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Rancho Las Flores Limited Partnership 
33971 Selva Road 
Suite 2 3 0  
Dana Point, California 92629 

Attention: Mr. Clifford C. Hood 

Re: Addendum To Geotechnical Design Report 
Route 138, Phase II 
1.2 Miles East Of Interstate 15 To Summit Post Office Road 
08-SBd-138-16.4119.7 

AGRA Earth & 
Environmental, Inc. 
1290 North Hancock Street 
P.O. Box 19079 
Anaheim, CA 92817 - -  
Tel (714) 779-2591 
Fax (71 4) 779-8377 

R E c E ! y l ! E D  
SEP 2 2 REC'D 

DEPT OF TRAN~~ORTATIOM 
CUNSULTANT SERVICES 

1.0 INTRODUCTION 

This addendum report presents revisions t o  the Geotechnical Design Report (dated December 
10,1996) prepared for this project by AGRA Earth & Environmental, Inc. (AEE). The revisions 
are a result of comments presented in the Review Memorandum prepared by Caltrans (dated 
January 22, 1997) and a subsequent change in the project alignment. Unless specifically 
superseded by this addendum, the recommendations presented in the original Geotechnical 
Design Report are still considered applicable t o  this project. 

2.0 GENERAL DISCUSSION 

The Caltrans review comments necessitate changes t o  both Appendix E - Pavement Design 
Report and Appendix F - Corrosion Study. Revised appendices are attached. 

Subsequent t o  the issuance of the Geotechnical Design Report portions of the proposed Route 
138 alignment were modified. Between about Station 8 5  t o  Station 165, the alignment was 
shifted t o  the left a distance varying up to  approximately 2 6 0  feet. In order t o  evaluate the 
geotechnical impact of the alignment shift additional geologic field mapping was performed. 
The geologic mapping in relation t o  the revised alignment is  presented on Plates I through V. 
Revised cross-sections are presented on Plates VI and VII. 

Based on the geologic conditions encountered during the supplemental field work no change 
in the recommendations for cut or fill slope gradients are recommended. The major cut slopes 
in the Crowder Formation and Terrace Deposits within the e a s t y ~ f i ~ ~ $ ~ ~ ~ @ ~ ~ ~ ~ ~ ~ ~ ~ d p 1 . ~  
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unaffected by the alignment shift. The roadway embankment of the new alignment will 
traverse several drainages and areas of landslides andlor surficial slumps. These areas wil l  
require remedial grading (clean-outs) prior t o  embankment construction as outlined in the 
following section. 

3.0 EMBANKMENT FOUNDATIONS 

Complete removal of loose alluvium (Qal), slope wash (Qsw), landslide material (Qls), and 
existing fill (Af, Afe) below proposed embankment was recommended in the original 
Geotechnical Design Report. This recommendation is also applicable t o  the revised alignment. 
(Refer t o  Plates I through V for location of these materials). Several landslide areas will be 
traversed by the new alignment. Although these features are considered t o  be fairly surficial 
in nature, it is recommended that they be completely removed. Where removals are required 
at  the toe of proposed fill slopes a slot key (minimum depth of 3 feet and width of 15 feet) 
should be excavated into competent material below the toe of the slope. Typical removals and 
slot key excavation are shown on the cross-sections. Removal depths in areas of alluvium 
slope wash, and existing fill are expected t o  generally range from approximately 3 t o  10 feet. 
Landslide removal depths are expected t o  generally be less than 15 feet, however, within the 
larger landslide mass encountered between approximately Station 141 and 144, removal 
depths on the order of 20 to  25 feet should be anticipated. 

4.0 CLOSURE 

This addendum report is based on the project as described in the original Geotechnical Design 
Report and as modified herein, information obtained from referenced reports prepared by 
others, and from the field exploration and laboratory testing performed by  AEE. Our findings 
are based on the results of the field, laboratory, and office studies, combined wi th  an 
interpolation and extrapolation of soil conditions between and beyond the borings. The results 
reflect our interpretation of the limited direct evidence obtained. Our firm should be notified 
of any pertinent change in the project plans. I f  subsurface conditions are found to  differ from 
those described herein, it may require a re-evaluation of the recommendations. 
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This addendum has not been prepared for use by parties or projects other than those named 
or described above. It may not contain sufficient information for other parties or other 
purposes. It has been prepared in accordance with generally accepted geotechnical practices 
and makes no other warranties, either expressed or implied, as to  the professional advice or 
data included in it. 

Respectfully submitted, 

AGRA Earth & ~nviroukecrti 

Engineer 
GE 2140 

RG-61 18, CEG 1907 ';.t$$"+- ~ I C  , 

Registered Assessor &%04 
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Encl.: Revised Appendix E 
Revised Appendix F 
Plates I through V, Geologic and Field Exploration Plans 
Plates VI and VII, Cross Sections 

c: Mr. Clifford C. Hood, Addressee (2) 
Mr. John Starner, C. M. Engineering (8) 
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(Expires March 31, 1999) 
(Expires January 3 1, 1 
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PAVEMENT DESIGN REPORT 
ROUTE 138 PHASE 2 

08-SBd-138 - 16.411 9.7 
. *. 

I 
The recommendations presented in this report are based on field exploration and testing 
performed by AGRA Earth & Environmental, Inc. (AEE) as presented in the Supplemental 
Geotechnical Design Report. Reference should be made t o  the geologic and geotechnical 

u conditions described in that report as well as the presentation of laboratory testing on the Soil 
Summary Sheets, Plate VI through X. Previous testing performed by John A. Sayers & 
Associates (JASA) was also used as a data base. The testing by JASA is also compiled in the 

I 
Supplemental Geotechnical Design Report. 

A summary of Resistance Value testing performed is presented below: 

Based on the testing performed, it is our opinion that a project design R-Value of 50 is 
appropriate. An R-Value of 50 should be readily achievable within the Terrace Deposits and 
younger alluvial soils which is expected to  provide most of the fill embankment. material for 
this project. It is expected that the Crowder Formation, particularly the more clayey units will 
not yield an R-Value of 50. Fill soils derived from the Crowder Formation should be omitted 
from the upper 4 feet of embankment fill or be mixed wi th other on-site soils to  attain an R- 
Value of greater than 50. Where pavement subgrade will be founded in Crowder Formation 

I (predominantly cut areas between approximately Station 144  and 189) lower R-Value material 
may be exposed at subgrade elevation. In this case, overexcavation of the unsuitable material 
to a depth of 4 feet and reolacement wi th suitable R-Value material wil l be rewired. 
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R-Value 
(Stabilometer) 

78  

6 8  

61 

67  

61  

7 0  

73 

42 

48  

1 5  

7 4  

Boring No. 

B 1 

B6 

B10 

B15 

B16 

101 

Test Pit 2 

103 

107 

108 

109 
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@ Depth/ 
Sample No. 

@ 7.5' 

@ 3.5' 

@ O - 3 '  

@ O - 3 '  

@ O - 3 '  

2 

5 

2 

3 

9 

7 

Material Type 

Older Alluvium: Silty Sand 

Older Alluvium: Silty Sand 

Slope Wash: Silty Sand 

Alluvium: Silty Clayey Sand 

Alluvium: Silty Sand 

Fanglomerate: Fine t o  Medium Sand 

Fanglomerate: Silty Sand with Gravel 

Crowder Formation: Silty Sandstone 

Crowder Formation: Clayey Sandstone 

Crowder Formation: Clayey Sandstone 

Terrace Deposits: Fine t o  Medium 
Silty Sand 



With the above conditions the recommended pavement sections, as designed in accordance 
w i th  the Caltrans Highway Design Manual, are as follows: 

Asphaltic concrete, asphalt treated permeable base and Class 2 Aggregate Base should 
conform t o  the current Caltrans Specifications. Class 2 Aggregate Base should have a 
maximum size of 314-inch. Asphaltic concrete should be Type A wi th an aggregate grading 
of 314-inch maximum, medium. 

If a drained structural section is utilized for the main line, the design should incorporate edge 
drains discharging t o  a positive outlet (refer to  Caltrans Highway Design Manual Section 
606.2). 

Full Depth Section 

0.65' Asphaltic 
Concrete 

0.85' Asphaltic 
Concrete 

0.35' Asphaltic 
Concrete 

0.45' Asphaltic 
Concrete 

Design Condition 

Main Line - 
Highway 138, 
10-year T.I. = 8.0 

Main Line - 
Highway 138, 
20-year T.I. = 10.0 

Shoulder - 
Highway 138, 
10-year T.I. = 5.0 

Shoulder - 
Highway 138, 
20-year T.I. = 6.0 

I 
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 rained Section 

0.40' Asphaltic 
Concrete 

over 0.25' Asphalt Treated 
Permeable Base 

over 0.35' Class 2 
Aggregate Base 

0.50' Asphaltic 
Concrete 

over 0.25' Asphalt Treated 
Permeable Base 

over 0.35' Class 2 
Aggregate Base 

Undrained Section 

0.40' Asphaltic 
Concrete 

over 0.45' Class 2 
Aggregate Base 

0.50' Asphaltic 
Concrete 

over 0.65' Class 2 
Aggregate Base 

0.20' Asphaltic 
Concrete 

over 0.35' Class 2 
Aggregate Base 

0.25' Asphaltic 
Concrete 

over 0.35' Class 2 
Aggregate Base 



A number of aggregate quarry sites exist in the general area of the Route 138, Phase 2 
project. A list of active quarries which were contacted and stated that  they can supply 
Class 2 Aggregate Base is presented below. Testing o f  quarry material was not performed as 
part of this study,-therefore the quality of available material has not been confirmed. The list 
is for informational purposes and is not intended t o  be exclusive. Other suitable quarry sites 
may exist in the proximity of this project. 

I 
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Operator 

Sun West Materials 
Lytle Creek Facility 
3221 North Riverside Avenue 
Rialto, California 92376 
(909) 350-1 846 or 
(800) 801 -7625 

Calmat 
2400 West Highland Avenue 
San Bernardino, California 92405 
(909) 875-1 150 or 
(800) 225-6280 

Hi-Grade Materials Co. 
17671 Bear Valley Road 
Hesperia, California 92345 
(61 9) 244-9325 

~ A G R A  E-3 
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SMARA I.D. No. 

9 1 -3 6-0040 

9 1 -36-00 1 2 

9 1-36-0042 (Lucerne Valley Quarry) 
91 -1 9-0026 (Little Rock Quarry) . . 

9 1-36-0046 (Oro Grande Quarry) 
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CORROSION STUDY 
ROUTE 138, PHASE 2 

08-SBd-138 - 1 6.411 917 

This study presents design recommendations for culvert construction for the Route 138 
Phase 2 project. The recommendations are based on field exploration and laboratory testing 
performed by AGRA Earth & Environmental, Inc. (AEE) as presented in the Supplemental 
Geotechnical Design Report. Reference should be made to the geologic and geotechnical 
conditions described in that report as well as the presentation of laboratory testing on the Soil 
Summary Sheets. 

During the field exploration a cursory inspection of existing culverts within the current 
roadway alignment was performed. The culverts were constructed of corrugated steel pipe 
(CSP). The ages of the culverts are not known, however, it is likely that they date back to the 
original construction of existing Route 138. The condition of the culverts was rated as fair 
to good. No perforations of the culvert shells were noted within sight of either the inlet or 
outlet. 

Corrosion samples were obtained at the proposed major culvert crossings using hand auger 
techniques (Samples CS-1 through CS-24). In addition, a number of samples were selected 
from deep borings drilled within proposed cut areas. Resistivity, pH and sulphate tests were 
performed on all the samples. Chloride tests were performed on selected samples with the 
lowest minimum resistivity values. The sample locations and test results are summarized on 
the Soil Survey Sheets, Plate VI through X. 

Based on the testing performed it is evident that the geologic units along the alignment can 
be grouped into two classes. The Terrace Deposits and younger alluvial soils, which will be 
encountered at the invert elevation of proposed culverts have low corrosion potential. The 
Crowder Formation, which could potentially be included in embankment fill over proposed 
culverts, has moderate corrosion potential. A summary of recommended design parameters 
for both groups is presented as follows. 

Job No. 6-21 2-105200- December 20, 1996 

u (Revised 'September 16, 1997) 
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Where culverts will be founded within alluvial soils and embankment fill to  be placed around 
the culvert will be composed of similar material, the Type A design parameters may be used 
for metal conduit. If there is uncertainty as to the type of embankment fill to  be used at a 
specific culvert location we recommend that the Type B design parameters be applied to metal 
conduit. 

The corrosion testing indicates that none of the geologic units within the roadway alignment 
present a corrosive environment for unreinforced or reinforced concrete pipe. 

2 
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Type 
Crowder 

Formation 

1 ,I 90 
7.2 
138 
96 

23 

16 
18 
18 

12 
12 
14 

Neither 
aluminum nor 
aluminized 
steel is 
acceptable. 

Material 

Minimum Resistivity (ohm-cm) 
PH 
Sulphate Content (ppm) 
Chloride Content ( P P ~ )  

Design Life of Galvanized 18 Gage CSP (years) 

Required Gage Thickness For CSP 
25 Year Design Life 

- Galvanized 
- Galvanized, Bitumen Coating 
- Galvanized, Bitumen Coating, Paved Invert 

Required Gage Thickness For CSP 
50 Year Design Life 

- Galvanized 
- Galvanized, Bitumen Coating - Galvanized, Bitumen Coating, Paved Invert 

Culvert Material Alternatives 

@ Recycled Paper 

I TY Pe A 
j Terrace Deposits 
I and Younger 
i Alluvial Soils 

6,980 
6.8 

' 227 
43 

1 

, 26 

I 

I 
, 18 

18 
18 

12 
14  
16 

Aluminum or 
aluminized steel 
is acceptable. 
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AGRA Earth & 
Environmental, Inc. 
1290 North Hancock Street 
P.O. Box 19079 
Anaheim, CA 92817 
Tel (714) 779-2591 
Fax (71 4) 779-8377 

Rancho Las Flores Limited Partnership 
33971 Selva Road, Suite 230 
Laguna Niguel, California 92629 

Attention: Mr. Clifford C. Hood 

Re: Letter Of Transmittal 
Supplemental Geotechnical Design Report 
Route 138, Phase 2, 1.2 Miles East of 
Interstate 1 5  to  Summit Post Office Road 
08-SBd-138 - 16.411 9.7 

Attached is the Supplemental Geotechnical Design Report for the above project. This report 
defines the geologic and geotechnical conditions as evaluated from review of previous reports 
performed by others and from field exploration and laboratory testing performed by  AGRA 0 Earth & Environmental, Inc. (AEE). This data was used in the development of the geotechnical 
design. This report provides recommendations and specifications for project design and 
construction. 

Thank you for this opportunity t o  be of service. I f  you should have any questions please 
contact this office. 

(Expires March 31, 1999) 
(Expires January 

Encl.: Supplemental Geotechnical Design Report 

c: Mr. Clifford C. Hood, Addressee (2) 
Mr. Mohamad Younes, C. M. Engineering (8) 

01/6- 1052C. L TR112-2Q96 

Engineering & Environmental Services 
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Submitted To: 

Rancho Las Flores Limited Partnership 
33971 ~ e l v a '  Road 

Suite 230  
Laguna Niguel, California 92629 

Submitted By: 

AGRA Earth & Environmental, lnc. 
1290 North Hancock 

P.O. Box 19079 
Anaheim, California 9281 7 

December 20, 1996 
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This report presents geotechnical design recommendations for the Route 138 Phase 2 project. 
The proposed improvements involve replacement of the existing t w o  lane Route 138 wi th a 
four-lane roadway from 1.2 miles east of Interstate 15 t o  0.2 miles east of Summit Post Office 
Road in San Bernardino County, California. (Refer t o  Project Location Map - Figure 1). The 
new roadway wil l  incorporate longer curve radii and provide significant safety improvements. 
Roadway grading will include both widening of portions of the existing alignment as well as 
construction of realigned roadway. 

Previous geotechnical evaluation of the site has been performed by John A. Sayers & 
Associates (JASA) as summarized in the document entitled "Materials Report for Proposed 
Highway Construction Route 138, Phase I I "  dated May 29, 1996. After review of the 
Materials Report by Caltrans - Office of Structural Foundations, Roadway Geotechnical 
Engineering, several significant grading design issues remained unresolved. Additional testing 
and analysis was deemed necessary in order to resolve these issues. This Supplemental 
Geotechnical Design Report compiles existing available data, presents the results of additional 
study and provides supplemental recommendations for roadway construction. 

Existing data from the JASA Materials Report was reviewed and used in the analysis. This 
data is presented in Appendix H of this report. Supplemental data was obtained by AGRA 
Earth & Environmental, Inc. (AEE) by review of published data, site reconnaissance and 
mapping, drilling of exploratory borings, excavation of test pits, and performance of 
geophysical surveys and laboratory testing. 

The purpose of this report is to  document subsurface geotechnical conditions, provide 
analyses of anticipated site conditions as they pertain t o  the project described herein, and t o  
recommend design and construction criteria for the roadway portions of the project. This 
report also establishes a geotechnical baseline to  be used in assessing the existence and scope 
of changed site conditions. 

This report is intended for use by the project roadway design engineer, construction personnel, 
bidders and contractors. 

2.0 EXISTING FACILITIES AND PROPOSED IMPROVEMENTS 

The current project limits extend from approximately Station 62 + 0 0 t o  Station 209 + 20. The 
existing and proposed alignment are shown on the Geologic and Field Exploration Plans. 
(Plates I through V). Existing Route 138 within the project limits is a two-lane paved roadway 
traversing moderately hilly terrain. Ground elevation along the current alignment varies from 
approximately 3,270 at the west end of the project t o  approximately 3,850 near the east end 
of the project. 
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Existing cut slopes gradients along the existing roadway generally vary from about 0.75:l.O 
(horizontal:vertical) t o  1.0:l.O within the eastern portion of the alignment (Station 175 +00 
to  182+00). These cuts are made in both Crowder Formation and Terrace Deposits. Slope 
heights vary up t o  approximately 105 feet. Steeper cut slopes, wi th gradients of 0.5:l.O or 
steeper are encountered locally along the remainder of the roadway within the Crowder 
Formation, Terrace deposits and alluvial fan deposits. These slope heights are generally less 
than 2 0  feet in  height. Based on visual observations, and discussion w i th  Caltrans District 8 

. maintenance personnel, the existing cut slopes are performing relatively well. Minor t o  
moderate ravelling of coarser material within the steeper cuts does occur particularly during 
periods of rainfall. Where upslope runoff occurs over the face of cut slopes there is evidence 
of gullying, erosion, and surficial slumping. 

Fill slopes along the existing roadway vary in height up t o  about 3 0  feet wi th gradients varying 
from flatter than 2.0:l.O to  locally as steep as 1.25:1 .O. Most fill slopes are covered with 
vegetation and appear t o  be performing adequately. District 8 personnel reported that the only 
significant fill slope problem along Route 138 was within the newly constructed Phase 1 
portion near Interstate 15. A t  this location the fill slopes apparently experienced both large 
scale erosion and surficial instability due to  sheetflow and infiltration of surface water. The 
problem was remediated by regrading the slopes and installing sheetflow interruption devices 
on the slope faces. 

Proposed grade elevation along the new Route 138 alignment varies from about 3,270 at the 
west end of the project to  about 3,800 within the large cut areas near the east end of the 
project. The proposed grade will necessitate fill embankments up t o  approximately 7 0  feet 
in height and cut slopes up to approximately 160 feet in  height. Culverts are proposed where 
fill embankments wil l  transect existing drainages. 

3.0 PERTINENT REPORTS AND INVESTIGATIONS 

The following documents and reports were reviewed as part of this study: 

a Caltrans, Report of Geophysical Investigation, Route 08-SBd-138, P.M. 15.211 9.1, 
dated August 30, 1971. 

a Caltrans, Materials Report, 08-SBd-138, P.M. 15.211 9.0, dated October 14, 1971. 

a Caltrans, Structural Section Design, 08-SBd-1384 15.211 6.4,dated January 4, 1989. 

a Caltrans, Updated Materials Report, 08-SBd-138-R15.21R16.5, dated January 12, 
1989. 

Caltrans, Memorandum on Embankment Slope Stabilization, 08-SBd-R15.2116.4,dated 
March 27, 1984. 

Caltrans, Draft Project Report, 08-SBd-138-16.5119.7,dated August, 1989. 
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. John A. Sayers & Associates, Materials Report, Route 138, Phase II, dated June 1, 
1990. 

a John A. Sayers & Associates, Materials Report for Proposed Highway Construction, 
Route 138, Phase II, dated May 29, 1996. 

a John A. Sayers & Associates, Additional Data, Proposed Highway Construction 
Route 138, Phase 11, dated September 17, 1996. 

4.0 PHYSICAL SETTING 

4.1 CLIMATE 

As a portion of this study, the aspects of the climate of the site which could affect design 
parameters and maintenance were evaluated. The project is located in the Southern California 
northeastern inland "mountains and high desert" region. Based on direct experience, as well 
as information and telephone discussions with NOAA-NWS (National Oceanic and Atmospheric 
Administration - National Weather Service), the climate is relatively variable seasonally. I t  is 
characterized by a mild, windy and dry fall with mild days and cool nights, followed by a cold, 
breezy and moist t o  wet  winter. Spring is typically mild, with cool nights and a tapering of 
rain showers. The summer months are typically dry, warm to  hot, and often breezy. The 
range of temperatures is from below freezing during winter nights t o  often over 100  degrees 
F during the day in summer. Rainfall, which occurs predominately in the mid winter t o  mid 
spring, averages 15 t o  20 inches per year. Rainfall in the area, owing t o  the effects of 
mountainous terrain and high desert altitude, is often in the form of thunderstorms and other 
fast moving, relatively intense storms. These weather phenomena may precipitate relatively 
large quantities of moisture in a short period of time, on the order of 1 /4 t o  a few inches, in 
less than an hour. These storms are also often associated with localized but very high winds. 
Because the storms may impart a large quantity of water in a short period of time, flash 
flooding may develop in normally dry t o  intermittent drainages and washes. 

The elevation of the site is less than 4000 feet. As such, snowfall is infrequent and not 
typically heavy. Rainfall, however, may freeze during cold winter nights, and create road ice. 

4.2 TOPOGRAPHY AND DRAINAGE 

The site is located in mountainous pass terrain. Ground elevation in the vicinity of the project 
ranges from approximately 3220 feet to  3953 feet above sea level; a topographic relief of 
733 feet. As can be noted on the topographic expressions shown on Plates I through V, the 
morphology of the site may be divided into t w o  distinct regions: a relative "lowland" down 
station of approximately Station 135; and the "highlands" upstation of Station 135. 

The "lowland" portion of the site is geomorphically dominated by terrain generated by the 
dissection of broad alluvial fans and terraces. The landform, as a result, is a series of low 
terraces or mesas which slope gently to  the south and southwest, separated by relatively 
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steep, narrow channels of low t o  moderate depth below the mesa tops (on average 2 0  - 
7 0  feet). These channels also are generally aligned northeast - southwest. The walls of these 
drainages are typically 1.5:1 (H:V) and may range from 2:1 or flatter t o  locally 0.75:1 or 
steeper. These drainage channels, wi th the exception of small, localized seeps and springs, 
are intermittent, and only carry significant, concentrated flow during exceptional rainfall 
periods. As may be discerned by the prevalence of coarse particles ranging to  boulders 
commonly greater than 2-feet in diameter however, these flows may be very strong and move 
very large quantities of bedload materials (rocks and debris) in their short period of occurrence. 

The "highland" portion of the site is somewhat different in  that it has been uplifted and more 
strongly deformed. This has resulted in the development of hilly and ridgeline terrain which 
has been modified by narrow, deeply incised, steep walled drainages. The ridges tend t o  be 
aligned northwest-southeast to, in the case of the most pronounced ridge in the vicinity of 
Stations 175 t o  185, east-west. Relief between the ridgetops and adjacent drainage bottoms 
is much greater than that of the "lowland portion," and in many areas exceeds 100-feet. 

In the "highland", drainage habits are similar t o  those described for the "lowland." The slopes 
in the "highland" area range from very steep (0.5:l) locally t o  approximately 2:1 to  less than 
5:1 on the flanks of the hills. A few remnants of terraces (mesas) occur just south of Station 
140 t o  150. These are very gently sloping, on the order of 10 t o  20: 1. The sides of these 
mesas, however, are steep sided, on the order of 2:1 t o  1 :l. 

4.3 MAN-MADE AND NATURAL FEATURES OF ENGINEERING AND CONSTRUCTION 
SIGNIFICANCE 

The dominant man-made feature is that of the existing Highway 138 alignment. This feature 
is a two-lane undivided highway. The road is surfaced in asphalt-concrete and was created 
by minor t o  moderate cuts and fills which closely follow the existing topography. The 
significance of this w i th  respect to  engineering and construction of the new alignment is t w o  
fold: 1) It is the main existing access t o  the proposed alignment; and 2) I t  will be within the 
zone of grading influence and therefore affect the grading of the new alignment. 

Another significant man-made feature is the existing AT&SF railway, which tangentially 
approaches the proposed alignment in the area between Stations 175 t o  190. The primary 
concern with the railway is its effect on the construction of the proposed high cuts in that 
area. 

Other man-made features of significance include overhead high-tension electric transmission 
lines, which cross the road at several locations, as well as buried t o  semi-exposed utilities, 
namely a large diameter high pressure natural gas line generally located northerly of the 
proposed alignment. These utilities will require protection where they may be compromised 
by construction. There are several unimproved dirt access roads and abandoned structural 
features (small concrete slabs and foundation remnants). The influence of these on proposed @ construction is minimal. The exposed portions of these features in the area of the proposed 
alignment are shown on Plates I through V. 
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4.4 REGIONAL GEOLOGY AND SEISMICITY 

4.4.1 Regional Geologic Setting 

The site is located in the central portion of the Transverse Ranges Geologic Province. This 
province is characterized by mountain ranges, deformation belts and basins which trend 
roughly east-west. This is at odds wi th other mountain ranges in California which generally 
trend roughly north-south. The Transverse Ranges include the oldest known rocks exposed 
in California, as well as very young formations. 

The structure of the Transverse Ranges is strongly controlled by the activity of the San 
Andreas Fault Zone, which is a highly active right-lateral transform fault forming the boundary 
between the Pacific Plate to the west, which includes the San Gabriel and Santa Monica 
Mountains; and the North American Plate to  the east, which includes the San Bernardino 
Mountains and the Mojave structural block. Due to  influence of the Garlock and other faults, 
the San Andreas fault system has developed a "kink" or "dog-leg" within the area of the 
Transverse Ranges. This "kink" causes the development of a large compression component 
in the motions of the plates, where they are forced into each other due t o  strike slip motion 
on the plate boundary. This "kinking," which is active today, has t w o  geotechnical 
ramifications which are sympathetic t o  this action: 1) The development of folding and 
deformation belts, which have induced a "structural fabric" into the rocks of the area; and 2) 
The development of secondary faultings, many of which are considered active. These 
secondary faults may be capable of very large ground motions, and may be right lateral (San 
Gabriel), left lateral (Cleghorn), thrust (Cucamonga), or oblique (Cajon Valley) in nature. 

The site is located in the northwesterly portion of the San Bernardino Mountains. These 
mountains are cored by older crystalline basement rocks which include both igneous (granite, 
syenite, diorite, volcanics, etc.) and metamorphic (schist, greenstone, and gneiss) rocks. 
These basement rocks have a very complex deformation history, and have experienced several 
periods of uplift and deformation since the development of the San Andreas (mid-Miocene 
time, about 15-million years ago), several of which have occurred since Quaternary time 
(beginning roughly 2-million years ago). 

During times of uplift, the mountainous terrain is subjected to  the effects of weathering and 
erosion, which results in the deposition of the eroded clastics into adjacent basins. It is this 
process that has created the geologic conditions which underlay the subject site. 

The development of an ancient mountain range in the vicinity of the site in early Quaternary 
time resulted in the development of a tectonic basin in which t&,e site now sits. The 
conditions were such that extremely rapid deposition of material eroded from the mountains 
occurred. This deposition was in the form of large coalescing fans of coarse sandy alluvium 
which formed the thick arkosic (sandstone with abundant feldspar) of the Crowder Formation. 
This was deposited unconformably on pre-existing eroded ground underlain by older sequences @ of terrestrial sediments and crystalline basement. The form of this deposit was broad sheets 
and interfingering lenses of sands and sandy gravels wi th cobble and boulder lenses. The 
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sediments of the Crowder underwent consolidation by loading wi th additional sediments. 
Chemical weathering, especially of the feldspathic and mafic minerals produced clays and 
other cementaceous materials (silica salts such as carbonates, etc.). These processes 
produced induration, resulting in an arkosic sandstone. 

Changes in the tectonic scene, likely controlled predominately by continued activity on the San 
Andreas, resulted in uplift and deformation of the Crowder and older units, inducing a regional 
dip t o  the north and east. This uplift was followed by erosion of the sediments previously 
over the Crowder, as well as some of the Crowder itself. The regional mountain building 
processes which are now currently building the San Gabriel and San Bernardino Mountains 
induced additional uplift and deformation, in the form of additional dip t o  the north and east, 
and the development of gentle t o  open fold belts and faulting. Several episodes of 
uplift/deformation, deposition of clastic sediments, erosion, and renewed uplift/downcutting 
in the area formed additional alluvial units, including Harold Formation, Alluvial Terrace, 
Fanglomerate, and Older and Younger Alluvium. The last t w o  units mentioned are generally 
limited t o  existing drainages. 

