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GEOTECHNICAL INVESTIGATION 
Open Door Community Health Centers 

Tydd Street, Eureka, California 
Assessor’s Parcel Number 002-191-027, -028, and -031 

LACO Project Number 7119.02 
 
1.0 INTRODUCTION 

LACO Associates (LACO) performed a Geotechnical Investigation in support of the design and 
construction of the new Open Door Community Health Centers (ODCHC) in the City of Eureka, 
California. The project site is located in the northeast section Eureka between Myrtle Avenue and 
U.S. Highway 101, and is accessed from the intersection of West Avenue and Tydd Street. Currently 
the area encompasses three undeveloped vacant parcels. The general site location is illustrated on 
Figure 1. 
 
The investigation described in this report was performed in accordance with the scope of 
Engineering Services outlined in our agreement with ODCHC dated November 1, 2010, and 
approved on November 15, 2010. The primary purposes of this investigation were to explore and 
characterize subsurface soil conditions at the site and to develop geotechnical recommendations and 
design criteria for permitting, foundation support, and earthwork construction for the new building. 
 
The scope of Engineering Services for this investigation consisted of a field exploration program 
including geotechnical test borings; performing laboratory tests on selected soil samples to evaluate 
pertinent engineering and index properties of the subsurface soils encountered during our 
exploration; geotechnical analyses and assessment of potential geologic hazards; developing 
recommendations for foundation support and earthwork; and preparation of this report to present our 
findings, conclusions and recommendations to be utilized for permitting, design, and construction of 
the proposed development. Specifically, this report includes the following: 

 Description of site terrain, local and regional geology based on available published maps and 
literature, and our field exploration. 

 Interpreted descriptions of subsurface soil and groundwater conditions based on our field 
exploration, laboratory testing, and geotechnical analyses. 

 Assessment of potential earthquake-related hazards (including surface fault rupture, 
liquefaction, differential settlement, and site instability) with discussion of possible 
mitigation measures, as necessary. 

 Seismic design parameters in accordance with the applicable portions of the most recent 
California Building Code (CBC), including site soil classification, seismic design category, 
and spectral response classifications. No site-specific ground motion assessment was 
performed as part of this investigation. 

 Discussion of appropriate foundation support options and estimates of static and dynamic 
settlement. 

 Recommended foundation and retaining wall design criteria, including: 
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o Allowable bearing pressures or capacities for dead, live and wind or seismic loads 
o Minimum foundation embedment 
o Allowable lateral earth pressures including passive pressure and sliding resistance 

values 
 Recommendations for exterior site drainage requirements. 
 Recommendations for earthwork construction including site and subgrade preparation; fill 

material quality, placement, and compaction requirements; criteria for temporary excavation 
support; and general dewatering. 

 Recommendations for pavement section thicknesses. 
 Recommendations for observation of footing excavation and foundation installation. 

 
Specifically excluded from our scope of work was an environmental assessment for the presence or 
absence of any hazardous, toxic, or corrosive materials. Although we have explored subsurface 
conditions as part of this investigation, we have not conducted any analytical laboratory testing of 
samples obtained for the presence of hazardous, toxic, or corrosive materials. 
 
1.1 Limitations 

This report has been prepared for the exclusive use of our CLIENT (ODCHC), our CLIENT’s 
contractors and sub-consultants, and appropriate public authorities for specific application to 
development of the site. LACO has endeavored to comply with the generally accepted geotechnical 
engineering standard of care common to the local area. LACO makes no other warranty, express or 
implied. A brochure prepared by ASFE (Association of Firms Practicing in the Geosciences) has 
been included as Attachment 1 of this report. We recommend that all individuals reading this report 
also read this brochure. 
 
The findings, analyses, and recommendations contained in this report are based on data obtained 
from subsurface explorations and laboratory tests. The exploration methods used indicate subsurface 
conditions only at specific locations where samples were obtained, only at the time they were 
obtained, and only to the depths penetrated. Samples cannot always be relied upon to accurately 
reflect stratigraphic variations that commonly exist between sampling locations, nor do they 
necessarily represent conditions at any other time. Results of sample testing obtained during this 
project will be retained on file in our office. Unless directed otherwise by our CLIENT, collected 
samples will be discarded after 60 days following the issuance of this report. 
 
The recommendations included in this report are based in part on assumptions about subsurface 
conditions that may only be confirmed during earthwork. Accordingly, the validity of these 
recommendations is contingent upon LACO being retained to provide additional professional 
services during project design and construction. LACO cannot assume responsibility or liability for 
the adequacy of the report recommendations when they are applied in the field unless LACO is 
retained to observe and test during project construction. Please contact us to further discuss the 



 
 

Page 5– January 11, 2011 
Geotechnical Investigation; APNs 002-191-027, -028, -031 

Open Door Community Health Centers; LACO Project No. 7119.02 

extent of such observations and tests required to check the validity of our recommendations. 
 
This report’s findings, conclusions and/or recommendations should not be used if the nature, design, 
or location of the proposed development is changed. If changes are contemplated, LACO should be 
consulted to review their impact on the applicability of the findings, conclusions and/or 
recommendations contained in this report. Also, LACO will not be responsible for any claims, 
damages, or liability associated with any other party’s interpretation of the subsurface data or reuse 
of this report for other projects, or at other locations, without our express written authorization. 
 
