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GEOTECHNICAL INVESTIGATION 
MUIR BEACH VOLUNTEER FIREHOUSE 
MUIR BEACH, CALIFORNIA 

I. INTRODUCTION 

This report presents the results of our geotechnical investigation for the proposed volunteer 

firehouse at 1793 Shoreline Highway in Muir Beach, California. The site location is shown on 

Figure 1. This report is intended for the exclusive use of the Muir Beach Community Services 

District and the project design team for this project and site. No other use is authorized without 

the express written consent of Miller Pacific Engineering Group. 

The purpose of our services is to conduct a geotechnical investigation, evaluate geologic hazards, 

identify constraints, and develop geotechnical recommendations to aid in the design and 

construction of the proposed firehouse. The scope of our Phase 1 services is described in our 

proposal dated April 3, 2012 and includes the following geotechnical services: 

• Summary of the geologic setting and seismicity; 
• Exploration of subsurface soil conditions with 2 soil borings; 
• Laboratory testing on select soil samples; 
• Geologic hazards evaluation; 
• Geotechnical recommendations and design criteria for the project; and, 
• Preparation of this report. 

Supplemental services are expected to include consultation during design, geotechnical plan 

review, and construction inspection and testing. 
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II. PROJECT DESCRIPTION 

The project involves construction of a new, approximately 1,200 square foot firehouse located at 

1793 Shoreline Highway in Muir Beach. The project site is located on a currently vacant parcel, 

just west of the intersection between Shoreline Highway and Frank Valley Road as shown on 

Figure 2. The proposed firehouse measures 26-feet by 46-feet and ancillary improvements are 

expected to include an asphalt-paved driveway and parking area as well as underground utilities. 

Grading is expected to consist of placement of approximately 4-feet of fill in order to raise finish 

floor elevations above flood levels. We understand the preferred foundation is either a shallow 

concrete footing or mat slab system. 

The project owner is Muir Beach Community Services District, the project designer is Laura Van 

Amburgh Design, and the project Civil Engineer is Robertson Engineering. Other project team 

members are unknown at this time. 
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Ill. SITE CONDITIONS 

A. Regional Geology 

The site is located in the Coast Ranges geomorphic province of California. Regional topography 

within the Coast Ranges province is characterized by northwest-southeast trending mountain 

ridges and intervening valleys that were formed by compressive forces at a convergent boundary 

between the North American and the Pacific Plates during Mesozoic time. Continued deformation 

and erosion during late Tertiary and Quaternary time (the last several million years) formed the 

prominent coastal ridges and the inland depression that is now the San Francisco Bay. More 

recent seismic activity within the Coast Ranges province is concentrated around the San Andreas 

Fault Zone, a complex group of generally north- to northwest-trending faults which is the defining 

structural feature of the province. 

The regional bedrock geology consists of the Jurassic-Cretaceous age (65-190 million years ago) 

Franciscan Assemblage which is made up of sedimentary, igneous, and metamorphic rocks that 

have been complexly folded, sheared, and altered through tectonic activity. Regional geologic 

mapping by the United States Geological Survey (2000) indicates the site is underlain by 

Quaternary (geologically recent) alluvium, which is typically composed of variable proportions of 

silt, sand, clay, and gravel deposited in a fluvial (stream) environment. A regional geologic map is 

presented on Figure 3. 

B. Seismicity 

The project site is located within a seismically active area and will therefore experience the effects 

of future earthquakes. Earthquakes are the product of the build-up and sudden release of strain 

along a "fault" or zone of weakness in the earth's crust. Stored energy may be released as soon 

as it is generated or it may be accumulated and stored for long periods of time. Individual 

releases may be so small that they are detected only by sensitive instruments, or they may be 

violent enough to cause destruction over vast areas. 

Faults are seldom single cracks in the earth's crust but are typically comprised of localized shear 

zones which link together to form larger fault zones. Within the Bay Area, faults are concentrated 

along the San Andreas Fault zone. The movement between rock formations along either side of a 

fault may be horizontal, vertical, or a combination, and is radiated outward in the form of energy 

waves. The amplitude and frequency of earthquake ground motions partially depends on the 

material through which it is moving. The earthquake force is transmitted through hard rock in 

short, rapid vibrations, while this energy becomes a long, high-amplitude motion when moving 

through soft ground materials, such as bay mud. 

1. 	Active Faults in the Region - The project site is located within the seismically active San 
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Francisco Bay region and will therefore experience the effects of future earthquakes. Such 

earthquakes could occur on any of several active faults within the region. An "active" fault is one 

that shows displacement within the last 11,000 years (i.e. Holocene) and has a reported average 

slip rate greater than 0.1 mm per year. The California Division of Mines and Geology (1998) has 

mapped various active and inactive faults in the region. These faults, defined as either California 

Building Code Source Type "A" or "B," are shown in relation to the project site on the attached 

Active Fault Map, Figure 4. 

2. Historic Fault Activity - Numerous earthquakes have occurred within the region in historic 

times. The results of our computer database search indicate that 43 earthquakes (Richter 

Magnitude 5.0 or larger) have occurred within 100 kilometers (62 miles) of the site area between 

1769 and 2012. The five most significant historic earthquakes to affect the project site are 

summarized in Table A. 

TABLE A 
SIGNIFICANT EARTHQUAKE ACTIVITY 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Historic Richter Estimated Peak 
Magnitude Year Distance Acceleration 

8.2 1906 19 km 0.28 g 
7.0 1838 33 km 0.12g 
6.8 1836 33 km 0.11 g 
6.8 1868 45 km 0.08 g 
5.4 1899 19 km 0.07 g 

References: Sources: USGS (2012), Abrahamson & Silva (2008), Boore & Atkinson (2008), 
Campbell & Bozorgnia (2008), Chiou & Youngs (2008), Idriss (2008) 

3. Probability of Future Earthquakes - The site will likely experience moderate to strong 

ground shaking from future earthquakes originating on active faults in the San Francisco Bay 

region. The historical records do not directly indicate either the maximum credible earthquake or 

the probability of such a future event. To evaluate earthquake probabilities in California, the 

USGS has assembled a group of researchers into the "Working Group on California Earthquake 

Probabilities" (2003, 2008) to estimate the probabilities of earthquakes on active faults. The results 

of these studies have been respectively published as the Uniform California Earthquake Rupture 

Forecasts, Versions 1 and 2 (UCERF and UCERF 2). In these studies, potential sources were 

analyzed considering fault geometry, geologic slip rates, geodetic strain rates, historic activity, and 

micro-seismicity, to arrive at estimates of earthquakes of various magnitudes on a variety of faults 

in California. 
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The 2003 study (UCERF) specifically analyzed fault sources and earthquake probabilities for the 

seven major regional fault systems in the San Francisco Bay region of northern California. The 

2008 study (UCERF 2) applied many of the analyses used in the original UCERF to the entire 

state of California, in addition to updating some of the analytical methods and models. 

In addition to the seven major Bay Area regional fault systems, the 2003 study included 

probabilities of "background earthquakes." These earthquakes are not associated with the 

identified fault systems and may occur on lesser faults (i.e., West Napa) or previously unknown 

faults (i.e., the 1989 Loma Prieta and 2000 Mt. Veeder - Napa earthquakes). When the 

probabilities on all seven fault systems and the background earthquakes are combined 

mathematically in conjunction with the updated models and analytics from the 2008 study, there is 

a 63 percent chance for a magnitude 6.7 or larger earthquake to occur in the Bay Area by the year 

2037. Smaller earthquakes (between magnitudes 6.0 and 6.7), capable of considerable damage 

depending on proximity to urban areas, have about a 92 percent chance of occurring in the Bay 

Area by 2037 (USGS, 2007). 