4.4.2 Regional Seismicity 

The site, as is all of the Southern California area, is located within an active seismic region. 
As described above, the source of the seismic activity is related t o  the tectonic activity of the 
right lateral movement of the Pacific Plate relative to  the North American Plate. Based on 
review of published information by Dibblee (1 987, 1975, Dibblee and Hill, 1953; and others), 
Woodburne (1 975), Foster, and others, the planned improvements of Highway 138 are located 
in close proximity t o  several large fault systems. The site is located approximately 3-miles 
northeasterly of the San Andreas Fault Zone. The site is also located in the relative proximity 
of several other faults which have exhibited movement during Quaternary t o  recent time. 
These faults include (listed in increasing distance) the Cleghorn Fault ( 2  mi. S), the Cajon 
Valley Fault (2.5 mi. E), the San Gabriel Fault Zone (8 mi. SW), the Cucamonga Fault Zone 
(1 0 mi. S), the westerly portion of the North Frontal Fault (10 mi. NE), and the north end of 
the San Jacinto Fault Zone (10 mi. S). The relation of these faults t o  the site are shown on 
the attached Earthquake Epicenter and Fault Map (Figure 2). 

The dominating seismic exposure of the proposed Highway 138 improvements is that of the 
San Andreas Fault Zone. This fault has shown, and/or demonstrated by dated recent 
sediments, very strong ground motions and produced permanent ground deformation 
(demonstrated at nearby Pallet Creek, less than 17-miles northwest) in the general vicinity of 
the site in 1858 (includes action on the San Jacinto, M6.5, per Ziony, 19851, 1857 (M8.31, 
t w o i n  1812 (M6.9 & 7.1), -1720, -1550, -1350, -1080, -1015,  -1010, -640, 
- 630, - 305, and - 135 AD (Sieh, 1984, et al., and others). This translates into a major 
earthquake (ie. M7.0 and greater) on the San Andreas in the area of Highway 138 every 50  
t o  3 0 0  years, with a mean recurrence of roughly 160  years. 
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The San Andreas Fault Zone in 1857 produced up t o  14-feet of movement and involved over 
230-miles of rupture. The strong ground motion was felt as far as Las Vegas, Nevada; Yuma 
Arizona; Mexico; and the Marysville area north of Sacramento (per Sieh, 1978; Ziony, 1985, 
and others). 

The project site ground accelerations potentially generated by the events described above are 
expected t o  exceed that of any other known fault, except that possibly of the Cleghorn Fault. 
The cleghorn Fault is identified by the State of California and the USGS as "potentially active" 
(ie. shown activity in the past - 600,000 years). 

The Cleghorn Fault is essentially a complex "flower structure" (sympathetic side splay) 
associated w i th  compression and deformation induced by the San Andreas. Based on review 
by Foster (1 982), Dibblee, and others, the Cleghorn system is a oblique left-lateral fault wi th 
both strike-slip and thrust (reverse) components. No information has been reviewed by this 
firm that indicates offset of Holocene deposits by this fault, however, it's proximity and 
relation t o  the highly active San Andreas, it is considered a significant seismic exposure hazard 
t o  the site. 

Cal Trans identifies the Cleghorn as capable of a M7.75 event. Ziony, and others (1 985) have 
assigned it a' M6.5 postulated (probable) rating. 

EXPLORATION 

The geotechnical and geologic aspects of the area of planned improvements for Highway 138 
were investigated by this firm, as well as by JASA (per their report dated 19961, and Cal 
Trans in 1971. This section presents the details of exploration performed by AGRA Earth & 
Environmental (AEE) in the falllwinter of 1996. 

The AEE field exploration included detailed surface mapping of geology at both 5 0  and 
200-scale; subsurface exploration by auger boring, bucket rig, backhoe, and hand excavation; 
and geophysical assessment. 

5.1 DRILLING AND SAMPLING 

A total of eight exploratory borings, t w o  backhoe excavated testpits, and 2 4  hand excavated 
sample pits were advanced for this study. The depths of exploration ranged from a few feet 
in the manual sample pits to 81-feet by bucket rig. The locations of these exploration points 
are shown on the attached Geologic and Field Exploration Plan (Plates I through V). The logs 
of the exploration points are presented in Appendix A. 

Five borings were performed using hollow stem auger equipment, using either a Failing F-10, 
or CME 75' (8-101 and 8-103 through B-106). Boring 8-102 could not be drilled due t o  
inaccessible terrain. Bulk samples were obtained by a field geologist. Relatively undisturbed 
sampling (2.5-inch ring) and SPT sampling were performed using either an SPT Autohammer 
or blows delivered by a 140-pound weight falling 30-inches in accordance with ASTM D l  586. 
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The driving effort (blowcount) for each was recorded and the samples were field logged by 
the geologist. 

Three borings were advanced by use of a bucket rig (8-1 0 7  through 8-1 09). This type of drill 
rig produces a 24-inch diameter hole, which facilitates sampling in bouldery or cemented 
ground, and allows the field geologist to  downhole log the geologic conditions in detail. The 
ring samples were driven using the "Kelly Bar" (drill drive stem) as a weight. The weight of 
the bar is depth dependent, and is shown on the attached boring logs. The SPT samples were 
obtained by use of a 140-pound weight falling 30-inches in accordance with ASTM D l  586. 
Blowcounts for each were recorded, and the samples field logged by the geologist. 

Two  testpits were excavated by use of a Case 640K Extendahoe (TP-1 and ,TP-2). The 
testpits allowed for the exposure and logging of relatively long sections of the subsurface. 
Materials representative of the subsurface encountered were also sampled. Sampling involved 
collection of bulk samples, as well as undisturbed ring samples. The bulk samples were 
obtained selectively by the geologist. The ring samples were advanced by application of the 
backhoe bucket on the sampler, pressing it into the ground. The samples were then 
excavated and recovered, resulting in very little disturbance. 

Twenty-four hand excavated sample pits were also dug (CS-1 through CS-24). The purpose 
of the pits was t o  evaluate the shallow subsurface in the areas of proposed culverts. A bulk 
sample was obtained for laboratory testing at each location, and the geologic conditions noted 
by the geologist. 

The exploration points were all backfilled, and where possible, tamped. The backfill consisted 
of excavation spoils and cuttings. The exploration points were sampled and logged under the 
supervision of an experienced Certified Engineering Geologist. 

5.2 GEOLOGIC MAPPING 

Detailed geologic mapping was performed as a portion of the investigation. The mapping was 
performed or supervised by a Certified Engineering Geologist using 50  and 200-scale 
topographic base plans. The geologic features mapped included the lithologic units, contact 
relations between them, (ancient) faulting, bedding structure, and the extent of alluvium, 
landslides, slopewash, and man-made features (ie. fill). 

Mapping was performed by foot traverses of the site in  a detailed format. The results of the 
geologic mapping of the site is shown on plates I through V. Geologic cross sections are also 
attached as Plates XI through XIV. 
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5.7 GEOPHYSICAL S~UDIES 

The geophysical aspects of the site were investigated by refractive seismic techniques. The 
primary intent of the geophysics was t o  provide rippability information of the Terrace deposits 
and the Crowder Formation. A total of three lines, ranging in length from 330 t o  230 feet, 
were executed. The work was directed and supervised by a Certified Engineering Geologist 
from AEE. The actual seismic refraction survey work was performed by Goffman, McCormick 
& Urban, Inc. A copy of this report is included in Appendix G. 

6.0 LABORATORY TESTING 

In order t o  provide a basis for design recommendations the following laboratory tests were 
performed. 

a Dry Density and Moisture Content 
a Maximum Dry DensityIOptimum Moisture Content (CA Test Method 21 6) 
a Grain Size Analysis (ASTM D422) 
a Consolidation (ASTM D2435) 
a Corrosivity (CA Test Method 643) 
a Sulphate Content (CA Test Method 41 7) 
a Chloride Content (CA Test Method 422) 

Test results are presented in Appendix B. 

In addition t o  the above tests, the shear strengths of the on-site geologic units were evaluated 
by direct shear and triaxial strength testing. The direct shear tests were performed in general 
conformance wi th ASTM D3080. Tests were performed on samples at in-situ moisture 
content, and on samples under submerged conditions. Shear strength values and 
Mohr-Coulomb strength parameters were evaluated for both "peak" and "ultimate" conditions. 
The "peak" strength is defined as the maximum shear strength exhibited by the material. The 
"ultimate" or post-peak strength is defined as the shear strength at 10 percent strain. A 
summary of normal stresslshear stress values, stresslstrain plots, and interpreted strength 
envelopes are presented in Appendix B. 

A consolidated, undrained triaxial strength test was performed on a sample of Crowder 
Formation. Stresslstrain and Mohr circle plots are presented in Appendix B. 
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7.1 SITE GEOLOGY 

The following subsections describe the lithology, structure, and natural slope stability 
characteristics of the site as encountered in exploration. 

7.1.1 Lithology 

The geotechnical aspects of the site subsurface may be broken down into mappable units. 
The engineering character of each is described below, in order of decreasing age. 

Crowder Formation (TQcl 

The Crowder Formation consists of overconsolidated, mildly to  moderately indurated arkosic 
sandstones which are of late Pleistocene to  early Quaternary in age. These deposits are 
terrestrial and alluvial in nature, and are the depositionary result of erosion of ancient 
highlands. Because of this, they are generally crudely bedded, and often thickly interbedded 
or form series of interfingering lenses. The unit includes lenses and crude layerings of gravel, 
cobbles, and boulders. This unit also includes what appear to  be paleosols (ancient soil 
horizons) which may form thin intermittent clayey zones that are generally concordant wi th 

@ bedding. Bedding features may be traceable for a few t o  over several hundred feet. The 
sands include both quartz and feldspathic grains, and are well sorted locally t o  well graded 
overall, and tend t o  be in the fine t o  medium coarse range. 

The color of the Crowder formation is generally a light grayish to  yellowish brown t o  brownish 
gray. It may also be locally light pinkish or medium brownish depending on weathering. The 
unit also has characteristic light colored salt-like infillings in exposed fractures and joints. 

Induration and lithification of the Crowder has resulted in a mild t o  moderate cementation of 
the unit. This cementation appears t o  be somewhat more pronounced in the westerly portion 
of the site. The degree of cementation varies from being very difficult t o  excavate more than 
a few inches by handpick to excavation of a few feet wi th moderate t o  significant difficulty 
where relatively fresh exposures occur. This cementation was found t o  be moderately to  
greatly reduced by weathering exposure and inundation by water. Slaking was noted t o  be 
moderate to  heavy when samples were exposed to  repeated soakings and drying periods. The 
effects of water indicate that the cementation consists likely of carbonates, silica and chemical 
salts. 

The results of geologic mapping, subsurface exploration, and geophysics suggest that the 
Crowder may be expected to  behave more as a "massive" unit rather than a bedding-plane 
dependent unit. The reason may be the effect of interbedding, crossbedding, and the 
interfingering of lensed deposits disrupting clear bedding planes. A lack of consistent fine 
grained beds also adds t o  the overall strength of this unit. 
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Terrace D e ~ o s i t s  (Qt l  

The Terrace deposits are coarse clastic, terrestrial based materials of Quaternary age. These 
materials were laid down as thick sheets and crude interlayerings created by rapid erosion of 
the surrounding highlands. These deposits were laid-down unconformably over the older units 
(ie. Crowder Formation). Like the Crowder Formation, the Terrace deposits are 
overconsolida ted. 

Terrace deposits at the site were found to  be generally limited to the "highland" portion of the 
/ - - - - - ~ - - - - - -  

site as remnant capp ing~  on hill and ridgetops.iTerrace deeositskvill form a major portion of 
proposed roadway cut in the vicinity of Station 175 t o  185. 

The Terrace deposits were found to  be thinly to  thickly bedded to  interlensed sands, sandy 
gravels, and included lenses and discontinuous layers of coarse sand, cobbles, and boulders. 
These bedding features were found t o  be traceable over the distance of a few feet t o  several 
hundred feet. The fraction of coarse to  oversized materials was noted t o  be much higher 
overall than that in  the Crowder. 

Terrace deposits were found to  be medium grayish brown t o  ruddy brown. The deposits lack 
any significant cementation however, due t o  their overconsolidated nature, the Terrace 
deposits do exhibit a minor amount of cohesion. 

Fanalomerate (Of1 

Fanglomerate consist of interfingering alluvial fans of mid to late Quaternary age. These 
deposits, although generally younger than the Terrace deposits, are very similar depositionally 
and materially. Fanglomerate was generally limited t o  the "lowland" portion of the site, and 
forms an unconformable contact wi th the Crowder Formation. 

The Fanglomerate forms the incised alluvial fans in.the lowlands of the site. It consists of 
thickly t o  thinly, crudely bedded t o  interlensing fine t o  coarse sands, gravelly sands, wi th 
commonly discontinuous lenses of cobbles and boulders. Locally fine silts t o  silty sands were 
also encountered. 

This unit is essentially a normally consolidated to  overconsolidated material. I t  lacks in general 
significant cementation. 

Older and Younaer Alluvium (Qal) 

These formations are associated in the mapping area w i th  active drainages and washes. They 
are of late Quaternary t o  recent age. Younger Alluvium is restricted t o  existing drainages of 
current age, and consists of poorly sorted and poorly consolidated sands w i th  abundant coarse 
elastics. Older alluvium is slightly better consolidated, and may be characterized as youthful 
stranded floodplain deposits abandoned by actively downcutting streams. 
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Landslide (01s) and Slowwash ( O w l  ' 

Landslide deposits consist of late Quaternary t o  recent aged slope failures. They are generally 
comprised of the failed remains of the surrounding geologic units. Landslides were noted t o  

v a r y  from moderate sized block and rotational failures t o  relatively shallow slumps. Their 
occurrence appears more strongly dependent on weathering, slope inclination and undercutting 
by streams than by bedding fabric. The landslide debris are considered t o  be poorly 
consolidated and disarticulated. 

Slopewash is essentially a thin colluvial unit restricted t o  slopes. I t  consists of poorly 
consolidated wash deposits and creep materials. 

Fill (Af & Ef) 

Man-made fill was encountered in the project area. These materials were generally 
"engineered" fills associated with the existing roadway. Other man made fills were 
encountered which were of a much more limited extent, and were associated with dirt roads, 
utilities, and other minor features. The fill was generally a sand t o  gravelly sand comprised 
of materials obtained from the surrounding geologic units. 

7.1.2 Structure a ' 

The bedding within the Crowder formation generally dips t o  the north and east 15  t o  25 
degrees. The terrace deposits have only shallow dips less than 1 0  degrees, also t o  the north 
and east. The younger Fanglomerate and alluvial units are essentially flat-lying. As stated 
previously, bedding in the units onsite is typically crude and discontinuous. 

Gentle t o  open folding of small scale was observed associated with ancient faulting locally, 
namely in the area of Station 180 t o  190. In general, however, dips are consistent. 

Faulting on-site appears to  involve faults which do not offset youthful t o  recent sediments or 
topsoil. They are typically high angle (50-90 degrees) and strike north t o  northeast. These 
faults were found t o  produce narrow shear zones, the gouge zones of which were found t o  
be typically a few inches,wide at most. The most notable faulting is associated wi th the fault 
system dividing the site highlands from the lowlands, which cross the roadway in the vicinity 
of Station 135; and the fault system believed to  have locally deformed the Crowder Formation 
materials in the easterly portion of the existing railway cut near Station 185 to  195. 

Other than the bedding deformation induced by onsite ancient faults and regional faulting, the 
only structural fabric of significance is the development of fractures within the Crowder 
Formation of apparent random orientation and short length. These fractures range from tightly 
closed t o  slightly open, and are typically high angle. They are typically filled with salt-like 
precipitates. 
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7.1.3 Natural Slope Stability 

Natural slope stability --- at - the site was noted to  be good where slopes w ~ - p r ~ t e c t e ~ ~ o ~ ~ ~  
--- > -- - -_ -- - -- 

[ x a c k - ~ ~ e r o s i v e - w a t e r s  and_hs_d developexa cover of-chaparr3lJ Man made cutslopes 
associated wi th the roadway and railway appear t o  be performing well where protected from 
erosive attack of upslope drainage waters. With only direct saturation by rain, degradation 
was generally limited t o  minor raveling and erosion. 

_L__C- 
__- -- - - . 

m , b - i l i f i e s  in natural sBpes-at-the-site appear to-bestrong$ dated- jq ove r~ tee~en$~&S - ,---- -- ------------------I 

m e G w h i c h  a r x e n  a t tacked-b~ l i i l lTUnof f~w 'h~ch  resultslin-gullying? as well as by 
/-- .-----L-.-- _ 

~ d ~ i ~ & 3 1 0 p e 8 t o e s  by~n te rm~t ten t  stream/flash flood-activity, res-ulting irn landslide. 
C__------------ --/ 

Unprotected cutslopes, such as the one associated wi th the railway cut north of the railway 
and roadway around Stations 175 t o  185, which are not protected from direct attack by rain 
and uphill run off were noted to  ravel and gully deeply. 

J 

Vegetation appeared t o  establish itself well on natural slopes 2:1 or flatter in  nonCrowder 
--I_ 

terrain, and moderately well on such slopes in Crowder terrain.-&egetatio-n wasno ted fo  be- 
~ o n l y - m ~ d e r a t e ~ o r i i i a t u ~ ~ & o p e ~  ___--_- steeper than 2: 1 . 'Sfeepand __-_ man~made-Slopes I -o_f the 

CCKMXder ___-.__---___ Formation were rioted t o  have _ - onlyljght _-  t o  very spa-rse ---- - _ 
___ / --f - - - -  - - -- - - 

of moderatesteepness (2: 1 and 
what appears t o  be "self-armoring." Self-armoring is 

a process where coarse grained sands, gravels, cobbles, and boulders accumulate on a slope 
flows from heavy rainfall. This accumulation of 

develop _c_----- - - - -- --------- ---------"I--- - 

coarse material acts as a form of rip-rap, and protects the slope from direct attack, as well as 
by reducing the velocity of water flowing on it. Such armoring 

---------.e- - - 1: ------- = 
The.%ature-of-the-climate --d plays a significant role in the surficial stability of slopes in the project 
area. As discussed previously, the rainfall at the site occurs generally in fast moving 
thunderstorms, consisting of high intensity, short duration rainfall in any particular area. This, 
combined with the development of ~~el f3Fmoi ing)~rotect ion afforded by coarse materials 
exposed in the slope create a condition wherewater has a limited ability t o  infiltrate. The 
result is a situation where only limited saturation of the slopes is likely t o  occur. Based on 
evidence observed in slopes (both natural and older cuts) directly after heavy rainfall, 
saturation did not extend more than a few inches in the Crowder,,an_dlless than-afoot:in-the 

3 - -- 
t5nger-formations. 
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7.2 WATER 

Water exists at the site in t w o  forms, surface and subsurface. The character and potential for 
impact t o  proposed construction differs significantly between the t w o  forms. 

7.2.1 Surface Waters 

In the subject area of Highway 138, surface waters occur in three forms: localized intermittent 
ponding, sheet and other more disorganized flows during rainfall, and concentrated flows 
within existing channels. 

Significant localized ponding at the site is limited t o  a small area just north of the extreme 
west end of the project. This appears to  be the result of intermittent high local groundwater 
which has been interrupted and forced to  the surface in the form of seeps as a result of 
ancient faulting. This has produced the marshy area shown on the attached Geologic Field 
Exploration Plan (Plate I). The existence of trees and other vegetation within the marsh which 
do not tolerate saturated ground for long periods, and the exposure t o  shallow occurrence of 
bedrock (Crowder Formation) indicate this marsh likely occurs only seasonally. Based on the 
location of the marsh with respect t o  proposed construction which is limited to  minor cuts and 
fills in the area, the impact of this feature is considered minor. 

@ 
Surface waters occur in localized channels and drainages only intermittently as a result of 
heavy rainfall events. Some of this water is translated into the ground by permeation, the rest 
f lows in sheets or more organized formats into the drainages, where it becomes concentrated 
and f lows as a stream when rainfall is sufficient. 

As described elsewhere in this'-report, rainfall occurs as infrequent, but often heavy to  
exceptional events. This results in a large amount of water concentrating into relatively 
narrow, confined drainages which have moderate t o  steep slopes. The effect is to  produce 
flash flood events where normally dry washes become torrents. The effects of water flowing 
over the ground as such has t w o  primary effects which are detrimental t o  proposed 
construction: scouring, and erosion. These effects are described below. 

7.2.1.1 Scour 

Scouring is an effect caused by moving, concentrated flows of water containing significant 
particulate matter. The action abrades and loosens materials which the f lows come in contact 
with. This occurs by a combination of the force of the fluid pushing on the materials which 
it contacts, as well as the battering and scrubbing afforded by the suspended coarse sands, 
gravels, cobbles, and during exceptional periods, boulders. It is by this process that the 
bedload portion of the channel sediments are mobilized and transported. 
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Based on the large percentage of cobble t o  boulder sized particles within the younger Alluvium 
observed at the site,fm-ads to h e a V s c o u i n g m a e  expectiZd~fi5Ti~p~o-TT~~nts IdC'lted=] 

m 6 i n a g e s - d u r i n g  ~ ~ e ~ t i b ~ a l ~ i i i f d l l - e ~ ~ ~ . - ~ e i s t a n c e  t o  scour may be improved by good 
. drainage control, velocity reduction, and armoring structures by large rip-rap within the larger p drainages. 

7.2.1.2 Erosion i' " 

Erosion is the effect of flowing water disarticulating and removing soil from the surface on 
which it is flowing. For the purposes of this study, erosion is limited to  effects on slopes and 
non channelized surfaces. - 

The greatest erosion hazard at the site is the uncontrolled flow of surface water onto and 
along slopes. The capacity for flowing water to  cause - -- erosionjs-criticaIIyydependent,on ---- the 
velocity of the flow, and is roughly geometrically proportional t o  ~ e l o c i t y . - ~ ~ m a y _ B e  
observed on existing slopes in the area, water flowing uncontrolled onto a ---- slope from uphill 
sources will eventually become concentrated 'and water begins ro -6d~adwayYpo in t  d e f z t s  -7 

~ ~ a c e , - e v e n & l l Y  changing from sheet f low t o  theLfmmingbf f i l l ~ a n ~ g u l l i e s , O n c e  
gullies form, the water is then concentrated into them creatjng-aJrun-away-" condition-that---, 

i 

may-eat up-large-portions-of-a-slope facein a-short-period-ofztime. L* --------. \----I-- -- - _ r' 

\ 7.2.2 Groundwater 

Groundwater, as source of regional free water within formational materials, was not 
encountered in the course of our work at the site t o  the depths explored. Two  exceptions t o  
this exist: 1 ) localized springs and seeps in the westerly project area as described herein, and 
2) localized and intermittent perched subsurface waters confined in drainages within younger 
Alluvium at the contact between it and formation ground. As such, groundwater is not 
anticipated t o  be a problem during the proposed grading. 

7.3 PROJECT SITE SEISMICITY 

7.3.1 Ground Motions 

The nearest active or potentially active faults to  the roadway alignment are the San Andreas 
Fault (3 miles) and Cleghorn Fault -- (2--miles); These faults have been assigned a maximum 
credible magnitude ( ~ ~ ~ a 8 . 0 - a n d  -7--75-,-respectively (Mualchin, 1 996). Based on these 

----- 
magnitudes and distances a:MCEj%GikC@Gund accelernion of-0T665-onsidered appropriate 
for this project. 

7.3.2 Ground Rupture 

No active faulting was identified within the immediate area of the proposed roadway 
alignment. The potential for ground rupture affecting the proposed improvements is 
considered very low. 
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8.0 GEOTECHNICAL ANALYSIS AND DESIGN 

8.1 CUTS AND EXCAVATIONS 

Analyses of cut slopes for this project are dependent on the specific geologic unit as well as 
the proposed slope height, consequently analyses of a number of different critical 
cross-sections were performed. 

8.1.1 Strength Parameters 

Depending on their location, fi-p~s~ed,c~$-s6pes will encounter either ,C?oWder-Formation I 
CTem-D-e:posit's'I-FangxeIate, oFOld8r Alluvium. A summary of Mohr-Coulombstie~gth 

parameters interpreted from the direct shear testing performed by AEE and JASA is presented 
in Appendix C. The summary includes values for tests performed on samples at both in-situ 
moisture content and under submerged conditions. Values are presented for both peak and 
ultimate shear strength conditions. Average strength parameters are presented for each case. 
Graphical presentation of the data is also provided in Appendix C. 

Visual observation and laboratory testing indicate that the~ZiGdi%F6%iiition doe,p exhibit 
~ = e m ~ e n t a t i o n ~ ~ r ~ ~ n d i s t u r b e d , ~ e d o n d i t i o n s  ------- -- - --A ~ o n s e q u e m i n i o n - t h u  - - i  - - - ---- 
(theuse of-p3@cIkect-shear strenittii5appro$riate f o r ~ v a l u a t i ~ o s s ~ s t ~ ~ i l i t ~ o f ~ c u t s i n  _ _ _c__--- this) 
[iiiZ%ialJ The Terrace Deposits are heavily overconsolidated soils which _ _ - - _ _ _  do exhibit some 

nominal cohesive properties under confined conditions. The use otpxak-strfl$h-]is also 
considered appropriate for evaluating gross stability of cuts in this material. To provide for a 
measure of conservatism for design, the appropriate averagepeak L--- shear strength parameters 
for each unit were based on tests performed under submerged conditions. 

Within the relatively younger, normally consolidated, alluvial sediments (Fanglomerate, Older 
Alluvium), where larger strain deformation is more probable, the use of ultimate shear strength 
values is considered more appropriate. Again, the average shear strength parameters were 
based on the direct shear tests performed under submerged conditions. 

In the evaluation o f ~ ~ f i ~ i ~ I _ - S t ~ b i l i t ~ ~ e ~ t i a I ~ f ~ ~ s ~ r f a ~ e - d e f ~ r m a t i ~ n - d ~ e ~ t o  changeszin /.- - c -- _I__ --. 
~.o~sture-conditions,-weathhering; and,othWprocesses must be considered;~Consequently, 

,-_& Y i -...- 
s u b m e r g e d , ( i J J i ~ h ~ t f e n g t h  parameters-were-used-fMllgeologic-un~ts.Z.' - -I_  ̂I_____C_ 
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Geologic I Unit I Unit I Peak Strength I Ultimate Strength 1 

w - 
-- -- 

T e (@EGjji-ia t r e n g t h ~ ~ ~ e - o f - c ~ ~ 3 ~ 0 ~ ~ s f ~ ~ 3 ~ 7 i l q  for the Crowder Formation 
compar a- y t o  the results from a coniolidated, undrained triaxial strength test 

Unit 

_ _C_-- 

tr.oyder Eormationl 

Terrace Deposits 

FanglomerateIOlder 
Alluvium 

performed on the material. A value of c = 750 psf and @ = 35Owas determined by this test. 
(Refer t o  Appendix B, Page 8-45]. che  average peak-Stwngtti value-of c =-1.75-psf; @ =-4l-O] - -- 

~ ~ ~ ~ 7 i a - ~ e ' ~ e p o s i t s - c o m p a r e s - v e r y - c l o s e l y  ---d to  tt@ back calculat~~value-for-the-steGp-2 
iexisting-slope-found-in this m-aterial-at- Station-1-807-00-(Refer t o  -Appen 

-__7_1- - - - _  _ - 

8.1.2 Slope Stability : 

A 

Weight 
(Moist) 
(pcf) 

135 

125 

128 

8.1.2.1 Gross Stability 

The highest prop6sed-cuts) on this project will be within both Terrace Dep.osits-and[Crowd -%) r 
< ~ ~ i j G $ c ~ i t h i n  the eastern portion of the alignment (between approximate S t a i o n  174-and 
y 1 8 5 n  S pe stability analysis of critical sections were calculated using the computer program 

4& actors of safety were calculated using the Morgenstern-Price Method. The overall 
g est proposed cut slope (approximately 160 feet at  Station 176 +00) was found t o  have 

a factor of safety in excess of 1.5 at  a slope gradient of J.35:l .O (h~riiontal:vertical). (Refer 
t o  Appendix D, Page D-2). The section included a 2 0  foot wide horizontal bench near 
mid-slope. The highest proposed cut within Terrace Deposits (approximately 125 feet at 
Station 183 +00) was also found t o  have a factor of safety of greater than 1.5 at a gradient 
of 1.35:l.O with a mid-slope 20 foot wide bench. (Refer to  Appendix D, Page D-3). 

Weight 
(Saturated) 

( P C ~ )  

141 

131 

138 

Smaller cut slopes are proposed within the Crowder Formation between approximate 
Station 157 and 174. An analysis of the highest cut slope in this area (approximately 57  feet 
at  Station 165 + 50  yielded a factor of safety greater than 1.5 at a gradient of 1.35:1 .O. 
(Refer t o  Appendix D, Page D-4). No benches were included in this analysis. 
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Within the western portion of the alignment (Station 6 0  t o  1571 there are numerous proposed 
cuts within the Fanglomerate and Older Alluvium. Some of these cuts will also expose 
underlying Crowder Formation. An  analysis of highest proposed cut in  this area 
(approximately 3 0  feet at Station 120 +00)  yielded a factor of safety greater than 1.5 at a 
gradient of 1.5:l.O (Refer to  Appendix D, Page D-5). No benches were included in this 
analysis. 

Based on the stability analyses performed, it is recommended that cut slopes between Station 
157 and 190 be constructed at a gradient no steeper than 1.35:1 .O.  Cut slopes with heights 
greater than 70 feet should also include a 20 foot horizontal bench at  or close to mid-slope 
height. Cut slopes between Station 6 2  and 157 should be constructed at a gradient of 
1.5: 1 .O. 

8.1.2.2 Surficial Stability and Erosion Control 

Analysis of surficial stability of cut slopes under saturated conditions was performed using 
submerged ultimate strengths and saturated unit weights. The calculated factors of safety as 
a function of saturation depth are presented in Figure 3. Based on the analysis a factor of 
safety of 1.5 would correspond to  saturation depths of about 1.2 feet, 2.6 feet, and 2.8 feet 
within the Terrace Deposits, Fanglomerate and Crowder Formation, respectively. Deeper 
saturation depths would lower the facts! of safety. It is evident that cut slope faces could be 
prone t o  surficial failures i f  excessive satur$io?l of the slope face occurred. In addition, these 
materials would be susceptible to  erosion from concentrated surface water flow. These 
conditions would exist even with significantly flatter slopes. 

