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17800 Newhope Street, Suite B, Fountain Valley, CA 92708  Tel: (714) 751-3826  Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 
November 13, 2019 

EMI Project No. 19-143 
HNTB 
200 E. Sandpointe Avenue, Suite 200 
Santa Ana, California 92707 
 
Attention: Mr. Patrick Somerville 
 
Subject: Structure Preliminary Geotechnical Report 

Yorba Linda Blvd Bridge over Santa Ana River (Widen), Bridge No. 55C-0509 
Yorba Linda Boulevard and Savi Ranch Parkway Widening Project 
City of Yorba Linda, California 

 
 
Dear Mr. Somerville: 
 
Attached is our Structure Preliminary Geotechnical Report (SPGR) for the proposed widening of 
the Yorba Linda Boulevard Bridge over the Santa Ana River (Bridge No. 55C-0509) in the City 
of Yorba Linda, California. The bridge widening is part of the Yorba Linda Boulevard and Savi 
Ranch Parkway Widening Project. This report was prepared to support the Project Approval and 
Environmental Document (PA-ED) phase of the project. The SPGR includes information required 
by the 2017 California Department of Transportation (Caltrans) Foundation Reports for Bridges 
document. 
 
The recommendations and conclusions provided in this report are based on available subsurface 
soil information. The conclusions and recommendations are considered preliminary and should 
be verified in the future by conducting a site-specific geotechnical field investigation, laboratory 
soil testing, and engineering analyses. 
 
Please submit this report to the City of Yorba Linda and any other participating agencies for their 
review. EMI will provide responses to comments. Upon concurrence of the responses, the report 
will be revised accordingly. We appreciate the opportunity to provide geotechnical services for 
this project. If you have any questions please do not hesitate to contact us. 
 
Sincerely, 
EARTH MECHANICS, INC. 
 
 
 
 
Andrew Korkos, GE 2357    Michael Hoshiyama, CEG 2599 
Principal Engineer     Project Geologist 
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1.0 INTRODUCTION 

This Structure Preliminary Geotechnical Report (SPGR) has been prepared to provide 
preliminary geotechnical and foundation information to assist the structural designers with the 
Advance Planning Study (APS) for the proposed widening of the existing Yorba Linda Boulevard 
Bridge (Bridge No. 55C-0509) spanning the Santa Ana River. The contents of this SPGR follow 
the reference titled “Foundation Reports for Bridges” (Caltrans, 2017a). The SPGR includes 
preliminary geotechnical, seismic, and foundation information for the proposed bridge widening.  

The preliminary foundation recommendations provided in this report are based on the subsurface 
information shown on the as-built Log of Test Borings (LOTB) sheet which is included in the as-
built plans for the existing bridge structure. The as-built LOTB is provided in Appendix A. A 
site-specific geotechnical investigation will be performed for the proposed bridge widening 
during the final design phase. The preliminary recommendations herein require verification when 
additional site-specific information becomes available. 

2.0 SCOPE OF WORK 

The geotechnical scope of work included: (1) reviewing available geotechnical and geologic 
information including published geologic maps and seismic hazard reports, (2) reviewing as-built 
plans of the existing bridge, (3) reviewing APS plans for the proposed widening prepared by the 
structural designer; and, (4) assessing the foundation types for the proposed bridge structure. The 
geotechnical and geologic references reviewed for this project are listed in the references section 
of this report.  

3.0 PROJECT DESCRIPTION 

The project intends to improve traffic operations along Yorba Linda Boulevard, South Weir 
Canyon Road, and Savi Ranch Parkway by widening the existing roads and providing additional 
storage at intersections for turning movements. The project measures approximately 0.40 mile 
along Yorba Linda Boulevard between La Palma Avenue and the SR-91 westbound off-ramp, 
and 0.10 mile along South Weir Canyon Road between the SR-91 eastbound off-ramp and Santa 
Ana Canyon Road. Yorba Linda Boulevard is proposed to be widened from La Palma Avenue to 
Santa Ana Canyon Road (including the existing bridge over the Santa Ana River) and includes a 
Class IV protected bikeway along the northeastern side of Yorba Linda Boulevard between Old 
Canal Road and the bicycle connection for the Santa Ana River Trail at La Palma Avenue. The 
project also includes widening along the north side of Savi Ranch Parkway approximately 0.15 
mile between Yorba Linda Boulevard and Mirage Street.  

Project improvements include new pavement, curb and gutter, drainage structures, curb ramps, 
traffic signal modifications, striping, signs, and landscaping. The project also includes widening 
the existing Yorba Linda Boulevard Bridge (spanning the Santa Ana River) and constructing a 
retaining wall along the north side of Savi Ranch Parkway.  

This SPGR is specifically for the proposed widening of the existing Yorba Linda Boulevard 
Bridge that spans the Santa Ana River. The location of the bridge is shown on Figure 1. The 
proposed bridge is six-span, reinforced concrete box girder structure. Preliminary plans show the 
proposed bridge length to be 775 feet and the width appears to vary between about 40 and 57 
feet. The maximum span length is 131.5 feet. The bridge will be supported on tall diaphragm 
walls at the abutments and continuous reinforced concrete walls at the piers. Widening the bridge 
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requires lengthening the pier walls and replacing the existing pier wall extensions (noses) on the 
upstream side of the bridge. Depending on the pile type selected, either pile driving or drilling 
equipment will be required within the river channel. 

4.0 EXCEPTION TO POLICY AND PROCEDURES 

From a geotechnical standpoint, there are no known geotechnical conditions that would cause 
deviation from Caltrans policies or procedures that require an exception. 

5.0 FIELD INVESTIGATION 

No site-specific field investigation was performed for the preparation of this SPGR. Conclusions 
and preliminary recommendations provided herein are based on the subsurface soil information 
shown on the as-built LOTB sheet; the as-built LOTB is attached in Appendix A for reference. 
The as-built LOTB sheet for the original bridge appears to show that five 2.5-inch diameter 
penetrometer borings were conducted along or in the vicinity of the existing bridge. The date that 
the borings were conducted is unknown. The as-built LOTB shows top-of-borehole elevations to 
range between about +313 and +324 feet. The borings were advanced to depths between about 
26 and 49 feet below the ground surface, reaching elevations ranging between about +290 and 
+255 feet. The as-built logs do not indicate the presence or absence of groundwater. The existing 
bridge was constructed in 1983; therefore, the vertical datum at the time of the field investigation 
and bridge construction is presumed to be NGVD29.  