Conclusions from the 2008 UCERF 2 indicate that the mean probability of a M>6.7 earthquake in 

all of California by 2038 are 99.7%, while northern California specifically has lower odds of about 

93%. Additionally, UCERF 2 assigns probabilities of an M>6.7 event on the nearest mapped active 

faults by 2038, the San Andreas (northern section) and San Gregorio Faults, of 21% and 8.7%, 

respectively. 

Additional studies by the USGS regarding the probability of large earthquakes in the Bay Area are 

ongoing. These current evaluations include data from additional active faults and updated 

geological data. 

C. 	Surface Conditions 

The site sits near the mouth of Frank Valley, a gently southeast-sloping alluvial valley which drains 

the west side of Wolfback and Diaz Ridges and the southern flank of Mount Tamalpais. Redwood 

Creek flows southeast along the western margin of the valley, approximately 300-feet from the 

southwestern property boundary. The project site is currently undeveloped, while adjacent parcels 

to the northwest are developed with single-family residences and associated improvements. The 

northeast property line abuts Shoreline Highway (California State Route 1), while the lands 

southeast and southwest of the site are undeveloped. Currently, a soil stockpile occupies a small 

area near the frontage along Shoreline Highway, and the remainder of the parcel is heavily 

vegetated with low shrubs and ground cover, tall grasses, and scattered mature trees. 
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D. 	Field Exploration and Laboratory Testing 

Subsurface conditions at the site were explored with two borings performed on April 20, 2012. The 

borings ranged from about 20 to 31 feet deep and were excavated at the locations shown on 

Figure 2. The soils encountered were logged by our Field Geologist and samples were obtained 

for laboratory testing. The subsurface exploration and laboratory testing programs are discussed 

in more detail in Appendix A. Descriptions of the soil and rock classification terms are presented 

on Figures A-i and A-2. Boring logs are presented on Figures A-3 through A-5. 

We conducted laboratory testing of selected samples from the borings in order to determine their 

relevant engineering properties. Laboratory tests included determination of moisture content, dry 

density, unconfined compressive strength, and percentage of particles (fines) passing the No. 200 

sieve. The results of the laboratory tests are presented on the boring logs. 

The boring logs, description of soils encountered and the laboratory test data reflect conditions 

only at the location of the sampling or testing at the time they were excavated or conducted. 

Conditions may differ at other locations and may change with the passage of time due to a variety 

of causes including natural weathering, climate, and changes in surface and subsurface drainage. 

F. 	Subsurface Conditions 

Boring 1, located near the southern corner of the proposed firehouse, encountered approximately 

8.5-feet of soft, wet clay underlain by approximately 13-feet of very loose, saturated, clayey sand 

with lesser gravels. Between 21.5 and 30-feet, soft to medium stiff, saturated clay with sand was 

encountered. Friable to weak, moderately hard sandstone bedrock was encountered below the 

clay layer. Boring 1 was terminated at a depth of 34 feet, 5 inches due to sampler refusal. 

Groundwater was measured at a depth of 3-feet just after the boring was completed. 

Boring 2 was located near the northern corner of the proposed firehouse, and encountered 

approximately 15-feet of saturated soils composed mainly of soft to medium stiff sandy clays, with 

a thin horizon of loose to medium dense sand between 8 and 10-feet. At a depth of approximately 

15-feet, friable to weak sandstone bedrock was encountered. Boring 2 was terminated at a depth 

of 20 feet, 3 inches due to sampler refusal. Groundwater was measured at a depth of 2-feet just 

after completion of the boring. 

Because the borings were not left open for an extended period of time, groundwater observations 

may not accurately reflect stabilized groundwater levels. However, given the low site elevations, 

the close proximity of Redwood Creek, and the subsurface conditions, groundwater should be 

expected within a few feet of the ground surface throughout the year, and may be shallower than 

we observed during the winter months or following periods of heavy rain. 



IV. GEOLOGIC HAZARDS 

A. General 

This section identifies potential geologic hazards at the project site, their significant adverse 

impacts, and recommended mitigation measures. The significant geologic hazards at the project 

site are strong seismic ground shaking, liquefaction, consolidation settlement, flooding, and 

tsunami inundation. 

B. Fault Surface Rupture 

Under the Alquist-Priolo Special Studies Zone Act, the California Geological Survey (CGS) 

produced 1:24,000 scale maps showing all active faults. The project site is located less than 5 

kilometers from the San Andreas Fault; however, the site is not located within an Alquist-Priolo 

Special Studies Zone. Therefore, the potential for fault surface rupture at the site is low. 

Evaluation: 	Less than significant. 

Mitigation: 	No mitigation measures are required. 

C. Seismic Shaking 

The site will likely experience seismic ground shaking similar to other areas in the seismically 

active San Francisco Bay Area. Earthquakes along several active faults in the region, as shown 

on Figure 4, could cause moderate to strong ground shaking at the site. Estimates of peak 

bedrock accelerations are based on either deterministic or probabilistic methods. 

1. 	Deterministic Methods - Deterministic methods use empirical relations developed from 

data collected during previous earthquakes to provide estimates of median peak ground 

accelerations. A summary of the active faults that could most significantly affect the site, their 

maximum credible magnitude, closest distance to the project area, and probable peak 

accelerations is provided in Table B. 
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TABLE B 
ESTIMATED SEISMIC GROUND MOTIONS 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Deterministic Moment Magnitude Closest Estimated Median 
Hazard Analysis for Characteristic Distance Peak Ground 
Fault Earthquake (kilometers) Acceleration (g) 

San Andreas 7.8 4.8 0.44 
San Gregorio 7.2 11.4 0.28 
Hayward 6.9 24.0 0.15 
Rodgers Creek 7.0 27.4 0.14 
Point Reyes 6.5 24.0 0.12 

Sources: USGS (2009), Abrahamson and Silva (2008), Blake (2001), Boore and Atkinson (2008), 
Campbell and Borzognia (2008), Chiou and Youngs (2008), Idriss (2008) 

2. 	Probabilistic Methods - Probabilistic methods for determining peak bedrock accelerations 

estimate the probability of exceeding various levels of peak horizontal acceleration (i.e., 

earthquake ground motion) within a specified time period. The methodology has been developed 

in recent years by recognized seismologists, earthquake engineers, and scientists. The seismic 

hazard evaluation involves combining the following: the probability that an earthquake will occur 

within a specified time period (commonly termed recurrence relationship); the probability that a 

given earthquake rupture surface is within a specified distance from the site; and the probability 

that the peak horizontal acceleration at the project site will exceed a specified level. 

In evaluating the seismic hazards associated with the subject site, we have considered both a 

peak ground acceleration (PGA) that has a 2 percent probability of being exceeded in 50 years 

and a PGA that has a 10 percent probability of being exceeded in 50 years (design basis 

earthquake PGADBE). For this analysis, we used the USGS Seismic Hazard Curves and Uniform 

Hazard Response Spectra, Version 5.0.9a. The estimated PGADBE  for the site was calculated as 

1.05 g for a 2% probability of exceedance and 0.64 g for a 10% probability of exceedance, both 

for 5 percent damping. 

