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To: MR. GARY JOE Date: November 5, 2010 
Branch Chief 
Structure Design Branch 17 File: 10-TUO-108 PM 58.8 
Office of Bridge Design Services EA 10-0S2401 
 EFIS 1000000235 
Attention:  Mr. Ramon Reyes Soldier Pile Wall 
     

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES – MS 5 
 

Subject: Supplemental Foundation Report 
 
1.  Introduction 
 
This report has been prepared to provide supplemental foundation recommendations to 
the foundation report titled “Geotechnical Recommendations” dated September 5, 2006, 
for the proposed slope repair along State Route 108 at PM 58.8 in Tuolumne County.  A 
vicinity map is presented on Plate No. 1. 
 
At the project location, erosion has occurred which has undermined the shoulder and 
could ultimately undermine the structural section of the highway if not addressed.  A 
soldier pile wall is proposed to mitigate the erosion and to protect the roadway.  The 
9/5/2006 recommendations were based on a subsurface investigation consisting of two 
borings, and geotechnical calculations using data obtained from the subsurface 
investigation.    The 9/5/2006 foundation report is attached in Appendix A. 
 
For this supplemental report, additional fieldwork including a refraction seismic (RS) 
survey and a ground penetrating radar (GPR) survey was performed to assist in the 
determination of the bedrock profile along the proposed soldier pile wall line.  The 
RS/GPR report is attached in Appendix B. 
 
2.  Refraction Seismic Survey and Ground Penetrating Radar Survey 
 
The Geophysics and Geology Branch performed RS and GPR surveys on August 12, 
2010.  The surveys were performed along the southwestern (eastbound) edge of the 
existing roadway at the proposed wall location. 
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The RS/GPR surveys show that the depth to rock within the proposed wall limits varies 
from about 3 to 10 feet.  However, the report indicates that due to site geometry, rock 
jointing and weathering, in fill of joints and the presence of buried pavement, the material 
found should not be considered to represent a continuous bedrock profile. 
 
For the investigation for the 9/5/2006 foundation report, rock was encountered at a depth 
of 5 feet in boring B-3, which correlates with the RS/GPR survey.  However, rock was 
encountered at a depth of 20 feet in boring B-2, which does not correlate with the 
RS/GPR survey, where rock is indicated at depth of 10 feet. 
 
The RS/GPR report is attached in Appendix B. 
 
4.  Supplemental Foundation Recommendations 
 
As the rock encountered in the RS/GPR survey is indicated as fractured / weathered and 
not competent rock, the depth to competent rock as found in the borings for the 9/5/2006 
foundation report should be used.  As such, it is the recommendation of this Office that 
the proposed soldier pile wall be constructed per the recommendations in the 9/5/2006 
foundation report.  There are no global stability concerns for the project site. 
 
Table 1 summarizes the soil/rock properties as determined in the 9/5/2006 foundation 
report. 
 

Table 1.  Soil/Rock Properties 
 

Soil Rock 

Unit Weight 
(pcf) 

Cohesion 
(psf) 

Friction Angle 
(degrees) 

Unit Weight 
(pcf) 

Cohesion 
(psf) 

Friction Angle 
(degrees) 

115 0 25 125 3000 0 

 
Additionally, the 9/5/2006 foundation report indicates that the minimum unbonded length 
of anchors is 15 feet. 
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If there are any questions or comments in regards to this report, please contact Ben 
Barnes at 916-227-1039. 
 
 
 
   
BENJAMIN M. BARNES, PE     
Transportation Engineer     
Office of Geotechnical Design – North   
Branch E 
       
Attachments: 
 
Plate No. 1:  Location Map 
Appendix A:  Geotechnical Recommendations (9/5/2006) 
Appendix B:  Depth to Bedrock Evaluation Highway 108 @ PM 58.8 (10/21/2010) 
 
c: John Huang (Geotechnical Services, Geotechnical Design North) 