A supplemental site-specific geotechnical field investigation, including exploratory boreholes 
and Cone Penetration Test (CPT) soundings, is recommended to be performed during PS&E. 
Because of the potential gravelly nature of the subsurface soils, pushing CPT soundings to target 
depths may not be feasible. Laboratory testing is required on soil samples collected from the 
supplemental investigation to determine relevant physical and engineering properties of the soils.  
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6.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

6.1 Physiography and Topography 

The site is located in Santa Ana Canyon, a narrow canyon between the Puente/Chino Hills on the 
north and the Santa Ana Mountains on the south (Figure 2). The Upper Santa Ana River (USAR) 
Valley lies to the east and the Los Angeles Basin to the west. The canyon was cut by the Santa 
Ana River which flows westerly from the USAR Valley to the Los Angeles Basin. The flow of 
the Santa Ana River is controlled by Prado Dam which lies a little more than a mile to the east.  

The bridge site is located in a shallow valley which runs along the general alignment of the Santa 
Ana River. The topography in the vicinity of the site slopes gently from northeast to southwest. 
The existing ground elevation along Yorba Linda Boulevard, within the footprint of the existing 
bridge and in the vicinity of the bridge, ranges from about +330 feet to about +350 feet. Along 
the Santa Ana River, beneath the existing bridge, elevations range from about +334 to +311 feet. 

6.2 Stratigraphy 

The Santa Ana Canyon floodplain is underlain by non-indurated (i.e. unconsolidated) river 
sediments (fluvial deposits) deposited within the Quaternary time period (about the past 100 
thousand years). These deposits are predominantly sand and gravel with some lenses of fine-
grained deposits (silts) and large particles (cobbles). Boulders are present but make up a 
relatively small percentage of the deposits. Figure 2 provides a map showing the distribution of 
geologic units across the surface of the project area.  

The non-indurated Quaternary-age fluvial deposits overlie deformed Tertiary-age (approximately 
5 to 40 million years old) bedrock. The Tertiary rocks are separated by the Whittier fault with the 
younger rocks on the north side of the fault dipping at moderate angles to the north, and older 
rocks on the south side of the fault dipping to the west.   

Basement rocks comprise the ancient Santiago Peak volcanics (approximately 100 to 150 million 
years old) which crop out in the slopes south of the Whittier fault. However, these basement 
rocks are deep below the project area and are not of direct significance to the project. 

6.3 Geologic Structure 

Figure 3 is a regional fault map showing the known active faults in region. The fault of most 
importance to the project is the Elsinore fault zone, Whittier fault segment which extends north 
of the project area. Other faults of significance are the Chino fault and the Elsinore fault, both of 
which lie to the east. The Whittier, Elsinore, and Chino faults are believed to be related and 
merge toward the southeast. The convergence is characterized by a very complex branching and 
braided fault pattern which is largely covered by alluvium of the Santa Ana River floodplain and 
by landslides in the northeast Santa Ana Mountains (e.g. the Green River landslide). Published 
geologic maps show little agreement on the exact location of the Whittier fault. Figure 3 shows 
one location of the fault; unlike Figure 3, other published maps (for example, Weber, 1977 and 
Dibblee, 2001) show several faults in the convergence zone of the Whittier and Elsinore faults. 
Although these faults are young, they are generally not considered to be active seismogenic 
(earthquake generating) structures. However, these faults could possibly suffer displacements 
during a major earthquake on the Whittier, Chino, or Elsinore fault. The Scully Hill fault, just 
north of the project area, is one of these faults.   



5 

 

6.4 Seismicity 

The site is located in seismically active southern California. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression which is indicated 
by the geologic structures, earthquake focal-mechanism solutions, and geodetic measurements. 
Data suggests crustal shortening of between 5 and 9 mm/year across the greater Los Angeles 
area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the Los Angeles 
region. Earthquakes occur primarily as loose clusters along the Newport-Inglewood Structural 
Zone, the southern margin of the Santa Monica Mountains, the margin between the Santa 
Susana-San Fernando Valley and the southern margin of the San Gabriel Mountains, and in the 
Coyote Hills-Puente Hills area.   

Although the historical earthquakes occur in proximity to known faults, they are difficult to 
directly associate with mapped faults. Part of this difficulty is due to the fact that the basin is 
underlain by several poorly known subsurface thrust faults, generally referred to as blind thrust 
faults. Ward (1994) estimated that about 40 percent of seismic moment cannot be associated with 
known faults. 

The largest historical earthquake within the Los Angeles Basin was the 1933 Long Beach event 
which had a magnitude of about MW=6.4 (ML=6.3). This earthquake did not rupture the surface 
but is believed to have been associated with the Newport-Inglewood Structural Zone (NISZ), a 
major strike-slip fault in the Los Angeles Basin (Benioff, 1938). The association is based on 
abundant ground failures along the NISZ trend but no unequivocal surface rupture was identified. 
Reevaluation of the seismicity data by Hauksson and Gross (1991) relocated the earthquake 
hypocenter to about six miles below the Huntington Beach-Newport Beach city boundary. 

Other major earthquakes in the region include the 1994 Northridge and the 1971 San Fernando 
earthquakes both of which occurred in the San Fernando Valley region. The 1994 earthquake had 
a moment magnitude (MW) of about 6.7 (MS=6.8, ML=6.4), and occurred on a southerly dipping 
subsurface fault which was unknown prior to the earthquake. The main shock occurred at a depth 
of about 12 miles. Earthquake aftershocks clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of about 1.2 or 1.9 miles to 14 miles (Hauksson et al, 1995). The 
causative fault was never identified with certainty. The event may have occurred on an eastern 
extension of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping feature fault 
bounding the Ventura Basin and the Santa Susana Mountains. 