The potential for strong seismic shaking at the project site is high. The San Andreas Fault is the 

closest source for future earthquakes, while an earthquake in the area would most likely originate 

from the Rodgers Creek or the Hayward Fault. The most significant adverse impact associated 

with strong seismic shaking is potential damage to structures and improvements. 



Evaluation: 	Less than significant with mitigation. 

Mitigation: 	Mitigation for seismic shaking includes designing the structures in accordance with 

the most recent edition of the California Building Code (2010 CBC). Recommended 

seismic coefficients are provided in Section V of this report. 

D. 	Liquefaction Potential 

Liquefaction refers to the sudden, temporary loss of soil strength during strong ground shaking. 

This phenomenon can occur where there are saturated, loose, granular deposits subjected to 

seismic shaking. Liquefaction-related phenomena include settlement, flow failure, and lateral 

spreading. Regional mapping (ABAG 2012, Knudsen et al 2000, Witter et al 2006) indicate that 

the site is located in a zone of "high" liquefaction susceptibility, as shown on Figure 5. 

During our exploration, we encountered approximately 13 feet of saturated, very loose sands and 

clayey sands in Boring 1 between 8.5- and 21.5-feet below the ground surface. We also 

encountered loose clayey sands between 2- and 5-feet and a thin layer of loose to medium dense, 

saturated sand between 8- and 10-feet below the ground surface in Boring 2. Given the shallow 

groundwater table that exists year-round at the site, these soils are particularly susceptible to 

liquefaction. 

We performed liquefaction analyses based on our laboratory test results and methods developed 

by Idriss and Boulanger (2008). The results of our analyses indicate that the loose sands and 

clayey sands encountered between 8.5- and 21.5-feet in Boring 1 are prone to liquefaction when 

subjected to seismic shaking. Additionally, soils encountered between 2- and 10-feet in Boring 2 

are susceptible to liquefaction during a seismic event. The results of our liquefaction analyses are 

presented on Figure 6. Further analyses indicate that these liquefiable layers are shallow enough 

that the effects would be manifested in the form of potential damage to improvements and 

settlement at the ground surface, as shown on Figure 7. 

While flow failure and lateral spreading are considered lesser risks due to the lack of a nearby 

"free face" (such as a steep slope or creekbank exposing the soils in question), liquefaction-

induced settlement is likely to occur during a seismic event. Based on the results of our 

exploration and laboratory and engineering analyses, we estimate that 2- to 3-inches of post-

liquefaction settlement should be expected. Therefore, the risk of damage to improvements at the 

site due to liquefaction is high. 

Evaluation: 	Less than significant with mitigation. 

Mitigation: 	Mitigation for liquefaction-induced settlement could include utilization of a deep 

foundation system gaining support from the bedrock beneath the liquefiable soils; 

however, we understand this type of system is undesirable due to the increased 



cost. Alternatively, a rigid shallow foundation capable of accommodating minor 

settlements could be used if the estimated amount of settlement discussed above 

is acceptable. For minimum protection of life safety, foundations should be 

designed in accordance with the latest edition of the California Building Code (2010 

CBC) and the International Building Code. Flexible utility connections should also 

be utilized to better accommodate potential differential settlement. Additional 

discussion and foundation recommendations are presented in Section V of this 

report. 

E. Seismically-Induced Ground Settlement 

Ground shaking can induce settlement of loose granular soils above the water table. While 

significant strata of loose granular deposits were encountered during our exploration, relatively 

shallow groundwater is anticipated at the site throughout the year, as discussed above. Therefore, 

the likelihood of densification of granular soils above the water table during a seismic event is low. 

Evaluation: 	Less than significant. 

Mitigation: 	No mitigation measures are required. 

F. Lurching and Ground Cracking 

Lurching and associated ground cracking can occur during strong ground shaking. The ground 

cracking generally occurs along the tops of slopes where stiff soils are underlain by soft deposits 

or along steep channel banks. Since these conditions do not exist at the site, the probability of 

lurching and ground cracking is low. 

Evaluation: 	Less than significant. 

Mitigation: 	No mitigation measures are required. 

G. Settlement 

New surface loads can cause consolidation of soft clays or compression of loose soils. Borings 1 

and 2 each encountered approximately 8.5-feet of soft to medium-stiff clayey soils, and we 

understand that placement of approximately 4-feet of structural fill is proposed at the site in 

addition to the new building loads. Therefore, the risk of settlement by consolidation due to new 

loads is high. 

Evaluation: Less than significant with mitigation. 

Mitigation: 

	

	Based on the results of our exploration and laboratory analyses, we estimate that 

approximately 3-inches of total consolidation settlement should be expected 

following placement of 4-feet of fill. Approximately 95% of the settlement will occur 

within one year of fill placement, and more than 50% of the total estimated 
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settlement should be complete within 3 months of fill placement. To reduce post-

construction settlements, structural fill should be placed as soon as possible to allow 

for maximum consolidation of the soft clayey soils prior to construction of the 

structure. Additional discussion and grading/settlement recommendations are 

presented in Section V of this report. 

H. 	Erosion 

Sandy soils on moderate slopes or clayey soils on steep slopes are susceptible to erosion when 

exposed to concentrated surface water flows. The site is relatively level; therefore, the potential 

for damage to improvements due to erosion is low. 

Evaluation: 	Less than significant with mitigation. 

Mitigation: 	Site grading should be performed in accordance with the recommendations and 

criteria presented in Section V of this report. The project Civil Engineer should 

design site drainage to collect surface water into a storm drain system and 

discharge water at an appropriate location. Re-establishing vegetation on disturbed 

areas will also be required to minimize erosion. Erosion control measures during 

and after construction should conform to the most recent version of the Erosion 

and Sediment Control Field Manual (California Regional Water Quality Control 

Board, 2002). 

Seiche and Tsunami 

Seiche and tsunamis are short duration earthquake-generated water waves in enclosed bodies of 

water and the open ocean, respectively. The extent and severity of a seiche would be dependent 

upon ground motions and fault offset in the San Pablo and San Francisco Bays. The site is 

located at relatively low elevation and is very close to the Pacific Ocean shoreline. Additionally, 

regional maps produced by the California Geological Survey (CGS) indicate the site is located 

within a tsunami inundation zone, as shown on Figure 8. Therefore, the risk of damage to 

improvements by tsunami inundation is low to moderate. 

Evaluation: 	Less than significant. 

Mitigation: 	We understand that approximately 4-feet of fill will be placed in order to raise finish 

floor elevations above base flood level. Since the new firehouse is intended for use 

primarily as a storage facility for trucks and equipment, and is not expected to be 

utilized as living quarters, other mitigation measures for potential tsunami 

inundation are likely not warranted or cost-effective for a project of this scale. 

J. 	Flooding 

The adverse impact from flooding is water damage to structures. The site is located at an 
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elevation of approximately +20 feet MSL and is mapped as being within a 100-year flood zone as 

shown on Figure 9 (FEMA, 2009). Given the low site elevations and the proximity of Redwood 

Creek, located approximately 300 feet to the west of the site, the risk of damage to improvements 

due to large-scale flooding is moderate to high. 

Evaluation; 	Less than significant with mitigation. 

Mitigation; 	We understand that fill will be placed in order to raise finish floor elevations above 

base flood levels. Given the purpose of the proposed structure, other mitigation 

measures for large-scale flooding are likely not warranted or cost-effective for this 

project. Careful attention should be paid to design of site grades to avoid ponding 

of water and small-scale flooding around structures or other improvements. 