In order t o  minimize the potential of slope damage due t o  water f low andlor infiltration it is 
considered critical that adequate surface drainage be provided. In this regard it is 
recommended that upslope tributary drainage areas be intercepted by a paved brow ditch at 
the top of all cut slopes. The brow ditch should flow into paved slope drains or other suitable 
points of discharge. All slope benches should incorporate a paved drainage swale at the toe 
of the ascending slope. The bench should be sloped at  a gradient of at  least one percent 
towards the drainage swale. 

To reduce the potential for erosion of slope faces and t o  promote vegetative growth it is 
recommended that cut slopes be stepped. This will reduce water f low velocity on the slope 
face and provide a horizontal surface for vegetative growth. A minimum horizontal tread 
width of 2 feet is recommended. After step cutting of the slope is completed consideration 
should be given to  applying hydroseed or other landscaping techniques t o  establish vegetation 
on the slope face. 

Even wi th  good surface drainage provisions some periodic maintenance due to  slope ravelling 
should be anticipated. It is recommended that a truck width maintenance strip be provided 
between the roadway shoulder and the toe of slope t o  facilitate cleanup of slope debris. 
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@ 8.1 2.3 Dynamic Stability 

Pseudostatic analysis of the maximum proposed cut slope height utilizing a seismic coefficient 
of 0.15 yielded a factor of safety greater than 1.1 (Page D-6). Wi th the local seismic 
conditions as described previously, peak ground accelerations on the order of 0.66g could be 
expected during a maximum credible event. In order t o  evaluate the potential movement of 
proposed slopes during maximumcredible shaking a deformation analysis was performed using 
the computer program TNMN - Version 1.2. The program computes the displacement of a 
potential sliding mass by double integration of the difference between an applied acceleration 
history and the slope yield acceleration. The yield acceleration for the highest proposed cut 
was calculated as Ky = .22g (Page D-7). Acceleration time histories for a number of recorded 
events, as well as a synthetic one developed for the San Andreas Fault, were scaled t o  the 
maximum site acceleration. The analysis yielded a range of expected deformation as 
summarized below. 

Event Calculated Deformation 
(feet) 

San Andreas (Synthetic) 1.01 

El Centro 1.04 

Hayward 

Taft 

Based on the analysis, some deformation of cut slopes should be expected during a maximum 
credible event. 

8.1.3 Rippability 

Drilling refusal was not encountered in any of the exploratory borings. In order t o  evaluate the 
rippability of the on-site materials three geophysical seismic line surveys were performed 
within major proposed cut areas. The findings of the survey are detailed in Appendix G. 
Based on data obtained from the study, seismic velocities within the Terrace Deposits are 
interpreted t o  range from about 2,000 t o  4,000 feet per second. Seismic velocities within the 
Crowder Formation are interpreted t o  range from 2,000 t o  5,000 feet per second within the 
depth of proposed cut. These materials are expected t o  present easy t o  moderately difficult 
ripping conditions for a Caterpillar Model D-9L or equivalent rip-dozer equipment. 
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8.1.4 Grading Factors 

Based on the in-situ dry density and maximum density tests performed the following average 
grading factors are considered appropriate. 

Crowder Formation Bulking Factor 1.05 
Terrace Deposits Bulking Factor 1.03 
Fanglomerate/Older Alluvium Shrinkage Factor 0.97 
Recent AlluviumISlope Wash Shrinkage Factor 0.90 
Landslide MaterialIExisting Fill 

Material from the Crowder Formation and Terrace Deposits will be predominately encountered 
within cuts along the eastern portion of the alignment (east of approximately Station 164). 
Fanglomerate and Older Alluvium wil l  predominately be encountered within cuts along the 
western portion (west of Station 157). Recent alluvium, slope wash, and landslide material 
will generally be encountered in cleanouts below proposed embankment. Existing fills wil l  be 
encountered as fairly shallow sliver fills along the existing Route 138 roadway. 

8.2 EMBANKMENTS 

8:2.1 Foundation Preparation and Settlement 

Based on the density and consolidation testing performed it is our opinion that on-site soils will 
generally provide on adequate foundation for proposed fill embankments. Removal and 
recompaction of loose alluvium, slope wash, landslide material, and existing fill will be required 
prior t o  placing embankment fill. Recent alluvium and slope wash exists within existing 
drainages (refer t o  Geologic and Field Exploration Plans Plates I through V). The estimated 
depth of removal in these areas is 3 t o  4 feet. Deep alluvial soils exist at the extreme east end 
of the alignment (east of approximately Station 189). Removal and recompaction of the upper 
3 feet of soil is recommended in this area. Landslide material in the area between 
approximately Station 158 and Station 163 are generally shallow slumps on the sides of 
existing drainages. I t  is expected that benching (as stipulated in Caltrans Standard 
Specification 19-6.01) will effectively remove these materials. Deeper rotational slide masses 
may be encountered between Station 1 10 and Station 1 12. Localized removals on the order 
of 15 feet is expected in this area. Existing roadway fills exist predominately as shallow sliver 
masses or shallow embankments crossing existing drainages. Required slope benching and 
excavation for proposed culvert construction is expected to  effectively remove most of this 
material. 

Settlement analysis generally indicates potential ground subsidence ranging from 
approximately 1 t o  4 inches for embankment heights varying from 20 t o  70 feet. Due t o  the 
,granular nature of the subsurface soils most of this subsidence is expected to  occur during 

e roadway grading. 
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Direct shear tests were performed on samples of Crowder Formation and Terrace Deposits 
remolded t o  90 percent of maximum dry density. A summary of Mohr-Coulomb strength 
parameters interpreted from tests performed by both AEE and JASA are presented in 
Appendix C. Graphical presentation of the data is also provided. Based on the test results 
average ultimate strength parameters of c = 100 psf and r$ = 3 4 O  have been selected t o  
evaluate both gross and surficial stability of fill slopes. 

8.2.3 Slope Stability 

8.2.3.1 Gross Stability 

In order t o  evaluate gross stability of proposed fill slopes a critical section was analyzed using 
the computer program SLOPEW. Factors of safety were calculated using the Morgenstern - 
Price method. The highest proposed fill slope (approximately 70 feet at  Station 137 +OO) was 
found t o  have a factor of safety in excess of 1.5 at a slope gradient of 2.0:l.O (Page D-8). 
The critical surface was a toe failure. Basal failure through underlying alluvial soils is not 
considered a design factor. Based on the analysis it is recommended that fill slopes be. 
constructed at a gradient of 2.0:1 -__ .O. 

@ 8.2.3.2 Surficial Stability 

Analysis of surficial stability of fill slopes under saturated conditions was performed using 
submerged ultimate strengths and the saturated unit weight of the fill. The calculated factors 
of safety as a function of saturation depth are presented in Figure 4. Based on the analysis, 
a saturation depth less than 2.5 feet would result in a factor of safety greater than 1.5. 
Saturation depths of greater that 2.5 feet would result in commensurately lower factors of 
safety. 

In order t o  minimize the potential for slope damage due t o  water infiltration, it is recommended 
that surface drainage be designed such that all roadway runoff is prevented from flowing onto 
the face of fill slopes. After construction of the fill embankments it is recommended that 
drainage terraces, straw wattles, or other approved method of slope interruption, be installed 
on the slope face. This will reduce the potential for sheetflow erosion and enhance 
revegetation of the slope face. Seeding of the slope faces should also be initiated as soon 
after grading as possible. 
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8.2.3.3 Dynamic Stability 

Pseudostatic analysis of the maximum fill slope height utilizing a seismic coefficient of 0.1 5 
yielded a factor of safety greater than 1.1 (Page D-9). Potential dynamic movement for the 
maximum credible seismic event was evaluated using the computer program TNMN - 
Version 1.2. The program computes the displacement of a potential sliding mass by double 
integration of the difference between an applied acceleration history and the slope yield 
acceleration. Time histories of several earthquakes were scaled t o  the maximum credible 
acceleration of 0.66g. A yield acceleration of Ky = 0.28 was calculated for the critical fill 
slope (Page D-10). The analysis yielded a range of expected deformation as summarized 
below. 

Event Calculated Deformation 
(feet) 

San Andreas (synthetic) 0.52 

El Centro 

Hayward 

Taft  0.30 

Based on the analysis somp deformation of fill slopes should be expected during a maximum 
credible event. 

8.3 CULVERT FOUNDATIONS 

Based on the field exploration performed it is our opinion that the on-site soils will generally 
provide an adequate foundation for proposed culverts. Removal requirements, as outlined in 
the Section 8.2.1 Embankments - Foundation Preparation and Settlement should be completed 
prior t o  culvert construction. Corrosion effects on proposed culverts are discussed in 
Appendix F. 

9.0 RECOMMENDATIONS FOR PLANS AND SPECIFICATIONS 

A summary of recommendations that should be included in the plans and specifications are 
presented as follows: 

Recommended maximum cut slope gradients. 

Beginning of Project t o  Station 157 1.5: 1 .O (H:V) 
Station 157 to  Station 190 1.35: 1 .O (H:V) 

@ All cut slopes higher than 7 0  feet should have a 20 foot wide mid-slope horizontal 
bench. 
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a *  Cut slopes should be step cut wi th a tread width of 2 feet. 

Brow ditches should be constructed at the top of all cut slopes where upslope drainage 
areas exist. 

*, , 

a Slope benches should have a paved drainage swale at the toe of the ascending slope. 
The benches should slope toward the swale at a gradient of at least one percent. 

a A maintenance strip (minimum 8 feet wide) should be provided between the roadway 
shoulder and the toe of cut slopes greater than 70 feet in  height. 

Removal of loose surficial soils below embankment fills will be necessary. The 
estimated depths of 'removals are as follows: 

Existing drainages 3 - 4 feet. 
Alluvial area (Station 189 t o  End of Project) 3 feet 
Landslide material (Station 1 10 to  1 12) 5 - 15 feet 

Fill slopes should be constructed at a gradient no steeper than 2.0:1 .O. 

Roadway runoff should be prevented from spilling over fill slopes. 

Fill slopes should incorporate paved drainage terraces spaced at  vertical intervals of 30 
feet or incorporate straw wattles or other flow interruption devices at vertical intervals 
of 7.5 feet. 

Hydroseeding or other acceptable planting techniques should be initiated on fill slopes 
immediately after grading is completed. 

Pavement subgrade soils must have a minimum Resistance Value (R-Value) of 50. 
(Refer t o  Pavement Design Report - Appendix El. 

The upper 4 feet of embankment material must have an R-Value greater than 50. 

Within cut areas between approximate Stations 144 and 189 some low R-Value 
material within the Crowder Formation should be expected at  subgrade elevation. 
Removal of this material to  a depth of 4 feet and replacement wi th material w i th  an 
R-Value greater than 50 will be required. 
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10.0 CLOSURE 

This report is based on the project as described, information obtained from referenced reports 
prepared by others, and from the field exploration, laboratory testing performed by AEE. Our 
findings are based on the results of the field, laboratory, and office studies, combined wi th  an 
interpolation and extrapolation of soil conditions between and beyond the borings. The results 
reflect our interpretation of the limited direct evidence obtained. Our firm should be notified 
of any pertinent change in the project plans. If subsurface conditions are found t o  differ from 
those described herein, it may require a re-evaluation of the recommendations. 

This report has not been prepared for use by parties or projects other than those named or 
described above. It may not contain sufficient information for other parties or other purposes. 
I t  has been prepared in accordance wi th generally accepted geotechnical practices and makes 
no other warranties, either expressed or implied, as to  the professional advice or data included 
in it. 

Respectfully submitted, 

AGRA Earth & E 

NU. lay( 

---- 

Douglas R. Bell 
~g Geologist Supervising Engineer 

GE 2140 
(Expires March 3 1, 1 

c: Mr. Clifford C. Hood, Addressee (2) 
Mr. Mohamad Younes, C. M. Engineering (8) 
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APPENDIX A 

TEST BORING LOGS 



LABORATORY CLASSlflCATlON CRllERlA 

GP and SP - Clean gravel or sand not meeting requirments for GW and SW. 
GM and SM - Atterberg limits below 'A' llne or P.I. leas than 4. 
GC and SC - Atterberg llrnlb above 'A' line with P.I. greater than 7. 

flNES (silt or clay) 

FOR SOILS 
LIMESTONE AND 

According to  the Standard Penetration Test 

No. of blows Granular 

Very loose Very soft 

1 1-20 Semicompact Stiff 
compact Very stiff 

Very dense Very hard 

LEGEND OF BORING 



AGRA Earth & Environmental, Inc. 

T E S T  B O R I N G  L O G  
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AGRA Earth & Environmental, Inc. 

TEST B O R I N G  L O G  
TYPE 8" Hollow Stem ELEV.1 

d r= H 

a 
Job No. 6-212-105200 - December 20,1996 

LOC.: 

J 

CONDITIONS MAY DIFFER AT OTHER LOCATIONS 
ANDTIMES. 

82 

LOGGED BY LEF/GB 

3474' 1 Sta. 108+1S, 134' Lt  BORING B-101 
NOTES: 

1) Total depth of boring 49 feet. 
2) No caving 
3) No pundwater was encountered. 
4) EIevation and stationing from 50 scale plans. 
5) Boring backfilled on November 26,1996. 
6) NSR = No Sample Recwcred. 
DRV = Drivc Cylinder Sample. 
SIT = Standard Penetration Test. 

THIS BORING LOG SUMMARY APPLIES ONLY AT THE 
TIME AND LOCATION INDICATED. SUBSURFACE 

DATE 11-26-96 

A-2 
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T E S T  B O R I N G  L O G  

Job No. 6-212-105200 - December 20,1996 A-4 



AGRA Earth & Environmental, Inc. 



AGRA Earth & Environmental, Inc. 



AGRA Earth & Environmental, Inc. 

T E S T  B O R I N G  L O G  
TYPE 24" Bucket Rig ELEV.1 LOC.: 3796' / Sta. 169+00. 28' Rt  BORING B-10'7 

Moderate bmwn fine to medium SAND with minor SILT and 
BAG fine subangular GRAVEL, damp 

BEDROCK (CROWDW mmnoN): 
Yellow-gray medium to coarse SILTY S A N D m N E  with 
subangular fine crystalline GRAVEL to small COBBLES, fine 
SILTY SANDSrONE laminations 
. . . (4 to 5 feet) moderate brown fine SANDSTONE 
. . . (63 to 9.8 feet) moderate brown fine CIAYEY 

SANDSrONE 
. . . (10 feet) rock push 
. . . (105 feet) pushing rock, bucket bounce 
. . . (122 feet) lamination attitude - N83E/19N 

. . . (14.8 to 17.6 feet) abundant fine to coarse subangular 
ctystalline GRAVEL 

. . . (17.7 feet) lamination attitude - N67W/24N 

. . . (20 feet) gray-orange medium SAND 

. . . (22.3 feet) lamination attitude - N87E/27N 

. . . (26.2 - 27 feet) abundant GRAVEL 

. . . (27.9 feet) Cinch thick fine S A N D m N E  attitude - 

. . . (30.6 to 31 feet) abundant GRAVEL 

. . . (32 to 325 feet) abundant GRAVEL 

. . . (33.3 feet) lamination attitude - N4SWI20N 

. 

d 
V) 

fig 

NOTES: 

Continued 
THIS BORING LOG SUMMARY APPLIES ONLY AT THE 
TIME AND LOCATION INDICATED. SUBSURFACE 

$ c-4 CONDlTlONS MAY DIFFER AT OTHER LOCATIONS 

0 a o d f w  r a LOGGED BY LEF/GB DATE 11-8-96 
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AGRA Earth & Environmental, mc. 

'TEST B O R I N G  L O G  
TYPE 24"Bucket Rig ELEV.1 LOC.: 3844' / Sta. 111+05, 95' Lt  BORING El09 

.':':: SM TERRACE DEPOSE - .  . . ... . .. . - .  . Moderate yellw-bmwn fine to medium SILTY SAND with 
moderate coarse SAND and fine angular aystelline GRAVEL 

DRV 113 8.1 5 25 to smaU COBBLES, moderately friable, moist 
BAG . . . (45 feet) fine SAND lamination attitude - NSOE/45E 

. . . 75  feet) compact 

. . . (10 feet) increasing moisture 

. . . (11.2 feet) fine SAND lamination attitude - N13W/MNE 

. . . (13 feet) very moist 

. . . (15 to 175 feet) abundant GRAVEL to COBBLE at 

. . . (22 feet) fine SAND lamination attitude - N W 2 1 N E  

. . . (28.6 feet) fine SAND lamination attitude - N86EIUIN 

. . . (45 feet) erosional surlace attitude - N30W/UNE 

. . . (46 feet) biotite? lamination attitude - N42W/21NE 

. . . .  . 



AGKA Earth & Environmental, mc. 

I 

T E S T  B O R I N G  L O G  
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.. 

107.8 pcf ................. ............. 

. . . . . . . . . . .  - .. ..... .. Qal' -.-:- 
0'Y.f :::::::::.I::: 

..... YOUNGER ALLUVIM: Light to medium, yellow brown to 
gray brown SAND - SAND with GRAVEL, crude 
interlensing, occasional scattered COBBLES and 
BOULDERS, loose to medium, damp 

OLDER ALLUVlUM/FANGLOMERATE: SAND to SAND with 
GRAVEL, light to medium, ruddy gray brown to light 
medium ruddy yellow brown, interlensed fines SANDS/ 
SILTY SANDS and coarser GRAVELS and SANDS, bedded 
crudely < 1 /2" - 12", scattered BOULDERS and COBBLES SCALE* 7"=5 '  
to >12", medium dense, appears dense below 8', ~6!!/zoNmL = L/i?7?7-/CAL 
damp, becomes moist below 3' 

CROWDER FORMATION: SANDSTONE, ruddy yellow brown, 
weathered, arkosic, SILTY, scattered GRAVEL, much 
cleaner/coherent than Qal, soft to medium; weak 
cementation, moist to very moist at contact, moist 
to damp below 

 NO^^. 
Total Depth = 17 feet 
No Groundwater Encountered 
Moderate Slough/Cave of Paly 
Minor Cave of Qal,/f 

ROUTE 138. PHASE 2 

A G R A  
Earth & Environmental, Inc. 

nrrD Dhw7 M E  a Ab. 
LEF 1 JBD pR l12 -20-96  16-212-1052 



P 
I 
4 

P 

x 

ALLUVIAL FAN, Qf (SM): SAND, SAND with GRAVEL 
and SILT, finely to crudely interlensed <1/2"- 
12" scattered COBBLES and BOULDERS, 

SLOPE WASH/TOPSOIL SLOUGH: Medium to dark 
brown SILTY SAND with GRAVEL, roots, voids, 
loose to medium, damp to moist 

Soil horizon N72E/65W 

N 3 0 W  - 
SILTY SAND/SILT: 

to >Ip thick, 
SAND interlens St@- 7 2 ' + 8 4 ,  72' Rt 

-- 
SCALE.- 7"=5' 

Interlensed, medium to coarse 
SAND, yellow brown and ruddy 

HUR/ZONirAL = YER7ZCXL 

moist, medium dense to dense 

ROUTE 138.  PHASE 2 
7 POST MILE 16.4/19.7 

99.7 pcf SAN BERNARDINO COUNN, CALIFORNIA 
5.6% TEST PIT LOG - TP-2 

A G R A  
Earth & Environmental, Inc. 

a4E 

12-20-96 
a Ab. 

6-212-1052 



APPENDIX B 

LABORATORY TEST RESULTS 



LABORATORY TESTING 

The laboratory testing was designed t o  f i t  the specific needs of this project atid was limited 
t o  testing on-site materials. A brief description of each type of test is  presented below. 
Specific results are given on pages 8-2 through 8-54. 

In addition to  the in-situ fieM tests, strength characteristics of the subsurface soils were 
determined in the laboratory by direct shear tests performed on 17  undisturbed samples and 
2 remolded samples. Samples were tested under natural moisture or submerged conditions. 
Samples were tested under three different normal loads. All samples were tested in a 2.5-inch 
I.D. circular shear box, using a controlled displacement rate of 0.04-inch per minute in general 
accordance with ASTM D3080. Both peak and ultimate shear strength values were recorded. 
Peak strength is the maximum strength recorded. Ultimate strength is defined as the shear 
strength at .25 inch displacement. 

A consolidated-undrained triaxial compression test was conducted on one sample in general 
accordance with ASTM 04767. 

Settlement characteristics of 7 soil samples were evaluated by means of laboratory 
consolidation tests. Samples were tested in a floating ring consolidometer using a dead 
weight lever system for load application in general accordance with ASTM D2435. 

Maximum densityloptimum moisture relationship tests were performed on 2 soil samples in 
general accordance wi th California Test Method 21 6. 

Particle size analyses were performed on 5 soil samples in general accordance with 
ASTM 0422. 

Resistance (R-value) tests were performed on 6 samples. Testing was conducted in general 
accordance with California Test Method No. 301. 

The concentration of soluble sulphate was determined for soil samples in general accordance 
wi th California Test Method No; 41  7. The chloride content of four samples were determined 
in accordance.with California Test Method 422. 

Corrosivity tests were performed on 29 soil samples t o  determine the pH and minimum 
electrical resistance of the soils. These tests were conducted in general accordance wi th 
California Test Method No. 643. 

The remaining soil samples are now stored in our laboratory for future reference and analysis 
i f  desired. Unless notified to the contrary, all samples will be disposed of 3 0  days from the 
date of this report. 
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DIRECT SHEAR TESTS 

@ Job NO. 6-21 2-1 05200- December 20, 1996 

@ Recycled Paper 

Shear Stress at 
0.25-Inch Displacement 

(psf) 

1196 

1776 

2689 

1421 

2531 

3640 

890 

1503 

2587 

757 

1340 
-- 

21 50 
- 

450 

839 

1196 

982 

1861 

2925 

1084 

2372 

2853 

409 

767 

1135 - 

Boring No./ 
Sample No. 

10118 

10118 

10118 

101110 

101110 

101110 

TP212 

TP212 

TP212 

10311 

10311 

10311 

10716 

10716 

10716 

10711 0 

107110 

107110 

* 107110 

* 10711 0 

107110 

* * 10812 

10812 

* 10812 
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Normal 
Stress 
Ipsf 

1000 

2000 

3000 

1000 

2000 

3000 

1000 

2000 

3000 

1000 

2000 

3000 

500 

1000 

1500 

1000 

2000 

3000 

1000 

2000 

3000 

500 

1000 

1500 

Peak Shear 

Stress 
(psf) 

1442 

2577 

3508 

1953 

3027 

41 52 

9 20 

1513 

2659 

757 

1340 

21 58 

685 

1156 

161 6 

1687 

1974 

320 1 

2372 

3303 

4929 

675 

1084 

1268 

Strength 

Displacement 
(inch) 

0.150 

0.090 

0.1 20 

0.1 40 

0.150 

0.160 

0.200 

0.240 

0.200 

0.250 

0.250 

0.250 

0.100 

0.1 10 

0.100 

0.085 

0.1 20 

0.130 

0.050 

0.060 

0.080 

0.045 

0.050 

0.065 



DIRECT SHEAR TESTS 

(Continued) 

Job No. 6-21 2-1 05200- December 20, 1996 6-3 

@ Recycled Paper 

Shear Stress at 
0.25-Inch Displacement 

(psf) 

50 1 

81 8 

1268 

1166 

1738 

248 5 

1299 

2260 

3098 

341 

658 
- 

1047 

757 

1513 

2352 

877 

' 1413 

2607 

121 7 

2608 

3078 - 
1370 

21 58 

361 0 

Boring No./ 
Sample No. 

10814 

10814 

10814 

10816 

10816 

10816 

*108/15 

* 10811 5 

* 10811 5 

10911 

10911 

10911 

10912 

* 10912 

* * 10912 

10913 

10913 

10913 

* 10916 

* 10916 

* 10916 

10918 

* 10918 

* 10918 

~ A G R A  
Earth & Environmental 

Normal 
Stress 
(psf) 

500 

1000 

1500 

1000 

2000 

3000 

1000 

2000 

3000 

500 

1000 

1500 

1000 

2000 

3000 

1000 

2000 

3000 

1000 

2000 

3000 

1000 

2000 

3000 

Peak Shear 

Stress 
(psf 

859 

1605 

2434 

31 91 

3477 

3722 

1452 

2649 

3344 

536 

926 

1608 

1156 

2035 

2853 

1194 

1803 

280 1 

1554 

2925 

3743 

1790 

2904 

3865 

Strength 

Displacement 
(inch) 

0.095 

0.070 

0.070 

0.095 

0.1 20 

0.1 10 

0.095 

0.100 

0.1 40 

0.087 

0.125 

0.1 25 

0.075 

0.090 

0.1 10 

0.087 

0.1 25 

0.1 75 

0.1 10 

0.170 

0.1 60 

0.085 

0.130 

0.190 



DIRECT SHEAR TESTS 

(Continued) 

* Tested at natural moisture. 
" Remolded to 90 percent of maximum dry density. 

Boring No./ 
Sample No. 

* 109/11 

* 109/11 

10911 1 

109/11 

109/11 

109/11 

109123 

109123 

109123 

Job No. 6-21 2-1 05200- December 20, 1996 

@ Recycled Pope, 

Normal 
Stress 
(psf) 

1000 

2000 

3000 

1000 

2000 

3000 

1000 

2000 

3000 

BAGRA 
Earth & Environmental 

Shear Stress at 
0.25-Inch Displacement 

(psf) 

1432 

241 3 

3405 

1871 

3037 

41 62 

97 1 

1810 

2638 
I 

Peak Shear Strength 

Stress 
(psf) 

1616 

2567 

3426 

21 68 

3252 

4407 

1350 

230 1 

361 0 

Displacement 
(inch) 

0.1 10 

0.1 70 

0.220 

0.150 

0.1 70 

0.180 

0.090 

0.095 

0.1 50 



MAXIMUM DENSITY TESTS 

RESISTANCE VALUE 

Optimum Moisture Content 
(%I  

9.8 

9.0 

Boring No./Sample No. 

10812 

10912 

Job NO. 6-21 2-1 05200- December 20, 1996 

Maximum Dry Density 
(pcf) 

129.5 

1 24.5 

@ Recycled Poper 

Corrected 
R-Value 

7 1 

68 

7 4 

75 

72 

74 

54 

48 

24 

50 

2 9 

68 

34 

14 

7 

76 

75 

73 

& A G R A  
Earth & Environmental 

Expansion 
Dial Reading 

(inch) 

0 

0 

0 

0 

0 

0 ' 

0.0023 

0.0020 

0.001 0 

0.001 3 

0.0001 

0.0022 

0.0085 

0.0036 

0.001 0 

0 

0 

0 

& 

Boring No./ 
Sample No. 

101 /2A 

101 I28 

101 /2C 

T2/5A 

T215B 

T215C 

10312A 

103128 

103/2C 

107/3A 

107/3B 

10713C 

108/9A 

108/98 

108/9C 

10917A 

109nB 

109/7C 

Initial 
Moisture 

( % I  

1.8 

1.8 

1.8 

2.1 

2.1 

2.1 

7.0 

7.0 

7.0 

6.3 

6.3 

6.3 

11.0 

11.0 

11.0 

3.8 

3.8 

3.8 

Dry Density 
(pcf) 

127.0 

126.3 

127.3 

1 18.2 

11 6.5 

1 17.9 

127.1 

124.9 

123.0 

126.3 

125.0 

128.8 

11 9.8 

114.3 

110.4 

126.2 

125.3 

118.7 

Exudation 
Pressure 

(psi) 

35 1 

226 

547 

648 

21 5 

356 

467 

350 

240 

31 5 

21 3 

555 

51 1 

295 

156 

686 

405 

244 



CORROSlVlTY TESTS 

Job No. 6-21 2-1 05200- December 20, 1996 B-6 

~ A G R A  
Earth & Environmental 

PH 

7.0 

7.0 

6.9 

6.8 

7.5 

7.9 

7.4 

7.4 

6.9 

7.2 

7.1 

7.0 

7.1 

7.0 

7.0 

7.2 

7.0 

7.1 

7.0 

6.9 

7.2 

6.8 

7.0 

6.9 

7.7 

7.2 

7.6 

7.4 

7.4 

Boring No./ 
Sample No. 

CS111 

CS211 

CS311 

CS411 

CS511 

CS611 

CS711 

CS811 

CS911 

CS 1011 

CS1111 

CS 1 211 

CS 1 311 

CS1411 

CS1511 

CS 1 611 

CS1711 

CS1811 

CS 1 911 

CS2011 

CS2111 

CS2211 

CS2311 

CS2411 

10112 

10312 

10819 

10911 2 

10911 5 

Soluble 
Chloride Content 

( P P ~ )  

43 

3 1 

96 

22 

Soluble 
Sulphate Content 

( P P ~ )  

70.9 

88.5 

106.1 

95 

123 

82.7 

126 

65 

82 

96 

184 

80 

101 

80 

117 

149 

138 

141 

139 

94 

147 

99 

227 

11 1 

84 

67 

138 

87 

72 

Resistivity 
(ohm-cm) 

1 1,960 

11,170 

> 16,750 

16,750 

16,750 

6,980 

16,750 

11,170 

16,750 

10,470 

16,750 

16,750 

16,750 

16,750 

16,750 

16750 

16,750 

> 16,750 

> 16,750 

16,750 

11,170 

6,980 

> 16,750 

> 16,750 

> 16,750 

1,190 

1,270 

16,750 

12,890 



A G R A Earth & Envlronrnental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I I Normal Pressure (p.s.f.) I 
0 peak shear strength A strength at 1/4 inch displacement 

, .,&. 

Open symbols ( A )  signify tests at  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

101/8 FANGLOMERATE: c = 500 psf c = 320 psf 
fine to coarse SAND 0 = 45.5' @ = 37.5. 