The 1971 San Fernando earthquake was of similar size (MW=6.7, MS=6.4, ML=6.4) to the 1994 
event but did involve surface rupture. The 1971 event occurred on a northerly dipping thrust fault 
that dips from the northern side of the San Fernando Valley to a depth of about 9.3 miles under 
the San Gabriel Mountains. Several mapped surface faults were involved such as the Sylmar 
fault, Tujunga fault, and Lakeview fault. These faults are commonly considered to be part of the 
Sierra Madre fault system which extends easterly from the San Fernando Valley, along the base 
of the San Gabriel Mountains on the north side of the San Gabriel Valley, and to the Cucamonga 
fault in the San Bernardino area. 

The 1987 Whittier earthquake (ML=5.9, MW=5.9) occurred on a subsurface fault dipping under 
the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 1999; Shaw 
et al., 2002). This event did not rupture the ground surface. 
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Another significant earthquake in the region was the 1812 earthquake which caused damage at 
the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake are 
unknown because of the sparse population at the time, but geological studies (Jacoby et al., 1988; 
Fumal et al., 1993; Weldon et al., 2004) postulated that the earthquake did not occur in the 
Capistrano area, but rather was a large (M>7.0) distant event on the San Andreas fault in the 
Wrightwood area of the San Gabriel Mountains. 

The earliest documented earthquake in the Los Angeles region was reported by the Portola 
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987 Whittier, 
and the 1994 Northridge events, as well as other more distant events (i.e. 1992 Landers event).  

Several active and potentially active faults are located in the region. Table 1 lists the faults 
nearest the bridge site, the approximate distance in miles between the nearest point on the fault 
and the bridge site, the maximum magnitude, and fault type.   

Table 1. Potential Seismic Sources 

Fault Name 
Closest Distance to Fault 

Rupture Plane, Rrup 
(Miles) 

Maximum 
Earthquake 

(MW) 

Fault 
Type 

Elsinore (Whittier Section) 1.18 6.9 SS 

Elsinore (Glen Ivy Section) 4.60 7.7 SS 

Elsinore (Chino Section) 4.46 6.6 SS 

Peralta Hills  2.73 6.1 R 

Yorba Linda (Seismicity Zone) 2.71 6.4 R 

Puente Hills Blind Thrust (Coyote Hills) 7.25 6.8 R 

Note: SS = Strike Slip fault; R = Reverse fault.  

 

Elsinore Fault Zone 

The northwest-trending Elsinore fault zone extends nearly 150 miles from the Mexican border to 
the northern edge of the Santa Ana Mountains. The predominant sense of displacement across 
this fault zone is thought to be right-lateral. From geomorphic evidence, the fault zone is 
considered capable of seismic offsets of up to about 20 feet. Rockwell et al. (1985) suggested 
offset sediments exposed in trenches to indicate a 200- to 300-year recurrence interval for ground 
rupturing earthquakes. The Elsinore fault zone is considered active by the State of California and 
an Alquist-Priolo Earthquake Fault Zone has been established for the fault.   

Whittier Section 

Locally, the Whittier Section of the Elsinore fault zone is located about 350 feet southwest of the 
mapped fault trace (Jennings, 2010). Although no major historical earthquakes have been 
attributed to the Whittier section, studies done by several investigators, most of which included 
trenching, have documented movement on this fault in the last 11,000 years (Leighton 1987; 
Rockwell et al., 1988; Gath et al., 1992; Patterson and Rockwell, 1993). Slip rates range from 2.5 
to 3 mm/year (Rockwell et al., 1990; Gath et al., 1992). The estimated maximum earthquake to 
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occur along the Whittier fault segment is Mw 6.8 per Cao et al. (2003). The fault trace is located 
approximately one mile north of the project site.  

Glen Ivy Section 

The Glen Ivy section of the Elsinore fault is located about 4.6 miles southeast of the bridge site. 
The fault is a right lateral strike slip fault with an estimated slip rate of 5±2 mm/year (Millman 
and Rockwell, 1986). The maximum moment magnitude earthquake along the Elsinore-Glen Ivy 
Segment is estimated to be 6.8 (Mw) (Frankel et al., 2002; Petersen et al., 1996).  

Chino Section 

The Chino Section separates from the main portion of Elsinore Fault zone south of Corona and 
extends northward through the Chino Hills, dying out in the Los Serranos suburb of the City of 
Chino Hills. The tectonic geomorphology of the Chino Fault zone indicates predominately 
right-lateral strike-slip motion with a component of reverse-oblique movement, based on offset 
ridgeline, deflected drainages and beheaded drainages in the Chino Hills. The Chino Fault zone 
is considered active by the State of California and an Alquist-Priolo Earthquake Fault zone has 
been established around the fault (CGS, 2003). The Chino Fault zone has a long term slip rate 
ranging from 0.03 to 0.09 inches (0.7 to 2.2 millimeters) per year and a magnitude in the 6.5 to 
7.0 range. The fault is located approximately 4.5 miles northwest of the project site. 

Yorba Linda (Seismicity Zone)  

The Yorba Linda seismicity zone is a five to ten mile long, northeast-southwest trending zone 
between latitude 33° 45' N and 33° 55' N. The seismicity zone is believed to be the source of the 
2008 Chino Hills earthquake (MW=5.4). The seismicity zone is located approximately 2.7 miles 
northwest of the project site.  

Puente Hills Blind Thrust Fault 

The Puente Hills blind thrust fault (Coyote Hills segment) dips northerly under the San Gabriel 
Valley (Shaw et al., 2002). The blind thrust system consists of stepped segments with the Santa 
Fe Springs segment stepped to the right from the Los Angeles segment farther west and the 
Coyote Hills segment southeast of the Santa Fe Springs segment.   