K. Expansive Soil 

Expansive soil occurs when clay particles interact with water causing volume changes in the clay 

soil. The clay soil may swell when saturated and shrink when dried. This phenomenon generally 

decreases in magnitude with increasing confinement pressure at depth. These volume changes 

may damage lightly loaded foundations, flatwork, and pavement. Expansive soil also causes soil 

creep on sloping ground. We did not observe evidence of expansive soil conditions during our 

subsurface exploration; additionally, 4-feet of fill will be placed over the native soils in order to 

raise site grades. Provided fill meets the criteria presented in Section V of this report, the potential 

for expansive soil damage is low. 

Evaluation; 	Less than significant with mitigation. 

Mitigation; 	Fill materials should conform to the specifications presented in Section V of this 

report. 

L. Slope Stability 

The project site is relatively level, and available published maps do not indicate the presence of 

any large landslides on the slopes surrounding Frank Valley which would have the potential to 

impact the project site. Therefore, the risk of damage due to slope instability or landsliding is low. 

Evaluation; 	Less than significant. 

Mitigation; 	No mitigation measures are required. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

A. General 

Based on the results of our investigation, we conclude that the project is feasible and the site is 

suitable for the planned firehouse. The primary geotechnical issues are strong seismic ground 

shaking, settlement due to consolidation of soft clays, post-earthquake liquefaction-induced 

settlements, and providing uniform foundation support for the structure. Recommendations to 

address these and other geotechnical issues are presented in the subsequent sections of this 

report. 

B. Site Grading 

Site grading is expected to consist primarily of 4-feet of fill placement to raise site grades. Site 

preparation and grading should conform to the following recommendations and criteria. 

1. Surface Preparation - Clear all trees, brush, roots, over-sized debris, and organic material 

from areas to be graded. For the building pad and driveway/parking areas, the exposed 

subgrade surface should be moisture conditioned to near the optimum moisture content and 

compacted to at least 90% relative compaction (ASTM D-1557) to produce a firm and 

unyielding surface prior to placement of structural fill. 

2. Compacted Fill - Fill, backfill, and scarified subgrades should be conditioned to a moisture 

content within 3 percent of the optimum moisture content. Properly moisture conditioned soils 

should be placed in loose horizontal lifts of 8 inches thick or less and uniformly compacted to 

at least 90 percent relative compaction. 

The fill material shall consist of soil and rock mixtures that: (1) are free of organic material, (2) 

have a Liquid Limit less than 40, (3) have a Plasticity Index less than 20, (4) have a maximum 

particle size of 6 inches, and (5) have a minimum R-Value of 20. We judge that most of the 

soil and rock mixtures generated from on-site excavations are suitable for use as fill provided 

the maximum particle sizes are less than 6 inches and that materials are properly moisture-

conditioned prior to placement and compaction. Given the high moisture content of the onsite 

soils, this will likely require spreading and drying soils prior to placement as structural fill. 

The fill currently stockpiled onsite also appears suitable as structural fill, and is likely more 

suitable than material derived from excavations into native soils at the site. Any additional 

imported fill material should be tested to determine its suitability for use as fill material. 

As discussed in Section IV of this report, fill should be placed and compacted as soon as 

possible in order to allow for maximum consolidation of the soft, compressible subgrade soils 
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prior to construction of the building foundation. If construction is performed immediately after fill 

placement, up to 3-inches of post-construction consolidation settlement should be anticipated. 

Placement of 4-feet of structural fill 3-months before construction would reduce expected post-

construction settlements from 3-inches to approximately 1.5-inches, while placement 12-

months ahead of construction would reduce post-construction consolidation settlement to less 

than 1A-inch. Placement of additional surcharge fill in the building area would further reduce 

post-construction settlements. 

3. Slope Grades - New fill slopes, such as will be created at the edge of the lot, should be 

inclined at grades no steeper than 2:1 (Horizontal: Vertical). We understand that 1.5:1 slopes 

may be desirable at the edges of the lot in order to facilitate wider driveways along both sides 

of the new firehouse. Because of the expected vehicle loads adjacent to these slopes, soil 

reinforcement will likely be required. Slopes requiring grades steeper than 2:1 must be 

specifically evaluated and designed. Alternatively, low retaining walls may be considered. If fill 

slopes steeper than 2:1 are planned, we should be consulted for additional recommendations. 

Retaining wall recommendations and design criteria are presented in Section V(E) of this 

report. 

C. 	Seismic Design 

Minimum mitigation of ground shaking includes seismic design of the structure in conformance 

with the provisions of the most recent version (2010) of the California Building Code. The most 

significant effects of earthquake shaking can be mitigated by close adherence to the seismic 

provisions of the current edition of the California Building Code (2010 CBC). However, since the 

goal of the building code is protection of life safety, some structural damage may still occur during 

strong ground shaking. 

Because the loose sandy soils encountered at the project site are prone to liquefaction, we judge 

the site should be classified as "Site Class F" per the 2010 California Building Code. However, per 

the CBC and section 20.3.1 of the 2005 ASCE-7 standard, no site-specific response analysis is 

required since the building will have a fundamental period of less than 0.5 seconds. For design 

purposes, we recommend using the coefficients and site values shown in Table C below for use in 

equations 16-37w and 16-38 to calculate the design base shear of the new construction. To 

determine site seismic coefficients, we used the USGS Seismic Hazard Curves and Uniform 

Hazard Response Spectra, Version 5.0.9a, using the latitude and longitude shown on Figure 4. 
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TABLE C 
SEISMIC DESIGN CRITERIA 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Factor Name 	Coefficient 	CBC Table 	
Site Specific 

Value' 

Site Class23  SAB,CD,E, or  161 3.5.2 SF 
Site Coefficient Fa 1613.5.3 (1) 1.00 
Site Coefficient F 1613.5.3 (2) 2.40 
Spectral Acc. (short) Sr 1613.5.1 1.84g 
Spectral Acc. (1-sec) S 161 3.5.1 0.95 g 

(1) Values shown are the greater of those calculated for Site Class 'D" and Site Class "E" in 
accordance with the requirements of the 2005 ASCE-7 standard and 2010 California 
Building Code. 

(2) Site Class F Description: Soils vulnerable to potential failure or collapse under seismic 
loading, such as liquefiable soils, quick and highly sensitive clays, and collapsible weakly 
cemented soils. 

(3) Site Class determined in accordance with procedures outlined in the 2005 ASCE-7 
standard. 

D. 	Foundation Design 

Based on the results of our exploration, we judge that the proposed development is best suited for 

a deep foundation system bearing on bedrock beneath the potentially liquefiable materials 

underlying the site. However, based on our discussions with the project design team, we 

understand that a shallow foundation system is desired based on cost and constructability 

considerations and that some post-construction settlement is acceptable. 

In order to minimize differential settlement, we recommend a rigid shallow foundation system. 

