible for the performance of 

the drains. 
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8. OBSERVATION AND TESTING 

8.1 The Consultant shall be the Owner’s representative to observe and perform tests during 

clearing, grubbing, filling, and compaction operations. In general, no more than 2 feet in 

vertical elevation of soil or soil-rock fill should be placed without at least one field density 

test being performed within that interval. In addition, a minimum of one field density test 

should be performed for every 2,000 cubic yards of soil or soil-rock fill placed and 

compacted. 

8.2 The Consultant should perform a sufficient distribution of field density tests of the 

compacted soil or soil-rock fill to provide a basis for expressing an opinion whether the fill 

material is compacted as specified. Density tests shall be performed in the compacted 

materials below any disturbed surface. When these tests indicate that the density of any 

layer of fill or portion thereof is below that specified, the particular layer or areas 

represented by the test shall be reworked until the specified density has been achieved. 

8.3 During placement of rock fill, the Consultant should observe that the minimum number of 

passes have been obtained per the criteria discussed in Section 6.3.3. The Consultant 

should request the excavation of observation pits and may perform plate bearing tests on 

the placed rock fills. The observation pits will be excavated to provide a basis for 

expressing an opinion as to whether the rock fill is properly seated and sufficient moisture 

has been applied to the material. When observations indicate that a layer of rock fill or any 

portion thereof is below that specified, the affected layer or area shall be reworked until the 

rock fill has been adequately seated and sufficient moisture applied. 

8.4 A settlement monitoring program designed by the Consultant may be conducted in areas of 

rock fill placement. The specific design of the monitoring program shall be as 

recommended in the Conclusions and Recommendations section of the project 

Geotechnical Report or in the final report of testing and observation services performed 

during grading. 

8.5 We should observe the placement of subdrains, to check that the drainage devices have 

been placed and constructed in substantial conformance with project specifications. 

8.6 Testing procedures shall conform to the following Standards as appropriate: 

8.6.1 Soil and Soil-Rock Fills: 

8.6.1.1 Field Density Test, ASTM D 1556, Density of Soil In-Place By the 
Sand-Cone Method. 
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8.6.1.2 Field Density Test, Nuclear Method, ASTM D 6938, Density of Soil and 
Soil-Aggregate In-Place by Nuclear Methods (Shallow Depth). 

8.6.1.3 Laboratory Compaction Test, ASTM D 1557, Moisture-Density 
Relations of Soils and Soil-Aggregate Mixtures Using 10-Pound 
Hammer and 18-Inch Drop. 

8.6.1.4. Expansion Index Test, ASTM D 4829, Expansion Index Test. 

9. PROTECTION OF WORK 

9.1 During construction, the Contractor shall properly grade all excavated surfaces to provide 

positive drainage and prevent ponding of water. Drainage of surface water shall be 

controlled to avoid damage to adjoining properties or to finished work on the site. The 

Contractor shall take remedial measures to prevent erosion of freshly graded areas until 

such time as permanent drainage and erosion control features have been installed. Areas 

subjected to erosion or sedimentation shall be properly prepared in accordance with the 

Specifications prior to placing additional fill or structures. 

9.2 After completion of grading as observed and tested by the Consultant, no further 

excavation or filling shall be conducted except in conjunction with the services of the 

Consultant. 

10. CERTIFICATIONS AND FINAL REPORTS 

10.1 Upon completion of the work, Contractor shall furnish Owner a certification by the Civil 

Engineer stating that the lots and/or building pads are graded to within 0.1 foot vertically of 

elevations shown on the grading plan and that all tops and toes of slopes are within 0.5 foot 

horizontally of the positions shown on the grading plans. After installation of a section of 

subdrain, the project Civil Engineer should survey its location and prepare an as-built plan 

of the subdrain location. The project Civil Engineer should verify the proper outlet for the 

subdrains and the Contractor should ensure that the drain system is free of obstructions. 

10.2 The Owner is responsible for furnishing a final as-graded soil and geologic report 

satisfactory to the appropriate governing or accepting agencies. The as-graded report 

should be prepared and signed by a California licensed Civil Engineer experienced in 

geotechnical engineering and by a California Certified Engineering Geologist, indicating 

that the geotechnical aspects of the grading were performed in substantial conformance 

with the Specifications or approved changes to the Specifications.  