6.5 Subsurface Soil Conditions 

The as-built LOTB sheet for the existing Yorba Linda Boulevard Bridge (previously referred to 
as the Weir Canyon Road Bridge) shows a meager amount of information for the subsurface 
soils and conditions. The LOTB shows that the subsurface soils are gravelly sand. There are no 
descriptions for color, moisture content, density, and gradation. There are no blowcounts on the 
logs which are typically shown for penetration borings. There is no mention of whether or not 
groundwater was observed.     

As-built LOTBs for the nearby Weir Canyon Road Undercrossing (at SR-91) shows brown and 
yellow brown slightly compact to compact gravelly sand overlying brown and light brown dense 
and very dense gravelly sand, sandy gravel, and cobbles.      
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7.0 GEOLOGIC HAZARDS 

7.1 Seismic Shaking 

The energy released during an earthquake propagates from the fault rupture surface in the form 
of seismic waves. Strong ground motion from seismic wave propagation can cause significant 
damage to structures. At any given location, the intensity of the ground motion is a function of 
the distance to the fault rupture, the local soil/bedrock conditions, and the earthquake magnitude. 
Intensity is usually greater in areas underlain by unconsolidated soil than in areas underlain by 
more competent rock. 

Earthquakes are characterized by a moment magnitude, which is a quantitative measure of the 
strength of the earthquake based on strain energy released during the event. The magnitude is 
independent of the site, but is dependent on several factors including the type of fault, rock type, 
and stored energy. Moderate to severe ground shaking will be experienced at the project site if a 
large magnitude earthquake occurs on one of the nearby principal late Quaternary faults; 
moderate to severe ground shaking can cause structural damage to on-site improvements.   

Due to the proximity of numerous faults, the existing and proposed bridge is expected to 
experience strong to moderate ground shaking in the event of a major earthquake from a nearby 
fault. To estimate Peak Ground Acceleration (PGA), EMI used the current web-based Caltrans 
ARS Online software V2.3.09 (Caltrans, 2017b) to develop Acceleration Response Spectrum 
(ARS) curves. The PGA is the zero-period spectral acceleration from the design ARS curve.  

7.2 Surface Fault Rupture 

In general terms, an earthquake is caused when strain energy in rocks is suddenly released by 
movement along a plane of weakness. In some cases, fault movement propagates upward 
through the subsurface materials and causes displacement at the ground surface as a result of 
differential movement. Surface rupture usually occurs along traces of known or potentially active 
faults, although many historic events have occurred on faults not previously known to be active. 
Seismicity within this region is a result of the dominantly reverse-slip regime of the region. 

The California Geologic Survey (CGS) establishes criteria for faults as active, potentially active 
or inactive. Active faults are those that show evidence of surface displacement within the last 
11,000 years (Holocene age). Potentially active faults are those that demonstrate displacement 
within the past 1.6 million years (Quaternary age). Faults showing no evidence of displacement 
within the last 1.6 million years may be considered inactive for most structures, except for 
critical or certain life structures. In 1972 the Alquist-Priolo Special Studies Zone Act (now 
known as the Alquist-Priolo Earthquake Fault Zone Act, 1994, or Alquist-Priolo Earthquake 
Hazards Act, APEHA) was passed into law which requires fault studies within 500 feet of active 
or potentially active faults. The APEHA designates “active” and “potentially active” faults 
utilizing the same age criteria as that used by the CGS.   

In addition to the faults listed in Table 1, other large faults in the Southern California area have 
the potential to impact proposed improvements. These include the San Andreas Fault, San 
Gabriel Fault and other undefined large blind thrust faults. Active and potentially active faults 
have the potential for generating surface fault rupture. Although, not all earthquake events along 
active faults result in surface fault rupture or ground deformation. Surface fault rupture can only 
be predicted based on past earthquake and surface fault rupture data. This includes past fault 
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rupture lengths and depths in relation to past earthquakes and their associated magnitude, 
recurrence, and direction. Lack of previous surface fault rupture events or information can make 
it very difficult to predict future fault rupture events.  

No known active faults traverse through or within 1,000 feet of the bridge site, and the site is not 
located within an Alquist-Priolo Earthquake Fault Zone. Therefore, the risk of ground surface 
rupture and related hazards at the project site is expected to be low.  

7.3 Earthquake-Induced Landslides 

According to the State of California Earthquake Zones of Required Investigation maps for the 
Black Star Canyon, Yorba Linda, Orange, and Prado Dam Quadrangles (Figure 4), the bridge 
site is not within an area designated as an earthquake-induced landslide zone. The terrain in the 
immediate vicinity of the bridge site is relatively flat; therefore, seismically-induced landsliding 
is not a concern.  

7.4 Expansive Soil 

Soils that undergo relatively significant volume change (shrink and swell) due to changing 
moisture content are characteristically expansive soils. Soil moisture content can change due to 
rainfall, irrigation, water line leaks, fluctuating groundwater elevation, hot weather, drought, or 
other natural or human factors. Based on the available subsurface information, the existing soils 
within the bridge area are expected to be primarily composed of sand and gravel, which are not 
expansive soils. A site-specific geotechnical investigation will be performed during PS&E to 
verify the expansion potential of soils at the bridge site and adjacent improvements.  

7.5 Collapsible Soil 

Collapsible soils are soils that collapse (settle) under applied loads when water is introduced into 
the soil. Soil collapse, due to the introduction of water, is also referred to as hydro-consolidation. 
Natural deposits susceptible to hydro-consolidation are typically aeolian, alluvial, or colluvial 
soils with high apparent dry strength. The dry strength of the soils may be attributed to capillary 
tension, the clay and silt constituents in the soil, or the presence of cementing agents (i.e. salts). 
Once these soils are subjected to excessive moisture and embankment or foundation loads, the 
constituency including soluble salts or bonding agents is weakened or dissolved and collapse 
occurs resulting in settlement. Typical collapsible soils are light colored, low in plasticity, and 
have relatively low densities. The available subsurface information does not note the presence of 
collapsible soils and laboratory test data is not available; therefore, it is unknown if collapsible 
soils exist. Based on the known information, presence of collapsible soils is not likely. A 
comprehensive geotechnical investigation will be conducted during the design phase of the 
project to assess the presence of collapsible soils and determine the impact of collapsible soils on 
the proposed bridge widening if such soils exist.    
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8.0 GROUNDWATER 

The as-built logs for the existing Yorba Linda Boulevard Bridge do not indicate the presence or 
absence of groundwater. EMI reviewed the as-built LOTBs for the nearby Weir Canyon Road 
Undercrossing (UC) which is located about 1,600 feet southeast of the Yorba Linda Boulevard 
Bridge. The borings drilled in 1968, 1990, and 2010, for the original Weir Canyon Road UC and 
subsequent widenings, did not encounter groundwater.  