Suitable shallow foundation systems include a thick, heavily-reinforced mat slab, a "waffle" slab 

consisting of interconnected concrete grade beams, or a post-tensioned slab. These types of 

systems will allow the structure to "float" as a unit in the event of post-construction consolidation or 

post-earthquake liquefaction. The rigid shallow foundation should be designed to reduce the 

potential for damage to the structure due to differential settlement. However, the structure will still 

be subject to differential and total settlements, and re-leveling may be required, depending on the 

acceptable amount of differential settlement as determined by the design team. For design of a 

rigid slab foundation system, we recommend the design criteria shown below in Table D. 
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TABLE D 
FOUNDATION DESIGN CRITERIA 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Shallow S Dread Footinas 
Minimum depth: 	 18 inches 
Allowable bearing capacity: 1 2 

Imported Fill: 	 2,500 psf 
Base friction coefficient: 	 0.35 
Lateral passive resistance: 

Imported Fill 	 350 pcf 

Rigid Mat or Post Tensioned Slab: 
Modulus of subgrade reaction, k 100 pci 
Maximum unsupported interior span 4: 6 feet 
Maximum unsupported edge (corner) cantilever  4 feet 
Edge moisture variation (em) - Center Lift 8 feet 
Edge moisture variation (em) - Edge Lift 5 feet 
Differential soil movement (Ym) - Center Lift 1.0 inch 
Differential soil movement (Ym) - Edge Lift 1.0 inch 

Notes: 
(1) Foundation to bear on compacted fill, placed and compacted in accordance with 

the criteria and recommendations presented in Section V(B) of this report. 
(2) Dead plus live loads. Can increase values by 1/3 for total loads including seismic. 
(3) Equivalent fluid pressure. Ignore upper 12 inches unless confined by concrete or 

asphalt pavements. 
(4) Assumes rigid slab behavior with idealized fixed end conditions. 

F. 	Retaininq Walls 

We understand that retaining walls may be required along the edges of the lot in order to facilitate 

new driveways along both sides of the new firehouse. Given the soft, compressible subsurface 

conditions and the amount of expected settlement, we recommend a "flexible" mechanically-

stabilized earth (MSE) wall system such as Keystone or Versa-Lok. Cast-in-place concrete walls 

could be used, but will be more difficult to repair should the walls become distressed due to the 

anticipated post-construction settlements. An illustrative MSE wall section is shown on Figure 10 

and design criteria for MSE walls are presented in Table E below. 
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TABLE E 
MSE RETAINING WALL DESIGN CRITERIA 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Geotechnical Design Criteria 	 Bearing Capacity (psf) 

Foundation Soils 	 250 	28 	115 	 750 
Reinforced Fill 	 500 	32 	125 	 2,000 

Notes 
• Traffic surcharge to be applied to walls adjacent to driveways. 
• Block wall units to be Keystone, Versa-Lok, or approved equivalent. 

effective cohesion; 	'effective friction angle; 	y'nioist unit weight (pcf) 

Retaining walls should be backfilled in accordance with the details provided on Figure 11. Wall 

drainage should be collected in a 4-inch, perforated, Schedule 40 PVC drain line placed at the 

base of the wall as shown on Figure 11. The upper 12-inches of the backdrain should consist of 

compacted on-site or imported fill soils. Seepage collected in the drain line should be conveyed in 

a closed pipe to a suitable discharge outlet located well away from the retaining wall foundation. 

To maintain the wall drainage system, a clean-out must be provided for the perforated pipe at the 

upstream end. Sweep fittings should be used at all major changes in direction. 

F. Site and Foundation Drainage 

The existing site is relatively flat and, depending on the magnitude of new fill or building loads 

placed at the site, slopes may change over time due to settlement. Because of these conditions, it 

is possible that the new grading or building could result in adverse drainage patterns and water 

ponding around the structure immediately after construction or over time. Careful consideration 

should therefore be given to design of finished grades at the site. We recommend that the slopes 

adjacent to buildings be sloped at least 5% for 5 feet (5 percent) from the perimeter foundations. 

Roof gutter downspouts may discharge onto the pavements, but should not discharge onto any 

landscaped areas. Provide area drains for landscape planters adjacent to buildings and parking 

areas and collect downspout discharges into a tight pipe collection system. 

Site drainage should be discharged away from the building areas and outlets should be designed 

to reduce erosion of the soils immediately downslope. Site drainage improvements should be 

connected into an existing storm drainage system if possible. 

G. Interior Concrete Slabs-on-Grade 

Concrete slab-on-grade interior and garage floors are deemed suitable for the site, pursuant to the 
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discussion in Section V(D) above. Slabs-on-grade may be poured monolithically with the 

foundation or may be separated by a cold joint. We recommend interior concrete slabs be at least 

five inches thick and reinforced with steel bars (not wire mesh). A thicker slab with heavier 

reinforcing may be desirable to reduce potential slab cracking. Additionally, contraction joints 

should be incorporated in the concrete slab in both directions, no greater than 10 feet on center, 

and the reinforcing bars should extend through the control joints. The concrete slab for the 

firehouse should be designed for the actual anticipated vehicle loads by the project Structural 

Engineer. 

To improve interior moisture conditions, a four-inch layer of clean, free draining, 3/4-inch angular 

gravel or crushed base rock should be placed beneath the interior concrete slabs to form a 

capillary moisture break. The base rock must be placed on a properly moisture conditioned and 

compacted subgrade that has been approved by the Geotechnical Engineer. A plastic membrane 

vapor barrier, 10 mils or thicker, should be placed over the compacted base rock. The vapor 

barrier shall meet the ASTM F 1745 Class A requirements and be installed per ASTM E 1643. 

Eliminating the capillary moisture break and/or plastic vapor barrier may result in excess moisture 

intrusion through the floor slabs resulting in poor performance of floor coverings, mold growth or 

other adverse conditions. A 2-inch layer of dry sand should be placed over the vapor barrier to 

prevent puncture of the plastic membrane and aid in slab curing, unless otherwise approved by 

Structural Engineer. 

H. 	Exterior Concrete Slabs-on-Grade 

Exterior reinforced concrete slabs-on-grade can be placed directly on a properly prepared 

subgrade as described in Section V(B). Because the site is located on soft clay and settlements 

are anticipated, we recommend thickening exterior slabs to 5 inches and reinforcing with steel 

bars. To further improve performance, exterior slabs may be underlain with 4 inches or more of 

Caltrans Class 2 Aggregate Base compacted to at least 92 percent relative compaction. 

Lightweight Class 2 Aggregate Base at a density of about 95 pounds per cubic foot is available if 

needed to reduce potential settlement, but is likely not cost-effective for a project of this scope and 

scale. 

1. 	Underaround Utilities 

Excavations for utilities will be in compacted fill and/or soft clayey native soils. Trench excavations 

having a depth of 5 feet or more must be excavated and shored in accordance with OSHA 

regulations. Pursuant to OSHA classifications, on-site native soils are Type C, while compacted 

fill will likely be Type B. The contractor is responsible for selecting and maintaining an appropriate 

shoring system for the site conditions in accordance with OSHA requirements. 
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A minimum of 4 inches of bedding material should be placed in the bottom of the trench 

excavation for pipe bedding. The bedding material should be continuous around the pipe and 

extend at least 6 inches above the top of pipe. The bedding material should be compacted to at 

least 90 percent relative compaction (R.C.). The bedding material and compaction requirements 

should meet the criteria presented in the Muir Beach Community Services District standard 

specifications. 

Because of the potential for post-construction and post-liquefaction settlements at the site, we 

recommend the use of flexible utility connections for all underground utilities in order to prevent 

breakage or rupture following settlement of the structure. 

J. 	Asphalt Pavement Design 

Site grading for the paved areas that will be located around the new firehouse should be 

performed as described in Section V(B). The pavement sections presented in Table F were 

calculated using an assumed subgrade R-Value of 20. The assumed subgrade soil conditions 

should be confirmed during construction when the subgrade is exposed in the pavement areas. 