2.0 PROJECT DESCRIPTION 

Pertinent project site location information is listed in Table 1 below. 
 

Table 1. Project Location Information 
Latitude and Longitude 41.8019° North and -124.1444° West 

Assessor Parcel Number(s) 002-191-027, -028, and -031 

United States Geologic Survey 
Quadrangle (USGS) 

 
Eureka 7.5-minute topographic quadrangle 

 
Pre-design concept plans for the proposed development call for constructing a two-story medical 
building presumably of wood-frame construction and having a concrete slab-on-grade foundation, 
and totaling approximately 26,000 square-feet in size. The lower floor footprint will be 
approximately 200 feet in length and between 60 and 80 feet in width. The portion of the building 
that abuts Tydd Street will include a drive-through covered main entrance. Additional onsite 
improvements include paved parking areas, landscaping, drainage, and widening of the portion of 
Tydd Street fronting the new building. The actual building loads are not yet known, but are assumed 
to be in the light to moderate range for the type of construction anticipated. 
 
3.0 FIELD EXPLORATION AND LABORATORY TESTING 

The geotechnical field exploration and laboratory testing programs were performed for the current 
investigation as described below. 
 
3.1 Field Exploration Program 

Four borings were drilled and sampled at the locations shown on Figure 2. Boring locations were 
limited by the accessibility of the two-wheel drive, truck-mounted drilling rig. The boring locations 
were located in the field on a surveyed base map. Borings were drilled by Clear Heart Drilling, Inc. 
(Santa Rosa, California), on December 20 and 21, 2010, using a CME 75 drilling rig fitted with 
hollow-stem augers and an automatic safety hammer. All borings were advanced to depths of 
between 25- and 50-feet below existing grade. 
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Borings were logged in the field by a Professional Geologist from our office in general accordance 
with ASTM D 2488 (Visual-Manual Procedure). Upon their completion, borings were backfilled 
with drill cuttings and bentonite grout to existing grade. Soil samples collected from the exploration 
locations were submitted to the LACO materials testing laboratory for further examination and 
testing. The final boring logs were prepared based on the field logs in conjunction with the 
laboratory test results. 
 

3.2 Laboratory Testing 

Laboratory testing of selected soil samples was conducted to evaluate their physical characteristics 
and engineering properties. Samples were tested for in-place density, moisture content, percent fines 
(silt and clay), and shear strength. A summary of the testing results are presented below and at the 
corresponding sample locations on the Soil Profile Logs in Appendix A. Laboratory Data Sheets are 
presented in full in Appendix B. 
 

Table 2. Laboratory Testing Results Summary 

Boring  
Depth 

(ft) 
Soil 

Type(s) 

Dry 
Density 

(pcf) 

Moisture 
Content 

(%) 

Friction 
Angle  

(ø) 

Cohesion 
(psf) 

Void 
Ratio 

Minus 
#200  

Sieve % 

TB-1 4 SP/SM -- -- -- -- -- 13 

TB-1 6 SP/SM 92.0 26.1 -- -- 0.8 13 

TB-1 7 SC 92.9 25.8 33.7 317 -- 18 

TB-2 4 SM -- -- -- -- -- 26 

TB-2 6.5 SP/SM -- -- -- -- -- 13 

TB-2 11.5 SP/SM -- -- -- -- -- 10 

TB-2 16.5 SM -- -- -- -- -- 18 

TB-2 21.5 SM -- -- -- -- -- 20 

TB-2 23.5 SM 108.4 21.1 -- -- 0.5 16 

TB-3 3.5 SC 105.2 21.1 34 490 0.6 26 

TB-4 7.5 SP/SC 107.3 19.0 38 609 0.5 13 

 
4.0 SITE AND SUBSURFACE CONDITIONS 

The following report sections describe the current project site and surface conditions, the geologic 
and seismic settings of the site vicinity, and subsurface soil and groundwater conditions encountered 
at our exploration locations. 
 
4.1 Site Conditions 

The portion of the project site to be developed is situated at an elevation of approximately 21 to 32 
feet relative to mean sea level. The Tydd Street access is surfaced with asphalt concrete (AC) paving 
and gravel shoulders. The remainder of the site is undeveloped and consists of a nearly-level, open, 
grassy field flanked by gentle slopes that descend toward wetland areas. All development will be 
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located on the level areas of the site at the higher elevations, outside of the wetland and wetland 
buffer zones. Overhead and buried utilities are present along Tydd Street. 
 
4.2 Geologic Setting 

Based on a review of the site, our soil boring logs, and published geologic maps (California 
Department of Mines and Geology, CDMG, 1980; McLaughlin et al., 2000), the project site is 
underlain by a minimum of 50-feet of uplifted Quaternary aged marine terrace deposits (map symbol 
Qt, Figures 3A and 3B). Published mapping prepared by CDMG (1980) indicates these terrace 
deposits consist of Hookton Formation sediments composed of shallow marine and non-marine 
sands and gravel. The published map compilation by McLaughlin (2000) indicates the site to be 
underlain by Pleistocene to Holocene age non-marine terrace deposits. On the basis of our test 
borings and soil textures, we interpret the sediments within the upper 50-feet of the ground surface 
to be of shallow marine origin. Sediments are composed primarily of silty sand grading downward to 
poorly graded sand and poorly graded sand with silt. The relative density of the soil profile, based on 
Standard Penetration Testing (SPT), is consistent with Pleistocene age marine terrace deposits 
composed of Hookton Formation sediments elsewhere in Humboldt County. 
 