The California Division of Mines and Geology (California Geological Survey) prepared Seismic 
Hazard Zone Reports for the Black Star Canyon, Yorba Linda, Orange, and Prado Dam 7.5-
minute quadrangles (CDMG, 2000a, 2005, 1997, 2000b) which include historical groundwater 
maps. Based on information in these reports, the highest historical groundwater near the project 
site ranged between zero feet and 30 feet below the ground surface. 

Existing groundwater information was gathered from the California Department of Water 
Resources website. Six groundwater monitoring wells are located within one-half mile of the 
bridge site. Based on the measurements in the six wells, the depth from the ground surface to the 
shallowest groundwater level varied from about 7 to 42 feet, which corresponds to elevations 
ranging from about +308 to +326 feet. The monitoring period ranged between years 1969 and 
2010 during which relatively small variations in groundwater depths were observed. The vertical 
datum for historical measurements is NGVD29. 

Based on the available groundwater data reviewed to date, EMI recommends using a groundwater 
elevation of +311 feet, which roughly corresponds with the Santa Ana River invert elevation, for 
liquefaction analysis and preliminary assessment of possible bridge foundations.  

It should be noted that the groundwater level can fluctuate due to several reasons including 
variation in seasonal precipitation, irrigation, groundwater injection or extraction, improvements 
to or addition of flood control facilities, or numerous other man-made and natural influences. As 
a result, the groundwater information provided herein is used for preliminary assessments only. 
Groundwater conditions will be reexamined during PS&E for the project. 

9.0 SCOUR EVALUATION 

The existing and proposed bridge crosses the Santa Ana River. At the bridge location, the Santa 
Ana River bottom is currently unlined and therefore scour potential should be considered a 
design issue. Scour depth should be evaluated by the project civil engineer during PS&E.   

10.0 SOIL CORROSION EVALUATION 

Corrosion test results are not shown on the as-built LOTB sheets and are otherwise not available. 
Therefore, corrosion potential of on-site soils is unknown. According to the Caltrans Corrosion 
Guidelines (Caltrans, 2018a), soils are considered corrosive if the pH is 5.5 or less, or chloride 
content is 500 parts per million (ppm) or greater, or sulfate content is 1,500 ppm or greater. 
Based on EMI’s experience, fine-grained soils with high clay content have a higher tendency to 
be corrosive, whereas sand, silt, and gravel tend to be non-corrosive. According to the as-built 
LOTB sheet, the site soils are gravelly sand and sandy gravel and therefore are not expected to 
be corrosive.  
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Soil corrosivity will be evaluated during PS&E based on laboratory tests on site-specific soils 
collected from supplemental exploratory boreholes. If soils are found to be corrosive, appropriate 
recommendations for concrete and steel will be provided.    

11.0 PRELIMINARY SEISMIC INFORMATION AND RECOMMENDATIONS 

11.1 Seismic Design 

The site is located in seismically active southern California and can experience moderate to strong 
ground shaking from both local and distant earthquakes. The most influential faults affecting 
ground motion at the site are listed in Table 2 along with their fault ID, fault type, and their 
maximum earthquake magnitude according to the Caltrans Fault Database (Merriam, 2012).  

The current web-based Caltrans ARS Online software V2.3.09 (2017b) was used to determine 
Acceleration Response Spectrum (ARS) curves and estimate Peak Ground Acceleration (PGA). 
The web-based software gives ARS curves for the deterministic and probabilistic earthquake 
models. The PGA is the zero-period spectral acceleration from the ARS curves. The small-strain 
shear wave velocity (Vs30) value, for the upper 100 feet of soil, was assumed based on the soil 
description shown on the as-built boring logs. The site latitude and longitude and Vs30 are shown 
in Table 3.   

Table 2. General Fault Information and Deterministic PGA 

Fault 
Fault 

ID 
Fault 
Type 

Maximum 
Earthquake 
Magnitude 

Approximate 
Site to Fault 

Distance, 
Rrup (miles) 

Deterministic 
PGA 

Elsinore Fault Zone (Whittier Section) 352 SS 6.9 1.2 0.464 

Elsinore (Glen Ivy) rev 365 SS 7.7 4.6 0.369 

Elsinore Fault Zone (Chino Section) 355 SS 6.6 4.4 0.458 

Note: SS = Strike Slip. 

 

Table 3. Key Parameters for Determining Preliminary ARS Curves 

Site Coordinates Latitude = 33.87443 degrees Longitude = -117.74877 degrees 

Shear Wave Velocity, Vs30
 886 feet/sec (270 m/sec) and 984 feet/sec (300 m/sec) 

 

Based on the results of the web-based Caltrans software, the probabilistic response spectrum is 
the controlling ARS curve. The spectral acceleration coordinates and preliminary ARS curve is 
presented in Table 4. The design magnitude (M) is 7.1 and the preliminary PGA is 0.65g. The 
preliminary ARS curve, the design magnitude, and the preliminary PGA will be updated during 
the PS&E phase of the project based on an updated Vs30 value estimated from supplemental 
boreholes and CPT soundings.  
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Table 4. Spectral Acceleration Coordinates and Preliminary Design ARS Curve 

Period, T 
(sec) 

Acceleration 
(g) 

Period, T 
(sec) 

Acceleration 
(g) 

0.01 0.653 0.70 1.118 

0.05 0.961 0.85 1.035 

0.10 1.135 1.00 0.961 

0.15 1.272 1.20 0.809 

0.20 1.379 1.50 0.664 

0.25 1.380 2.00 0.515 

0.30 1.380 3.00 0.324 

0.40 1.292 4.00 0.229 

0.50 1.227 5.00 0.186 

0.60 1.164   
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11.2 Liquefaction Potential 

Soil liquefaction is the loss of shear strength in generally cohesionless, saturated soils when 
pore-water pressure induced in the soil by a seismic event becomes equal to or exceeds the 
overburden pressure. The primary factors influencing liquefaction potential are: groundwater 
elevation, soil type and grain-size characteristics, relative density of the soil, initial confining 
pressure, and intensity and duration of ground shaking. Soils most susceptible to liquefaction are 
saturated low-density sands and silty sands within 50 feet of the ground surface. With increasing 
overburden, soil density, and increasing clay content, the likelihood of liquefaction decreases. 