Caroline Reyes (District 10 Project Manager) 
Mark Willian (Geotechnical Services, Corporate Unit) 
Dave Dhillon (D10 District Materials Engineer) 
Rebecca Harnagel (DES Office Engineer, Office of PS&E) 
Structure Construction R.E. Pending File 
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To: Mr. Qiang Huang         Date:  October 21, 2010 

 Senior M&R Engineer        

 Department of Transportation      File:  10_TUO_108_PM 58.8 

 

  EA:  10-0S2401 

Attention: Ben Barnes Project:  1000000235 

 

 

From: DEPARTMENT OF TRANSPORTATION  

 DIVISION OF ENGINEERING SERVICES  

 GEOTECHNICAL SERVICES-MS#5 

 

 

Subject: Depth to Bedrock Evaluation Highway 108 @ PM 58.8 

 

 Introduction 

 

This memo documents the results of a refraction seismic survey to assist in evaluation of depth to 

bedrock for a purposed soldier pile wall to be constructed at this location.  A Ground Penetrating 

Radar (GPR) survey was also conducted to assist with interpretation of the subsurface.  Figure 1 

shows the approximate location of the investigation line.  Figure 2 is the processed model of our 

findings and Table 1 summarizes the information. 

 

Results and Discussion 

 

The site is located in the Stanislaus National Forest along a very narrow, steep and winding portion 

of Highway 108 (the Quedeporca Grade), directly above the Deadman Creek campground of the 

Stanislaus National Forest.  This portion of RTE 108 occupies the original 1860s alignment of the 

historic Mono Toll Road, portions of which approach a 26% grade.   

 

The site includes old pavement, fill and sidecast material below the roadway that is unstable.  

Granitic bedrock, where exposed, appears competent.  Two debris chutes noted during our 

investigation appear to be active, with evidence of multiple previous attempts to stabilize the 

road grade.  Granitic bedrock is expected to be encountered at fairly shallow depths along the 

existing roadway within the northeastern (westbound) lane, with the fill and debris prism 

thickening toward the outboard (eastbound) side.  Material within the prism is predominantly soil 

and fill consisting of decomposed granitics, colluvium and sidecast debris, with old pavement 

sections, metal debris, and granitic blocks up to 4.5 m (15 feet) on their longest dimension.  

Granitic boulders over 1.5 meters (5 feet) on their longest dimension will require reduction for 

removal.  Those boulders may present difficulties during pile driving (i.e., pile refusal on 

boulders instead of bedrock), as well as for construction of temporary access roads.  

Anomalously slow material was noted where competent bedrock was anticipated.  Due to site 

geometry, rock jointing and weathering, in-fill of joints and the presence of buried pavement, the 

profile of this anomalously slow material should not be considered to represent a continuous 
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bedrock profile.  Across this profile, undetected, in-filled joints of unknown depth are expected 

to be encountered, with various degrees of weathering of the rock surface.  Based on surface 

observations, the granitics below the weathered zone and between joints are expected to be 

competent, but were not defined by this survey. 

 

Field data were acquired on August 12, 2010.  The geometry of the site limited our options for 

investigation (Figure 1).  We ran a seismic refraction line and a GPR profile along the southwestern 

(eastbound) edge of the existing roadway in an attempt to differentiate between loose slide material 

and bedrock below it (Figure 2, Plates 1 and 2).  Bedrock is visible below and above the roadway.  

The roadway itself appears to be constructed within several active and inactive debris chutes 

bounded by granitic bedrock.   

 

Comparison of the refraction seismic data to the collinear GPR profiles (Plates 1 and 2) reveals 

surprising agreement within the upper 2 meters (6.5 feet).  The GPR signal attenuates to 

background below 2 m due to the lossy nature of the fill, so total thickness of the fill prism is not 

completely defined by GPR.  At various locations above the refractor, GPR reflections demonstrate 

characteristics associated with repaired fill prisms, such as boulders or rubble and buried pavement.  

In addition, the GPR data reveal some shallow bedrock contacts not defined by the refraction 

model.   

 

We anticipated bedrock seismic velocity should be much faster than loose slide debris lying above 

it.  However, results revealed only a single, shallow refractor with velocity of about 600 m/sec. 