4.3 Seismicity  

The project site is not located within a “Fault Rupture Hazard Zone” (California Geological Survey, 
CGS, 2007; CGS, 2010). However, the site is located within a seismically active region subject to 
frequent moderate to large earthquakes. The regional tectonic framework is controlled by the 
Cascadia subduction zone (CSZ), wherein oceanic crust of the Juan de Fuca/Gorda plate is being 
actively subducted beneath the leading edge of the North American plate. The CSZ in its entirety 
extends from the southern Humboldt County coast to British Columbia. Plate convergence along the 
Gorda segment of the CSZ is occurring at a rate of approximately 30 to 40 millimeters per year 
(mm/yr) (Heaton & Kanamori, 1984). Rupture along the entire CSZ boundary may produce an 
earthquake with a maximum moment magnitude (Mw) of 9.0 or greater (Satake, 2003). 
 
Upper plate crustal deformation associated with the subduction of the Gorda plate is expressed as a 
90-kilometer (km) wide fold and thrust belt that comprises the accretionary complex along the North 
American plate margin (Carver, 1987). Faults associated with the offshore and onshore portions of 
the CSZ fold and thrust belt include the Little Salmon and Mad River fault zones. 
 
The Little Salmon and Fickle Hill faults are the closest recognized active fault traces to the project 
site, and are located a distance of 6.5 miles and 5.5 miles, respectively, from the site (CDMG, 1983; 
CDMG, 1991; CGS, 2010). Both faults are northwest-striking, northeast-dipping, low-angle thrust 
faults. The upper-bound earthquakes considered likely to occur on the Little Salmon and Fickle Hill 
faults have an estimated maximum moment magnitude Mw of 7.1 and 6.9, respectively (International 
Conference of Building Officials, 1998). 
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Based on the record of historical earthquakes (approximately 150 years), faults within the plate 
boundary zone and internally deforming Gorda Plate have produced numerous small-magnitude and 
several moderate to large (i.e., magnitude greater than 6) earthquakes affecting the local area. 
Several active regional seismic sources in addition to those mentioned above are proximal to the 
project site and have the potential to produce strong ground motions. These seismic sources include: 

 The northern segment of the San Andreas transform fault that represents the boundary 
between the stable North American plate and the northwest-migrating Pacific plate. 

 The Mendocino fault, an offshore, high-angle, east-west-trending, right-lateral strike-slip 
fault that forms the boundary between the Gorda and Pacific plates. 

 Faults within the internally-deforming Gorda plate consisting of high-angle, northeast-
trending, left-lateral, strike-slip faults. 

 
4.4 Subsurface Conditions 

Native soils encountered at each of the four test locations consist predominantly of shallow marine 
sediments to the depths explored. Soil texture graded vertically, from shallow to deep, from lean 
clay (CL) and silt (ML), to silty sand (SM), to poorly graded sand (SP) and poorly graded sand with 
silt and/or clay (SP/SM/SC). The lean clay and silt were encountered in the shallow subsoils (less 
than about 5-feet in depth), and are interpreted to represent in situ soil development within an eolian 
cap. With the exception of these shallow subsoils, soils were typically non-plastic to low plasticity. 
Relative densities were typically medium dense to dense. In the two deep borings, stiff bluish gray 
elastic silt containing abundant shell fragments was encountered between approximately 46 feet and 
49 feet below the ground surface (bgs). The elastic silt appears to be interbedded and in abrupt 
contact with the marine sand. 
 
A summary of the generalized soil types underlying the project site is presented below. Detailed 
descriptions of the soils encountered in each boring for the current investigation is provided 
Appendix A. 
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Table 3. Soil Profile Summary 

Depth (ft) Primary Soil Type(s) Consistency(1) 

0 ML soft/-- 

2.5 CL medium stiff/-- 

5 SM --/loose to medium dense 

10 SP --/medium dense 

15 SM --/medium dense 

20 SC --/medium dense 

25 SM, SC --/dense  

35 SP --/medium dense to dense 

40 SM --/medium dense 

45 MH stiff/-- 

50 SC, SM --/medium dense to dense 
Note: (1) consistency of cohesive materials (relative density of cohesionless materials) based on average SPT blow 
counts (N, uncorrected for depth). 

 
4.5 Existing Fills 

No fill soils were encountered at our test boring locations. However, a previous field exploration 
performed with a backhoe by Whitchurch Engineering, Inc. (2006; Appendix C), identified several 
areas of the site to be underlain by undocumented fill soils (Figure 2). Test pit excavations at that 
time exposed the presence of up to 10 feet of fill in the eastern-half of the eastern-most parcel. Fill 
soils are present in those areas along the crest, and down slope of the descending grade break, near 
the southeasterly building corner of the proposed structure. The topographic high and over-
steepened slope below the descending grade break in the western portion of the site, also suggest the 
presence of a spoils pile and side cast fill material, respectively. On the basis of existing topography, 
it should be anticipated that fill material up to several feet thick will be present beneath the 
southeasterly building corner and parking area east of the new structure. The portion of the new 
structure located on relatively level ground appears to be sited on relatively undisturbed native soils. 
 