Where traffic is expected to consist primarily of light passenger vehicles, such as parking stalls 

and auxiliary driveways, we recommend using a lower traffic index; alternately, where traffic is 

expected to consist of heavy fire trucks and other equipment, a high traffic index should be used. 

Preliminary pavement sections for a range of traffic indices are presented below in Table F: 

TABLE F 
RECOMMENDED PAVEMENT SECTION 

Muir Beach Volunteer Firehouse 
Muir Beach, California 

Traffic Index (T.I.) 	Asphalt Concrete (inches) 	Class II Agcireate Base (inches) (23)  

4 	 2.5 	 6.0 
5 	 3.0 	 8.0 
6 	 3.5 	 10.0 

Notes: 
(1.) The asphalt concrete should conform to the criteria for asphalt presented in Section 39 of 

the Caltrans Standard Specifications. The asphalt concrete should be placed in layers not 
exceeding 2.5-inches in thickness and be compacted to at least 95 percent relative 
compaction. 

(2.) The aggregate base material should conform to Class II Aggregate Base as defined by the 
current edition of the Caltrans Standard Specifications and be compacted to at least 95 
percent relative compaction. A firm and unyielding surface should be achieved when proof-
rolled with heavy rubber-tired construction equipment. 

(3.) Calculated pavement sections assume a minimum subgrade R-Value of 20. The subgrade 
R-Value should be verified during construction. 

19 



The upper 6-inches of subgrade in pavement areas must be scarified, moisture conditioned to 

near the optimum water content, and then compacted to a minimum 95 percent relative 

compaction. The compacted surface must also be non-yielding when proof-rolled with heavy 

construction equipment. 

The base rock should consist of compacted Class 2 Aggregate Base (Caltrans 2009) compacted 

to achieve at least 95 percent relative compaction and a non-yielding surface when proof-rolled 

with heavy construction equipment. 
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VI. SUPPLEMENTAL SERVICES 

We should review the plans and specifications when they near completion to confirm that the 

intent of our geotechnical recommendations has been incorporated and provide supplemental 

recommendations, if needed. 

During construction, we must observe and test the site grading, compaction of fill material, and 

foundation excavations to confirm that subsurface conditions are as expected and adjust 

foundation depths and other elements of the design, if warranted. 
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NOTES: 

1. Wall drainage should consist of Class 2 Permeable Material. 

2. Perforated pipe shall be SCH 40 or SDR 35. Place pipe perforations down and sloped at 1% to a gravity outlet. Alternatively, 
drainage can be outlet through 3 diameter weep holes spaced approximately 20 apart. 

3. Clean outs should be installed at the upslope end and at significant direction changes of the perforated pipe. 
Additionally, all angled connectors shall be long bend sweep connections. 

4. During compaction, the contractor should use appropriate methods (such as temporary bracing and/or light 
compaction equipment) to avoid over stressing the walls. Walls shall be completely backfilled prior to construction in 
front of or above the retaining wall. 

5. Refer to the geotechnical report for lateral soil pressures. 

6. All work and materials shall conform with Section 68, of the latest edition of the State of California Standard 
Specifications (Caltrans). 
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APPENDIX A 
SUBSURFACE EXPLORATION AND LABORATORY TESTING 

A. Soil and Rock Classification Systems 

We explored subsurface conditions at the site with two exploratory borings drilled on April 20, 
2012. Borings were excavated to a depth between 20 feet, 3 inches and 34 feet, 5 inches using 
track-mounted equipment. 

The soils encountered were logged and identified by our field geologist in general accordance with 
ASTM Standard D 2487, 'Field Identification and Description of Soils (Visual-Manual Procedure).' 
This standard is briefly explained on Figure A-i, Soil Classification Chart and Key to Log Symbols 
and Figure A-2, Rock Classification Chart. The boring logs are presented on Figures A-3 to A-5. 

B. Laboratory Testing 

We conducted laboratory tests on selected intact samples to verify field identifications and to 
evaluate engineering properties. The following laboratory tests were conducted in accordance 
with the ASTM standard test method cited: 

• Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate 
Mixtures, ASTM D 2216; 

Density of Soil in Place by the Drive-Cylinder Method, ASTM D 2937; 

Unconfined Compressive Strength of Cohesive Soil, ASTM D 2166; 

• Amount of Material in Soils Finer than No. 200 (75-pm) Sieve, ASTM D 1140; and 

• Particle-Size Analysis (Gradation) of Soils, ASTM D 422. 

The moisture content, dry density, unconfined compressive strength, and minus-200 test results 
are shown on the exploratory Boring Logs, Figures A-3 through A-S. The sieve analysis results are 
shown on Figure A-6. 

The exploratory boring logs, description of soils encountered and the laboratory test data reflect 
conditions only at the location of the excavation at the time they were excavated or retrieved. 
Conditions may differ at other locations and may change with the passage of time due to a variety 
of causes including natural weathering, climate, and changes in surface and subsurface drainage. 



MAJOR DIVISIONS SYMBOL DESCRIPTION 

GW . 	, 	, Well-graded gravels or gravel-sand mixtures, little or no fines 

_. CLEAN GRAVEL 
GP Poorly-graded gravels or gravel-sand mixtures, little or no fines 

O co 
GM Silty gravels, gravel-sand-silt mixtures 

GRAVEL 
Z CU with fines '-"-' 

LL, / Clayey gravels, gravel-sand-clay mixtures -o - 
Ilf :g::g:g:g:g:g 

o SW : Well-graded sands or gravelly sands, little or no fines 

w CLEAN SAND 
C/) 

IC) SP Poorly-graded sands or gravelly sands, little or no fines 

8 o SAND SM Silty sands, sand-silt mixtures 

with fines 
Sc Clayey sands, sand-day mixtures 

Inorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey silts 

SILT AND CLAY 
ML with slight plasticity 

CL 
Inorganic clays of low to medium plasticity, gravely clays, sandy days, silty clays, 

C/) O 
O ö  liquid limit <50/0 

'  lean clays 
CU 

OL Organic silts and organic silt-clays of low plasticity 
Cn 

'' 
MH I inorganic silts, micaceous or diatomaceous fine sands or silts, elastic silts 

SILT AND CLAY - ___ 
CH inorganic clays of high plasticity, fat clays liquid limit >50% 

OH Organic clays of medium to high plasticity 

HIGHLY ORGANIC SOILS PT —:—:—:—:—:—:- Peat, muck, and other highly organic soils 

ROCK Undifferentiated as to type or composition 

KEY TO BORING AND TEST PIT SYMBOLS 

CLASSIFICATION TESTS 	 STRENGTH TESTS 

P1 	PLASTICITY INDEX 	 TV 	FIELD TORVANE (UNDRAINED SHEAR) 

LL 	LIQUID LIMIT 	 UC 	LABORATORY UNCONFINED COMPRESSION 

SA 	SIEVE ANALYSIS 	 TXCU 	CONSOLIDATED UNDRAINED TRIAXIAL 

HYD 	HYDROMETER ANALYSIS 	 TXUU 	UNCONSOLIDATED UNDRAINED TRIAXIAL 

P200 	PERCENT PASSING NO. 200 SIEVE 	 UC, CU, UU = 1/2 Deviator Stress 

P4 	PERCENT PASSING NO.4 SIEVE 
SAMPLER DRIVING RESISTANCE 

SAMPLER TYPE 	 Modified California and Standard Penetration Test samplers are 

I 	
driven 18 inches with a 140-pound hammer failing 30 inches per 

MODIFIED CALIFORNIA 	 HAND SAMPLER 	blow. Blows for the initial 6-inch drive seat the sampler. Blows 
for the final 12-inch drive are recorded onto the logs. Sampler 
refusal is defined as 50 blows during a 6-inch drive. Examples of 