(1970 ft/sec., see Figure 2).  Velocity of the fill and colluvial material overlying the refractor was 

measured at 320m/sec., (1050 ft/sec.).  From observations of rock exposures, the measured seismic 

velocity for the refractor, if associated with granitic bedrock under the profile, appears to be 

anomalously slow.  Correlation of the seismic profile with the GPR data does not lead to the 

conclusion of a spurious model, but neither can this velocity zone be interpreted as consisting of 

intact rock.  It is highly likely that the velocity unit identified by the refractor does not represent 

homogeneous bedrock and is instead originating from a heterogeneous surface comprised of 

granitic bedrock, compacted fill or colluvium, and possibly even buried pavement. 

 

For rock, seismic velocity can be significantly affected by jointing, fracturing and infilling of joints 

and fractures by unconsolidated material.  The effects of such defects may dominate seismic 

velocity measurements by increasing raypath travel time via increased tortuosity and by the 

presence of low-velocity weathered rinds and soil infilling of the defects.  Refraction seismic 

methods are poorly suited for detection of those features and can yield low velocity measurements 

despite the presence of high-velocity blocks within the subsurface.  Several factors in particular 

appear to contribute to the apparent slow material velocity at this site:  1) presence of jointing 

normal to the profile alignment, 2) depth and aperture of the joints, and 3) rock weathering and soil 

fill within the joints.  The refraction seismic method cannot accurately delineate the geometry of 

steep-sided contacts or step-like features with narrow apertures (e.g., joints and sinkholes) due to 

the presence of edge diffractions.  The sides and bottoms of such features are therefore poorly 

defined, if at all.  For this site, that means intact granitic blocks may be present and undetected (a 

conclusion supported by the GPR data).  Such blocks may be unrippable, despite the low overall 
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seismic velocity, and may require blasting or other mechanical means of reduction for excavation 

and removal. 

 

At the site, exposed joints in the granitic exposures have nearly vertical dip and bear evidence of 

construction blasting at one location.  Primary vertical jointing of the granitics is oriented roughly 

north-south (approximate azimuth 333 degrees), sub-parallel to the overall road alignment.  

Secondary vertical jointing is noted approximately 90 degrees to the primary (approximate azimuth 

67-74 degrees).  These joints appear to create zones of weakness, and the debris slides in the 

investigation area generally occupy these zones.  

 

The first active debris chute, noted from 6-15 m on the seismic profile, includes hexagonal drill 

steel and old scraper blades set below the road grade, suggesting previous instability and attempts to 

stabilize this area.  It appears to be bounded by two intersecting joints, with the debris chute 

occupying a zone of weakness developed within the intersection.   

 

Bedrock between the first and second debris chutes (16.5-19.5 m on the seismic line) bears 

evidence of blasting during road construction.  Field observations and GPR data suggest this 

bedrock exists under the road grade.  Seismic refraction data indicate an anomalously low seismic 

velocity.   

 

The second active debris chute was noted from 21-56.5 m and contains large granitic slabs (up to 

4.5 m, or 15 feet, in length along dominant axis) and boulders in a loose matrix of colluvium and 

fill.  Two joints appear to intersect at this location, producing a zone of weakness occupied by the 

debris chute.  A fresh scarp was noted above road grade and appears to be progressing upslope.  

Local erosion and sliding is anticipated to continue in this area.   

 

Granitic bedrock was encountered again at 57 m on profile, although the southwestern (eastbound) 

lane of the roadway appears to be constructed over debris and fill.  Another joint, bearing 62 

degrees, is noted at this location.  There is evidence from aerial photographs that a joint intersection 

was present here and subsequently removed by erosion.  The zone of weakness created by this joint 

intersection appears to establish a relatively inactive debris chute visible in the refraction profile.   

 

The GPR profile extends beyond the end of the seismic line (65-100 m), and suggests bedrock is 

present under the roadway at relatively shallow depths.   