4.6 Groundwater Conditions 

At the time of our field exploration during the beginning of the winter wet-season, free groundwater 
was observed in our test borings at a depth of approximately 15-feet bgs. As reported during the 
Whitchurch Engineering, Inc. investigation conducted in April and May 2005, free groundwater was 
encountered within their test pit excavations at a depth of approximately of 10-feet bgs at the higher 
elevations of the site, and as shallow as 3-feet bgs near the toe of the descending slope. A seasonal 
variation of at least several feet in groundwater elevation is expected to occur at this site. Therefore, 
it should be anticipated that saturated soil conditions will generally be present during the wet season 
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below about 10-feet, but possibly as close as 3-feet (as measured from the ground surface), 
depending on the portion of the site being excavated. 
 
4.7 Geologic/Geotechnical-related Hazards 

The primary geologic/geotechnical-related hazards associated with this site include seismic ground 
shaking, liquefaction, and settlement. The assessments for these and other potential 
geologic/geotechnical-related hazards are presented below. 
 

4.7.1 Seismic Ground Shaking 

As noted in Section 4.3 above, the project site is situated within a seismically active area proximal to 
multiple seismic sources capable of generating moderate to strong ground motions. Given the 
proximity of multiple active seismic sources (the Little Salmon fault to the south, Fickle Hill fault to 
the north, and Cascadia subduction zone offshore), as well as other active faults within and offshore 
of northern California, there is high probability that the project site will experience strong ground 
shaking during the economic life span of the proposed development. 
 
The spectral response accelerations prescribed by the 2007 CBC as related to seismic analysis and 
design for the proposed structures are presented in Section 5.4 of this report. 
 

4.7.2 Surface Fault Rupture 

The Fickle Hill fault is the nearest active fault in proximity to the project site, located approximately 
5.5 miles to the northeast (CDMG, 1983). The project site, however, is not located within an 
Alquist-Priolo Earthquake Fault Rupture Zone. Based on the distance between the project site and 
the nearest active fault trace, the potential for surface fault rupture to occur within the boundaries of 
the subject parcel is low. 
 
 4.7.3 Liquefaction 

Liquefaction is a soil behavior phenomenon in which soil strength is rapidly decreased due to high 
excess pore-water pressure generated by strong earthquake ground motions. Geologically young 
(i.e., less than 11,000 years old), and relatively unconsolidated granular soils and/or artificial fills 
located below the groundwater surface are susceptible to liquefaction (Youd and Perkins, 1978). 
Relatively clean, loose, uniformly graded sand and non-plastic silts are typically most susceptible to 
liquefaction. In addition to the necessary adverse soil and groundwater conditions, the ground 
acceleration must be high, and the duration of the shaking must be sufficient, for liquefaction to 
occur. As discussed previously in this report, the soil profile and laboratory data gathered during this 
investigation indicate that the soils underlying the proposed developments are predominantly 
medium dense to dense, coarse grained soils of late Pleistocene age. 
 
Adverse effects associated with liquefaction include localized ground settlement resulting from soil 
densification, ground cracking, the partial and/or complete loss of structural load bearing and 



 
 

Page 11– January 11, 2011 
Geotechnical Investigation; APNs 002-191-027, -028, -031 

Open Door Community Health Centers; LACO Project No. 7119.02 

confinement, amplification of seismic ground motion, and lateral spreading resulting from 
competent strata being mobilized atop a liquefied soil layer toward an unsupported slope face (such 
as the descending slope along the southerly edge of the project site). 
 
SPT blow counts of the in-situ subsoils from four locations were analyzed for liquefaction and 
coseismic settlement potential using the program LiqIT (by GeoLogismiki version 4.7.6.1). The 
Liquefaction Analysis Report sheets are included in Appendix C. The likelihood for liquefaction to 
occur is indicated where the Factor of Safety (F.S.) is less than 1. According to LiqIT analysis, no 
liquefiable layers are present below the groundwater table to the maximum depths explored (50-
feet). 
 
On the basis of the soil conditions encountered at our boring locations, and the results of our 
liquefaction analysis, we conclude there is a low potential for liquefaction to occur at the site in 
response to strong earthquake ground motions. This low likelihood that liquefaction will occur is 
also consistent with the subsoils inferred late Pleistocene age. 
 

4.7.4 Site Instability/Landsliding 

Lateral spreading, which is the lateral displacement of surficial soils, is usually associated with 
liquefaction of the underlying soils. The potential liquefaction hazard at the site is considered to be 
low based on our quantitative assessment. Due to the age and density of the underlying soils, the 
potential for liquefaction-induced lateral spreading to occur is also considered low. 
 
The project site is located on a nearly level surface. The closest slopes to the site are the gradually 
descending slopes into the wetland area southerly of the building site. According to the Humboldt 
County Community Development Service, the low gradient slopes on which the site is located are 
considered “Relatively Stable” (HCCDS, 2004). 
 