( SUBMERGED ) 

Job No. 6-21 2-105200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 101 
SAMPLE : 8 (SUBMERGED) 

3500 

3000 

S 
82500 
U) 

2KSF 
U) A 3KSF 

5 1, 
?i 

low 

500 

0  
0 1 2 3 4 5 6  7 8 9 10 

SHEAR STRAIN (%) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



AGRA Earth & Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

u 

5 
3 

J 

1 0'00 2d00 3000 4d00 5d00 

Normal Pressure (p.s.f.) 
r 

0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

FANGLOMERATE: C = 900 p s f  c = 370 p s f  
fine to  c o a r s e  SAND 0 = 4 7  0 = 4 7  

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 





A G R A Earth & Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

I I Normal Pressure (p.s.f.1 I 
0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at natural moisture; 

solid symbols ( A )  signify tests on submerged samples. 

TP 2/2 FANGLOMERATE: c = 50 psf c = 50 psf 
fine to medium S = 41' Q = 40' 

SILTY SAND :+: . . 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : TP2 
SAMPLE : 2 (SUBMERGED) 

2500 

g2000 - 
tn 
In 
W 

1500 2KSF 
A 3 KSF 

g loo0 

500 

0 
0 1 2 3  4 5 6  7 8 9 1 0  

SHEAR STRAIN (%) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



AG R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I I Normal Pressure (p.s.f.) I 
0 peak shear strength A strength at  1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 
Solid symbols ( A )  signify tests on submerged samples. 

103 /1  CROWDER FORMATON: c = 1 0 0  psf 
fine to medium CLAYEY 9 = 34' 

SANDSTONE 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 - %M' 



ROUTE 138 - PHASE 2 

BORING : 103 
SAMPLE : I (SUBMERGED) 

2 KSF 

A 3 KSF 

0 1 2 3 4 5 6  7 8 9 1 0  

SHEAR STRAIN (96) 

Job No. 6-21 2-1 05200- December 20, 1996 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB#: 6-212-1052 



AG R A Earth & Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

I I Normal Pressure (D.s.~.) I 
- 

0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

107/6 CROWDER FORMATION: c = 200 psf c = 100 psf 
fine to coarse 0 = 44. S = 36' 

SANDSTONE 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 107 
SAMPLE : 6 (SUBMERGED) 

1500 

1250 

low 

750 

500 

250 

0 1 2 3 4 5 6  7 8 9 10 

SHEAR STRAJN (X) 

lo00 PSF 
A 1500 PSF 

Job No. 6-21 2-1 05200- December 20, 1996 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1 052 



AG R A  Earth& ~nvironmental, ~nc. 
RESULTS OF DIRECT SHEAR TESTS 

I I Normal Pressure (D.s.~.) I 
0 peak shear strength A strength a t  1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

1 07/10 CROWDER FORMATION: c = 300 psf c = 0 psf 
fine to coarse SILTY 8 = 44' 8 = 44' 

SANDSTONE 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 107 
SAMPLE : 10 (SUBMERGED) 

1 KSF 

2KSF 

A 3KSF C 

Job No. 6-21 2-1 05200- December 20, 1996 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 



A G R A Earth 8 Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

Normal Pressure (p.s.f.) 

0 peak sheor strength A strength a t  1/4 'inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

107/10 CROWDER FORMATION: c = 1200 psf c = 200 psf 
fine to coarse SILTY @ = 48' 8 = 41. 

SANDSTONE 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 107 
SAMPLE : 10 (NATURAL) 

4500 

4000 

3500 
S n 
z3OOo cn 

2KSF 
V) A 3 KSF 

I 
V) 1500 

1000 

500 

0 
0 1 2 3 4 5 6 7 8 9 1 0  

SHEAR STRAIN (%) 

AGRA EARTH & ENVIRONMENTAL, INC. 

JOB#: 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



A G R A Earth 8 Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

b 

: 

500 1 000 1 500 2000 2500 

Normal Pressure (p.s.f.) 

0 peak shear strength A strength at  1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

- - -- - -- 

1 08/2 fine to  medium SILTY c = 300 psf c = 50 psf 
SANDSTONE 0 = 36' S = 36' 

SUBMERGED 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 
SAMPLE : 

108 
2 (REMOLDED 8 SUBMERGED) 

1500 

1250 

6 1000 
P - 
V) 
V) 
W 

750 1000 PSF 
V) ~ 1 5 0 0  PSF 

3500 

250 

0 
0 1 2 3 4 5 6 7 8  9 10 

SHEAR STRAIN (X) 

AGRA EARTH & ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



A G R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I 
? 
> 

! 

500 1 000 2000 25'00 

Normal Pressure (p.s.f.) 
L 

0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

108/4 CROWDER FORMATION: c = 75 psf c = 75 psf 
fine t o  coarse 0 = 5 7  0 = 39' 

SANDSTONE 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 1 08 
SAMPLE : 4 (SUBMERGED) 

2500 

p o o  - 
V) 
V) 
W 
g 1500 1000 PSF 

A 1500 PSF 

5 loo0 

500 

0 
0 1 2 3 4 5 6  7 8 9 1 0  

SHEAR STRAIN (96) 

J 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



AG R A Earth & Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

Normal Pressure (D.s.~.)  I 
0 peok sheor strength A strength at  1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

1 0 8 / 6  CROWDER FORMATION: c = 2900 psf c = 500 psf 
SANDSTONE . 8 = 15. 8 = 3 3  

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 108 
SAMPLE : 6 (SUBMERGED) 

3500 

B 
42500 
V) 
V) 

W 2KSF 
A 3KSF 

z 
1000 

500 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0  
0  1 2 3 4 5 6 7 8  9 10 

SHEAR STRAIN (%) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



A G R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

Y 

! 
b 

1000 2000 3000 4000 5000 

Normal Pressure (p.s.f.) 
L 

0 peak shear strength A strength at  1/4 inch displacement 

Open symbols ( A )  signify tests at  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

108/15 CROWDER FORMATION: c = 400 psf c = 400 psf 
SILTY SANDSTONE 0 = 4 7  S = 42' 

Job No. 6-21 2-1 05200- December 20, 1996 



BORING : 
SAMPLE : 

ROUTE 138 - PHASE 2 

108 
15 (NATURAL) 

2KSF 
A 3 KSF 

Job No. 6-21 2-1 05200- December 20, 1996 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1 052 



AG R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I Normal Pressure (p.s.f.) I 
0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

109/1 TERRACE DEPOSITS: c = 0 psf c = 0 psf 
fine to coarse S l L N  SAND 0 = 4 7  0 = 35' 

. ,y 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 
SAMPLE : 

109 
1 (SUBMERGED) 

0 1 2 3 4 5 6 7 6 9 1 0  

SHEAR STRAIN (X) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052. 

Job No. 6-21 2-1 05200- December 20, 1996 



AG R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS / 

I I Normal Pressure (D.s.~.) I 
- 

0 peak shear strength A strength a t  1/4 inch displacement 

Open symbols ( A )  signify tests a t  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

BOR~SAMPLF MA7iiRAL PG4K DIL 7ZMA7iF 
109/2 fine to coarse c = 300 psf c = 0 psf 

SILTY SAND 8 = 41. 8 = 38. 

( SRUEM"E'R"G"E"D ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 2 (REMOLDED & SUBMERGED) 

2500 

gxxx, - 
In 
In 

1500 2 KSF 
$ A 3KSF 

5 loo0 

500 

0 
0 1, 2 3 4 5 6 7 8  9 10 

SHEAR STRAIN (%) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



A G R A Earth & Environments/, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I Normal Pressure (p.s.f.) 1 
0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

109/3 TERRACE DEPOSITS: c = 350 psf c = 150 psf 
fine to coarse 8 = 40' 0 = 38' 

SILTY SAND 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 3 (SUBMERGED) 

2500 

p m  - 
V) 
V) 
W 

1500 2KSF 

3 A 3 KSF 

5 loo0 

500 

0 
0  1  2 3 4 5 6 7 8 9 1 0  

SHEAR STRAIN (96) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB#:  6212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 





ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 6 (NATURAL) 

4000 

3500 

3000 

e 
42500 
cn 
V) 

2  KSF 
V) A 3 KSF 

x 
V) 

loo0 

500 

0 
0 1 2 3  4 5 6  7 8 9 1 0  

SHEAR STRAIN (56) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1 052 

Job No. 6-21 2-1 05200- December 20, 1996 



AG R A  Earth &Environmental, lnc. 
RESULTS OF DIRECT SHEAR TESTS 

t; 
E 
w 

2 

1000 2000 3000 4000 5000 

Normal Pressure (p.s.f.) 

0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

109/8  TERRACE DEPOSITS: c = 850 psf c = 330 psf 
medium to coarse 0 = 45' 8 = 45. 
SAND WITH GRAVEL 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 8 (NATURAL) 

0 1 ' 2 3 4 5 6 7 6 9 1 0  

SHEAR STRAIN (%) 

Job No. 6-21 2-1 05200- December 20, 1996 

2KSF 
A 3 KSF 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 



AG R A Earth d Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

I 
! 
I; 
P 
m .  

2 

1 obo 3600 4000 5doo 

Normal Pressure (p.s.f.) 

0 peak shear strength A strength at  1/4 inch displacement 

Open symbols ( A )  signify tests at  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

--- -- -- 

TERRACE DEPOSITS: c = 1090 psf c = 800 psf 
fine to coarse 8 = 48. 8 = 48. 

SAND WITH GRAVEL 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 11 (SUBMERGED) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-21 2-1 052 -3% 

4500 

4000 

3500 

F- - 
F 2 KSF 

A 3KSF 

5 lsoo 

1000 

Job No. 6-21 2-1 05200- December 20, 1996 

soo -a- 
b.I 1 

ob '1 

0 1 2 3 4 5 6 7 8 9 1 0  

SHEAR STRAIN (X) 



A G R A Earth 8 Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 
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I 1 000 2000 3000 4000 SO00 

Normal Pressure (D.s.~.) I 
0 peak shear strength A  strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at  natural moisture; 

Solid symbols .(A) signify tests on submerged samples. 

1 0 9 / 1 1  TERRACE DEPOSITS: c = 700 psf , c = 500 psf 
fine to coarse 0 = 42.5' QI = 42.5' 

SAND WITH GRAVEL 

' ~ A T U R A L  MOISTURE) 
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ROUTE 138 - PHASE 2 

BORING : 
SAMPLE : 

109 
11 ' (NATURAL) 

2KSF 
A 3 KSF 

0 1 2 3 4 5 6  7 8 . 9  10 

SHEAR STRAIN (K) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6-212-1052 

Job No. 6-21 2-1 05200- December 20, 1996 



AG R A Earth & Environmental, Inc. 
RESULTS OF DIRECT SHEAR TESTS 

1 I Normal Pressure (p.s.f.) I 
0 peak shear strength A strength at 1/4 inch displacement 

Open symbols ( A )  signify tests at  natural moisture; 

Solid symbols ( A )  signify tests on submerged samples. 

BOR/NG/SXMPL E MATER/AL PCQX u n ~ 7 i i  
1 0 9 / 2 3  CROWDER FORMATION: c = 300 psf c = 1 0 0  psf 

fine to  coarse . 0 = 4 7  8 = 40. 
SANDSTONE 

( SUBMERGED ) 

Job No. 6-21 2-1 05200- December 20, 1996 
Lu-". - 



ROUTE 138 - PHASE 2 

BORING : 109 
SAMPLE : 23 (SUBMERGED) 

3500 

3000 

B 
B2500 
V) 
V) 

2KSF 
V) A 3 KSF 

9 1500 
I 
V) 

loo0 

500 

0 
0 1 2 3 4 5 6  7 8 9 10 

SHEAR STRAIN (X) 

AGRA EARTH 8 ENVIRONMENTAL, INC. 

JOB # : 6212-1052 

Job No. 6-21 2-1-05200- December 20, 1996 





A G R A Earth & Environmental, Inc. 
CONSOLIDATION TEST - PRESSURE CURVES, 

I Bor./Sornpla NQ TP 1/4 1 & - Depth 7' I Dote I 

I PRESSURE (tons/sq.ft.) I 
Job No. 6-21 2-105200- December 20, 1996 8-46 



AG R A  Earth8 Environmental, hc. 

I Bor./Sornple NQ 104/4 I - Depth 6' I Dote I 

I PRESSURE (tons/sq.ft.) 1 
. .. - .. . . . , . . , . , , Job- No;..6-212-105200- December 20, 1996 



AG R A Earth 8 Environmental, Inc. 
CONSOLIDATION TEST - PRESSURE CURVES 

INITIAL MOISTURE 

I PRESSURE (tons/sq.ft.) I 
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A G R A Earth & Environmental, Inc. 
CONSOL.IDATION TEST - PRESSURE CURVES 

0 INITIAL MOISTURE 

Job No. 6-21 2-105200- December 20, 1996 8-49 
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APPENDIX C 

SUMMARY OF SHEAR STRENGTH VALUES 



A summary of Mohr-Coulomb shear strength parameters are presented in this Appendix. 
Samples from Borings B-1 through B-16. B1A and B2A were tested by John A. Sayers & 
Associates. Samples from Borings 8-1 01 through 8-1 09  and TP-2 were tested by AGRA Earth 
& Environmental, Inc. The shear strength values are differentiated by geologic unit, testing 
moisture conditions (natural moisture or submerged conditions), and stresslstrain conditions 
(peak and ultimate strengths). An "average" set of strength parameters are also presented 
for each case. The average values are conservative estimates. Unusually high strength points 
have been omitted from the averaging process. 

SUMMARY OF DIRECT SHEAR 
STRENGTH VALUES 

Crowder Formation (Submeraedl 

Job No. 6-212-105200- December 20. 1996 

Boring No. 
@ Depth or1 
Sample No. 

B11 @ 5' 

B12 @ 20' 

B13 @ 5' 

81 3 @ 15' 

B10311 

8107 I 6  

81 07  I 10 

B108 I 4  

8108 I 6  

81 09  I 23 

@ Recycled Paper 
~ A G R A  
Earth & Environmental 

Material Description 

Silty fine SANDSTONE 

Silty SANDSTONE 

Silty SANDSTONE with CLAY 

Silty SANDSTONE with CLAY 

Fine to medium CLAYEY 
SANDSTONE 

Fine to coarse SANDSTONE 

Fine to coarse SILTY 
SANDSTONE 

Fine to coarse SANDSTONE 

SANDSTONE 

Fine to coarse SANDSTONE 

AVERAGE VALUE 

Ultimate Strength Peak Strength 

c 
(psf) 

360 

560 

0 

0 

100 

100 

0 

75 

500 

100 

180 

c 
(psf) 

608 

1032 

230 

120 

100 

200 

300 

75 

2900 

300 

300 

@ 
(degrees) 

29 

25 

4 0  

35 

3 4  

36  

4 4  

39 

33  

40  

35 - 

@ 
(degrees) 

3 1 

24 

39 

37 

34  

44 

44 

57 

15 

47 

37 



SUMMARY OF DIRECT SHEAR 
STRENGTH VALUES 

Crowder Formation (Natural Moisture) 

@ Job No. 6-21 2-1 05200- December 20, 1996 

@ Recycled Paper 

Boring No. 
@ Depth or/ 
Sample No. 

B1A @ 10' 

B1A @ 20' 

B1A @ 40' 

B2A @ 10' 

B2A @ 15' 

B2A @ 20' 

B2A @ 35' 

B2A @ 45' 

B1 07  / 10  

8108 / 15 

~ A G W A  
Earth & Environmental 

Material Description 

SILTY SANDSTONE 

SILTY SANDSTONE 

SANDSTONE with GRAVEL 

SILTY fine to medium 
SANDSTONE 

SILTY SANDSTONE with 
CLAY 

Fine to  medium SANDSTONE 
with GRAVEL 

Fine to  medium SANDSTONE 
with GRAVEL 

Fine t o  coarse SANDSTONE 

Fine t o  coarse SILTY 
SANDSTONE 

SILTY SANDSTONE 

AVERAGE VALUE 

Peak 

c 
(psf) 

0 

1636 

2420 

1956 

1604 

0 

0 

1 24  

1200 

400 

900 

Ultimate 

c 
(psf) 

0 

0 

250 

0 

530 

0 

0 

400 

200 

400 

180 

Strength 

9 
(degrees) 

50 

44  

28 

46 

47 

50 

5 1 

49 

48 

47 

46 

Strength 

9 
(degrees) 

38  

39 

3 4  

38 

30  

36  

42  

36  

4 1 

42 

37 



SUMMARY OF DIRECT SHEAR 
STRENGTH VALUES 

Terrace De~osi ts (Submeroedl 

Terrace De~os i ts  (Natural Moisture) 

Boring No./ 
Sample No. 

8109 11 '  

B109 13 '  

B109 I 1 1 ' 

Job No. 6-21 2-105200- December 20, 1996 

Ultimate Strength 

@ Recycled Paper 

Material Description 

Fine to coarse SILTY SAND 

Fine to coarse SILTY SAND 

Fine to  coarse SAND with 
GRAVEL 

AVERAGE VALUE 

C 

(psf) 

0 

150 

800 

75 

- 

Boring No./ 
Sample No. 

8109 16 '  

8109 / 8' 

B109 I 1 1 ' 

& ~ G R A  
Earth & Environmental 

@ 
(degrees) 

35 

38 

48 

36 

Peak Strength 

Material Description 

Medium to coarse SILTY 
SAND 

Medium to coarse SAND with 
GRAVEL 

Fine to  coarse SAND with 
GRAVEL 

AVERAGE VALUE 

C 

(psf) 

0 

350 

1090 

175 

@ 
(degrees) 

47 

40 

48 

41 

Peak Strength 

C 

(psf) 

300 

850 

700 

600 

Ultimate Strength 

@ 
(degrees) 

50 

45 

42  

45 

C 

(psf) 

300 

330 

500 

350 

@ 
(degrees) 

4 2  

45 

4 2  

4 4  



SUMMARY OF DIRECT SHEAR 
STRENGTH VALUES 

Older Alluvium/Fanalomerate (Submeraedl 

Remolded Sam~les (Submersed] 

Boring or 
Test Pit No. 
@ Depth or/ 
Sample No. 

B5 @ 10' 

B1O@lO1 

B101 1 8  

B l  01 / 10 

TP 212 

@ Job No. 6-21 2-1 05200- December 20. 1996 

Material Description 

SILTY SAND 

SlLTYtoCLAYEYSAND 

Fine to  coarse SAND 

Fine to  coarse SAND 

Fine t o  medium SILTY SAND 

AVERAGE VALUE 

Boring No. 
@ Depth or/ 
Sample No. 

B1 A @ 10' 

B1 A @ 20' 

8108 1 2  

B109 / 2 

@ Recycled Paper 

Peak Strength 

& w x ~ ~  
Earth & Environmental 

Ultimate Strength 

c 
(psf) 

152 

384 

500 

900 

50 

250 

C 

(psf) 

200 

100 

320 

370 

50 

150 

Q, 
(degrees) 

35 

36 

45 

47 

4 1 

39 

Material Description 

Crowder SANDSTONE 

Crowder fine SANDSTONE 

Crowder CLAYEY 
SANDSTONE 

Terrace medium to  coarse a 

SAND 

AVERAGE VALUES 

Q, 
(degrees) 

33 

30 

37.5 

47 

40 

35 

Ultimate Strength 

c 
(psf) 

100 

240 

50 

0 

100 

Peak Strength 

Q, 
(degrees) 

32 

32 

36 

38 

34 

c 
(psf) 

980 

1220 

300 

300 

700 

Q, 
(degrees) 

25 

30 

36 

41 

33 



e SUMMARY OF DIRECT SHEAR TEST DATA 
CROWDER FORMATION 

SUBMERGED - PEAK STRENGTH 

NORMAL STRESS (psf) 
0 B77 05' A B 707/6 

A 872 @20' t8[ B 707/?0 

87305' & B'108/4 
873 @ 75' B ?08/6 

B 703/? $ B 709/23 

Job No. 6-21 2-1 05200- December 20, 1996 
C 6- 10.521 



SUMMARY OF DIRECT SHEAR TEST DATA 
CROWDER FORMATION 

SUBMERGED - ULTIMATE STRENGTH 

NORMAL STRESS (psf) 
0 ,B77 05' A 8707/6 

A 812 @20' 8 B707/10 

B73@5'  & B708/4 

873 015' B108/6 

B 703/1 $ B709/23 

LC 6-1- 
Job No. 6-21 2-1 05200- December 20, 1996 



NORMAL STRESS (psf) 

C: 6-1021 Job No. 6-21 2-105200- December 20, 1996 



SUMMARY OF DIRECT SHEAR TEST DATA 
CROWDER FORMATION 

NATURAL MOISTURE - ULTIMATE STRENGTH 

NORMAL STRESS (psf) 
0 BIA 070' A B2A 020' 

A BIA @20' )gl B2A 035' 

BIA @40' tgj BZA 0 4 5 '  

8 2 A  070' B 107/70 

19.24 875' $ B I08/I5 

.E 6-10521 
Job No. 6-21 2-1 05200- December 20, 1996 



a SUMMARY OF DIRECT SHEAR TEST DATA 
TERRACE DEPOSITS 

SUBMERGED - PEAK STRENGTH 

NORMAL STRESS (psf) 

n 6 - , m y  J o b  NO. 6-21 2-1 05200- December 20, 1996 



SUMMARY OF DIRECT SHEAR TEST DATA 
TERRACE DEPOSITS 

SUBMERGED - ULTIMATE STRENGTH 

2000 3000 4000 

NORMAL STRESS (psf) 

Job No. 6-21 2-1 05200- December 20, 1996 
'm 6- 10521 



SUMMARY OF DIRECT SHEAR TEST DATA 
TERRACE DEPOSITS 

NATURAL MOISTURE - PEAK STRENGTH 

NORMAL STRESS (psf) 

.c: 6-1052~ Job No. 6-21 2-1 05200- December 20, 1996 



SUMMARY OF DIRECT SHEAR TEST DATA 
TERRACE DEPOSITS 

NATURAL MOISTURE - ULTIMATE STRENGTH 

NORMAL STRESS (psf) 

.r: 6-ICWY Job No. 6-21 2-1 05200- December 20, 1996 



SUMMARY OF DIRECT SHEAR TEST DATA 
FANGLOMERATE - OLDER ALLUVIUM 

SUBMERGED - PEAK STRENGTH 

NORMAL STRESS (psf) 

6-1- Job No. 6-21 2-1 05200- December 20, 1996 



al SUMMARY OF DIRECT SHEAR TEST DATA 
FANGLOMERATE - OLDER ALLUVIUM 
SUBMERGED - ULTIMATE STRENGTH 

NORMAL STRESS (psf) 
0 85 870' 

1970 @lo* 

B 707/8 

B 707/70 

H TP-2/2 

5000 

o 6-1091 Job No. 6-21 2-1 05200- December 20, 1996 

-- 

0 

4000-- 

3000 -- 

2000 -- 
C= 1 5 0  PSF 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

1 0 0 0  2000 3000 4 0 0 0  5000 



SUMMARY OF DIRECT SHEAR TEST DATA 
REMOLDED MATERIAL 

SUBMERGED - PEAK STRENGTH 

NORMAL STRESS (psf) 

T' 6- IW Job No. 6-21 2-1 05200- December 20, 1996 



SUMMARY OF DIRECT SHEAR TEST DATA 
REMOLDED MATERIAL 

SUBMERGED - ULTIMATE STRENGTH 

NORMAL STRESS (psf) 

ILL. 6- 1052)' Job No. 6-21 2-1 05200- December 20, 1996 



APPENDIX D 

SLOPE STABILITY CALCULATIONS 



ROUTE 138 PHASE 2 
STATION 1 80t 00 BACK CACULATION 
File Nome R138BACK.SL  - _ -- L- 

~ ~ I ~ ~ o d - M ~ r g e n s t e r n - P r i ' $ ~  - -,- - 
Dlrect~on of Slip Movement R~qht to Left 
Slip Surfoce Option Grid ond Radius 
Seismic Coefficient 0 

TERRACE DEPOSIlS 

I 

-60 -40 -10 40 60 80 1 DO 110 140 160 180 ?OD 110 240 

Horizontal Distance (F1) 

Job No. 6-21 2-1 05200-  December 20, 1996 



ROUTE 138 PHASE 2 
STATION 176t00 1.35: 1 SLOPE 
File Name 1 38C 1 761.SLP 
Analysis Met hod Morgenstern- Price 
Direction of Slip Movement Right to Left 
Slip Surface Option Grid and Rodius 
Seismic Coefficient 0 

Soil 1 
TERRACE DEPOSITS 
Unit Weight 125 
Cohesion 175 
Phi 41 

Soil 2 
CROWDER FORMATION 
Unit Weight 135 
Cohesion 300 
Phi 37 

Horizontal Distance ( f t )  

Job No. 6-21 2-105200- December 20, 1996 



ROUTE 138 PHASE 2 
STATION 183t00 1.35:1 SLOPE 
File Nome 1 38C 1 83C.SLP 
Analysis Method Morgenstern-Price 
Direction of Slip Movement Right to Left 
Slip Surface Option Grid and Rodius 
.Seismic Coefficient 0 

Soil 1 
TERRACE DEPOSITS 
Soil Model Mohr-Coulomb 
Unit Weight 125 
Cohesion 175 
Phi 41 

Soil 2 
CROWDER FORMATION 
Soil Model Mohr-Coulomb 
Unit Weight 1 35 
Cohesion 300 
Phi 37 

Horizontol Distonce (11) 

,. Job No. 6-21 2-1 05200- December 20, 1996 



I ROUTE 138 PHASE 2 
STATION 1 6 5 t  50 1.35: 1 SLOPE 
File Name 138C165B.SLP 
Anolysis Method Morgenstern-Price 
Direction of Slip Movement Right l o  Left 
Seismic Coefficient 0 

Soil 1 
CROWDER FORMATION 
Unit Weight 125 
Cohesion 300 
Phi 37 

Horizontol Distonce (It) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 PHASE 2 
STATION 120t00 SLOPE 1.51 
File Nome 138C 120E.SLP 
Analysis Met hod Morgenstern-Price 
Direction of Slip Movement Right to  Left 
Slip Surface Option Grid ond Radius 
Seismic Coefficient 0 

Soil 1 
FANGLOMERATE 
Unit Weight 128 
Cohesion 150 
Phi 35 

I I I I I I 
0 20 40 60 80 100 120 140 160 180 200 220 

9 Horizonlol Distonce (ft) 

Job No. 6-21 2-105200- December 20, 1996 



• ROUTE 138 PHASE 2 
STATION 1 7 6 t  00 1.35: 1 SLOPE 
File Nome 1381 76K1 .SLP 
Analysis Method Morgenslern-Price 

560 Direction of Slip Movement Right to Lef  
Slio Surface Ootion Grid ond Rodius 

Soil 1 
TERRACE DEPOSITS 
Unit Weight 125 
Cohesion 175 
Phi 4 1  

Soil 2 
CROWDER FORMATION 
Unit Weight 135 
Cohesion 300 
Phi 37 

0 4 0 80 120 160 200 240 280 320 360 400 440 480 520 

a Horizontal Distance (11) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 PHASE 2 
STATION 1 7 6 t  00 1.35: 1 SLOPE 
File Name 1 38C 1 76K.SLP 
Anolysis Met hod Morgenstern-Price 
Direction of Slip Movement Right to Left 
Slip Surfoce Option Grid and Radius 

coefficient 

Soil 1 
TERRACE DEPOSITS 
Unit Weight 125 
Cohesion 175 
Phi 41 

Soil 2 
CROWDER FORMATION 
Unit Weight 135 
Cohesion 300 
Phi 37 

0 ' 4 0  80 120 i60 200 240 280 320 360 400 440 480 520 

Horizontal Distance (ft) 

Job No. 6-21 2-1 05200- December 20, 1996 



ROUTE 138 PHASE 2 
STATION 137 t00  2:1 slope ' 

File Name 1 38F137A.SLP 
Analysis Method Morgenstern-Price 
Direction of Slip Movement Left to Right 
Slip Surface Option Grid and Radius 
Seismic Coefficient 0 

SOIL 1 
PROPOSED FILL 
Unit Weight 128 
Cohesion 100 
Phi 34 

SOIL 2 
FANGLOMERATE 
Unit Weight 128 
Cohesion 150 
Phi 35 

I I I I I J 
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 

Horizontal Distance (It) 

Job No. 6-21 2-1 05200- December 20, 1996 D-8 



ROUTE 138 PHASE 2 
STATION 137t00 2:1 slope 
File Nome 1381 37kl .SLP 
Anolysis Method Morgenslern-Price 
Direction of Slip Movement Lefi to Right 
Slip Surface Option Grid ond Radius 
Seismic Coefficient 0.1 5 

SOIL 1 
PROPOSED FILL 
Unit Weight 128 
Cohesion 100 
Phi 34 

SOIL 2 
FANGLOMERATE 
Unit Weight 128 
Cohesion 150 
Phi 35 

a 0 20 40 60 80 169 120 140 160 180 200 220 240 260 280 300 320 

Horizontal Distonce (It) 

Job No. 6-21 2-105200- December 20, 1996 D-9 



ROUTE 138 PHASE 2 
STATION 137t00 2:l slope 
File Name 138F137k.SLP 
Analysis Method Morgenslern-Price 
Direction of Slip Movement Left to Right 
Slip Surface Option Grid and Radius 
Seismic Coefficient 0.28 

SOIL 1 
PROPOSED FILL 
Unit Weight 128 
Cohesion 100 
Phi 34 ' 

SOIL 2 
.FANGLOMERATE 
Unit Weight 128 
Cohesion 150 
Phi 35 

Job No. 6-21 2-1 05200- December 20, 1996 D-10 



SURFlClAL SLOPE STABILITY 
PROJECT ROUTE 138 

CROWDER @ TERRACE DEPOSITS 1.35:l 

*Normalized to failure depth 



*Normalized to failure depth 

SURFlClAL SLOPE STABILITY 
PROJECT ROUTE 138 

FANGLOMERATE 1.5:1 @ FILL 2:l 
JOB NO 6-21 2-1 05200 

150 
100 
100 
100 
100 

35 
34 
34 
34 
34 

138 
128 
128 
128 
128 

4 
1 
2 
3 
4 

1 
1 
1 
1 
1 

33.7 
26.6 
26.6 
26.6 
26.6 

1.16 
2.64 
1.67 
1.34 
1.18 



' .  
( ~ ~ a i n '  Buffer Copy Delete Find -find Get Insert Jump 
i ----- reading file: HWY138F.DAT ... 31538 characters 
1 HIGHWAY 138. DISPLACEMENT 
IDISPLACEMENT FOR MAXIMUM CREDIBLE SITE ACCELARATION 
c-SEED. IDRISS 
C UNITS OF DISP ARE IN FEET 

C NACC DT AMAX G 
1536 0.02 0.66 32.2 

C RODE XAXLEN XSCALE 
1 0 0 

C NUMBER OF YIELD ACCEL 
6 

C YIELD ACCELERATION 
0.16 0.19 0.22 0.25 0.28 0.31 

C ACCEL. HISTORY 

C SEED-IDRISS ( S A N .  ANDREAS) (BASE LINE CORRECTED) NPT=3072 DT=0.02 
0.111076 0.121594 0.127002 0.126753 0.103202 0.082824 0.082863 0.065653 
0.037451 0.028367 0.024310 0.030191 0.033200 0.033113 0.017113-0.001049 

Job No. 6-21 2-1 05200- December 20, 1996 



i TNMN - Version 1.13 
copyright, 1989, TAGA Inc .  

compiled by rmp on 09/19/89 using the 
Microsoft FORTRAN Optimizing Compiler v5.0 

Serial Number 1015 
Licensed to Moore & Taber 

DATE: 12:10:1996 
TIME: 9: 3:41 
INPUT/OUTPUT FILE NAME : HWY 13 8F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HIGHWAY 138. DISPLACEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I DISPLACEMENT FOR MAXIMUM CREDIBLE SITE A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .16 
MAXIMUM DISPLACEMENT = 1.859 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .16 
MAXIMUM DISPLACEMENT = 2.015 UNITS OF LENGTH 

- 
FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .19 
MAXIMUM DISPLACEMENT = 1.281 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .19 
MAXIMUM DISPLACEMENT = 1.385 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .22 
MAXIMUM DISPLACEMENT = .913 UNITS OF LENGTH 

@ FOR REVERSED MOTION 
AND A YIELD ACCELERATI024 OF .22 
MAXIMUM DISPLACEMENT = 1.014 UNITS OF LENGTH 

Job No. 6-21 2-1 05200- December 20, 1996 



FOR- NORMAL DIRECTION OF MOTION 
I AND A YIELD ACCELERATION OF .25 
MAXIMUM DISPLACEMENT = .583 UNITS OF LENGTH 

! 