According to the State of California Earthquake Zones of Required Investigation maps for the 
Black Star Canyon, Yorba Linda, Orange, and Prado Dam Quadrangles (Figure 4), the bridge 
site is located within a soil liquefaction zone.  

The as-built LOTB lacks sufficient information to conduct preliminary liquefaction analysis (i.e. 
no Standard Penetration Test (SPT) blowcounts, descriptions of density, fines content, and soil 
plasticity information). Because the bridge is spanning an active river bed and there is potential 
for high groundwater, there may be layers of sandy soils that are susceptible to liquefaction 
under strong ground shaking. For preliminary design and cost estimating, it should be assumed 
that soil liquefaction can occur due to a strong earthquake event. Soil liquefaction will be 
assessed during PS&E after supplemental exploratory boreholes have been conducted and 
subsurface soil samples have been collected and tested. If soil liquefaction is found to be 
possible, the final foundation design will incorporate the effects of soil liquefaction. 

11.3 Seismically-Induced Settlement 

If soil liquefaction is possible, then liquefaction-induced settlement is possible. Like the soil 
liquefaction assumption described above, seismically-induced settlement should be assumed to 
occur. Liquefaction-induced settlement will be assessed during PS&E after supplemental 
subsurface soil information is obtained. If seismically-induced settlement is confirmed, then 
foundation design will incorporate the effects of seismically-induced settlement. 

11.4 Seismic Slope Instability 

The project area is composed of relatively flat terrain with the exception of the side slopes of the 
Santa Ana River. If soil liquefaction is determined to occur, then lateral spreading may be a 
design issue. Seismic slope stability will be assessed during the PS&E phase of the project after 
additional subsurface information is collected.  

11.5 Ground Rupture 

No known active faults traverse through or within 1,000 feet of the bridge site, and the site is not 
located within an Alquist-Priolo Earthquake Fault Zone. Therefore, the risk of ground surface 
rupture and related hazards at the project site is expected to be low. In addition, according to 
Caltrans Memo To Designers 20-10 (Caltrans, 2013) a fault rupture hazard analysis is not 
required since the project site does not fall within an Alquist-Priolo Earthquakes Fault Zone or 
within 1,000 feet of an unzoned fault that is Holocene or younger in age.    

 

mvanduyn
Correct

mvanduyn
Correct

mvanduyn
Correct

mvanduyn
Correct



18 

 

12.0 AS-BUILT FOUNDATION DATA 

The existing bridge was constructed in 1983. The bridge is a six-span cast-in-place, reinforced 
concrete box girder structure. At Abutment 1 there is an additional span between the abutment 
back wall and abutment front wall; this span is a reinforced concrete T-beam structure. The 
bridge is founded on pile-supported footings. As-built plans show foundation information for 
each support including bottom of pile cap elevations and the specified pile tip elevations. 
General information on the existing foundations is summarized below and in Table 5. 

Abutment 1 consists of a back wall and front wall. The back wall is 7 feet tall and is supported 
on a 94-foot long, 3-foot wide, and 2-foot thick pile footing which has a single row of HP 10x57 
steel piles. The front wall is about an 8-foot tall seat-type wall and is supported on a 95-foot 
long, 3-foot wide, and 2-foot thick pile footing which has a single row of HP 10x57 steel piles.    

The pier supports (walls) have two rows of HP 10x57 steel piles, each row having 22 piles. The 
width of the pier footings is 6 feet and the lengths vary from 76 to 94.5 feet. The pier footings are 
3-foot thick reinforced concrete elements. Piers 3, 4, and 5 include pier extensions (noses) on the 
upstream side of the bridge; each pier extension is supported on 10 piles (two rows of five piles).    

Abutment 7 is a 14.5-foot tall diaphragm wall supported on a pile footing having a length and 
width of about 123 feet and 6 feet, respectively. The footing is supported on two rows of HP 
10x57 steel piles; the front row of piles consists of 14 battered piles and the back row consists of 
nine vertical piles.      

Table 5. Summary of Foundation Data Shown on As-Built Plans 

Bridge 
Plans 

Support 
Pile 

Type 

Design 
Load, tons

(kips) (1) 

Number 
of Piles 

Approximate 
Bottom of Pile 
Cap Elevation 

(feet) 

Specified 
Pile Tip 

Elevations 
(feet) (2) 

1984 
As-Built 

Plans 

Abutment 1 - Back Wall HP 10x57 70 (140) 8 +336.5 +298.0 

Abutment 1 - Front Wall HP 10x57 70 (140) 17 +318.0 +298.0 

Pier 2 HP 10x57 70 (140) 44 +317.0 +275.0 

Pier 3 HP 10x57 70 (140) 44 +303.0 +280.0 

Pier 4 HP 10x57 70 (140) 44 +303.0 +280.0 

Pier 5 HP 10x57 70 (140) 44 +303.0 +280.0 

Pier 6 HP 10x57 70 (140) 44 +303.0 +280.0 

Abutment 7 HP 10x57 70 (140) 23 +335.0 +303.0 

Pier Extensions (Piers 3,4,5) HP 10x57 Unknown 10 +303.5 +253.0 

Notes: 1. Design Load is Working Stress Design (WSD) Load. 
2. Specified pile tip elevations shown on as-built plans; as-built plans do not show as-built average tip 

elevations.  
3. Table created from information shown on 1984 as-built plans. 
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13.0 PRELIMINARY FOUNDATION RECOMMENDATIONS 

Generally, bridge foundation designs should satisfy requirements in the AASHTO Bridge Design 
Specifications, the Caltrans Amendments to the AASHTO BDS, and other applicable Caltrans 
design documents including the Seismic Design Criteria, Memo to Designers, and the 
Geotechnical Manual. Foundation designs conducted during the PS&E phase of the project 
should satisfy requirements that are mandatory at that future time.  