On the basis of the current morphology exhibited by the slopes in the vicinity of the project site, the 
absence of past or incipient instability, and our qualitative evaluation, the hazard posed by 
landsliding to the new development is considered low. 
 

4.7.5 Tsunami 

The most recent tsunami hazard maps published by the State of California (CGS, 2009) indicate that 
the site is outside a predicated tsunami run-up zone. On the basis of this mapping, the risk of tsunami 
inundation at the site is considered low. 
 

4.7.6 Soil Swelling or Shrinkage Potential 

Expansion potential represents a significant structural hazard to buildings founded on some plastic 
clay soils where site conditions cause a seasonal fluctuation in soil moisture. Due to the presence of 
non-plastic granular soils at this site composed primarily of fine to medium sand, or low plasticity 
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silt and clays, the risk of expansive soil movement (shrink or swell) at this site is considered low to 
negligible. 
 
 4.7.8 Settlement 

Static settlement is the result of compressive consolidation of soil beneath an applied load. The 
consolidation generally results from a reduction in voids within the soil. In dry soils, the settlement 
of the soil occurs relatively rapidly. However, in saturated soils the voids are filled with water that 
must be drained to accommodate the settlement. In fine-grained soils, the rate at which water moves 
through the soil is slow compared to granular soils. As a result, settlement of the saturated fine grain 
soils occurs more slowly. Given the typical coarse-grained nature and permeability of the soils at 
this site, total settlement under applied loads is anticipated to occur relatively rapidly (several 
months). 
 
Although specific building loads for the new structure were not available at the time of this report, 
we assume a light to moderately-loaded structure typical of two-story, wood-frame construction. As 
such, ultimate settlement is not likely to exceed approximately1.0- inch for total loads in the range of 
1 to 2 kips per lineal foot for walls and 50 kips for columns; post-construction differential settlement 
is not likely to exceed 0.25 inches between adjacent footings or along a continuous footing. 
 
On the basis of our quantitative liquefaction analysis, dynamic settlement resulting from a 
liquefaction event (if any) is not likely to exceed approximately 0.25 inches. 
 
5.0 DISCUSSION AND GEOTECHNICAL RECOMMENDATIONS 

On the basis of our investigation, it is our opinion that the project is feasible as currently proposed. 
However, the herein reported geotechnical-related conditions, risks, and hazards must be considered, 
and our recommendations adhered to, during both the design and construction phases of the project. 
To reduce the potential for adverse settlement, the new structure should be supported on a 
conventionally-reinforced concrete slab-on-ground foundation system which, in turn, gains support 
on compacted engineered fill consisting of partial-excavation of any loosely consolidated fill 
materials and/or soft, native topsoil. 
 
The key geotechnical issues for design and construction of the proposed structure include the 
following: 

 The presence of variable thickness fill soils near the location of the southeasterly 
building corner, which are susceptible to settlement under new or increased loading 
conditions. These fill soils are typically composed of a mixture of silt, sand, and 
gravel with construction debris containing concrete rubble, rebar, and wood. 

 The location of the project site within a seismically active region which is subject to 
strong earthquake ground motions resulting from a multitude of onshore and offshore 
seismic sources. The new structure that falls under code-required design 
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requirements will, at a minimum, need to resist moderate levels of seismic ground 
motion without experiencing structural damage, and to resist very strong seismic 
ground motion having intensity equal to, or greater than, the Maximum Considered 
Earthquake (MCE) without collapse but with some structural damage. 

 Groundwater control within the low-lying parking areas, east of the proposed 
structure, during and after construction due to the presence of shallow, perched 
groundwater and/or saturated soil conditions. 

 
Our preliminary recommendations presented in the following sections include initial provisions to 
mitigate these conditions to acceptable levels. Mitigation of all potentially adverse effects resulting 
from relatively infrequent upper bound seismic events may be impractical due to cost considerations. 
As such, the CLIENT may be willing to accept some degree of risk and co-incident damage to the 
structure depending on their budgetary constraints. 
 
5.1 Foundations 
Foundation plans are not yet known. The following recommendations are suitable for foundation 
support and design, subject to the conditions presented: 

 Design bearing pressures should be no more than 2,000 pounds per square foot (psf) for dead 
and live loads, and no more than 2,500 psf for total load combinations including wind or 
seismic forces. Resistance to lateral forces may be computed using friction or passive 
pressure against foundation elements. A friction factor of 0.35 is considered appropriate 
between the undersurface of concrete foundations and the supporting soils. A passive 
pressure consisting of both an equivalent fluid component weighing 250 pounds per cubic 
foot (pcf) is recommended against the sides of foundations. In computations, if friction and 
passive pressures are combined, the lesser value should be reduced by 50 percent. Also, 
passive pressure should be neglected in the upper 12 inches of the ground surface, unless 
footings are confined by pavements or slabs. 

 Footing concrete should be placed neat against undisturbed soil or rock, if possible. The 
materials exposed in footing excavations should not be allowed to dry before placing 
concrete. If shrinkage cracks appear in the footing excavation materials, these materials 
should be thoroughly moistened to close all cracks prior to concrete placement. 

 The foundation system should be designed and constructed in accordance with the minimum 
standards of the current edition of the CBC, and the recommendations contained herein. 

 The foundation excavations should be observed by LACO prior to placement of foundation 
forms or reinforcing steel. 