FOR REVERSED MOTION @ AND A YIELD ACCELERATION OF . 2 5  
MAXIMUM DISPLACEMENT = . 7 2 2  UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = . 406  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = . 5 2 2  UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .31 
MAXIMUM DISPLACEMENT = . 2 8 0  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF . 3  1 
MAXIMUM DISPLACEMENT = . 3 7 4  UNITS OF LENGTH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I ELAPSED TIME = 0 MINS 3 SECS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Job No. 6-21 2-1 05200- December 20, 1996 



Insert: <cursor keys> ,  E s c  t o  e x i t ,  Ins for E x c h a n g e  __--- reading f i l e :  HWY138.DAT . . . 15963 characters - 
HIGHWAY 13 8. DISPLACEMENT 

IDISPLACEMENT FOR MAXIMUM CREDIBLE S I T E  ACCELERATION 
C EL CENTRO ACCELERGRAM 
C U N I T S  O F  D I S P  ARE I N  FEET 

C NACC DT AMAX G 
1536 0.02 0.66 32.2 

C XODE XAXLEN XSCALE 
1 0 0 

C NUMBER OF Y I E L D  ACCEL 
6 

C YIELD ACCELERATION 
0.16 0.19 0.22 0.25 0.28 0.31 

C ACCEL. HISTORY 

C ELCENTRO -S90W- ( B A S E  LINE CORRECTED) NPT=153 6 DT=O. 02 
0.013375 0.026959 0.048846 0.031057 0.030420 0.042742 0.056136 0.042116 
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I - , .  
. . 

' 
FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .25 
MAXIMUM DISPLACEMENT = .805 UNITS OF LENGTH 

0; FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .25 
MAXIMUM DISPLACEMENT = .633 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = . 5 8 0  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = .423 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF . 3  1 
MAXIMUM DISPLACEMENT = .421 UNITS OF LENGTH 

FOR REVERSED MOTIQN 
AND A YIELD ACCELERATION OF .3 1 
MAXIMUM DISPLACEMENT = .262 UNITS OF LENGTH 

******************************* 
2ELAPSED TIME = 0 MINS 2 SECS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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, ----- Bye! (HWY138B.DAT) 
I HIGHWAY 138. DISPLACEMENT 

3 DISP FOR MAXIMUM CREDIBLE SITE ACCELERATION 
C HAYWARD 40 ACCELERGW 
C UNITS OF DISP ARE IN FEET 

C NACC DT AMAX G 
2048 0.02 0.66 32.2 

C KODE XAXLEN XSCALE 
1 0 0 

C NUMBER OF YIELD ACCEL 
6 

C YIELD ACCELERATION 
0.16 0.19 0.22 0.25 0.28 0.31 

C ACCEL. HISTORY 

C HAYWARD (BASE LINE CORRECTED) NPT=2048 DT=.02 
Press any key to continue 
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TNMN - Version 1 . 1 3  
Copyright, 1 9 8 9 ,  TAGA Inc. 

Compiled by rmp on 09/19/89 using the 
Microsoft FORTRAN Optimizing Compiler v 5 . 0  

Serial Number 1 0 1 5  
Licensed to Moore & Taber 

DATE: 1 2 : 1 0 : 1 9 9 6  
TIME: 7 : 3 5 : 2 9  
INPUT/OUTPUT FILE NAESE: HWY 1 3 8 ~  

t i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

HIGHWAY 1 3 8 .  DISPLACEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 DISP FOR MAXIMUM CREDIBLE SITE ACCELERAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF . 1 6  
MAXIMUM DISPLACEMENT = 2 . 7 9 3  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF . 1 6  
MAXIMUM DISPLACEMENT = 2 . 4 7 0  UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF . 1 9  
MAXIMUM DISPLACEMENT = 1 . 7 7 8  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF . 1 9  
MAXIMUM DISPLACEMENT = 1 . 9 5 5  UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF . 2 2  
MAXIMUM DISPLACEMENT = . 9 9 4  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF . 2 2  
MAXIMUM DISPLACEMENT = 1 . 2 2 2  UNITS OF LENGTH 
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FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .25 
MAXIMUM DISPLACEMENT = .635 UNITS OF LENGTH 

@ FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .25 
MAXIMUM DISPLACEMENT = .793 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = .419 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = .552 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .3 1 
MAXIMUM DISPLACEMENT =. , 2 4 6  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .31 
MAXIMUM DISPLACEMENT = .373 UNITS OF LENGTH 

******************************* 
3 ELAPSED TIME = 0 MINS 2 SECS ******************************* 
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I Again B u f f e r  Copy Delete F i n d  - f i n d  G e t  Insert  Jump 
I ___-- r e a d i n g  f i l e :  HWY138D.DAT ... 15988  c h a r a c t e r s  

HIGHWAY 138 .  DISPLACEMENT 
9 DISPLACEMENT FOR MAXIMUM CREDIBLE SITE ACCELERATION 

C TAFTN2lE ACCELERGRAM @ C UNITS ARE IN FEET 

C NACC DT AMAX G 
1 5 3 6  0.02 0 . 6 6  32.2  

C KODE XAXLEN XSCALE 
1 0  0  

C  NUMBER OF YIELD ACCEL 
6  

C YIELD ACCELERATION 
0 . 1 6  0 . 1 9  0 .22  0 . 2 5  0 .28 0 . 3 1  

C ACCEL HISTORY 

C TAFT -N21E- (BASE LINE CORRECTED) NPT=1536 DT=0.02 
-0 .076134 0 .005743  0.002287 0.024638 0 .031752  0 . 0 1 8 7 0 0  0 . 0 1 7 3 3 1  0 .028483  
-0 .005611-0.035063-0.009571 0.021214 0 . 0 2 6 4 1 6  0 . 0 0 2 8 4 8  0 .006094  0 .014604 
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I TNMN - Version 1.13 
a copyright, 1989, TAGA Inc. 
- 

compiled by rmp on 09/19/89 using the 
Microsoft FORTRAN Optimizing Compiler v5.0 

Serial Number 1015 
Licensed to Moore 61 Taber 

DATE: 12:10:1996 
TIME: 7:19:27 
INPUT/OUTPUT FILE NWIE : HWY 13 8 D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HIGHWAY 138. DISPLACEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * * * * * * * * * * * * i t * * * * * * * * * * * * * * * * * * * * *  

+ DISPLACEMENT FOR MAXIMUM CREDIBLE SITE A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .16 
MAXIMUM DISPLACEMENT = 1.407 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .16 
MAXIMUM DISPLACEMENT = 1.206 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .19 
MAXIMUM DISPLACEMENT = .968 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .19 
MAXIMUM DISPLACEMENT = .862 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .22 
MAXIMUM DISPLACEMENT = .582 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .22 
14AXIMUM DISPLACEMENT = .626 UNITS OF LENGTH 
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: FOR NORMAL DIRECTION OF MOTION 
' AND A YIELD ACCELERATION OF . 2  5 
MAXIMUM DISPLACEMENT = .403 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .25 - 
MAXIMUM DISPLACEMENT = .428 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = . 2 7 2  UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF .28 
MAXIMUM DISPLACEMENT = .302 UNITS OF LENGTH 

FOR NORMAL DIRECTION OF MOTION 
AND A YIELD ACCELERATION OF .3 1 
MAXIMLTM DISPLACEMENT = .I79 UNITS OF LENGTH 

FOR REVERSED MOTION 
AND A YIELD ACCELERATION OF -31 
MAXIMLTM DISPLACEMENT = .2 04 UNITS OF LENGTH 
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PAVEMENT DESIGN REPORT 
ROUTE 138 PHASE 2 

08-SBd-138 - 16.411 9.7 

The recommendations presented in this report are based on field exploration and testing 
performed by AGRA Earth & Environmental, Inc. (AEE) as presented in the Supplemental 
Geotechnical Design Report. Reference should be made to  the geologic and geotechnical 
conditions described in that report as well as the presentation of laboratory testing on the Soil 
Summary Sheets, Plate VI through X. Previous testing performed by John A. Sayers & 
Associates (JASA) was also used as a data base. The testing by JASA is also compiled in the 
Supplemental Geotechnical Design Report. 

A summary of Resistance Value testing performed is presented below: 

Based on the testing performed, it is our opinion that a project design R-Value of 50 is 
appropriate. An R-Value of 50 should be readily achievable within the Terrace Deposits and 
younger alluvial soils which is expected to provide most of the fill embankment material for 
this project. It is expected that the Crowder Formation, particularly the more clayey units will 
not yield an R-Value of 50. Fill soils derived from the Crowder Formation should be omitted 
from the upper 4 feet of embankment fill or be mixed with other on-site soils to attain an R- 
Value of greater than 50. Where pavement subgrade will be founded in Crowder Formation 
(predominantly cut areas between approximately Station 144and 189) lower R-Value material 
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R-Value 
(Stabilometer) 

78 

68 

6 1 

67 

6 1 

70 

73 

42  

48 

15 

74  

~ A G R A  
Earth & Environmental 

Material Type 

Older Alluvium: Silty Sand 

Older Alluvium: Silty Sand 

Slope Wash: Silty Sand 

Alluvium: Silty Clayey Sand 

Alluvium: Silty Sand 

Fanglomerate: Fine t o  Medium Sand 

Fanglomerate: Silty Sand with Gravel 

Crowder Formation: Silty Sandstone 

Crowder Formation: Clayey Sandstone 

Crowder Formation: Clayey Sandstone 

Terrace Deposits: Fine to  Medium 
Silty Sand 

Boring No. 

6 1 

B6 

B10 

61 5 

B16 

101 

Test Pit 2 

103 

107 

108 

109 

@ Depth/ 
Sample No. 

@ 7.5' 

@ 3.5' 

@ O - 3 '  

@ O - 3 '  

@ O - 3 '  

2 

5 

2 

3 

9 

7 



may be exposed at subgrade elevation. I n  this case, overexcavation of the unsuitable material 
to  a depth of 4 feet and replacement with suitable R-Value material will be required. 

With the above conditions the recommended pavement sections, as designed in accordance 
with the Caltrans Highway Design Manual, are as follows: 

Main Line - Hiahwav 134, 10-year T.I. = 8.0 

0.40 feet Asphaltic Concrete 
over 0.25 feet Asphalt Treated Permeable Base 
over 0.35 feet Class 2 Aggregate Base 

Main Line - Hiahwav 138, 20-year T.I. = 10.0 

0.50 feet Asphaltic Concrete 
over 0.25 feet Asphalt Treated Permeable Base 
over 0.35 feet Class 2 Aggregate Base 

Shoulder - Hiahwav 138, 10-year T.I. = 5.0 

0.20 feet ' Asphaltic Concrete 
over 0.35 feet Class 2 Aggregate Base 

Shoulder - Hiahwav 138, 20-year T.I. = 6.0 

0.25 feet Asphaltic Concrete 
over 0.35 feet Class 2 Aggregate Base 

Asphaltic concrete, asphalt treated permeable base and Class 2 Aggregate Base should 
conform to the current Caltrans Specifications. 
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CORROSION STUDY 
ROUTE 138, PHASE 2 

08-SBd-138 - 16.411 917 

This study presents design recommendations for culvert construction for the Route 138 
Phase 2 project. The recommendations are based on field exploration and laboratory testing 
performed by AGRA Earth & Environmental, Inc. (AEE) as presented in the Supplemental 
Geotechnical Design Report. Reference should be made to the geologic and geotechnical 
conditions described in that report as well as the presentation of laboratory testing on the Soil 
Summary Sheets. 

During the field exploration a cursory inspection of existing culverts within the current 
roadway alignment was performed. The culverts were constructed of corrugated steel pipe 
(CSP). The ages of the culverts are not known, however, it is likely that they date back to  the 
original construction of existing Route 138. The condition of the culverts was rated as fair 
to good. No perforations of the culvert shells were noted within sight of either the inlet or 
outlet. 

Corrosion samples were obtained at the proposed major culvert crossings using hand auger 
techniques (Samples CS-1 through CS-24). In addition, a number of samples were selected 
from deep borings drilled within proposed cut areas. Resistivity, pH and sulphate tests were 
performed on all the samples. Chloride tests were performed on selected samples with the 
lowest minimum resistivity values. The sample locations and test results are summarized on 
the Soil Survey Sheets, Plate VI through X. 

Based on the testing performed it is evident that the geologic units along the alignment can 
be grouped into two classes. The Terrace Deposits and younger alluvial soils, which will be 
encountered at the invert elevation of proposed culverts have low corrosion potential. The 
Crowder Formation, which could potentially be included in embankment fill over proposed 
culverts, has moderate corrosion potential. A summary of recommended design parameters 
for both groups is presented as follows. 

\ 
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Where culverts will be founded within alluvial soils and embankment fill to be placed around 
the culvert will be composed of similar material, the Type A design parameters may be used 
for metal conduit. If there is uncertainty as to the type of embankment fill to be used at a 
specific culvert location we recommend that the Type B design parameters be applied to metal 
conduit. 

The corrosion testing indicates that none of the geologic units within the roadway alignment 
present a corrosive environment for unreinforced or reinforced concrete pipe. 

Type B 
Crowder 

Formation 

1,190 
7.2 
138 
96 

23 

16 
18 
18 

12 
12 
14 

Neither 
aluminum nor 
aluminized 
steel is 
acceptable. 

Material 

Minimum Resistivity (ohm-cm) 
PH 
Sulphate Content ( P P ~ )  
Chloride Content ( P P ~ )  

Design Life of Galvanized I8 Gage CSP (years) 

Required Gage Thickness For CSP 
25 Year Design Life 

- Galvanized 
- Galvanized, Bitumen Coating 
- Galvanized, Bitumen Coating, Paved Invert 

Required Gage Thickness For CSP 
50 Year Design Life 

- Galvanized 
- Galvanized, Bitumen Coating 
- Galvanized, Bitumen Coating, Paved Invert 

Culvert Material Alternatives 
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Type A 
Terrace Deposits 

and Younger 
Alluvial Soils 

6,980 
6.8 
227 
43 

26 

18 
18 
18 

12 
14 
16 

Alluvium or 
aluminized steel 
is acceptable. 

@ Recycled Paper 
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APPENDIX G 

GEOPHYSICAL SURVEY REPORT (PREPARED BY 
GOFFMANN, MCCORMICK & URBAN INC.) 



Goffman, McCormick 
ENGINEERING AND GEOLOGICAL 
CONSULTANTS IN APPLIED 
EARTH SCIENCES 

& Urban, Inc. 

November 26, 1996 

, . . , 

, . 
. .' 
. . , .  , 

22822 Granite W a y ,  Suite A ::: 
Laguna Hills, CA 92653-1 299 ~ :; 

Telephone (7 14) 95 1 - 1808 
FAX (714) 951-8093 

. . 

Mr. Doug Bell 
AGRA EARTH & ENVIRONMENTAL, INC. 
1290 North Hancock Street 
Anaheim, CA 928 1 7 Project 96-76 

Subject: Seismic Refractive Classification, Highway 138 Project in 
San Bernardino County, California 

Dear Mr. Bell: 

As requested, a seismic refractive study was performed at the Highway 138 Project in 

San Bernardino County. 

PURPOSE 

The study was conducted to obtain seismic refractive velocity and depth data representative 

of the earth materials to be excavated. This data is intended to serve as an aid in classifying earth 

materials to be excavated. Rippability of rock material is a function of seismic velocity, geologic 

structure, ripping equipment capacity and operating technique. 

SCOPE 

This study consisted of shooting three seismic refractive profiles. The length of each traverse 

ranged from 223 feet to 333 feet. A site reconnaissance was performed on November 12, 1996. The 

field work was performed on November 14, 1996. 

SOIL AND ROCK ENGINEERING FOUNDATION ENGINEERING ENGINEEJUNG GEOLOGY ENGINEERING SElSMOLOGY GEOPHYSICS 



Mr. Doug Bell 
AGRA EARTH & ENVIRONMENTAL, INC. 
November 26,1996 
Page 2 Project 96-76 

LOCATION 

The location of the seismic lines are indicated on Plate 1.1 (Lines 1 and 2) and Plate 1.2 

(Line 3). The estimated locations of the seismic lines are indicated on portions of the project layout 

plans. The location of the seismic lines were determined by your firm. 

FIELD PROCEDURE 

Each seismic profile consisted of 12 geophones spaced in line at uniform intervals of either 

20 or 30 feet on the ground surface. The distance scale of the individual Time versus Distance 

graphs indicates the geophone spacing. 

0 Shotpoints were located three feet from each end of each geophone spread. In essence, the 

shotpoints were located at the first geophone, "zero-time" being essentially the first energy arrival 

at the first geophone. 

The depth of seismic investigation is a function of the length of the seismic line on the 

ground surface and the seismic velocity of the subsurface materials. Good practice provides for 

locating the line of geophones on level ground or on a uniform slope and making the line as straight 

as possible. 

In practice, the total seismic traveltime from shotpoint to end geophone should be the same 

for the opposite ends of each geophone spread. The data obtained in this study essentially meets this 

basic criterion. The exceptions are attributed to disturbance of the ground in the vicinity of the 

a shotpoints and geologic conditions within the shotpoint offset interval. 
.,A,. .*,*,- 



Mr. Doug Bell 
AGRA EARTH & ENVIRONMENTAL, INC. 
November 26,1996 
Page 3 Project 96-76 

INSTRUMENTATION 

A Geo Space Corporation Model GT-2B 12-channel seismic system and Hall-Sears 

geophones were used for recording the traveltime of first arrival seismic energy between shotpoint 

and each geophone. Energy traveltime is photographically recorded by this equipment. Traveltime 

data read from the records are graphically plotted with respect to distance traveled to determine 

seismic velocity and velocity-depth relationships of the earth materials; reference the Appendix. 

EXCAVATION MATERIALS 

The soil and rock to be excavated consist primarily of terrace deposits and sedimentary rock 

(Crowder formation) materials in various stages of alteration and weathering. Existing road cuts and 

outcrops were observed to be both terrace deposits and Crowder formation rock materials. 

Terrace deposits were observed at the surface in the vicinity of Seismic Line 1. Terrace 

deposits andfor Crowder formation conglomerate materials were observed at the surface in the areas 

where Seismic Lines 2 and 3 were located. The conglomerate materials tend to be moderately 

cemented. Some boulders in excess of 12 inches in diameter were observed within exposures of 

both the terrace deposits and Crowder formation materials. 

For purposes of classifying these materials in terms of excavation effort, six classifications 

have been defined as functions of seismic velocity: 



Mr. Doug Bell 
AGRA EARTH & ENVIRONMENTAL, INC. 
November 26,1996 
Page 4 

Excavation Method 

, .. 

Seismic Velocity 
[feet per second) 

?:? *:;*3 ' 

Easy processing up to 3000 
Easy ripping 3000 to 4000 
Moderately difficult ripping 4000 to 5000 
Difficult ripping 5000 to 6000 
Very difficult ripping greater than 6000 
Probable blasting greater than 7000 

. . 

,kf . . 00 . . . 

This table assumes double ripper shank Cat. Model D-9L, or equivalent, rip-dozer equipment. 

Difficult ripping represents the start of difficulty in achieving and maintaining ripper shank 

penetration, the start of "riding out". 

• These classifications are a generalized means of indicating relative excavation effort. The 

rippability of the rock will depend greatly on the spacing and development of the rock fractures 

Project 96-76 

present at depth. 

Trenches excavated in materials represented by seismic velocities greater than about 3500 

to 4000 feet per second will require extraordinary excavation effort. 

SUMMARY OF SEISMIC FINDINGS 

The results of the seismic refractive investigation are contained in the attached Seismic 

Traveltime versus Distance graphs. The seismic velocity is "flagged" to the straight line segments 

connecting the data points, and calculated depths to velocity interfaces below the existing ground 

surface are circled. 
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Page 5 

The slope of the lines through the time-distance data points (e.g. Plates 2 through 4) indicates 

seismic velocity (distance divided by traveltime). The steeper the slope, the lower the velocity. The 

lines were drawn through the data points on the basis of our interpretation of "best fit". The reader 

may elect to draw other lines through the data points in order to evaluate the possible extremes of 

velocity variation. 

The quality of the seismic recordings is graded as fair to good on a scale of poor, fair, good, 

excellent. 

If subsurface conditions are uniform over the entire length of the seismic lines, both limbs 

of the time-distance graphs would be symmetrical with respect to velocities and depths. m e  graphs 

are fairly symmetrical with variations which are reasonable for the geological conditions present. 

The velocity-depth data for both limbs of each seismic profile have been combined to yield 

true* velocity and.average depths to velocity contrasts in order to provide a convenient visual 

summary of the subsurface data. 

It is recommended that the individual time-distance graphs be reviewed for specific details 

of velocity and depth variation in the process of classifying the materials for excavation. 

LINE 1 - Plate 2 

Depth Velocity Excavation 
(feet) (feet per second) (D-9L) 

0-70 2,000 easy processing 
70-138 3,850 easy to moderately difficult ripping 

If 7,000 feet per second material is present, the average depth is more than 138 feet and, 
based on the data from Seismic Line 2, it is probably more than 162 feet. 

* reference the Appendix 
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LINE 2 - Plate 3 

Depth Velocity Excavation 
(feet') [feet per second) (D-9L) 

0-4 3,850 easy to moderately difficult ripping 
4-6 1 4,950 moderately difficult to difficult ripping 

If pervasive 7,000 feet per second material is present, the average depth is more than 61 feet. 

LINE 3 - Plate 4 

Depth Velocity Excavation 
(feet) {feet per second) (D-9L) 

0-26 2,100 easy processing 

.a 26-77 3,850 easy to moderately difficult ripping 

If pervasive 7,000 feet per second material is present, the average depth is more than 77 feet. 

Plates 1.1 through 4 and the Appendix are attached and complete this report. 

.Respectfully submitted, 

GOFFMAN, McCORMICK & URBAN, INC. 

Alan B. Mutchnick 
Engineering Geologist 1789 
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APPENDIX 

THEORY AND DISCUSSION 

Seismic energy introduced into the earth by means of a shallow subsurface detonation 

propagates in the form of elastic waves. The behavior of seismic waves is controlled by the elastic 

properties of the earth materials through which they propagate and the laws of optics. 

The basic quantity recorded in a seismic refractive investigation is the compressional (fastest 

traveling) elastic wave traveltime between the sources (detonation) and surface detectors 

(geophones) spaced at known distances from the detonation point. 

The constitution of the earth is generally such that materials at depth have properties related 

to density and modulus of elasticity which transmit seismic energy at greater velocity than shallower 

materials transmit the energy. 

A basic seismic principle (Ferrnat's) states that the compressional wave follows the minimum 

time path between detonation point and geophone. With the existence of high velocity material 

beneath low velocity material and sufficient distance between detonation point and geophones, the 

minimum time path (traveltime) is not over the shortest distance path, but over a refracted (bent) 

travel path, a portion of which lies within the deeper high velocity material. 



Mr. Doug Bell 
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Page A-2 

Graphic plots of elastic wave traveltime versus ground surface distance exhibit the details 

of subsurface seismic velocity variations. Utilizing the principles of seismic wave refraction (Snell's 

Law), seismic velocity variations are interpreted in terms of subsurface geologic conditions. Our 

time-distance worksheets for this project are included in this report. 

Seismic refractive data does not preclude the possibility that softer, lower velocity materials 

may exist beneath high velocity materials. The depth and thickness of low velocity materials 

underlying high velocity materials are not directly definable by surface seismic refractive methods. 

Seismic refractive velocity data in intercalated high and low velocity materials generally 

represent an "average" of the velocities of the materials. Whether the "average" is a true average or 

not is a b c t i o n  of the individual volumes of the various material types, the subsurface attitude of 

the materials, the length of the seismic energy travel path in each material, and the relative velocity 

contrast between the material types. 
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APPENDIX H 

DATA FROM PREVIOUS TESTING (PERFORMED 
BY JOHN A. SAYERS & ASSOCIATES) 



W.O. 215 

G METHODS AND LABORATORY TESTING 

Borings B-1 through B-16 were drilled with a Mobile B-52 Hollow Stem Auger (2-R Drilling 
Company, Ontario, California) using an eight inch diameter auger. Samples are taken from within 
the hollow stem by driving a sampler with a 140 pound weight according to the standard 
penetration test procedure ASTM D 1586-76. Borings B-1A and B-2A were drilled with a EZ 
Bore Drill (Al-Roy Drilling, Yorba Linda, California) using an 18 inch diameter bucket. With 
this rig the samples are taken by driving the sampler with the weight of a telescoping Kelly bar. 
As the Kelly bar extends the weight is reduced by sections depending upon the depth. These blow 
counts may be converted to standard penetration blows (N-values) with the following formula: 

Where N = equivalent SPT blowout (uncorrected) 
N' = measured blowout 
W = weight of hammer (Kelly), pounds 
H = distance of hammer drop (inches) = 12 
Do = outside diameter of sample (inches) = 3.0 
Di = inside diameter of sample (inches) = 2.416 

Example: B-1A @ 20' N' = 5 + 9 = 14 

Soil samples have been collected as bulk or bag samples and/or as in-situ or relatively 

@ "undisturbed" core samples. The latter were obtained with a split-barrel sampler containing a 

JOHN A. SAYERS & ASSOCIATES 
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series of one-inch high brass rings, 2.416 inches in inside diameter (ASTM D 3550-84). The 
sampler is driven into the ground with successive free fall blows of the drill rig's Kelly bar 
dropping one foot. The weight of the Kelly bar and number of blows per foot are typically 
recorded on the boring logs. Alternatively, the sampler may be driven with a 140-pound weight 
and the sampler may be a Standard Penetration Sampler which obtains a disturbed sample. If the 
standard penetration test is used, it is designated on the boring log as explained in the Boring Log 
Legend. 

The Standard Penetration Test is performed in borings during field exploration and may be used 
to correlate materials and/or to determine a variety of engineering properties. The test uses a 
split-barrel sampler, 2 inches in diameter, which is driven into the ground with successive blows 
of a 140-pound weight. The blow counts are recorded in six inch intervals for further analysis 
and the sample contained in the sampler is retained for identification and testing. The test 
procedure used is the American Society for Testing and Materials (ASTM) D 1586-76. 

Bulk samples were collected in plastic bags to retain their original moisture content. The core 
samples were placed in molded plastic containers, sealed, stored in protective boxes and 
transported to our laboratory. 

Soils extracted from trenchestborings in the field were identified using the Unified Soil 
Classification System (USCS). Field identifications may be supplemented by additional visual 
classifications andlor by test procedures. The soil classifications are shown on the Logs of Test 
Pits and/or Borings presented within this report. Where blow counts were very high or refusal 
was encountered, the soils were described as very hard. 

The physical and engineering properties of the soils were determined by laboratory testing of 
samples. The types of tests typically conducted are briefly discussed below. All test results using 
these procedures are specific to the soils collected and variations could be expected at other depths 
and locations. 

JOHN A. SAYERS & ASSOCIATES 
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The natural density of the soil has been determhed for all "undisturbedn samples obtained during 
subsurface explorations. These densities are recorded as dry unit weights in pounds per cubic 
foot. The moisture contents for these and standard penetration samples are determined as a 
percentage of the dry weight. These test results are shown on the Boring Logs and in the Soil 
Survey Sheets. 

Dry D e n s w d  Optimum M ~ S u r e  Content 

Typical bulk samples have been tested for their maximum dry density and optimum moisture 
content. The results'are obtained using the ASTM standard procedure D 1557-78. These tests 
are generally used to compare natural densities and may be used for compaction testing. 
Additional testing for other soil types or soil mixes may be necessary at a later date. 