STANDARD PENETRATION TEST 	 ROCK CORE 	blow records are as follows: 

25 	sampler driven 12 inches with 25 blows after 
FZI 	initial 6-inch drive 

THIN-WALLED / FIXED PISTON 	 X DISTURBED OR 
EJ 	 BULK SAMPLE 	 85/7' sampler driven 7 inches with 85 blows after 

initial 6-inch drive 

NOTE: 	Test boring and test pit logs are an interpretation of conditions encountered 	 50/3" sampler driven 3 inches with 50 blows during 

at the excavation location during the time of exploration. Subsurface rock, 	 initial 6-inch drive or beginning of final 12-inch 
soil or water conditions may vary in different locations within the project site 	 drive 
and with the passage of time. Boundaries between differing soil or rock 
descriptions are approximate and may indicate a gradual transition. 
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FRACTURING AND BEDDING 

Fracture Classification 	 Spacing 	 Bedding Classification 

Crushed 	 less than 3/4 inch 	 Laminated 
Intensely fractured 	 3/4 to 2-1/2 inches 	Very thinly bedded 
Closely fractured 	 2-1/2 to 8 inches 	 Thinly bedded 
Moderately fractured 	 8 to 24 inches 	 Medium bedded 
Widely fractured 	 2 to 6 feet 	 Thickly bedded 
Very widely fractured 	 greater than 6 feet 	Very thickly bedded 

HARDNESS 

Low 	 Carved or gouged with a knife 
Moderate 	 Easily scratched with a knife, friable 
Hard 	 Difficult to scratch, knife scratch leaves dust trace 
Very hard 	 Rock scratches metal 

STRENGTH 

Friable 	 Crumbles by rubbing with fingers 
Weak 	 Crumbles under light hammer blows 
Moderate 	 Indentations <1/8 inch with moderate blow with pick end of rock hammer 
Strong 	 Withstands few heavy hammer blows, yields large fragments 
Very strong 	 Withstands many heavy hammer blows, yields dust, small fragments 

WEATHERING 

Complete 	Minerals decomposed to soil, but fabric and structure preserved 
High 	Rock decomposition, thorough discoloration, all fractures are extensively 

coated with clay, oxides or carbonates 
Moderate 	Fracture surfaces coated with weathering minerals, moderate or localized discoloration 
Slight 	A few stained fractures, slight discoloration, no mineral decomposition, 

no affect on cementation 
Fresh 	Rock unaffected by weathering, no change with depth, rings under hammer impact 

NOTE: 	Test boring and test pit logs are an interpretation of conditions encountered at the location and time of exploration. 
Subsurface rock, soil and water conditions may differ in other locations and with the passage of time. 
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F- I— 
0 BORING  
0 EQUIPMENT: 	Track-mounted Simco 4000TR with 

I— 
U) 
LU 

I— 
U) 
iu 

CL 

WI 
o: 
LU W 

'- 
'- LU 

- () 7-inch Hollow Stem Augers 
0 

D 
I— 

E- 
a 

LU LU 
DATE: 	04/20/2012 

I 
I— 
I 
I— 

O t 
Z 

0 
(DO) <)- 

ELEVATION: 	15Feet* 

O 0 D U) 0 0 E U)  U) *REFERENCE: 	Topo By Meridian Survey Engineering, 2010 

CLAY (CL) 
/ Dark gray, wet, soft, low to medium plasticity, 

-5-10% very fine to fine sand, abundant organics 
[ALLUVIUM] 

'7—  
5 42.2 -1E 

3 30.3 86 / 
/ Grades medium blue-gray at 5.0 to 5.5 feet. 

2  

400 6 32.9 87 
UC / 

CLAYEY SAND (SC) 
Medium blue-gray, very loose, saturated, very 

101 fine-grained, -40-45% low plasticity clay 

44.9% I  [ALLUVIUM] 

P200 
4 27.9 90 

-4 	- 

15- 

41.3% 3 35.6 87 - 	- 
P200 SAND WITH GRAVEL (SP) 

Medium blue-gray, very loose, saturated, very 
fine to fine-grained, -15% fine gravel, <5% low 

- plasticity clay [ALLUVIUM] 

CLAYEY SAND (SC) 
Medium blue-gray, very loose, saturated, very 

6 20- fine to fine-grained, -15-20% low plasticity clay 
[ALLUVIUM] 

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf) 
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kNIm3 = 0.1571 x DRY UNIT WEIGHT (pcf) 
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY 
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I— 
< 
I- 

F- 
-- BORING  
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I— (CONTINUED) 
U) 
LU 

U) 
iu W LU LU '- LU () 

(I) D 
E- 
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ct 
LU 

<z 
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(/) 

I 
F- 
I 
F- 

Ot 
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00 (D 	O) <)- 
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20- It CLAYEY SAND (SC) 

84.0% 5 35.0 83 Medium blue-gray, very loose, saturated, very 

P200 fine to fine-grained, -15-20% low plasticity clay 
[ALLUVIUM] 

- CLAY WITH SAND (CL) 
Medium blue-gray, soft to medium stiff, 
saturated, -15-20% very fine to fine-grained 

- / sand [ALLUVIUM] 

25- 

8  
8 23.0 100 Noted slightly stiffer drilling, hole 'squeezing' 

between 25 and 30 feet. 

-9- 

30- 

95/9' 13.4 130 SANDSTONE 
Medium brown, friable to weak, moderately 

-10 	- hard, moderately to highly weathered, very fine 
to medium-grained [BEDROCK] 

50/5' 15.1 

Boring terminated at 34 feet, 5 inches. 35- 
-11  Groundwater measured at 3.0 feet, 5 minutes after 

exploration. 
Boring grouted by tremmie pipe with 5-gallons water 
per 94-lb. sack Portland cement. 

-12 

40 - 

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf) 
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kNIm3 = 0.1571 x DRY UNIT WEIGHT (pcf) 
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY 
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F- 
< 
F- uJ 

F- 
0 -- BORING  < 0 EQUIPMENT: 	Track-mounted Simco 4000TR with 

I— 
(1) 
LU 

I— 

Lu 

CL 
0 
LU 1  LU 

.0  

LU 
— 
'- 

'- 
LU 

- () 6-inch Solid Flight Augers 

ZH Lu 

LU 
ct 
LU 

<z 
Oui 

C/) 
I— DATE: 	04/20/2012 

I— I— Z (DO) <)- 
ELEVATION: 	16Feet* 

O 0 D C/) 0 0 E C/) C/) *REFERENCE: 	Topo By Meridian Survey Engineering, 2010 
-0-0- — 

CLAY WITH SAND (CL) 
Dark gray, moist, soft to medium stiff, low to 

/ medium plasticity, -15-20% very fine sand 
[ALLUVIUM] 
Grades soft, wet at 2.0 feet. 