 
5.2 Floor Slabs 
The concrete floor slab-on-grade should have a minimum thickness of 4-inches and be designed to 
resist cracking from bending, tension, or shearing forces as required by the CBC. The floor slab 
should also be designed to accommodate the anticipated floor storage loads from medical equipment 
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and, as such, may be thickened and/or structurally integrated with both continuous and isolated 
foundations, as needed. 
 
The floor slab should be underlain by at least 4 inches of underslab rock consisting of clean, ¾-inch 
material to act as a capillary moisture break. To reduce the possibility of moisture migration through 
the floor slab, a minimum 15-mil plastic membrane (vapor retarder) should be placed on top of the 
underslab rock. Joints between the sheets and utility piping openings should be lapped and taped. To 
help protect the membrane from puncture during steel and concrete placement, and to possibly aid in 
concrete finishing, the membrane should be covered with at least 2-inches of clean sand. 
 
5.3 Retaining Walls 
New retaining walls (if any) can be backfilled with the onsite soils that were found to have a low 
expansion potential. Over-compaction of wall backfill should also be avoided because increased 
compaction effort can result in lateral pressures significantly greater than those recommended below. 
Light-weight compaction equipment should be used to reduce the potential for overstressing the 
wall. 
 
An active soil pressure may be used for design of retaining walls, if the wall is able to move at least 
one-tenth of a percent of the planned wall height and the corresponding backfill settlement is not a 
concern. The static active lateral soil pressure will be a triangular pressure distribution calculated 
using an equivalent fluid weight of 35 pcf. In addition, one-third of any live load behind the walls 
should be applied as an added design surcharge. For drained backfill slope angles of between 4:1 
(feet horizontal to feet vertical) and 2:1, if any, the active equivalent fluid weight should be 
increased to 55 pcf. 
 
Section 1802.2.7 of the 2007 CBC requires a determination of lateral pressures due to earthquake 
motions on structure retaining walls in Seismic Design Categories D, E and F. We assume that 
retaining structures, where planned, will be in Seismic Design Category D. Seismic lateral forces 
were estimated using Mononobe-Okabe analysis and a pseudo-static horizontal seismic force. For 
this analysis, the Peak Ground acceleration (PGA) was estimated as 0.40g (SDS/2.5). The psuedo-
static acceleration used in this analysis was 0.20g (PGA/2). Based on this analysis, the total seismic 
lateral force will be equal to approximately 45 percent of the static lateral force. However, in 
contrast to the static force (which is assumed to act at heights of H/3 and H/2 above the base of the 
wall, where H equals the wall height), the resultant of the seismic increase should be assumed to act 
at a height of 0.6H above the base of the wall. 
 

Retaining walls may be supported on spread footings that are design in accordance with the 
foundation bearing and lateral resistance recommendations presented above. Backfill behind 
retaining walls should generally consist of onsite granular fill material that is free of rock sizes 
greater than about 4 inches in largest dimension. Backfill should be compacted to between 90 
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percent and 92 percent relative compaction. To reduce backfill pressures, we recommend that the 
backfill placed within five feet of the wall (measured horizontally) be compacted with lightweight, 
hand-operated compaction equipment. Over-compaction of this backfill can greatly increase wall 
pressures and/or deflections. 
 
Seasonal groundwater may collect near the base of the wall. To provide drainage, immediately 
behind the retaining wall, and for a minimum thickness of 1-foot (horizontally), the wall should be 
backfilled with drain rock conforming to the requirements of the State of California Department of 
Transportation (Caltrans) Standard Specifications (68-1.025) for Class 1 Permeable Material if the 
drain rock will be separated from native soils with a drainage geotextile Caltrans Standard 
Specifications for “Filter Fabric,” 88-1.03, or Class 2 Permeable Material if a drainage geotextile is 
not used. Alternatively, a prefabricated drainage board, such as Miradrain (or equivalent) may be 
used in lieu of the drain rock. The drain rock (or drainboard) should enclose a 4-inch-diameter 
(minimum) perforated drainpipe at the base of the structure which discharges into a tight drain pipe 
outletting into the site storm drain system or, alternatively, by weep holes in the wall where soil 
erosion at the wall base is not a concern. The backfill should be capped with approximately 1 foot of 
topsoil, clay, or pavement so that surface infiltration does not overload the drainage system. 
 
5.4 Seismic Design 
We recommend the proposed building be designed and constructed to withstand seismic shaking as 
required by the CBC. Based on the site conditions as encountered at test boring locations, we have 
classified the site as Site Class D consisting of a “stiff soil profile” (Section 1613.5.2, 2007 CBC). 
On this basis, the design spectral response accelerations Ss, S1, Fa, Fv, SMS, SM1, SDS and SD1 were 
determined using the United States Geological Survey (USGS) seismic calculator software, “Seismic 
Hazard Curves, Response Parameter, Design Parameters: Seismic Hazard Curves and Uniform 
Hazard Response Spectra”, version 5.0.9a dated November 4, 2010, utilizing the American Society 
of Civil Engineers (ASCE) Standard 7-05, Minimum Design Loads for Buildings and Other 
Structures analysis option. Calculated values are presented below. 
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Table 4. Summary of Seismic Design Factors 

Site 
Class 

 
Fa 

 
Fv 

 
Ss 

 
S1 

 
SMS 

 
SM1 

 
SDS 

 
SD1 

D 1.0 1.5 1.480 0.704 1.480 1.056 0.987 0.704 
 
The criteria are defined as follows: 

Fa – Short period coefficient to modify 0.2-second period of mapped spectral response 
accelerations for Site Class other than Site Class B. 