The maximum dry densities and optimum moisture contents are presented on the Soil Survey 

a Sheets accompanying this report. 

The shear strength of typical on-site soils has been determined using a direct shear machine 
designed to receive either "undisturbed* or remolded samples of the soil in one-inch high brass 
rings. The samples are extruded from the rings and into the machine apparatus, loaded with 
varying normal loads, allowed to consolidate and then sheared at a strain rate of 0.02 inches per 
minute. The samples may be sheared at their natural moisture content or may be presaturated and 
inundated with water prior to testing, as indicated on the test results. The test procedure is 
according to ASTM D 3080-79. 

The test data has been plotted on stress-strain diagrams and the peak strength has been plotted on 
Shear Test diagrams. Using the stress-strain diagram the percent shear should be multiplied by 
120 to obtain the shear strength in pounds per square foot. Both have used computer interfaces 

as the plotting mechanism with the friction angle and cohesion calculated by the computer, except 
for cohesionless soils where the cohesion was set to zero and the friction angle determined as a 
best fit. 

JOHN A. SAYERS & ASSOCIATES 
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Our shear testing was performed for four situations, one being undisturbed samples at natural 
moisture contents. The second is undisturbed samples being saturated prior and during testing. 
The third and fourth consist of samples remolded to 90 percent relative compaction at optimum 
moisture content and then either sheared at optimum moisture or at saturation. The four 
conditions are considered representative of specific formations and locations along the road 
alignment as follows: 

1) Undisturbed samples at natural moisture content should be used for steep topographic areas 
along eastern portion of road alignment exposing Crowder Formation and Terrace deposits. 

2) Undisturbed samples at saturated conditions should be used for the more gentle topographic 
areas along western portion of alignment exposing older alluvium and recent alluvium 
(cohesionless and uncemented sands). 

3) Remolded samples at saturation should be used for proposed fill slopes where cementation 
would be lost and cohesion is minimized by recompaction. 

4) Remolded samples at optimum moisture content would typically be representative of 
unsaturated fill, but were not utilized in our analyses. 

Shear test results are presented in Appendices B through E to follow. They include a shear test 
summary, a summary diagram showing the values used followed by individual shear test diagrams 
and stress-strain diagrams. 

One-Dimensional Comolidatlon . . 

A soil sample from alluvium within Boring B-15 has been tested for its consolidation potential. 
The consolidation testing apparatus is designed to receive either natural or remolded soils in a one- 
inch high ring. Each sample is then loaded incrementally in a geometric progression and the 
resulting consolidation is recorded at selected time intervals. Porous stones are in contact with 
both the top and bottom of the soil to permit the addition or release of pore water. The samples 
are typically inundated with water at intermediate loads. The test procedure used was California 
Test 219 which is similar to ASTM D 2435-80. 

JOHN A. SAYERS & ASSOCIATES 
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The consolidation test result is plotted on the Consolidation Pressure Curves accompanying this 
appendix as Plate A-1 . 

The grain size distribution of selected soils has been determined using a range of wire mesh 
screens and a mechanical sieve shaker (ASTM D 422-72). The weight of the residue contained 
on each screen is determined and the percent finer or coarser of the total weight is calculated. The 
percent passing the 200-sieve wet by either the dry sieve method (above) or by the wet sieve 
method (ASTM D 1140-71) are shown on the Soil Survey sheets. 

Grain Size Distributions are graphically plotted and are presented at the end of this appendix. 

Sand E w  

The Sand Equivalent (S.E.) value for selected soils was determined using CALTRANS Test 
Method No. 217. This test determines the relative cleanliness of sandy soils and relates to their 
suitability for bedding, backiill and other uses. A higher S.E. reading indicates a relatively clean 
sand. An S.E. of 30 or greater is usually required for trench backfill which may need only 
flooding to obtain compaction. 

Test results of the Sand Equivalent test are presented in the attached Soil Survey Sheets. 

The Plasticity Index (PI) for selected soils were determined according to California Test 204, 
which is similar to ASTM D 4318-83. This test measures the liquid limit (LL) and Plastic Limit 
(PL) of the soils passing the No. 40 sieve. In each case tested, the samples had less than 50 

percent and more than 12 percent passing the No. 200 sieve and liquid limits less than 50. This 
indicates the frnes (< No. 40) are low plastic silts or clays and when combined with the sands are 
silty to clayey sands (SMJSC). 

The results of these tests are shown on Plates A-2 and A-3. 
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Soils resistivity and pH testing was performed for us by Associated Laboratories of Orange, 
California. The test method used was California 643B and the results are indicated on the Soil 
Survey Sheets. Associated Laboratories report is attached as Plate A-4. 

JOHN A. SAYERS & ASSOCIATES 
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Sample Material % Passing Liquid Plastic Plasticity 

J & a i Q D  m N!22QQ limit (%I Lirmt I.xxkma us23 

B-1A @ 5' Sandstone 14.2 (Non-Plastic) 
(silty sand) 

B-1A @ 10' Sandstone 40.7 27.2 21.3 5.9 SMISC 
(silty to 

clayey sand) 

B-1A @ 20' Sandstone 27.3 24.6 22.3 2.3 SM 
(silty sand) 

B-2A @ 5' Sandstone 28.3 25.8 21.7 4.1 SWSC 
(silty to 

clayey sand) 

B-2A @lo' Sandstone 40.3 31.0 22.1 8.9 SC 
(clayey sand) 

B-2A @ 35' Sandstone 24.7 26.0 20.8 5.2 swsc 
(silty to 

clayey sand) 

Plate A-2 
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ASSOCIATED LABORATORIES 
806 North Batavia - Orange, California 92668 - 7141771-6900 FAX 7141538-1209 

CLIENT 
John A. Sayers & Associates 
27071 ~ a b o t  Rd. 
Ste. 132 
Laguna Hills, CA 92653 
Attn: Carisa Davis 

SAMPLE Soil 

!DENTIF!CATI@M W.0.#215 

EASED ON C.:.!J!PLZ A s  Submitted 

REPORTED 02/15/90 

RECEIVED 

Minimum Resistivity 
Sulfate FB JCalif. 643B) (ohm/cm) 

NOTE: Unless notified in writing, all samples will be discarded 
by appropriate disposal protocol 30 days from date reported. 

The reports of the Associated Laboratories are confidential  property of our clients and 
may n o t  be reproduced or used tor publication in part or in  full  without our wr l l ten 
permission. This is for the mutual  protect ion o f  the public. our clients, and ourselves. 
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J/\SI\ 
GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway l38 I Location: San Bernardino County 
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JI\SA 
GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highany 138 I Location: San Bernardino County 
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Jm 
GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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J/\S/\ 
GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 : Project: Highway 138 I Location: San Bernardino County 
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W.O. 215 

Sample 

Location 

B-2A @ 45' 
Median 

c 

Undisturbed, Tested at Natural Moisture Content 

Normal Pressure (psf) 

6 
80 
C 

4332 (High) 
Q) 

2136 (Low) 

5364 

5892 (High) 

4548 

4512 

Upper envelope (1) 45.5 degrees and 2132 psf 
Lower envelope (1) 4 1.9 degrees and 428 psf 
Median of envelopes (2) 43.8 degrees and 1280 psf 

(1) Calculated by computer using low and high shear strengths 

(2) Calculated by computer as mathematical average of high and low shear strengths 

8412 (High) 

JOHN A. SAYERS & ASSOCIATES 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: mghary I Location: Sau Bernardino County 
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J/\SI\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
- Project: Highway 138 I Location: San Bernardino County 
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DIRECT SHEAR TEST P 8 T OF B1 A @ 10 FT. 
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JI\SI\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
o t :  Highway 138 I Location: San Bernardino County 
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TEST CONDITION: Undisturbed. sheared at natural moisture 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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DIRECT SHEAR TEST P Cb T OF B1 A @ 20 FT. 
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SHEAR TEST DLAGRAM I 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 

I Location: Sarr Bernardino County 

NORMAL PRESSURE (PSF) 

I n i t i a l  S a m ~ l e  

Dry D e n s i t y  = 1 2 4 . 5  p c f  Sample: B-1A @ 40.0 ft. 
M o i s t .  C o n t .  = 4 . 7 %  

Phi Angle: 28 deg. 
Cohesion: 2420 psf 

TEST CONDITION: Undimubed, sheared at nahual moisture 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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Jnsn 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership ( W.O. 215-1 
wed: Hi&myl38 1 Location: San Bernardino County 
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John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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DIRECT SHEAR TEST P Cb T OF B2A @ 10 FT. 
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DIRECT SHEAR TEST R T  OF B2A @ 10 FT. 
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JI\S/\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

8000 

7000 

6000. 

5000 

c 
v) 

d 
/ 

8000 4000 5000 6000 7000 

a, 
3: 

4000 

5 
E 
rO 

0: 3000. i3 
3 

2000 

1000 

0 

NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 128.0 p c f  Sample: B-2A @ 15.0 ft. 

M o i s t .  C o n t .  = 8.5% Phi Angle: 47 deg. 
Cohesion: 1604 psf 

TEST CONDITION: Undisturbed, sheared at natural moisture 
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DIRECT SHEAR TEST 8 T  OF 82A @ 15 FT. 
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I n i t i a l  S a m p l e  

SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 

I Location: Sn. Bernardino County Project: Highway 138 

D r y  D e n s i t y  = 118.5 p c f  Sample: R2A@20.0f t .  
M o i s t .  C o n t .  = 5.3% 

Phi h g l e :  50 deg. 
Cohesion: 0 psf 

I TEST METHOD: Undisturbed, sheared at natural moisture I 
John A. Sayers & Associates 

GEOTECHNICAL CONSULTANTS Plate 





DIRECT SHEAR TEST P ? OT OF B2A @ 20 FT. 
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J/\S/\ 
SHEAR TEST DLAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
- Project: Highway 138 I Location: San Bernardino County 
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- TEST METHOD: Undisturbed, sheared at natural moisture 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate 





DIRECT SHEAR TEST d b T  OF B2A @ 35 FT. 

4000 psf 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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DIRECT SHEAR TEST bl OT OF B2A @ 45 FT. 
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W.O. 215 

Sample 
Location 

- 
Undisturbed. Tested after Saturation 

B-2A @ 15' 
Average 

Normal Pressure (psf) 

a 

2640 

(1) 

2976 

3168 

3516 

3192 

5760 (3) 

Average strength (4) 32.0 degrees and 450 psf 

(1) Rock in sample 
(2) Insufficient sample for more points 
(3) Too high, not used for average 
(4) Calculated as a mathematical average 

JOHN A. SAYERS Sr ASSOCIATES 



I I SHEAR TEST DIAGRAM I 
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- - --- - -- - - - - - 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
I 

Project: Highway 138 ( Location: San Bernardino County 

NORMAL PRESSURE (PSF) 

S h e a r  T e s t  S u m m a r y  
U n d i s t u r b e d  S a m p l e s  

S h e a r e d  a f t e r  S a t u r a t i o n  

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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J/\SI\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores L i t e d  Partnership 1 W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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Phi Angle: 35 deg. 
Cohesion: 152 psf 

TEST CONDITION: Undisturbed. tested at saturation 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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Sample: B-10 @ 10.0 ft. 

SHEAR TEST DIAGRAM 

Phi Angle: 36 deg. 
Cohesion: 384 psf 

J/\S/\ Client: Rancho Las Flores .Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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DIRECT SHEAR TEST a o T  OF B l o  @ 10 FT. 

6000 psf 

I 
I i I I t I i 

0.500 0.450 0.400 0.350 0.300 0.250 0.200 

Displacement (in.) 



I I SHEAR TEST DIAGRAM I 
Client: Rancho Las Flores Limited Partnership 1 W.O. 215-1 J/\SI\ Project: Highway 138 I Location: San Bernardino County 

I NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 117.9 p c f  Sample: B-11 @ 5.0 ft. 
M o i s t .  C o n t .  = 6.42 Phi Angle: 31 deg. 

Cohesion: 608 psf 

TEST CONDITION: Undisturbed. tested at saturation 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate DS-1 









NORMAL PRESSURE (PSF) 

J/\SI\ 

I n i t i a l  S a m p l e  

Dry D e n s i t y :  1 2 0 . 3  p c f  Sample: B-12@20.0fi- 
M o i s t .  C o n t .  = 5 . 4 %  Phi Angle: 24 deg. 

Cohesion: 1032 psf 

SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Lixqjted Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

TEST CONDITION: Undisturbed, rested at saturation 

I 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 







DIRECT SHEAR TEST Rb T OF B12 @ 20 FT. 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

I NORMAL PRESSURE (PSF) I 
I I n i t i a l  S a m p l e  

I D r y  D e n s i t y  = 111.5 p c f  Sample: 8-13@5.0ft.  I M o i s t .  C o n t .  = 5 . 3 %  
Phi Angle: 39 deg. 

1 Cohesion: 230 psf 

TEST CONDITION: Undisturbed. tested at saturation 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS Plate 



DIRECT SHEAR TEST dl OT OF 8-13 @ 5 FT. 

2000 psf 

0.300 

Displacement (in.) 



I - I... 
1- 

. - I  





1 SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership ] W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 121.9 pcf  Sample: B-13 @ 15.0 ft. 
M o i s t .  C o n t .  = 3 . 1 %  Phi Angle: 37 deg. 

Cohesion: 120 psf 

I TEST CONDITION: Undisturbed, tested at  saturation I 
a 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS Plate 









J/\S/\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flore. Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 127.4 p c f  Sample: B - l A a 2 0 . 0 f t .  
M o i s t .  C o n t .  = 10.4% 

Phi Angle: deg. 
Cohesion: psf 

TEST CONDITION: Undisturbed. tested at saturation 

I 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership 1 W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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TEST CONDITION: Undisturbed, tested at saturation 
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J/\S/\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores L i t e d  Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 129.0 p c f  Sample: B-2A @ 15.0 ft. 
M o i s t .  C o n t .  = 8.5% 

Phi Angle: deg. 
Cohesion: psf 

TEST CONDITION: Undisturbed, tested at saturation 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

I 

4000 

i 

I 

1000 

Plate 
A 

I 
i 

I 

1 

1 
2000 3000 



W.O. 215 

Remolded to 90 % Relative Compaction 
at Optimum Moisture 

Tested at Optimum Moisture 

EL w Normal Pressure (psf) 
Sample 5 en 
Location !z 2QQQ 4MM 

Median (Average) (1) 3030 3960 

Median (Average) (2) = 31 degrees and 1736 psf 

(1) Calculated as a mathematical average 
(2) Calculated by computer 

NOTE: These values were not used in calculations 
See remolded and saturated Shear Test Data (Appendix E) 

JOHN A. SAYERS & ASSOCIATES 
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JI\S/\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Hlghway 138 1 Location: San Bernardino County 
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S h e a r  T e s t  Summary 
Remolded t o  9 0 %  R . C .  
a t  Optimum M o i s t u r e  
S h e a r e d  a t  Optimum 

N O T E :  T h e s e  v a l u e s  w e r e  n o t  u s e d  i n  c a l c u l a t i o n s  
S e e  Remolded and  s a t u r a t e d  S h e a r  T e s t  D a t a  
( A p p e n d i x  E) 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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J/\S/\ 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Roject: - m y  1% I Location: San Bernardino County 

6000 

I 

5000 

4000 

I;: 
V) 

a, 
x 

3000 

5 
Cr! 
t.. 
V) 

3 
W 

2000 

1000 

0 
0 1000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

Dry Density = 115.7 p c f  Sample: B-lA@lO.Oft. 
Moist. Cont. = 9.5% 

Phi Angle: 32 deg. 
Cohesion: 1720 psf 

TE!T CONDITION: Remolded to 90% R.C. @ optimum moisture and tested at optimum 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS Plate 







DIRECT SHEAR TEST PLOT 0 @ 1 A @ 10 FT. (REMOLDED) 

6000 psf 

---- - - - .- .- - -- 
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0.300 0.200 

Displacement (in.) 
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JI\Sn 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 1 Location: San Bernardino County 
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NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

D r y  D e n s  i t y  = 1 1  2.1 pc f Sample: B-1A @ 20.0 Pt. 
M o i s t .  C o n t .  = 11.0% 

Phi Angle: 30 deg. 
Cohesion: 1600 psf 

TEST CONDITION: Remolded to 90% R.C. @ optimum moisture and tested at optimum 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate 





DIRECT SHEAR TEST PLOT &I A @ 20 FT. (REMOLDED) 

4000 psf 

25 

20 

B 
0)  

15 % 
aP 

10 

5 

0 

- 

0.500 0.450 0.400 0.350 0.300 0.250 0.200 0.150 0.100 0.050 0.000 

Displacement (in.) 

-- 

. - 

- -- - 

.- . - . . . . - -. - . . ---- - - 

------.+,---+.---t f.-. 



DIRECT SHEAR TEST PLOT 0 p B1A @ 20 FT. (REMOLDED) 
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W.O. 215 

Remolded to 90% Relative Compaction 
at Optimum Moisture 
Test after Saturation 

sample ;2 
w 

Location A m 

B-1A @ 20' 2 22x2 
Average 2 m 21 18 

Normal Pressure @sf) 

2676 (Low) 3828 (Low) 

Low (1) 24.5 degrees and 1012 psf 
Average (1) (2) 28 degrees and 1064 psf 

(1) Calculated by computer 
(2) Mathematical average 

NOTE: Calculations used low value with half the cohesion. 

JOKN A. SAYERS & ASSOCIATES 



J/\S/\ 
SHEAR TEST DLAGRAM 

Client: Rancho Las Flores Limited Partnership ( W.O. 2151 
Project: Highway 138 I Location: Sari Bernardino County 
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S h e a r  T e s t  Summary 
Remolded  t o  9 0 %  R . C .  

a t  Optimum M o i s t u r e  
S h e a r e d  A f t e r  S a t u r a t i o n  

N O T E :  Low v a l u e  u s e d  i n  c a l c u l a t i o n s  w i t h  h a l f  c o h e s i o n  
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John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership 1 W.O. 215-1 
Project: Highway 138 1 Location: San Bernardino County 
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NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

Dry D e n s i t y  = 126.1 p c f  Sample: B-1A @ 10.0 ft. 
M o i s t .  C o n t . =  8.1% 

Phi Angle: 25 deg. 
Cohesion: 980 psf 

TEST CONDITION: Remolded to 90% R.C. @ optimum, saturated 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate 



DIRECT SHEAR TEST PLOT OF B1A @ FT. (REMOLDED AND SATURATED) 
0 

2000 psf 

-- -. - -- - -r  18 

16 

- 12 

- - - - --- . 
l o  i - 

f 

- -- - . - . -. - - . . - . - 6 

- - -. 4 

2 

-+-- t +---+.--I--+ -f f I - 0 

0.500 0.450 0.400 0.350 0.300 0.250 0.200 0.150 0.100 0.050 0.000 

Displacement (in.) 





DIRECT SHEAR TEST PLOT OF B1A @ Cb FT. (REMOLDED AND SATURATED) 
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JI\SA 
SHEAR TEST DLAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
hoject: -my 13 I Location: San Bernardino County 
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NORMAL PRESSURE (PSF) 

Initial Sample 

Dry Density = 127.4 p c f  Sample: B-1A @ 20.0 ft. 
Moist.Cont. = 10.4% 

Phi Angle: 30 deg. 
Cohesion: 1220 psf 

TEST CONDITION: Remolded LO 90% R.C. Q optimum, saturated 

John A. Sayers & Associates 
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GEOTECHNICAL CONSULTANTS 
Plate 



DIRECT SHEAR TEST PLOT OF B1A FT. (REMOLDED AND SATURATED) 
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DIRECT SHEAR TEST PLOT OF B1A @ FT. (REMOLDED AND SATURATED) 
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DIRECT SHEAR TEST PLOT OF B I A  @ FT. (REMOLDED AND SATURATED) 
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Legend for Test Pit Logs 

I 
CORE SAMPLE 

Sample Type: BULK SAMPLE 

CORE AND BULK SAMPLES 

Density terminology used for soil descriptions (e-g., medium dense, dense) reported in 
test pit logs has been based on observation and engineering experience. 

UNIFIED SOIL CLASSIFICATION SYSTEM 

I Major Divisionr Sumbolr Typical N a m ~ r  I 

J O H N  A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

COARSE 
GRAINED 
SOILS 

&%!Kthan 
material b 
LARGER 
than 200 sieve 
sire.) 

FINE 
GRAINED 
SOILS 

&vg;!t han 
matenal is 
SMALLER 
than 200 sieve 
sire.) 

HIGHLY ORGANIC SOILS s pT aoiln. 
Peat and other highly organic 

BOUNDARY CLASSIFICATIONS: Soils possessing characterirtia of two groups are designated by combinations 
of group symbols. 

.- + 
GRAVELS. CLEAN .-*. 

GRAVELS -= 
(More 
than 50% *IC = 
of c o w  

tgpEk GRAVELS WIFINES 
than (Appreciable 
sieve.) amount of 

f i e# . )  

fraction SM Silty sands, sand-silt mixtures. SMALLER $,i??NsES 
than the No.4 
seive.) amount of 

fines.) SC Clayey s a n b ,  aand-clay mixtures. 
Inorganic silts k fine sands, rock flour, 

SILTS AND CLAYS 

(Liquid limit less 
than 50.) OL Organic clays. silts and organic silty 

SILTS AND CLAYS 

CH Inorganic clays of high plasticity, fat 

(Liquid limit more clays. - 
than 50.) - - - - = OH O r e c  Flays of medium to  high plaaticity, - = organic lllt8. 

4ZY 

GW 

GP 

GM 

GC 

SW 

Sp 

- 
SANDS 

More than 5 0% of the 

Well-graded gravels, gravel-sand mixturem, 
little or no lines. 

Poorly graded gravek or gravel-sand 
mixtures, little or no fines. 

mixtures. Silty graveln, gravel-sand-silt 

Clayey gravels, gravel-sand-clay 
mixtures. 

Well-graded sandal gravelly sands, 
little or no finer. 

Poorly graded sands or gravelly 
sands, llttle or no fines. coarse _ : .  . 

SANDS . 

+-; -- .-. .-, 
-,:. . -. 9 
. .. .. ... . ' 

.. ..::.. 



w e e  Legend for Important Notes I 'Driving Weight CME-75, Automatic Hammer System 

JOHN A. S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-1 
~ h e e t r  o f 2  



I JOHN A.  S A Y E R S  & A S S O C I A T E S  I Boring B-2 I 



J O H N  A. S A Y E R S '  & A S S O C I A T E S  Boring 
s h e e t 1  o f 1  

B-3 1 



Log of Exploratory Boring B-4 
Client A.R.C. Las Flores Ltd. Date: 12-11-89 I W.O. 215-01 
Project: Highway 138 Location: San Bernardino 

Surface Elevation: i 
Total Depth: 25.5 

DESCRIPTION AND REMARKS 

c, Thu log ia a reprerentation of conditions at the time & place of 
drilling. With the paasage of time or at any other location there 

0 may be consequential changes in conditiom. 
ROADFILL: Silty Sand with Gravel, brown, 

medium dense to dense, dry to damp, minor 
roots, gravel and cobbles encountered at 3.5 
feet. 

H band/S~ltv Sand, llght 
brown, dense, dry to damp, some gravel. 

OLDER ALLUYZUM. Silty Sand with Gravel, 
light brown, 'very dense, dry to damp. 

Total Depth 25.5 feet 
Caving at 8 to 11 feet 

No Groundwater 
Hole Backfilled 

ee Legend for Important Notes 1 'Driving Weight 

J O H N  A. SAYERS & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-4 
s h e e t 1  o f L  



Log of Exploratory Boring B-5 
Client A.R.C. Las Flores Ltd. , 

Project Highway 138 
Date: 12-11-89 I W.O. 215-01 
Location: ' San Bernardino 

Surface Elevation: a 
Total Depth: 16.5 FIELD LAB DATA 
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Important 

J O H N  A. SAYERS & ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

DESCRIPTION AND REMARKS 

This log ir a representation of conditions at the time & place of 
drilling. With the passage of time or at any other location there 
may be consequential changer in conditions. 
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Boring B-5 
~ h e e t l  of& 

IOPSOIL: L" to 3" t h ~ c k  
OLDER ALLUVIUM Silty Sand/Sand, brown, 

loose to medium dense, dry. 

@5' - dry to damp, dense. 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Silty Sand, brown, medium dense, damp, with 
gravel, dry to damp. 

Total Depth 16.5 feet 
No Groundwater 

No Caving 
Hole Backfilled 
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DESCRIPTION AND R E M A R K S  

R e  Legend for Important Notes I *Driving Weight 

J O H N  A ,  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-6 
s h e e t 2  o f L  



0 5 '  - less weathered, although still clayey. 

w e  Legend for Important Notes I 'Driving Weight: 

J O H N  A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring 8-7 
s h e e t 1  of-!- 



Log of Exploratory Boring B-8 
Client A.R.C. Las Flores Ltd. 
Project Highway I38 

Date: I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: i 
Total Depth: 1.0 FIELD LAB DATA 
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J O H N  A. SAYERS & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 
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DESCRIPTION AND REMARKS 

TThir log ia a repranentation of conditionr at the time 8 place of 
drilling. With the paanage of time or at any other location there 
may be consequential changes in conditionr. 
This bor~ng was deleted due to lack of access. 



@2.5' - becomes medium brown, medium 
dense, fine to medium grained. 

0 5 '  - some gravel, dry to damp. 

J O H N  A .  S A Y E R S  & A S S O C I A T E S  Boring B-9 
GEOTECHNICAL CONSULTANTS s h e e t 1  o f L  



- 
Log of Exploratory Boring B-10 

Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: 12-12-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: + 
Total Depth: 15.0 FIELD LAB DATA 
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e Legend for Important Notes 1 'Driving Weight: 140 

L 4  
8 0 3 - 1  

# # A  

urn 

@2.5' - some gravel and clay, loose to medium 
dense. 

TERRACE DEPOSrrS (?): Silty to Clayey 
Sand, medium to light brown, dense to very 
dense, damp. 

Total Depth 15 feet 
No Groundwater 
Hole Backfilled 
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J O H N  A.  S A Y E R S  & A S S O C I A T E S  " 

GEOTECHNICAL CONSULTANTS 

DESCRIPTION AND REMARKS 

This log ir a representation of conditionr at the time & place of 
drilling. With the p a a g e  of time or at any other location there 
may be consequential changes in conditions. 
WASH DkNSI- I s  Sand/Silty Sand, light 

brown, loose, dry to slightly damp. 
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Total Depth 10 feet 
No Groundwater 
Hole Backfilled 

F e  Legend for Important Notes I *Driving  weigh^ 110 ibs/automatic 

J O H N  A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-11 
s h e e t 1  o f L  

, 



Log of Exploratory Boring B-12 
Client A.R.C. Las Flores Ltd. 
Project Highway 138 

Date: 12-12-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: i 
Total Depth: 20.0 

DESCRIPTION AND REMARKS 

c, This log ia a representation of conditionr at the time & place of 
drilling. With the paanage of time or at any other location there 

0 may be conrequentid change8 in conditionr. 
~ ~ A S H ~ ~ l t y  Sirid-with Clay 

and Gravel, brown, loose to medium dense, 
dry to damp. 

@lo' - becoming clayey 

CROWDER FORMATIOM (?): Silty Sand/Sandy 
Silt with clay, light brown, very.dense, 
damp, some gravel. 

lotafDeptn 2072et 

-- 

No Groundwater 
Hole Backfilled 

w e e  Legend for Important Notes 'Driving Weight 140 lbs./automatic 

J O H N  A. S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-12 
s h e e t 1  o f 1  



Log of Exploratory Boring B-13 
Client A.R.C. Las Flores Ltd. 
Project Highway 138 

Date: 12-12-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: i 
Total Depth: 15.0 

DESCRIPTION AND REMARKS 

Thir log ir a representation of conditionr at the time k place of 
drilling. With the paasage of time or at any other location there 
may be conrequential changer in conditions. 
PLLL: Silty to Clavey Sand with Gravel, brown, 

loose to medium dense, dry to damp. 

CROWDERFORMAT10N:SiltySandwith 
Clay, light brown, very dense, damp, some 
small gravel. 

Total Depth 15 feet 
No Groundwater 
Hole Backfilled 

w e e  Legend for Important Notes I *Driving Weight 140 lbs/automatic 

JOHN A. SAYERS & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-13 
.sheet-!- o f L  



e Legend for Important Notes I 'Driving Weight 140 lbs/autornatic 

JOHN A.  S A Y E R S  & A S S O C I A T E S  Boring B-14 
GEOTECHNICAL CONSULTANTS s h e e t 1  o f L  



DESCRIPTION AND REMARKS 

-or Important Notes I 'Driving Weight: 140 lbs/autornatic 

J O H N  A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-15 
s h e e t 1  o f L  



w e e  Legend for Important Notes I *Driving Weight: 110 lbs/autornatic 

JOHN A.  SAYERS & ASSOCIATES 
GEOTECHNICAL CONSULTAXTS 

Boring 8-15 
~ h e e t t  o f 2  





J/W\ 
I Log of Exploratory Boring B-1A 

Client: Rancho Las Flores Limited Partnership 

Surface Elevation: - 
Total Depth: - 47 FIELD 

Date: 5-15-96 W.O. 215-1 
. Projero Highway 138 Location: San Bernardino ' County 

3 

LAB DATA 

n 

5 
5 a 
CI 

- - 
- - 
- - 
- - 

- 
- - 
- - 
- - 
- - 
- lo - 

- 
- - 
- - 
- - 
- 15 - 
- - 
- - 
- - 
- - 

-20 - 
- 

- - 
- - 

- - 

Important 

8 L 

2 
a 

616"- 

816" 
311"- 

516" 
916"- 

ee Legend for 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

- 

Boring B-1A 
2 Sheet 1 of - 

? A  0 3  
?u rn=  

is 
eZ 

C a s  
E U  

8.0 

8.1 

10.4 

Notes 

DESCRIPTION AM) REMARKS 

This log is a representation of conditions at the time & place of 
drilling. W1t.h the passage of ume or a any other locaoon there 
may be consequenoal changes in conditions. 
C R O m E R F O ~ T I O N :  m f m e  to medium 

6 rained, scattered ebbies, very light brown. $ ard, slightly wea ered, damp 

Slightly cemented, very hard 

Fine-grained with silt, very hard 

29' - 2040 to 58' 

c 
B - 
b 
-3 2 

PCI 

122.5 

126.1 

n 

5 
5 
% 

- - 
- - 
- - 
- - 

- 5 - 
- - 
- - 
- - 
- - 
- 10- 
- - 
- - 
- - 
- - 

- 15- 
- - 
- - 
- - 
- - 
- 20 - 
- - 
- - 
- - 

- - 

3350 to 

s . - 
0 3  > m  
.J a 

8 
3 

Weight: 

127.4 

I *Driving 

z w z  
E 
U 



J'W\ 
Log of Exploratory Boring B-1A 

Client: Rancho Las Flores Limited Partnership Date: 5-15-96 W.O. 215-1 
, Location: - San . Project: Highway 138 Bernardino ' County 

drilling I 
Total depth 47 feet. 