Foundation Type: Foundation types used for bridges can be shallow foundations (spread 
footings) or deep foundations (piles). Deep foundations can be drilled or driven piles. Drilled 
piles can be small- to large-diameter Cast-in-Drilled-Hole (CIDH) piles or Cast-in-Steel-Shell 
(CISS) piles. Driven piles can be steel or precast, pre-stressed concrete.  

In selecting a suitable foundation type, several things are considered including subsurface 
soil/bedrock conditions, physical site conditions and constraints, axial and lateral load demands, 
presence and type of existing foundations, proposed construction, and environmental restrictions.  

Because of the potential for static and seismically-induced settlement of foundation soils under 
strong ground shaking (PGA is greater than 0.6g), spread footings are not recommended because 
of concern for differential settlement between the existing and the proposed bridge structures and 
differential settlement between supports.   

For planning purposes, we recommend using deep foundations for the proposed bridge structure. 
Driven piles and Cast-in-Drilled-Hole (CIDH) piles are feasible foundation alternatives. Driven 
steel piles can be HP-sections or steel pipe (Caltrans Standard Alternative “W”). Because of the 
gravelly nature of the foundation soils, driven concrete piles are not recommended. CIDH piles 
are feasible; however, because of the potential for granular soils (sand and gravel) with little 
fines content, CIDH pile construction could be problematic due to the potential for caving. 
Therefore, CIDH piles are not the preferred pile alternative. CISS piles are generally cost 
prohibitive and not used unless circumstances require their use. Consequently, based on the 
anticipated subsurface soil conditions, we recommend using driven steel HP piles to support the 
proposed bridge structure.  

The preliminary plan shows wing walls proposed at the northeast and northwest quadrants of the 
proposed bridge. Details of proposed wing walls are not available currently so preliminary 
recommendations cannot be provided. However, based on the known subsurface conditions of 
the site, we consider conventional cast-in-place concrete walls with deep foundations or MSE 
walls suitable alternatives. The wing walls can be supported on the same pile type used for the 
abutment walls. Foundation recommendations for walls will be provided during the PS&E phase 
of the project. Proposed retaining walls must satisfy State and local requirements for stability 
including internal and external (global) stability. Stability analysis of proposed retaining walls 
and embankments will be performed during PS&E 

Static Settlement and Settlement Period: For the proposed widening, we anticipate that relatively 
small to moderate sized wedges of fill will be placed to widen the existing embankments; 
therefore, the static settlement is expected to be small. Also, because the foundation soils are 
anticipated to be predominantly granular, settlement is expected to occur during the earthwork 
operation. Consequently, no settlement waiting period is anticipated. The settlement magnitude 
and settlement period will need to be evaluated using information obtained from supplemental 
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site-specific boreholes and CPT soundings and grading plans that will be prepared during the 
final design phase of the project.   

14.0 CONSTRUCTION CONSIDERATIONS 

Driven Steel Piles: Since pile driving may be difficult due to the presence of gravelly soils and 
the potential presence of cobbles or buried rip-rap, it may be prudent to use heavier steel piles 
such as HP 14x89 or HP 14x117 to support the proposed bridge structure.  

Residential buildings and commercial businesses are located in the vicinity of the bridge site. At 
the east end of the bridge (Abutment 1), the closest commercial building is located about 120 
feet east of Abutment 1. At the west end of the bridge (Abutment 7), the nearest residential and 
commercial buildings are located about 475 feet west and 500 feet northwest of Abutment 7. 
Noise and vibration may be a concern when driving piles at Abutment 1. Noise and vibration is 
not anticipated to be a concern for pile driving at Abutment 7. Noise and vibration due to pile 
driving will be further addressed during PS&E. Noise and vibration mitigation will be addressed 
once details of the proposed improvements and foundations are developed.   

CIDH Piles: If CIDH piles are selected are selected as the foundation, constructing the piles can 
be problematic due to the granular nature of the foundation soils. Because the subsurface soils 
are anticipated to be mostly sand and gravel, using temporary casing or slurry to construct the 
piles should be assumed. If piles are constructed using slurry, CIDH piles must have a minimum 
diameter of 24 inches and incorporate PVC tubes into the steel reinforcement cage (to conduct 
gamma-gamma testing) in accordance with Memo to Designers 3-1 (Caltrans, 2014). 

15.0 ADDITIONAL FIELD WORK AND LABORATORY TESTING 

Currently available subsurface information does not provide sufficient data to conduct a 
comprehensive foundation analysis for the proposed widening of the Yorba Linda Boulevard 
Bridge. EMI recommends performing a supplemental geotechnical field investigation to collect 
sufficient and appropriate information to characterize the subsurface soils and stratigraphy. EMI 
recommends excavating at least five exploratory boreholes during the PS&E phase of the project. 
Laboratory soil testing is recommended to obtain relevant physical and engineering properties of 
the in-situ soil. At least two CPT soundings should be performed to obtain continuous subsurface 
information and estimate shear wave velocity. Because of the potential gravelly nature of the 
subsurface soils and the potential for cobbles, pushing CPT soundings to target depths may not 
be successful. Boreholes and CPT soundings should extend to a depth of at least 20 feet below 
the estimated pile tip elevation or 100 feet, whichever is deeper. Boreholes or CPT’s at the 
abutments will likely require shoulder or lane closures along Yorba Linda Boulevard, and 
boreholes/CPT’s at the piers will require access into the Santa Ana River.    