Fv – Long period coefficient to modify 1.0-second period of mapped spectral response 
accelerations for Site Class other than Site Class B. 

Ss – Mapped spectral response acceleration, 5 percent damped, at 0.2-second period for 
Site Class B (in %g). 

S1 – Mapped spectral response acceleration, 5 percent damped, at 1.0-second period for 
Site Class B (in %g). 

SMS – Maximum considered earthquake spectral response acceleration, 5 percent damped, 
at 0.2-second for Site Class effects (in %g). 

SM1 – Maximum considered earthquake spectral response acceleration, 5 percent damped, 
at 1.0-second period for Site Class effects (in %g). 

SDS – Design spectral response acceleration, 5 percent damped, at 0.2-second period (in 
%g). 

SD1 – Design spectral response acceleration, 5 percent damped, at 1.0-second period (in 
%g). 

 
5.5 Earthwork 
The following sections provide earthwork recommendations to suitably prepare the site for 
construction of the new structure. Recommendations for site and subgrade preparation; excavation 
criteria and groundwater control; fill and backfill quality and compaction; and surface drainage 
control are presented. 
 

5.5.1 Site Preparation 

The proposed building and related development will be located within an undeveloped area, portions 
of which were previously used as a spoils site. As such, any old construction rubble, fill material, 
sod, topsoil, and/or any other debris material encountered at, or below, the existing ground surface 
should be removed from the new construction area. All earthwork including, but not limited to, site 
clearing, grubbing, and stripping should be conducted during dry weather conditions, if feasible. If 
wet-weather site preparation is to be conducted, care should be taken to prevent excessive rutting of 
and/or mixing of the loose/soft surficial soils with new imported fill, underslab rock and/or 
aggregate base materials. 
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All active or inactive utility lines within the construction area should be relocated, abandoned, or 
fully protected during new construction and later operation of the planned development. Pipelines to 
be abandoned in place should generally be filled with sand-cement slurry. If existing utilities are 
removed, the resulting excavations should be backfilled with compacted fill. In areas where existing 
foundations are removed, the resulting excavations should be backfilled with compacted fill. 
 

5.5.2 Building Area Preparation 

The area to support the concrete slab-on-grade foundation system should be prepared as follows: 
1. Remove any existing old fill to its full depth and native topsoil to a depth of at least 12-

inches below the planned slab subgrade elevation. 
2. Scarify, moisture condition, and re-compact the upper 12-inches of exposed soils to a 

minimum of two percent above optimum moisture content and to 90 percent of the same 
soils maximum dry density (ASTM D1557 method). 

3. Following compaction of the exposed soils, place and suitably compact at least 12-inches of 
native soil or imported granular fill to achieve the new planned slab subgrade elevation. 
Excessively soft or yielding soils identified during excavation and subsequent fill 
compaction should either be removed and replaced with additional compacted engineered fill 
or otherwise suitably mitigated through supplemental recommendations provided by the 
project Geotechnical Engineer, as appropriate. 

 
5.5.3 Excavation Conditions 

Based on the subsurface conditions encountered at the test locations, excavations needed for 
earthwork construction will be made in soils that consist predominantly of granular material. These 
soils will most likely become weaker and be prone to yielding if exposed to prolonged periods of 
rain; the saturated granular soils may also be subject to sloughing and/or caving. 
 
All temporary excavations and construction slopes should be designed, planned, constructed, and 
maintained by the contractor and should conform to all applicable local, state, and federal 
regulations including the current Occupational Safety and Health Administration (OSHA) 
Excavation and Trench Safety Standards. To help minimize the risk of ground movement and/or 
settlement, construction equipment, building materials, excavated soil, vehicular traffic, and other 
similar loads should not be allowed near the top of any unshored (unbraced) excavation. Where the 
stability of adjoining buildings, walls, pavements, or other similar improvements may be endangered 
by excavation operations, and to protect personnel working in the excavation, support systems such 
as shoring, bracing, or underpinning may be required to provide structure and trench wall stability. 
 
Excavation operations are dependent on construction methods and schedules and, as such, the 
contractor shall be solely responsible for the design, installation, maintenance, and performance of 
all shoring, bracing, underpinning, and other similar excavation-related systems. Under no 
circumstances should anything written herein be inferred to mean that LACO assumes any 
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responsibility for temporary excavations or the safety thereof. Nor does LACO assume any 
responsibility for the design, installation, maintenance, and performance of any shoring, bracing, 
underpinning, or other similar excavation-related systems. 
 