No water. No caving. 

ee Legend for Important Notes I 'Driving Weight: 3350 to 29' - 2040 to 58' 

John A: Sayers & Associates Boring B-1A 
GEOTECHNICAL CONSULTANTS 

2 2 Sheet - of - 

L 

S rn 

2 

h 

5 
5 

% 
- - 
- - 
- - 
- - 

- 30 - 
L - 
- - 
- - 
- - 

- 35 - 
- - 
- - 
- - 
- - 

- 
- 

- - 
- - 
- - 

-45 - 
- - 

711"- 

u r  
8 - 3  
a 

FIELD 

" 

Surface Elevation: - 

?A 
g 

816" 
1211 

18/6"~O 

- Total Depth: - 47 

DESCRIPTION AND REMARKS 

This log is ? representation of ~onditions at the time & place of 
drilling. Wrth the passage of qme or ftany other locaoon there 
may be consequenoal changer m cond~tlons. 
Crowder Formation continued 

Scattered pebbles, very hard 

Scattered pebbles and gravel, very hard 

47 ' - encountered large cobble or small boulder, 
could not get past with bucket, discontinued I 

e 
0 .- 

o t i  
.2 "a 
2 5 

i? 
=,z a C 
2;S 
- - e  
2 6 

6.2 

4.7 

n 

E 
5 

cl 

- - 
- - 
- - 
- - 

- 30 - 
- - 
- - 
- - 
- - 
- 35 - 
- - 
- - 
- - 
- - 

- 40 - 
- - 
- - 
- - 
- - 

- 45 - 
- - 

3 
2 

LAB DATA 

0 
8. - 

0 0 

128.7 

124.5 

ul 
0 

E 
U 



JI\SA 
Log of Exploratory Boring B-1A 

Client: Rancho Las Flores Limited Partnership 
Project: Highany 138 

Date: 5-15-96 I W.O. 215-1 
Location: San Bernardino County 

Surface Elevation: - 
Total Depth: - 47 FIELD LAB DATA 

L 

b 

h 

C1 

- - 
- - 
- - 
- - 

30 - 
- 

- - 
- - 
- - 

- 35 - 
- - 
- - 
- - 
- - 

'40 - 
- 

- - 
- - 
- - 

-45 - 
- - 

Important 

John A. Sayers & Associates 
GEOTECHNICAL CONSULT ANTS 

5 

816"- 
12/11- 

1816 

U 

1 

Boring B-1A 
2 2 Sheet - of - i 

711"- 

for 

S U E  
$ 3  

P 

is 
o w  
2 z 
.2g 
2 8 

6.2 

4.7 

Notes 

.- -~ 
~ - 

DESCRIPTION AND REMARKS 

c i s  log is a representation of conditions at the time & place of 
dntbng. W~th the passage of ome or at any other locanon there 
may be consequentral changes in conditions. 
Crowder Formation continued 

Scattered pebbles, very hard 

Scattered pebbles and gravel, very hard 

i 
i 

I 
47 ' - encountered large cobble or small boulder, 

could not get past with bucket. discontinued 
-I 

I I 

c 
2 
0 .- 

X 8 
Q C1 

128.7 

ee Legend 

h 

5 
g 

C1 

- - 
- - 
- - 
- - 

- 30 - 
- - 
- - 
- - 
- - 
- 35 - 
- - 
- - 
- - 
- - 

- 40 - 
- - 
- - 
- - 
- - 
- 45 - 
- - 

C 
0 .- 

oz > a  
.=a 
i. 
28 

v, 

51 
2 

Weight: 

124.5 

( 'Driving 

u V) 

E 
U 

drilling 
Total depth 47 feet. 

; I 
NO water. No caving. I 

3350 to 29' - 2040 to 58' I 



JIW\ 
Log of Exploratory Boring B-2A 

Client: Rancho Las Flores Limited Partnership Date: 5-15-96 W.O. 215-1 

Surface Elevation: - 
Total Depth: - 45 

I 

FIELD 

Location: San Bernardino ' County Project: Highway 138 

LAB DATA 

n 

5 
5 

- - 
- - 
- - 
- - 
- - 

- 
- - 
- - 
- - 
- lo - 
- - 
- - 
- - 
- - 
- l5 - 
- - 
- - 
- - 
- - 
- 2o - 
- - 
- - 
- - 
- - 

Important 

b 

22 * 
3 

224 
0'3 
CJ 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

* 
cn 
3 
5 

516" 
911"- 

M 

Boring B-2A 
sheet 1 of 2 

i 

e 
0 . - 

u2G > a  
.=a 

LU 

i? 
2 =  c 222 .- 
2 8 

8.4 

12.0 

DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of ume or other laauon there 
may be consequennd changer m cond~aons. 
CROWDER FORMATION: Sandstonefine to medium 

grained, scattered ebbles, very light brown. 
t! hard, slightly wea ered, damp 

Very hard 

- - - - - - - - - - - -  

C 
S1 - 
" 

3 $ 
P P 

131.5 

127.5 

% 
3 

w e  Legend for 

¤ 8.5 

5.3 

Notes 

816" 
712" 

128.0 

118.5 

I *Driving 

2 . - 
% 
O 

. - - -  

1516 

h 

5 
5 
P 
C1 

- - 
- - 
- - 
- - 
' - 
- - 
- - 
- - 
- - 

- - 
- - 
- - 
- - 
15 

- - 
- - 
- - 
- - 

- , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

wl- very hard 

- - 
- - 
- - 
- - 

.* 

Weight: 33% to 29' - 2040 to 58' 





LINE I I I I I 

DISTANCE F2OM LINE (3T- or L T  -1 I 
I - 4 I - I - - I - 

DEPTH OR ELFVATlON I 5'  7s' 10' 1 2' 7. 5' I 
\ 4' 3T: 

. 5' 
19' ET 

2.5' 
TYPE OF MATESUL ( s\tT'i 5 4 g ~  SILTY  AND 1 SILTYSAND S ~ L W  SAND SILTY S&ND ) 

5' 

I 1%. SOUARE OPENING " I I I I 1 1 1 

5 ' ~ -  3 4 ~ ~  ) S \  LTY SAH D 1 5 I L T Y  54r;: 
r . I  

I I MICRON I I I I I 1 I I t 
IN-PLACE DENSITY (DRY WT.- Ibhs) 1 113.2 !14.b 125.3 lob-q 1al.b 1c7. 5 - 
IN-PLACE MOISTURE (PERCENT) I .  4 4 - 8  

lo b . 2  
ia.7 10.4 1.3 \ .7 0.8 

AXlMUM DENSITY (DRY WT- -b iha )  I \31*5 I \ 3 3-0 I 
3.z 

PT, MOISTURE (PERCENT) 8,s I 1.6 
, RELATIVE COMPACTION (PERCENT) 1 1  I I 1 I 
1 OIL RAT10 - TYPE O F  BlTUMEN ! ! a I I I I 

STABILOMETE2 VALUE I I I I I I I 
COHESION I I I 
SWELL I 

3tn VALUE AFTE3 MVS I I 1 1 1 

1 %. 8 I I I I I I I I uu 

OENSiTY I I I I I 
COMP. STRENGTH A T  7 DAYS 
LlOUlO LIMIT ' I I I I 1 

PLASTICITY INDEX 1 I 1 1 
SAND EQUIVALENT I I 4 b . O  I I 

I PRODUCT P,J, X - 2 0 0  I I 1 I ! 

1 MOISTURE x AT C O M ~ A C T I O N  I 8.0 I I 1 f 

1 -  DENSITY I \ 30. & 
I 2-VALUE - STAJILOMETER 78 I I 

?-VALUE a~ EXPANSION I I I \ 

1 I 
I 1 1 I 1 COHESION I 

1 

I 1 1 I I 1 I 

1 1 I I I , 

- 

5.1 

NO. 4 (4760 MICFIONSI 1 1  
NO. 1 0  I I 
No. 20" 
No. 40 1 

I No-\W- 8 

No, 200 ( 74 1 I 
5 MICRON 

I I I I I I 1 I ? 

I I ~G.E. = 0 . 5 6  Fr. ) I 1 I I 
- 

SEE SHT 7 FOR CORROSION DATA '-2 a=---.. 

- - 
I I 

I 

1 
I 22, \ 

I I 100 1 
91. 3 
7 4 8 2  I 
56.  6 
34.5 
25 ,  7 8. 3 

I I 1 

20.2 



SEE SHT 7 FOR CORROSION DATA - - 
1 1 

.. . - .- . - -- ,-------,- --.- -2. - , - - -a\ .  

3 E JUNE 1- 1990 r - - - -  - 

E S h L  2QqQafl 

$011 SURVEY SHEET LJMITS PwPo5- ROUTE 13~3 - -  EWL Z O F ~  - Corrulon o+ L m  - 
 ST^. dl+??,GI TO SfA. ~ + O O  0- 

* - --- - . - --- - f r - - = - h - - - s & - -  . - -  . - - - 
e 

BORING OR SAMPLE N o .  I i B - 3  8 - h  f s-4 B- 4 t 0-4 8-4 
TEST NUMB= (D o r  HI I I t a-s 1 8-5 

I ' 

3 - DATE SAMPLED I I - I I 1 I t 
1 L - STATION 

L 
8 0 + 3 0  

I 
87+85 0 7  t-0s s7+BS 07t-s5 £37+85 I 

I 
? 5 + 2 4  I q5t.24 

I 40' rT. 4 0' tr- 4 0 '  LT. 40' LT 40' t7: 30' eT: 
I 0' 1 

30' ET 
2.5' 5' 2 6' Zs '  2.5' I 

S I L T Y  SAdD 5 ~ f Y  SAND 51 LTY S A N D  S l U Y  SAND ~ \ L T Y  S A ~ D  S\LTY 5 4 ~ ~  5(:Ty 5 ~ * 1 P  

96.2 I 
q2 .3  

2 
LINE 

n DISTANCE FROM LINE (RT. or LT-1 ' I 
I rl DWTH OR ELEVATION 

3 

19' KT. 
\ 0' 

/ TYPE O F  MATERWL _ ~ I L T Y  SAPID 
1%- SOUARE OPENING 1 I 
% ' 8 I I 1  
u* I I 

NO. 4 (4760 MICRONS) 
c/) i NO. I I I 8 1 ,  L 
r 
J No.  20- 1 I I 60.3 

3 d . 9  
\ $ . 4  I 

I 5 ,  9 .  \ 3,s 

1 2 b -  4 - 114.9 121.8 - I 104.3 107. 8 
2 - b  2 D I .  0 3- 0 Z.B 0 . 8  2.0 

, NO.&- 1 I 
NO- lm 
No, 200 ( 74 I 1 I I 
5 MICRON 

r~ 
IN-PLACE DENSlTY (DRY W T I -  &ha) 
IN-PLACE MOISTURE (PERCENT) I 

lob. 2 
1.4 

I 1 I MAXIMUM DENSITY (DRY W T - - h h ' )  
Si 
3 - OPT, MOISTURE <PERCENT) I I 

I RELATlVE COMPACTION (PERCENT) I 
I 1 I 

OIL R A n O  - TYPE O F  BITUMEN I I 
STABILOMETfR VALUE 

I 
I 

'I 
COHESION f I 
SWELL 

I I 
I I 

I x 
I I 

I 
I 

- 
(STABILOMETES VALUE AFTER MVS - I 

I COUP. STRENGTH A T  7 DAYS 

n - 
-3 

I 

% CEMENT 
OPT, MOISTURE I 

b 

DENSITY 

1 LIOUID LIMIT ' 

PINDU( 
SAND EQUIVALENT 

I I - -- 

I 

PRODUCT P.t X - 2 0 0  I 1 
1 MOISTURE % A T  COMPACTlON 1 1  

- DENSITY I ' I i 

8-VALUE - STASILOMETES 
2-VALUE BY EXPANSION 1 
COHESION I 

I I 
I I 

I I 
I I 

TSICKNESS O F  COVE3 REOUIRED I I 1 I I I 



C 

L l ~ l T S  P R Q P D ~ W  R O U ~  138 
300,000 

EXL -- 3 of - -ton o+ L w r  - 
'6 ..- - 

SOIL SURVEY SHEET  ST^. LI+qq.bI ~o s n .  -.. - - ~ O ~ + O O  

\ -. - -  T r - - = - a . - - - b o , - ,  . - -  
~ O R ~ N G  OR SAMPLE NO. 1 1  - B -5 1 B-6 1 B-G t 8 - d  s-7 1 
TEST N U M ~ E F ~  (D O r  H) 

E-7 
I 0-7 

I 
ci54-24 lo2+55 102tS5 . \  0 9 +30 1 0 9 + 3 C ~  I 109 +30 

30' R T  18' LT I \ 0' LT \ B '  LT 60'e7: i 
60' RT, 

I 7.5' I I 0' 2.5 '  3' - b' I 
&Of RT, 

OE?TH OR ELEVATION 7.5 '  0' - 3' 
) SILTY 5 A N D  f SILTY SAHD 1 S ILTY SPHD I SILTY SAND L7T 54ND 5 A H O  

5' 
TYPE OF YATEFLlAL 

10' 
U v &  SAND 1 CLAYEY Saq 

1 1%- S O U A ~ E  OPENING 1 1  I 
1 

I 
I )i 8 8 I I 1 

%, 8 8 I 1 I 100 I I 
No. 4 (4760 MICRONS) 1 I \ 00 

No. 10 - I B A . 7  1 
NO- 20- I 57.2 I 

7 

NO. 40- I 3 6.8 1 
No, 100 - \ 7.7 i 
No- 200 ( 74 8 1 I \Z. 1 I I l.S 4&,1 6 2 .  I I 5 G .  3 
5 MICRON 1 I 

- 1 1  I I 1 I 

I I f I . - -  . -  I -/ ..- I 

OPT, MOISTURE <PERCENT) 1 I I I 10. 1 1 8.5  I 
RELATIVE COMPACTlON PLSCENT) 
OIL RAT10 - TYPE OF BITUMEN I I I 

. STABILOMETER VALUE 1 1 
COHESlON I 1 I I I I I I . - SWELL I I I I I I 1 

STABILOMETER VALUE AFTEF? MVS I I 
% CEMENT 1 
OPT, MOISTURE 1 
DENSITY I I 

I COUP. STRENGTH A T  7 DAYS I 
LlOUlO LIMIT ' I I 1 
PLASTICITY [NOEX 
SAND EQUIVALENT I 3 7 I 
PRODUCT P.L X - 2 0 0  I ! I 

f MOISTURE % A T  COMFACTION I q . 4  I I I I 
1 

! - OENSiTY I I I 129.1  1 I I '- 

/ 8-VALLIE - S T A S I ~ O M E T E ~  f I 6 0  t 
) Z-VALUE 8 Y  EXPANSION I I I I 1 I 1 1 
1 C G E E S I C N  1 1 I I 

I 1 1 I 1 I i 
I I I 1 I I I I f 

I I 1G.E.s 0.82 FT. 1 '-iCK.':ESS . . GF CSVE? 2E2IJRE3 I I 1 I ! 

! J O H X  A. SAYERS & A S S O C I A T E S  I ! 



- - -  - - -----=- A -  ----- -: -a -J . ,  . 
€SAC 3 w :  000 
-1-- 

4 or - -1- o* L w a  - 
Tr- . -= - -  -g, .--- . -  

SOIL SURVEY SHEET 
* 

I 1 1 1 
.- 

( BO~JNG OR SAMPLE No. I 1 6 -9 e-q I3 -? 0 -\o I I3 -10 
TEST NUMBER (D or HI 1 B - l o  1 
OATE SAMPLED 1 I I I I 
STATION I 1 \Z4+5S 1z4tSS . l Z4t58 I 3 7+2S I 

1 
- \ 3 7 + 2 5  

I I I 
i37+2S 1 

LINE 
DISTANCE FROM LINE (RT. o r  LT,) I -C - - \ 01 ET - I at e~ 
o ~ T H  OR ELEVATION 2.5' 5'  1 5 '  0' - 3 '  1 

1 8' RT. 
5' 

I I 
1 0' 

TYPE OF MATERIAL ~ \ L V  - S P N D  -- S\LT'T' - S A N D  CLPYEY 34ND 51Lfi SAND - S\L- SAND I 
1 1  1%. SOUAXE OPENING I 

*. 8 8 I I I I 
%= . I I I q 1,7 46,s I 

NO. 4 (4760 MICRONS) - 1  1 B3.5 9 4.2. 
' NO. 10 w 1 1  G 0  DO 1 8385 I 

NO. 2 0  I 4 3 - 2  I 
G G . 0  I I 

j No. 40- Z 5 . Z  52.7 1 I 
NO, 100- 10. G 38aZ 
No, 200 ( 74 rn 1 1 I 6. 1 I 3 4 . 7  Z?. G 4 9 , c  
5 MICRON 
I MICRON 
IN-PLACE DENSITY (DRY WT-- Wh') 
N-PLACE MOISTURE (PERCENT) 
MAXIMUM DENSITY (DRY W E - t h ' )  1 3 6 . 5  
OPT, MOISTURE CPERCENT) 

I RELATIVE COMPACTION (PERCENT) 
OIL R A n O  - 7YPE O F  BITUMEN 
STABILOMETER VALUE 
COHESION 
SWELL 
STABICOMET~VALUE AFTEX MVS 
% CEMENT 
OPT. MOISTURE 
DENSITY 
COMP. STRENGTH A T  7 D A Y S  
LlOUlO LIMIT - 
PLASTlClTY INOEX 
SAND EQUIVALENT 
PRODUCT P.t X - 2 0 0  

1 MOISTURE % AT COMFXCTION 
I - DENSITY 

2-VAL'JE - STAJILOMETER 
I 3-VALLIE BY EXPANSION 
1 ccr-:rsroiq 
I - & I A ; C K X Z = ~  c= czv:? RECu]RsD - 

SEE SHT 7 FOR CORROSION DATA 
t I 

J O m T  a. s_%_YERS & ASSOCWTES ' 

~ M I T S P R O W W  ~ o u T E  \38  -. 

s,. b\+qq.bl TO STA..ZO4+oo 
- - --- - - . --- 



- . - -  - - --..-- - ... - - - .  .- -- 
1 - . .------ 2- 

LJM~TS WOWED e G =  138 - -  
E S A L  3 m . b - 0  

$011 SURVEY SHEET EWL 9 - O+ L v r  - 
TE JUNF 11990 & STc4. b IT-49. G\ TO Sn. Z O ~ ~ + O O  

-a 
- - - - -  - 1 - - --- - - - ---- rr--=-%,L+rk----  - w e -  - - - - - -  

1 
.- . 

BORING OR SAMPLE NO. I 
TEST NUMBER (D Or H) z 

3 - DATE SAMPLED - 

s-l\ 1 0-11 1 8 -  I 2  B - I Z  1 = - I t  6-12 

STATION L 1 

1 0 - \ 3  

I I 
t 

0-  1.3 

I45 +34- 1 145+34 I 1 5 ~ + 0 0  I56+66 1564-00 1 \56+00 
* I I I - LINE 
2 - 
4 ,  D~STANCE FROM LINE (RT. or LT-1 I I a' LT. a* LT 20' LT. 20' L-r. 20' LT. 20' LT. 

I 6 6  +70 1b8f 70 

5' 2 . 8 5 '  5 '  Zt 5' 16' 7-0' 
S \ L ~  SAP~D s 1 LTY SAND 5 l L T Y  

LJ DEPTH OR ELEVATION 
3 1 TYPE OF YATEillAL 5tLv SC\ND C L ~ ~ ~ ~  SAND SI LWSAKD 

I 
zbO RTo 24' ET: 
5' 5' 

51~- S N D  I 5\Lw4PslD 
I 
I 

00 

1 9 4 , 8  
b. 7.4 
L7m4 

I SI.1 
1 3 3.7 

3 2 0 2  Z d . 5  

I 

-- 

3 
- .  
J 

I%= SQUARE OPENING I 
xia 8 8 

%. 8 I I 
No. 4 (4760 MICRONS) 

131 -4 
3- I 

LlQUlO LIMIT ' I 
PLASTICITY INDEX 
SAND EQUIVALENT I 

I 
30 

OPT, MOISTURE 
DENSITY 

P- 

- 
- 

I 
I 

I 

r COMP, STRENGTH A T  7 DAYS 

PRODUCT P.1, X - 2 0 0  
MOISTURE % AT COMPACTION 1 I 

- DENSITY 
I R-VALUE - STABILOMETEFZ 

- 

1 

I 

I 

I 
I 

1 I No .  10 - 

2 - 2-VALUE 8Y EXPANSION I 
= COHESION 

I I 

NO, 20 
NO. a.0 - I 
No- 100- 

I No, 200 ( 14  8 1 
5 MICRON 

I I 
I 

5207 12- 2 5 I , O  
I I 

TSICKNESS O F  C O V E 3  REQUIRED 1 1  1 I I 1 1 

SEE SHT 7 FOR CORROSION DATA - - * 
I 

'JOB- A. SAYERS & ASSOCIATES / I 1 

I 1 I I I I 1 

I MICRON I I 1 

I I 

IN-f LACE DENSITY (DRY WT.- lbni') 
IN-PLACE MOISTURE PERCENT) 
MAXIMW DENSITY <DRY wT;-bhJ) - 

I 1 I 

I ZS b 117.9 \ b 9 . 7  I I ~ q - 0  I 113-1 \Z o -3 
Z -7 6.9- 3 -7 \-9 7-9 5.4 

I I 
OPT, MOISTURE WERCENf) 
RELATIVE COMPACTlON (PERCENT) 

I 
1 I ' OIL RAT10 - TYPE OF BITUMEN I I 

STABILOMETER VALUE ! COHESION 
I I I 

I 

= 
I 

SWELL I 

I 
1 STABILOMETER VALUE AFTER MVS - 1 

% CEMENT I 



f COHESION - I I I I I I I I 
1 1 

. - -- - ---- ----a - - -a -a *- 

LIOUID LIMIT ' I 1 I I I I I I I 
PLASTICITY INOEX I I I I 

I I 

\TE JUNE 1.1990 
__.--  - \ 

SOIL SURVEY SHEET 
P-ZOO~ED -UTE 138 -. LIMITS 

5,. bl +qq.&J TO 5TA. 209 +oo 
--- - . - --- 

I 

1 

I 

1 ?-VALUE 3Y EXPANSION - I !  1 I 1 I I I I 

ESaL 3ml 000 
lg O F  

EYL - -- o+ L-. - 
rr- . -= - -  -Bow , - ,  iL - 

t 1 I t 
-- 

BORING OR SAMPLE No, 1 1  5 - \ 4  B-\& B-15 R - I  S S -15 I 8 - \ S  
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1 JnSA John A Sayers and Associates, Inc. 

( Geotechnical Consultants 

TRANSMITTAL 
I 

Mr. Ebi M. Fini 

I Office of Structural Foundation, South 
5900 Folsom Boulevard 
Sacramento, California 95819 

September 17, 1996 
W.O. 215 

Subject: Additional Data Pertaining to Proposed Highway Construction, Route 138, 1.2 

I miles East of Route 15 to Summit Post Office Road, San Bernardino County, 
08-SBd-138-16.5119.7 

Dear Mr. Fini: 

I Attached to this transmittal are several appendices providing more details on drilling and sampling 
methods and laboratory testing. Specifically, at your request, we are providing direct shear test 

I diagrams, individual stress-strain plots and plasticity index and grain size data for your review. 

Through this transmittal, we are hoping we can come to some agreement on the applicable shear 
strengths to use for slope designs so we can progress with the profiles and calculations. 

Please call if you have any questions or 

Respectfully submitted, 

JOHN A. SAYERS & ASSOCIATES 

By: 

wish to discuss the information. 

I 27071 Cabot Road, Suite 101 Laguna Hills, California 92653-7009 (714) 582-2144 



I Appendix A Sampling Methods and Laboratory Testing 

u Appendix B Shear Test Data - Undisturbed Samples Sheared at Natural Moisture Content 

Appendix C Shear Tests Data - Undisturbed Samples Sheared after Saturation 

Appendix D Shear Test Data - Remolded Samples Sheared at Optimum 

I 
Appendix E Shear Test Data - Remolded Samples Sheared after Saturation 

I Appendix F Boring Logs and Soil Survey Sheets 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I JOHN A. SAYERS & ASSOCIATES 
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DS AND J.&JSORAl''ORY TESTING 

e w  

Borings B-1 through B-16 were drilled with a Mobile B-52 Hollow Stem Auger (2-R Drilling 
Company, Ontario, California) using an eight inch diameter auger. Samples are taken from within 
the hollow stem by driving a sampler with a 140 pound weight according to the standard 
penetration test procedure ASTM D 1586-76. Borings B-1A and B-2A were drilled with a EZ 
Bore Drill (Al-Roy Drilling, Yorba Linda, California) using an 18 inch diameter bucket. With 
this rig the samples are taken by driving the sampler with the weight of a telescoping Kelly bar. 
As the Kelly bar extends the weight is reduced by sections depending upon the depth. These blow 
counts may be converted to standard penetration blows (N-values) with the following formula: 

Where N = equivalent SPT blowout (uncorrected) 
N' = measured blowout 
W = weight of hammer (Kelly), pounds 
H = distance of hammer drop (inches) = 12 
Do = outside diameter of sample (inches) = 3.0 
Di = inside diameter of sample (inches) = 2.416 

Example: B-1A @ 20' N' = 5 + 9 = 14 

Soil samples have been collected as bulk or bag samples andlor as in-situ or relatively 
"undisturbed" core samples. . The latter were obtained with a split-barrel sampler containing a 

JOHN A. SAYERS & ASSOCIATES 
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series of one-inch high brass rings, 2.416 inches in inside diameter (ASTM D 3550-84). The 
sampler is driven into the ground with successive free fall blows of the drill rig's Kelly bar 
dropping one foot. The weight of the Kelly bar and number of blows per foot are typically 
recorded on the boring logs. Alternatively, the sampler may be driven with a 14epound weight 
and the sampler may be a Standard Penetration Sampler which obtains a disturbed sample. If the 
standard penetration test is used, it is designated on the boring log as explained in the Boring Log 
Legend. 

The Standard Penetration Test is performed in borings during field exploration and may be used 
to correlate materials and/or to determine a variety of engineering properties. The test uses a 
split-barrel sampler, 2 inches in diameter, which is driven into the ground with successive blows 
of a 140-pound weight. The blow counts are recorded in six inch intervals for further analysis 
and the sample contained in the sampler is retained for identification and testing. The test 
procedure used is the American Society for Testing and Materials (ASTM) D 1586-76. 

Bulk samples were collected in plastic bags to retain their original moisture content. The core 
samples were placed in molded plastic containers, sealed, stored in protective boxes and 
transported to our laboratory. 

Soils extracted from trenches/borings in the field were identified using the Unified Soil 
Classification System (USCS). Field identifications may be supplemented by additional visual 
classifications and/or by test procedures. The soil classifications are shown on the Logs of Test 
Pits andlor Borings presented within this report. Where blow counts were very high or refusal 
was encountered, the soils were described as very hard. 

The physical and engineering properties of the soils were determined by laboratory testing of 
samples. The types of tests typically conducted are briefly discussed below. All test results using 
these procedures are specific to the soils collected and variations could be expected at other depths 
and locations. 

JOHN A. SAYERS & ASSOCIATES 
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The natural density of the soil has been determined for all "undisturbed" samples obtained during 
subsurface explorations. These densities are recorded as dry unit weights in pounds per cubic 
foot. The moisture contents for these and standard penetration samples are determined as a 
percentage of the dry weight. These test results are shown on the Boring Logs and in the Soil 
Survey Sheets. 

Dry D e w  Opt- Moisture Con- 

Typical bulk samples have been tested for their maximum dry density and optimum moisture 
content. The results are obtained using the ASTM standard procedure D 1557-78. These tests 
are generally used to compare natural densities and may be used for compaction testing. 
Additional testing for other soil types or soil mixes may be necessary at a later date. 

The maximum dry densities and optimum moisture contents are presented on the Soil Survey 
Sheets accompanying this report. 

Pirect Shear 

The shear strength of typical on-site soils has been determined using a direct shear machine 
designed to receive either "undisturbed" or remolded samples of the soil in one-inch high brass 
rings. The samples are extruded from the rings and into the machine apparatus, loaded with 
varying normal loads, allowed to consolidate and then sheared at a strain rate of 0.02 inches per 
minute. The samples may be sheared at their natural moisture content or may be presaturated and 
inundated with water prior to testing, as indicated on the test results. The test procedure is 
according to ASTM D 3080-79. 

The test data has been plotted on stress-strain diagrams and the peak strength has been plotted on 
Shear Test diagrams. Using the stress-strain diagram the percent shear should be multiplied by 
120 to obtain the shear strength in pounds per square foot. Both have used computer interfaces 
as the plotting mechanism with the friction angle and cohesion calculated by the computer, except 
for cohesionless soils where the cohesion was set to zero and the friction angle determined as a 
best fit. 