CLAYEY SAND (SC) 26.9% 4 19.7 105 i 
P200 — .. Dark gray, saturated, loose, very fine to coarse 

sand, -25% low to medium plasticity clay, -5-10% 
fine gravel [ALLUVIUM] 

5- 

CLAY(CL) 

-2 /  Dark gray, saturated, medium stiff, low plasticity, 
-5-10% very fine sand, abundant organics  

450 9 29.7 92 [ALLUVIUM] 
UC -/ 

SAND (SP) 

io- Dark gray, loose to medium dense, saturated, very 
fine to fine-grained, -5% low plasticity clay I  [ALLUVIUM] 

11 29.4 
CLAY(CL) 

/ Dark gray, saturated, medium stiff, low plasticity, 
-5-10% very fine to fine sand [ALLUVIUM] 

— / Grades stiff at 13.5 feet. 

15- 

SANDSTONE  
92/9" 22.1 108 Light brown, friable to weak, low hardness, 

-5 moderately weathered, closely fractured, fine to 
— medium-grained [BEDROCK] 

/Boring terminated at 20 feet, 3 inches. 
— / Groundwater measured at 2.0 feet, 5 minutes after 

20- 
exploration. 

50/3" 13.7 Boring backfilled with soil cuttings and Portland 
cement. 

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf) 
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kNlm 3 = 0.1571 x DRY UNIT WEIGHT (pcf) 
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY 
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r--  Geotechnical Engineering Report ---- 

Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects 
Geotechnical engineers structure their services to meet the specific needs of 
their clients. A geotechnical engineering study conducted for a civil engi-
neer may not fulfill the needs of a construction contractor or even another 
civil engineer. Because each geotechnical engineering study is unique, each 
geotechnical engineering report is unique, prepared solely for the client. No 
one except you should rely on your geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it. And no one 

not even you —should apply the report for any purpose or project 
except the one originally contemplated. 

Read the Full Report 
Serious problems have occurred because those relying on a geotechnical 
engineering report did not read it all. Do not rely on an executive summary. 
Do not read selected elements only. 

A Geotechnical Engineering Report Is Based on 
A Unique Set of Project-Specific Factors 
Geotechnical engineers consider a number of unique, project-specific fac-
tors when establishing the scope of a study. Typical factors include: the 
clients goals, objectives, and risk management preferences; the general 
nature of the structure involved, its size, and configuration: the location of 
the structure on the site; and other planned or existing site improvements, 
such as access roads, parking lots, and underground utilities. Unless the 
geotechnical engineer who conducted the study specifically indicates oth-
erwise, do not rely on a geotechnical engineering report that was: 
• not prepared for you, 
• not prepared for your project, 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 

Typical changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
• the function of the proposed structure, as when its changed from a 

parking garage to an office building, or from a light industrial plant 
to a refrigerated warehouse, 

• elevation, configuration, location, orientation, or weight of the 
proposed structure, 

• composition of the design team, or 
• project ownership. 

As a general rule, always inform your geotechnical engineer of project 
changes—even minor ones—and request an assessment of their impact. 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their reports do not consider developments of which 
they were not informed. 

Subsurface Conditions Can Change 
A geotechnical engineering report is based on conditions that existed at 
the time the study was performed. Do not rely on a geotechnical engineer-
ing report whose adequacy may have been affected by: the passage of 
time; by man-made events, such as construction on or adjacent to the site; 
or by natural events, such as floods, earthquakes, or groundwater fluctua-
tions. Always contact the geotechnical engineer before applying the report 
to determine if it is still reliable. A minor amount of additional testing or 
analysis could prevent major problems. 

Most Geotechnical Findings Are Professional 
Opinions 
Site exploration identifies subsurface conditions only at those points where 
subsurface tests are conducted or samples are taken. Geotechnical engi-
neers review field and laboratory data and then apply their professional 
judgment to render an opinion about subsurface conditions throughout the 
site. Actual subsurface conditions may differ—sometimes significantly—
from those indicated in your report. Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most effective method of managing the risks associated with unanticipated 
conditions. 

A Report's Recommendations Are Not Final 
Do not overrely on the construction recommendations included in your 
report. Those recommendations are not final, because geotechnical engi-
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 



subsurface conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume responsibility or 
liability for the reports recommendations if that engineer does not perform 
construction observation. 

A Geotechnical Engineering Report Is Subject to 
Misinterpretation 
Other design team members misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your geo-
technical engineer confer with appropriate members of the design team after 
submitting the report. Also retain your geotechnical engineer to review perti-
nent elements of the design team's plans and specifications. Contractors can 
also misinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

Do Not Redraw the Engineer's Logs 
Geotechnical engineers prepare final boring and testing logs based upon 
their interpretation of field logs and laboratory data. To prevent errors or 
omissions, the logs included in a geotechnical engineering report should 
never be redrawn for inclusion in architectural or other design drawings. 
Only photographic or electronic reproduction is acceptable, but recognize 
that separating logs from the report can elevate risk 

Give Contractors a Complete Report and 
Guidance 
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con-
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors that the 
report was not prepared for purposes of bid development and that the 
report's accuracy is limited; encourage them to confer with the geotechnical 
engineer who prepared the report (a modest fee may be required) and/or to 
conduct additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. Be sure contrac-
tors have sufficient timeto perform additional study. Only then might you 
be in a position to give contractors the best information available to you, 
while requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. 

Read Responsibility Provisions Closely 
Some clients, design professionals, and contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci-
plines. This lack of understanding has created unrealistic expectations that 

have led to disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include a variety of 
explanatory provisions in their reports. Sometimes labeled "limitations' 
many of these provisions indicate where geotechnical engineers' responsi-
bilities begin and end, to help others recognize their own responsibilities 
and risks. Read these provisions closely. Ask questions. Your geotechnical 
engineer should respond fully and frankly. 

Geoenvironmental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform a geoenviron-
mental study differ significantly from those used to perform a geotechnical 
study. For that reason, a geotechnical engineering report does not usually 
relate any geoenvironmental findings, conclusions, or recommendations; 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants. Unanticipated environmental problems have led 
to numerous project failures. If you have not yet obtained your own geoen-
vironmental information, ask your geotechnical consultant for risk man-
agement guidance. Do not rely on an environmental report prepared for 
someone else. 

Obtain Professional Assistance To Deal with Mold 
Diverse strategies can be applied during building design, construction, 
operation, and maintenance to prevent significant amounts of mold from 
growing on indoor surfaces. To be effective, all such strategies should be 
devised for the express purpose of mold prevention, integrated into a com-
prehensive plan, and executed with diligent oversight by a professional 
mold prevention consultant. Because just a small amount of water or 
moisture can lead to the development of severe mold infestations, a num-
ber of mold prevention strategies focus on keeping building surfaces dry. 
While groundwater, water infiltration, and similar issues may have been 
addressed as part of the geotechnical engineering study whose findings 
are conveyed in-this report, the geotechnical engineer in charge of this 
project is not a mold prevention consultant; none of the services per-
formed in connection with the geotechnical engineer's study 
were designed or conducted for the purpose of mold preven-
tion. Proper implementation of the recommendations conveyed 
in this report will not of itself be sufficient to prevent mold from 
growing in or on the structure involved. 

Rely, on Your ASFE-Member Geotechncial 
Engineer for Additional Assistance 
Membership in ASFE/The Best People on Earth exposes geotechnical 
engineers to a wide array of risk management techniques that can be of 
genuine benefit for everyone involved with a construction project. Confer 
with you ASFE-member geotechnical engineer for more information. 

ASFE 
The lest People on toni 
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