5.5.4 Fill Quality and Compaction Standard 

Fill materials used to support foundations, floor slabs, sidewalks, and/or pavements should be 
composed of soil material having a low expansion potential, and be free of organic content, debris, 
and/or other deleterious matter. Engineered (compacted) fills should be placed on a prepared grade 
as specified above. The fill material should not generally contain rocks larger than 3-inches in 
greatest dimension, or more than 15 percent larger than 2-inches. Additionally, the material should 
typically meet with the following specifications: 

Plasticity Index:    less than15% 
Liquid Limit:    less than 40% 
Percent passing No. 200 sieve: 50 maximum, 5 minimum 

 
As noted in the table below, engineered fill should be compacted to a minimum of 90 percent of the 
same soils maximum dry density (ASTM D1557 method). A qualified Field Technician should be 
present to observe fill placement and perform field density tests (ASTM D6938 method) at random 
locations throughout each lift to check that the specified compaction is being achieved by the 
contractor. The structure or reinforced fill should be placed (in loose lifts less than 8-inches-thick) 
on a prepared grade as specified above. 
 

Table 5. Engineered Fill Placement Specifications 

Location 
Compaction Recommendation 

(ASTM D1557) 
Moisture Content 

(Percent Optimum) 

Beneath Floor Slab 90% -1 to +3 percent 

Supporting Footings 90% -1 to +3 percent 
Within 5-feet beyond  

the perimeter of the building pad 90% -1 to +3 percent 
Roadway fill placed within 2-feet of the  

base of the Pavement 95% -1 to +3 percent 
Utility trenches within building and 

pavement areas 
 

95% -1 to +3 percent 

Utility trenches beneath landscape areas 90% -1 to +3 percent 

 
 

5.5.5 Site Drainage 

Final site grading should provide for surface drainage away from structures and foundations; 
minimum compaction of disturbed soils may be required to reduce the amount of percolation of 
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water into the underlying soils. Ponding of surface water should not be allowed adjacent to the 
structure. Grades should be sloped away from the structure at a minimum gradient of five percent in 
landscaped areas, and two percent in paved areas for a horizontal distance of at least 10-feet. 
Rainwater collected at the building roof levels should generally be transported via gutters, 
downspouts, and tightlines that discharge onto pavement areas or directly into the site storm water 
system. 
 

5.5.6 Pavement Design 

The proposed project includes the construction of new parking areas, access roadways, and the 
extension of Tydd Street. Where planned, pavement structural sections should be designed to 
withstand the anticipated traffic loads over the tested (or conservatively assumed) supporting 
subgrade strength for the design life of the development. A flexible pavement system may be used 
for this site consisting of AC placed over compacted Caltrans Class 2 Aggregate Base (AB), which 
in turn rests on a properly prepared subgrade. Previous Resistance (R-) Value tests conducted on soil 
samples for other projects (but similar to the shallow soils encountered at the proposed development) 
lead us to conclude that the anticipated subgrade soils have an R-Value of between 25 and 40 (at 300 
exudation pressure). Our asphalt concrete pavement thickness recommendations presented herein are 
based on the assumption that the pavement subgrade soils will consist of the onsite, untreated native 
soils. For these soils, we assumed an R-Value of 25 (minimum). We selected a Traffic Index (T.I.) 
range of 4 to 8. The Caltrans Flexible Pavement Design Method was used to provide the 
recommended pavement sections presented below. These pavement section thicknesses and 
corresponding T.I.s should be checked by the project Civil Engineer for their applicability prior to 
final design and use. 
 

ASPHALT CONCRETE PAVEMENT SECTION ALTERNATIVES 
R-VALUE = 25 

 Pavement Section (inches)* 
Traffic Index AC AB 

4 2.0 6.0 
4.5 2.5 6.0 
5 2.5 7.0 

5.5 3.0 8.0 
6 3.0 9.5 

6.5 3.5 10.0 
* AC = Type B Asphalt Concrete 
 AB = Class 2 Aggregate Base (Minimum R-Value = 78) 

 
5.5.7 Pavement Subgrade Preparation 

On the basis of our field observations at our field exploration locations, and those provided within 
the Whitchurch Engineering Report, we estimate that at up to 1.5-feet of native 
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topsoil/undocumented fill material will be required to be removed to reach a suitable grade for 
placement and compaction of new fill, and/or compaction of planned pavement subgrade. 
 
Compaction standards for pavement sections should conform to Caltrans Test Methods Cal 216 and 
231 with a minimum relative compaction of 95 percent within the top 6-inches of subgrade. 
Pavement subgrade should be visually inspected to check its suitability, i.e., proof-rolled with 
heavy-duty earthmoving equipment to check that a firm and unyielding condition is observed and 
approved by the Geotechnical Engineer prior to covering with completed construction. Pumping 
areas or soft spots may have to be over-excavated and replaced with properly moisture-conditioned 
fill material that is placed, compacted, and tested as recommended in this report. 
 
For convenience, compaction testing may be performed using ASTM methods in lieu of Caltrans 
methods provided the specified relative compaction noted in the preceding paragraph is adhered to. 
 
6.0 CONSULTATION, OBSERVATION, AND TESTING 
To check for conformance with the specific recommendations contained within this report, and that 
assumptions made in the preparation of this report are valid, LACO should be retained for the 
following: 

 Monitor site grading and inspect exposed grades prior to placement of engineered fills. 
 Inspect foundation excavations prior to placement of any forms or reinforcing steel. 
 Monitor the placement of engineered fill. 
 Test all engineered fill to check that the required relative compaction is achieved. 
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