 

Data Acquisition and Processing 

 

Seismic refraction data were recorded using an EG&G Smartseis 24-channel seismograph with 

14 Hz geophones.  The profile consisted of two overlapping 36 meter long lines using 1.50 meter 

(5 feet) geophone spacing.  The energy source employed was a hammer and striker plate.  

Refraction data from each shot were stored in the seismograph's memory. Both profile geometry 

and refraction data were backed-up to paper and floppy disk upon completion of the survey.  
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Interpretation of the survey results used the Generalized Reciprocal Method of refraction 

Interpretation (GRM; Palmer, 1980).  This method can accommodate variation in refractor velocity 

and depth along the seismic line, is relatively insensitive to refractor dip (up to 20 degrees) and can 

accommodate hidden layer conditions (where supporting borehole data exist).  Data interpretation 

used Viewseis, a commercially available computer program. 

 

Profiles in this report are presented in terms of velocity units.  A velocity unit is a three-

dimensional unit which, due to its elastic properties and density, propagates seismic waves at a 

characteristic velocity or within a characteristic velocity range.  Velocities denoted in this report 

and in the seismic refraction sections are expressed in meters per second.  At least one velocity is 

present within a geologic unit. In addition, each zone of weathering or fracturing within that 

geologic unit can constitute its own velocity unit.  Conversely, when two rock units (such as 

water saturated gravel and moderately weathered rock) propagate seismic waves at the same 

velocity and are adjacent to each other, both units would be part of the same velocity unit.  

Lastly, discontinuous velocities might result from variation in the degree of alteration in the form 

of physical and chemical weathering and should be considered in the interpretation of the data.  

 

Ripping ability is based on unpublished Caltrans data for a Caterpillar D9 series bulldozer with a 

single-tooth ripper.  These values are as follows: 

 

Velocity, m/s (ft/s)     Rippability 

            <1050 (3450)      Easily Ripped 

            1050-1500 (3451-4900)    Moderately Difficult 

1500-2000 (4901-6550)    Difficult Ripping 

>2000 (6550)      Not Rippable 

 

Different excavation equipment may experience different results. Penetrating efficacy of the 

ripping tooth is often more important in predicting ripping success than seismic velocity alone. 

Undetected blocks or lenses of high-velocity material may also be present within rippable zones, 

requiring blasting or other means of mechanical breakage for excavation. 
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03/2012 

 

Thank you for the opportunity to work on this project.  If you have any questions or need 

additional assistance, please contact me at (916) 227-1307 or Mr. Bill Owen at (916) 227-0227. 

 

Report by:     Reviewed By: 

 

 

 

Dennison Leeds               William Owen, CEG 1735 

Engineering Geologist   Chief, Geophysics and Geology Branch 

Geophysics and Geology Branch 
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DL/WO 

 

10_TUO_108_PM58.8_2011_SEI.doc 

 

Reference 
 
 

Palmer, D.; 1980 The generalized reciprocal method of seismic refraction interpretation, Society 

of Exploration Geophysicists, Tulsa Oklahoma, 104p. 
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Figure 1.  Aerial photo showing location of the site on Highway 108, regional geologic 

trend of granitic outcrop and its jointing, and location of the seismic line. 
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Figure 2.  Travel time curve, velocity model and depth section for the seismic line.  

Model does not support the existence of bedrock as large intact blocks below the 

refractor.  Post mile stationing is approximate.  See text for discussion. 

NW SE 
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Plate 1.  Correlation of GRM seismic and 250 MHz radar profiles.  A) Original and B) interpreted sections.  Material composition at top of (B) projected from observations of outcrop along the cut 

(westbound shoulder) and embankment (eastbound shoulder).  GRM data terminates at 65 meters; dashed green lines represent interpreted base of colluvium and fill from GPR data. 
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Plate 2.  Correlation of GRM seismic and 500 MHz radar profiles.  A) Original and B) interpreted sections.  Material composition at top of (B) projected from observations of outcrop along the cut 

(westbound shoulder) and embankment (eastbound shoulder).  GRM data terminates at 65 meters; dashed green lines represent interpreted base of colluvium and fill from GPR data. 
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