Geotechnical field investigations shall satisfy requirements in the AASHTO Bridge Design 
Specifications, the Caltrans Amendments to AASHTO BDS, and other applicable Caltrans 
geotechnical investigation requirements that are in place at the time of PS&E.   
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Note: No ground water encountered during

      field investigation.
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This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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REGISTERED GEOTECHNICAL ENGINEER

Gamini

Weeratunga

GE2403

S. Karimi

Horizontal datum : (CCCS83) zone 6 1983 NAD (1991.35 epoch OCS adjustment). 

Vertical : NAVD 1988 OCS 1995 adjustment.

þÿ�D�E�S�C�R�I�B�E�D� �B�Y� �O�C�S� �2�0�0�3� �-� �F�O�U�N

DISK STAMPED "3KK-27-85", SET IN THE SOUTHWESTERLY CORNER OF 

A 4.5 FT. BY 22 FT. CONCRETE CATCH BASIN. MONUMENT IS LOCATED 

IN THE NORTHEASTERLY CORNER OF THE INTERSECTION OF WEIR CANYON 

ROAD AND SANTA ANA CANYON ROAD, 64 FT. NORTHERLY OF THE CENTERLINE 

OF SANTA ANA CANYON, 111 FT. EASTERLY OF THE CENTERLINE OF WEIR CANYON. 

MONUMENT IS SET LEVEL WITH THE SIDEWALK.

-olive gray; some fine and medium SAND.

-brown; trace coarse GRAVEL.

-dense; light brown; from coarse to fine SAND.

-medium dense; moist; medium and fine SAND; 

some fines.
28 1.4

T. Halda K. Lai, A. Mehrazar

08-09-10

ERi = 68%

-medium dense; light brown; few fine GRAVEL.

SILTY SAND with GRAVEL (SM); brown; moist; from 

coarse to fine SAND; little fines; little fine 

GRAVEL.

PA

PA

PA

PA

PI CU

PA PI DS

PA PI

P 2.0

P 2.0

P 2.0

91/10" 1.4

REF 1.4 

REF 1.4 

91/11" 1.4

98/11" 1.4

Lean CLAY (CL); light brown; moist; few fine SAND; medium plasticity.

SILTY SAND (SM); medium dense; light brown; moist; from coarse to fine SAND; some fines; 

few coarse GRAVEL.

SANDY lean CLAY (CL); hard; olive brown; moist; some from coarse to fine SAND; trace fine GRAVEL; medium 

plasticity; PP = 4.5 tsf.

-some from coarse to fine SAND; few coarse and fine GRAVEL.

CLAYEY SAND (SC); loose; fine and medium SAND; some medium plastic fines; few fine GRAVEL.

SANDY lean CLAY (CL); olive gray; moist; some fine and medium SAND; medium plastic fines.

Poorly graded SAND with SILT (SP-SM); dense; olive gray; moist; medium and fine SAND; few fines.

SILTY SAND (SM); medium dense; light brown; moist; medium and fine SAND; some fines; trace fine GRAVEL.

CLAYEY SAND (SC); very dense; light brown; moist; fine and medium SAND; little medium plastic fines; few 

coarse and fine GRAVEL.

50/5" 1.4

ERi = 68%

SILTY SAND (SM); very dense; yellowish brown; moist; fine and medium SAND; some low plastic fines, little 

fine GRAVEL.

-yellowish brown; from coarse to fine SAND.

Poorly graded SAND with SILT (SP-SM); very dense; brown; moist; medium and fine SAND; few fines.

1 OF 6

                           8-10-10                           
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28 1.4

REF 1.4

28 1.4

REF 1.4

34 1.4
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1-6-10

Terminated at Elev 338.2’

82/8" 1.4

28 1.4

50/3" 1.4

REF 1.4

8"

A-10-001

386.7’

1-6-10

Terminated at Elev 366.5’’
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Note: No ground water encountered during

      field investigation.

Poorly graded SAND (SP); dense; light brown; moist; coarse and medium 

SAND; trace coarse GRAVEL.

-5% COBBLES, 3-4"; hard.

-dense; some coarse and fine GRAVEL.

-dense; yellowish brown; few coarse GRAVEL.

SILT with SAND (ML); dense; yellowish brown; moist; little fine SAND.

-very dense; few coarse GRAVEL.

08-04-10

S. Karimi

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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PA

PA

PA

PA

P 2.0

P 2.0

CLAYEY SAND with GRAVEL (SC); very dense; light brown; moist; coarse and 

fine SAND; some coarse and fine GRAVEL; little medium plastic fines.

SILTY SAND with GRAVEL (SM); brown; moist; mostly fine SAND; little coarse 

and fine GRAVEL; little fines.

SILTY SAND (SM); brown; moist; medium and fine SAND; some fines.

-very dense; brown.

SILTY SAND (SM); dense; light brown; moist; medium and fine SAND; some fines; 

trace fine GRAVEL.

PA

Poorly graded SAND with SILT and GRAVEL (SP-SM); yellowish brown; 

moist; from coarse to fine SAND; little coarse and fine GRAVEL.

SILTY SAND with GRAVEL (SM); very dense; yellowish brown; moist; from 

coarse to fine SAND; little fine and coarse GRAVEL; little fines; 5% 

COBBLES.

ERi = 68%

ERi = 68%

-Very dense; dry; some coarse and fine GRAVEL.

FOR PLAN VIEW, SEE

"LOG OF TEST BORINGS 1 OF 6"

2 OF 6

8-10-10
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GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

weir-canFILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

FUNCTIONAL SUPERVISOR: DRAWN BY:

CHECKED BY:

FIELD INVESTIGATION BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)

12

0G3301

W. Tang  06/10

S. Karimi LOG OF TEST BORINGS

WEIR CANYON ROAD UC WIDENING

14.5K. Lai, A. MehrazarT. Halda 3 OF 6
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0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

weir-canFILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

FUNCTIONAL SUPERVISOR: DRAWN BY:

CHECKED BY:

                         
FIELD INVESTIGATION BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and

S. Karimi

W. Tang  06/10

12

0G3301
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