JOHN A. SAYERS & ASSOCIATES 
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Our shear testing was performed for four situations, one being undisturbed samples at natural 
moisture contents. The second is undisturbed samples being saturated prior and during testing. 
The third and fourth consist of samples remolded to 90 percent relative compaction at optimum 
moisture content and then either sheared at optimum moisture or at saturation. The four 
conditions are considered representative of specific formations and locations along the road 
alignment as follows: 

1) Undisturbed samples at natural moisture content should be used for steep topographic areas 
along eastern portion of road alignment exposing Crowder Formation and Terrace deposits. 

2) Undisturbed samples at saturated conditions should be used for the more gentle topographic 
areas along western portion of alignment exposing older alluvium and recent alluvium 
(cohesionless and uncemented sands). 

3) Remolded samples at saturation should be used for proposed fill slopes where cementation . .  . would be lost and cohesion is rrrrmrmzed by recompaction. 

4) Remolded samples at optimum moisture content would typically be representative of 
unsaturated fill, but were not utilized in our analyses. 

Shear test results are presented in Appendices B through E to follow. They include a shear test 
summary, a summary diagram showing the values used followed by individual shear test diagrams 
and stress-strain diagrams. 

A soil sample from alluvium within Boring B-15 has been tested for its consolidation potential. 
The consolidation testing apparatus is designed to receive either natural or remolded soils in a one- 
inch high ring. Each sample is then loaded incrementally in a geometric progression and the 
resulting consolidation is recorded at selected time intervals. Porous stones are in contact with 
both the top and bottom of the soil to permit the addition or release of pore water. The samples 
are typically inundated with water at intermediate loads. The test procedure used was California 
Test 219 which is similar to ASTM D 2435-80. 

JOHN A. SAYERS & ASSOCIATES 
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The consolidation test result is plotted on the Consolidation Pressure Curves accompanying this 
appendix as Plate A- 1. 

The grain size distribution of selected soils has been determined using a range of wire mesh 
screens and a mechanical sieve shaker (ASTM D 422-72). The weight of the residue contained 
on each screen is determined and the percent h e r  or coarser of the total weight is calculated. The 
percent passing the 200-sieve wet by either the dry sieve method (above) or by the wet sieve 
method (ASTM D 1140-71) are shown on the Soil Survey sheets. 

Grain Size Distributions are graphically plotted and are presented at the end of this appendix. 

Sand E- 

The Sand Equivalent (S.E.) value for selected soils was determined using CALTRANS Test 
Method No. 217. This test determines the relative cleanliness of sandy soils and relates to their 
suitability for bedding, bacldill and other uses. A higher S.E. reading indicates a relatively clean 
sand. An S.E. of 30 or greater is usually required for trench backfill which may need only 
flooding to obtain compaction. 

Test results of the Sand Equivalent test are presented in the attached Soil Survey Sheets. 

The Plasticity Index (PI) for selected soils were determined according to California Test 204, 
which is similar to ASTM D 43 18-83. This test measures the liquid limit (LL) and Plastic Limit 
(PL) of the soils passing the No. 40 sieve. In each case tested, the samples had less than 50 
percent and more than 12 percent passing the No. 200 sieve and liquid limits less than 50. This 
indicates the fines (< No. 40) are low plastic silts or clays and when combined with the sands are 
silty to clayey sands (SMISC). 

The results of these tests are shown on Plates A-2 and A-3. 
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I Corrosion T e w  

I Soils resistivity and pH testing was performed for us by Associated Laboratories of Orange, 
California. The test method used was California 643B and the results are indicated on the Soil 

I Survey Sheets. Associated Laboratories report is attached as Plate A-4. 

JOHN A. SAYERS & ASSOCIATES 
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CONSOLIDATION TEST RESULTS 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
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PLAS'glCI'I'Y INDEX TIEST- 

Sample Material % Passing Liquid Plastic Plasticity 

JdaaiQn rn ULUQ Idimim m i  Indexfi) USCS 

B-1A @ 5' Sandstone 14.2 (Non-Plastic) 
(silty sand) 

B-1A @ 10' Sandstone 40.7 27.2 21.3 5.9 SMISC 
(silty to 

clayey sand) 

B-1A @ 20' Sandstone 27.3 24.6 22.3 2.3 SM 
(silty sand) 

B-2A @ 5 ' Sandstone 28.3 25.8 21.7 4.1 SMISC 
(silty to 

clayey sand) 

B-2A @lo' Sandstone 40.3 31.0 22.1 8.9 SC 
(clayey sand) 

B-2A @ 35' Sandstone 24.7 26.0 20.8 5.2 SMISC 
(silty to 

clayey sand) 

JOHN A. SAYERS & ASSOCIATES 

Plate A-2 
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CLIENT 

I John A. Sayers & Associates (2562) L A B N O  F81294 
27071 Cabot Rd. 
Ste. 132 REPORTED 02/15/90 

I Laguna Hills, CA 92653 
Attn: Carisa Davis 

SAMPLE Soil 

BASED O N  SAMPLE A s  Submitted 

Minimum Resistivity 
Sulfate EB (Calif. 643B) (ohmlcm) 

NOTE: Unless notified in writing, all samples will be discarded 

I by appropriate disposal protocol 30 days from date reported. 

- 
The reports of tne Associated Laboratories are confidential property of our Clients and 
may not be reproduced or used for pubiication in part or in full without our written 

I permission. This is  for the mutual protection of the public. our clients. and ourselves. 

--" 
; -2TING & CONSUiTiNG 

Chernfc31 
Microb~ologrco~ ' 
Envrrcnmental . 
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J/\SI\ 
GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores L i t e d  Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

SIEVE ANALYSIS ( HYDROMETER ANALYSIS 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 1 Location: San Bernardino County 
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GRAIN SIZE DISTRIBUTION 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 1 Location: San Bernanlino County 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
- Project: Aiewny 1% I Location: San Bernardino County - 
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GRAIN SIZE DISTRIBUTION 
Client: Rancho Las Flores Limited Partnership 1 W.O. 215-1 
Project: Highway 138 I Location: $an Bernardino County 
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GRAIN SIZE DISTRIBUTION 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: $an Bernardino County 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Egbssay 1% I Location: San Bernardino County 
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3" 1.5" 314" 318" #4 #10 #20 #40 #lo0 #200 
100- 

90 

80 

70 

C3 
Z60 m 

2 .  
k50 
Z w 

240 
& 

30 

- 

- 

- 

- 

- 

-. 

PARTICLE SIZE IN MILLIMETERS 

n 

GRAVEL 

I coarse fine 

I 

\ 

\ 

SILT 

\ 

--- 

CLAY SAND 

Sample: B-9@2.5ft.  

\ 

coarse 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

\ 

Plate 

1 
\ 

medium 

? 

fine 

\ 

\ 

\ 



GRAIN SIZE DISTRIBUTION 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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GRAIN SIZE DISTRIBUTION 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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GRAIN SIZE DISTRIBUTION 
Client: Rancho Las J?lores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: $an Bernardino County 

SIEVE ANALYSIS I HYDROMETER ANALYSIS 
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APPENDIX B 
SHEAR TEST DATA 

UNDISTURBED 
SAMPLES SHEARED AT 
NATURAL MOISTURE 

CONTENT 

CONTENTS: Shear Test Summary 
Shear Test Diagram Summary 
Individual Shear Test Diagrams with Stress-Strain Diagrams 

JOHN A. SAYERS & ASSOCIATES 



Sample 
Location 

W.O. 215 

Undisturbed, Tested at Natural Moisture Content 

Normal Pressure (psf) 

2QQQ 4MM 

B-2A @ 10' 
a 
b4 4332 (High) 

B-2A @ 20' 
8 
6 2436 

B-2A @ 35' 2136 (Low) 

B-2A @ 45' 
Median 

5364 

5892 (High) 

Upper envelope (1) 45.5 degrees and 2132 psf 
Lower envelope (1) 4 1.9 degrees and 428 psf 
Median of envelopes (2) 43.8 degrees and 1280 psf 

(1) Calculated by computer using low and high shear strengths 

(2) Calculated by computer as mathematical average of high and low shear strengths 

JOHN A. SAYERS & ASSOCIATES 

5736 (Low) 

8412 (High) 



JI\SA 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
. Project: Highway 138 I Location: San Bernardino County 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: H u w a y  138 I Location: San Bernardino County 
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I n i t i a l  Sample  

Dry D e n s i t y  = 1 2 6 . 1  pc f  Sample: B-lA@lO.Oft. 
M o i s t .  C o n t .  = 8 . 1 %  

S i l t y  Sand Phi Angle: 50 deg. 
L . L .  = 2 7 . 2  Cohesion: 0 psf 
P . I .  = 5 . 9  

TEST METHOD: Undisturbed, shear at natural moisture 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate 
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DIRECT SHEAR TEST PLOT OF B I A  @ 10  FT. 
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JI\SA 
SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
R o e :  Highway 138 I Location: San Bernardino Connty 
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TEST CONDITION: Undisturbed, sheared at natural moisture 

John A. Sayers & Associates 
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DIRECT SHEAR TEST PLOT OF B1 A @ 20 FT. 

4000 psf 

Displacement (in.) 
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JI\SA 
SHEAR TEST DIAGRAM 

Client: Rancho Las JYores Limited Partnership I W.O. 215-1 
, o e t :  Highwa J l38 I Location: San Bernardino CO- . . 
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DIRECT SHEAR TEST PLOT OF B I A  @ 40 FT. 
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SHEAR TEST DIAG- 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
. Project: Aighrny 138 I Location: San Bernardino County 
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TEST CONDITION: Undisturbed, sheared at natural moisture 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
, o :  Highway 138 I Location: San Bernardino County 
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M o i s t .  C o n t .  = 8 . 5 %  Phi Angle: 47 deg. 
Cohesion: 1604 psf 

TEST CONDITION: Undisturbed. sheared at natural moisture 
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- f' SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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Phi Angle: 50 deg. 
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TEST METHOD: Undisturbed, sheared at natural moisture 
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Displacement (in.) 
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SHlhlR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
hoject: Highway 138 I Location: San Bernardino County 
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Moist. Cont. = 6.0% 
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TEST METHOD: Undisturbed, sheared at natural moisture 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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D r y  D e n s i t y  - 1 2 0 . 1  p c f  Sample: B-2A @ 45.0 ft. 

M o i s t .  C o n t .  = 6 . 0 %  Phi Angle: 49 deg. 

Cohesion: 124 psf 

TE!X CONDITION: Undisturbed. sheared at natural moisture 
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APPENDIX C 
SHEAR TEST DATA 

UNDISTURBED 
SAMPLES SHEARED 

I AFTER SATURATION I 

CONTENTS: Shear Test Summary 
Shear Test Diagram Summary 
Individual Shear Test Diagrams with Stress-Strain Diagrams 

JOHN A. SAYERS & ASSOCIATES 



Sample 
LaatiQn 

W.O. 215 

Undisturbed, Tested after Saturation 

B-2A Q 15' 
Average 

Normal Pressure @sf) 

4MM 

2640 

(1) 

2976 

3168 

3516 

3 192 

5760 (3) 

Average strength (4) 32.0 degrees and 450 psf 

(1) Rock in sample 
(2) Insufficient sample for more points 
(3) Too high, not used for average 
(4) Calculated as a mathematical average 

JOHN A. SAYERS & ASSOCIATES 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Roject: HI&way 1% I Location: San Bernardino County 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: FIighway 138 I Location: San Bernardino County 
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Cohesion: 15 psf li a 
TEST CONDITION: Undisturbed. tested at saturation 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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TEST CONDITION: Undisturbed, tested at saturation 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 : Project: Highway 138 I Location: San Bernardino County 
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M o i s t .  C o n t .  = 6 . 4 %  Phi Angle: 31 deg. 

Cohesion: 608 psf 

TEST CONDITION: Undisturbed, tested at satUrati0n 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate DS-1 





I I w m r = = - m = = = - D  
DIRECT SHEAR TEST PLOT OF B11 @ 5 FT. 
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Displacement (in.) 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnemhip I W.O. 215-1 
Project: Highway 138 I Location:  an Bernardino County 
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M o i s t .  C o n t .  = 5 . 4 %  Phi Angle: 24 deg. 
Cohesion: 1032 psf 

TEST CONDITION: Undisturbed. tested at saturation 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: $an Bernardino County 
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D r y  D e n s i t y  = 1 1 1 . 5  p c f  Sample: B-l3@5*0ft* 
M o i s t .  C o n t .  = 5 . 3 %  Phi Angle: 39 deg. 

Cohesion: 230 psf 

TEST CONDITION: Undisturbed, tested at saturation 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 

Plate 



- - m = = = - = = = - = - = = = = = -  
DIRECT SHEAR TEST PLOT OF B-13 @ 5 FT. 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flow Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 

6000 

5000. 

4000 

E 
V1 
e5 

3000 

B 
V1 

4 
W 

2000 

1000 

I 

/ 

C 
/ 

/ 

0. 
0 1000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

I n i t i a l  S a m p l e  

D r y  D e n s i t y  = 1 2 1 . 9  p c f  Sample: B-13 @ 15.0 ft. 

M o i s t .  C o n t .  = 3 . 1 %  Phi Angle: 37 deg. 

Cohesion: 120 psf 

TEST CONDITION: Undisturbed, tested at saturation 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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TEST CONDITION: Undisturbed, tested at saturation 
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DIRECT SHEAR TEST PLOT OF B I A  @ 20 FT. (SATURARTED) 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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Cohesion: psf 

TE.W CONDITION: Undisturbed, tested at saturation 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
- Project: Highway 138 I Location: San Bernardino County 
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Cohesion: psf 

TEST CONDITION: Undisturbed, tested at saturation 
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SHEAR TEST DATA 
REMOLDED SAMPLES 

SHEARED AT 
OPTIMUM 

JOHN A. SAYERS & ASSOCIATES 



W.O. 215 

Remolded to 90% Relative Compaction 
at Optimum Moisture 

Tested at Optimum Moisture 

- 
52 w Normal Pressure @sf) 

Sample S b~ 

Location C m 
3i 

Median (Average) (1) 3030 3960 

Median (Average) (2) = 31 degrees and 1736 psf 

(1) Calculated as a mathematical average 
(2) Calculated by computer 

NOTE: These values were not used in calculations 
See remolded and saturated Shear Test Data (Appendix E) 

JOHN A. SAYERS & ASSOCIATES 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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M o i s t .  C o n t .  = 9 . 5 %  

Phi Angle: 32 deg. 
Cohesion: 1720 psf 

TEST CONDITION: Remolded to 90% R.C. @ optimum moisture and tested at optimum 

John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS Plate 
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DIRECT SHEAR TEST PLOT OF B1 A @ 10 FT. (REMOLDED) 
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SHEAR TEST DIAGRAM 

Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
Project: m@way 1% I Location: San Bernardino County 
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M o i s t .  C o n t .  = 1 1 . 0 %  

Phi Angle: 30 deg. 
Cohesion: 1600 psf 

TEST CONDITION: Remolded to 90% R.C. @ optimum moisture and tested at optimum 
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John A. Sayers & Associates 

GEOTECHNICAL CONSULTANTS 
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DIRECT SHEAR TEST PLOT OF B I A  @ 20 FT. (REMOLDED) 
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APPENDIX E 
SHEAR TEST DATA 

REMOLDED SAMPLES 
AT OPTIMUM AND 
SHEARED AFTER 

SATURATION 

JOHN A. SAYERS & ASSOCIATES 



W.O. 215 

Sample 
Location 

Remolded to 90 % Relative Compaction 
at Optimum Moisture 
Test after Saturation 

8 
2 2004 (Low) 

I B-1A @ 20' ki 2222 
- Average 2 m 21 18 

Low (1) 24.5 degrees and 1012 psf 
Average (1) (2) 28 degrees and 1064 psf 

(1) Calculated by computer 
(2) Mathematical average 

Normal Pressure @sf) 

2676 (Low) 

NOTE: Calculations used low value with half the cohesion. 

JOHN A. SAYERS & ASSOCIATES 

3828 (Low) 



SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 
. Project: Highway 138 ( Location:  an Bernardino County 
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John A. Sayers & Associates 
GEOTECHNICAL CONSULTANTS 
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SHEAR TEST DIAGRAM 

Client: Rancho Las FIores Limited Partnership I W.O. 215-1 
Project: Highway 138 I Location: San Bernardino County 
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Moist. Cant..= 8.1% 

Phi Angle: 25 deg. 
Cohesion: 980 psf 

TEST CONDITION: Remolded to 90% R.C. @ optimum, saturated 
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DIRECT SHEAR TEST PLOT OF B I A  @ I 0  FT. (REMOLDED AND SATURATED) 
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DIRECT SHEAR TEST PLOT OF B I A  @ 1 0  FT. (REMOLDED AND SATURATED) 
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SHEAR TEST DIAGRAM 
Client: Rancho Las Flores Limited Partnership I W.O. 215-1 

' Project: rrighway 138 I Location: San Bernardino County 
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DIRECT SHEAR TEST PLOT OF B1 A @ 20 FT. (REMOLDED AND SATURATED) 
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DIRECT SHEAR TEST PLOT OF B I A  @ 20 FT. (REMOLDED AND SATURATED) 
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DIRECT SHEAR TEST PL0T:OF B I A  @ 20 FT. (REMOLDED AND SATURATED) 
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APPENDIX F 
BORING LOGS 

I B- 1 THROUGH B- 16 
I AND B-1A AND B-2A 

SOIL SURVEY SHEETS 
1 THROUGH 9 

JOHN A. SAYERS & ASSOCIATES 



Legend for Test  Pit Logs 

SILTS AND CLAYS 

than 200 sieve 
SILTS AND CLAYS 

CORE SAMPLE 

Sample Type: BULK SAMPLE 

CORE AND BULK SAMPLES 

Density terminology used for soil descriptions (e.g., medium dense, dense) reported in 
test pit logs has been based on observation and engineering experience. 

UNIFIED SOIL CLASSIFICATION SYSTEM 

BOUNDARY CLASSIFICATIQNS: Soils possessing characteristics of two groups are designated by combinations 
of group symbols. 

JOHN A. SAYERS & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 



I Log of Exploratory Boring B-1 

I 
Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: 12-11-89 I W.O. 215-01 
Location: San Bernardino 

1 Surface Elevation: i 



the time & place of 
other location there 

@14' - Groundwater encountered. 



Log of Exploratory Boring B-3 
Client: A.R.C. Las Flores Ltd. 
Project Highway 138 

Date: 12-11-89 I W.O. 215-01 
Location: San Bernardino 

FIELD LAB DATA 
Surface Elevation: i 

Total Depth: 16.5 
n 
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t (I w 

L u 3 
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L 8 s urn .4 
I (IS 3 8 +1 I u L 4  0 . 4 C  
0 . 0 3 4  (I 0 0  ? 
3 o m  m  0 ~0 0 0  
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DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time k place of 
drilling. With the passage of time or at any other location there 
may be coneequential changes in conditions. 
ALL- Sand Gravel light to medium 

brown, ry to damp loose to dense, cobbles e' 
and boulders at surface. 

OLDER ALLUVPCTM: Silty Sand, reddish to 
light brown and gray, medium dense to 
dense, dry to slightly damp. 

Total Depth 16.5 feet 

u) 
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G w 

SM 

See Legend for Important Notes I 'Driving 

J O H N  A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-3 
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No Caving 
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Total Depth 25.5 feet 
Caving at 8 to 1 1  feet 

No Groundwater 
Hole Backfilled 



Log of Exploratory Boring B-5 
Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: 12-11-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: i 
Total Depth: 16.5 FIELD LAB DATA 

LI 
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C, 
0. 
I) 
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DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of time or at any other location there 
may be consequential changes in conditions. 
TOPSOIL: 2" to 3" thick 
OLDER ALLIJVIUM Silty Sand/Sand, brown, 

loose to medium dense, dry. 

@5' - dry to damp, dense. 

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - -  
Silty Sand, brown, medium dense, damp, with 

gravel, dry to damp. 

Total Depth 16.5 feet 
No Groundwater 

No Caving 
Hole Backfilled 
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JOHN A.  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 
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See Legend for Important Notes I *Driving 
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I. 
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See Legend for Important Notes I 'Driving Weight: 

JOHN A. SAYERS & ASSOCIATES 
, GEOTECHNICAL CONSULTANTS 

Boring B-6 
s h e e t 1  of-!- 



Log of Exploratory Boring B-7 
Client A.R.C. Las Flores Ltd. 
Project Highway 138 

Date: 12-11-89 I W.O. 215-01 
Location: San Bernardino 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 

- 
- 

- 

See Legend for Important Notes I 'Driving Weight: 

Surface Elevation: i 
Total Depth: 15.0 

DESCRIPTION A N D  REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the paasage of time or at any other location there 
may ba consequential changes in conditions. 
WASH DEPOSIT Silty Sand with Gravel, 

brown, loose, dry. 

CROWDER FORMATION (WEATHERED): 
Clayey Sand, brown, damp, dense. 

0 5 '  - leu weathered, although still clayey. 

l o - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Silty Sand with Clay, some gravel, brown, very 

dense, moist. 

Total Depth 15 feet 
No Groundwater 

No Caving 
Hole Backfilled 

JOHN A. SAYERS & ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

Boring 8-7  
~ h e e t l  o f L  



Log of Exploratory Boring B-8 
Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: + 
Total Depth: 1.0 FIELD LAB DATA 
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DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of time or at any other location there 
may be consequential changes in conditions. 
This boring was deleted due to lack of access. 

JOHN A. SAYERS & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 
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Log of Exploratory Boring B-9 
Client A.R.C. Las Flores Ltd. 
Project Highway 138 

Date: 12-11-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: i 
Total Depth: 21.0 

DESCRIPTION AND REMARKS 

E P I 1 3  +, +I This log is a representation of conditions at the time k place of 
U L 4  0  0. 
0 0 3 4  drilling. With the pasaage of time or at any other location there 
3 0 m  0 0 may be consequential changes in conditions. 

WASH --IS; Sand/Silty Sand, light 
brown, loose, dry. 

@2.5' - becomes medium brown, medium 
dense, fine to medium grained. 

@5' - some gravel, dry to damp. 

OLDER ALLUVIUM (?): Silty to Clayey Sand, 
some gravel and cobbles, brown, very dense, 
damp. 

lotal ueptn L l  leet 
No Groundwater 
Hole Backfilled 

See Legend for Important Notes I *Driving Weight: 140 lbs/automatic 

JOHN A. S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-9 
s h e e t 1  o f L  



Log of Exploratory Boring B-10 
Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: 12-12-89 I W.O. 215-01 
Location: San Bernardino 

FIELD 
Surface Elevation: + 

Total Depth: 15.0 - 

DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of time or at any other location there 
may be consequential changes in conditione. 
W A ~  

brown, loose, dry to slightly damp. 

- @2.5' - some gravel and clay, loose to medium 
dense. 

- TERRACE DEPOSITS (?): Silty to Clayey 
Sand, medium to light brown, dense to very 
dense, damp. 

Total Depth 15 feet 
No Groundwater 
Hole Backfilled 

See Legend for Important Notes I *Driving Weight: 140 Ibs/automatic 

J O H N  A. S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-10 
sheet-!- o f 1  

* 



the time & place of 
other location there 



Log of Exploratory Boring 8-12 
Client: A.R.C. Las Flores Ltd. Date: 12-12-89 I W.O. 215-01 
Project: Highway 138 Location: San Bernardino 

Surface Elevation: + 
Total Depth: 20.0 

DESCRIPTION AND REMARKS 

@10' - becoming clayey 

CROWDER FORMATIOM (?): Silty Sand/Sandv 
Silt with clay, light brown, very dense, 
damp, some gravel. 

Hole Backfilled 

See Legend for Important Notes I 'Driving Weight: 140 lbs./automatic 

J O H N  A *  S A Y E R S  & A S S O C I A T E S  Boring B-12 
GEOTECHNICAL CONSULTANTS s h e e t 1  o f 2  



the time & place of 
other location there 



DESCRIPTION AND REMARKS 

the time & place of 
other location there 

See Legend for Important Notes I 'Driving Weight: 140 Ibs/automatic 

JOHN A .  S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTANTS 

Boring B-13 
s h e e t 1  o f L  



See Legend for Important Notes I *Driving Weight: 140 lbs/automatic 

J O H N  A. S A Y E R S  & A S S O C I A T E S  
GEOTECHNICAL CONSULTASTS 

Boring B-14 
s h e e t 1  o f L  



the time k place of 
other location there 



Log of Exploratory Boring B-16 
Client: A.R.C. Las Flores Ltd. 
Project: Highway 138 

Date: 12-12-89 I W.O. 215-01 
Location: San Bernardino 

Surface Elevation: + 
Total Depth: 14.5 FIELD LAB DATA 
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Boring B-16 
s h e e t 1  o f 2  

DESCRIPTION AND REMARKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of time or at any other location there 
may be consequential changes in conditions. 
ALLL-d Silty Sand, medium brown, 

damp, loose to medlum dense, some gravel, 
portions slightly clayey. 

Total Depth 14.5 feet 
No  Groundwater 
Hole Backfilled 

lbs/automatic Important Notes I *Driving See Legend 
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J/\SI\ 
Log of Exploratory Boring B-1A 

Client: Rancho Las Flores Limited Partnership Date: 5-15-96 W.O. 215-1 

Surface Elevation: - 
Total Depth: - 47 FIELD 

Location: San Bernardino ' County Project: Highway 138 

LAB DATA 
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See Legend for 
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DESCRIPTION AND REU4RKS 

This log is a representation of conditions at the time & place of 
drilling. With the passage of time or ?toany other locanon there 
may be consequentla1 changes in conditions. 
CROWDER FORMATION: Sandstonefine to medium 

rained, scattered ebbles, very light brown, i h r d ,  slightly wea ered, damp 

Slightly cemented, very hard 

Fine-grained with silt, very hard 
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J/W\ 
Log of Exploratory Boring B-1A 

Client: Rancho Las Flores Limited Partnership Date: 5-15-96 W.O. 215-1 

Surface Elevation: - 
Total Depth: - 47 FIELD 

Project: Highway 138 Location: San Bernardino , I County 

LAB DATA 
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See Legend 

Boring B-1A 
2 2 Sheet - of - 

DESCRIPTION AM) REMARKS 

This log is a representation of ~onditions a the time L place of 
drilling. With the passage of [lame or +[any other locauon there 
may be consequentlal changes In condltlons. 
Crowder Formation continued 

Scattered pebbles, very hard 

Scattered pebbles and gravel, very hard 

@ 47 ' - encountered large cobble or small boulder, 
could not get past with bucket, discontinued 
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Total depth 47 feet. 

No water. No caving. 
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Log of Exploratory Boring B-1A 
Client: Rancho Las Flores Limited Partnership Date: 5-15-96 I W.O. 215-1 

FIELD LAB DATA I Total Depth: - 47 

s C c DESCRIPTION AN9 REMARKS 
h X, . 0 - h 

E e; - u~ . s - 5 
b 

3 2274 g 5 a . - =  g 3  
" ' vl 5 This log is a representation of conditions at the time B place of 

* 0'3 $ 2 &. drilling. With the passage of rime or ?.any other locaaon there 
3 U P % 5 2 6 3 U may be consequentlal changes in cond~t~ons. 

Crowder Formation continued 
- - - - 

- - - - 
- - - - 
- - - - 

816" - 30 - 6.2 128.7 
' 30 - Scattered pebbles, very hard 

1211': - - - 

- - - - 
- - - - 
- - 7 - 

- 35 - - 35 - 
7 - - - 
- - - - 
- - - - 
- - - - 

1816 - 40 - 4.7 124.5 
- 40 - Scattered pebbles and gravel, very hard 

711"- - - - 

- - - - 
- - - - 

- - - - 

- 45 - - 45 - 

- - - - 

47 ' - encountered large cobble or small boulder, - 
could not get past with bucket, discontinued 
drilling 

i 
Total depth 47 feet. 

No water. No caving. 

See Legend for Important Notes I *Driving Weight: 3350 to 29' - 2040 to 58' 

John A. Sayers & Associates Boring B-1A 
GEOTECHNICAL CONSULTANTS 
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JmA 
Log of Exploratory Boring B-2A 

Client: Rancho Las Flores L i t e d  Partnership Date: 5-15-96 W.O. 215-1 

Surface Elevation: - 
Total Depth: - 45 FIELD 

Location: San Bernardino ' County Project: Highway 118 
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DESCRIPTION AND R E . . S  

This log is a representation of conditions at the time & place of 
drilling. With the passage of qme or ?[any other locatlon there 
may be conrequenual changes in condiuons. 
CROWDER FORMATION: Siandsfnne fine to medium 

rained, scattered ebbles, very light brown. 
tR %ard. slightly wea ered, damp 

Very hard 

- - - - - - - - - - - - - - - - - -  
very hard 
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J/\SA 
Log of Exploratory Boring B-2A 

Client: Rancho Las Flores Limited Partnership 
Project: Highway 138 

Date: 5-15-96 I W.O. 215-1 
Location: ' San Bernardino County 

Surface Elevation: - 
Total Depth: - 45 FIELD LAB DATA 
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State of California                    Business, Transportation and Housing Agency 
DEPARTMENT OF TRANSPORTATION 

 
M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 
 

To: GORDON DANKE      Date: December 19, 2013 
 Office of Structure Design–West 
 Design Branch 9      File: 08-SBd-138-R17.6 
          08-0Q3001 
          Proj. ID: 0800020191 
          Miner’s Shack Creek Br. 
          Br. #54-1219 

Attention: Pete Norboe       
 
From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 GEOTECHNICAL SERVICES 

OFFICE OF GEOTECHNICAL DESIGN – SOUTH 2  
DESIGN BRANCH B, MS #5 

 
Subject: Foundation Report for Miner’s Shack Creek Bridge 
 

“Caltrans improves mobility across California”  
 

This report presents the foundation recommendations for the proposed Miner’s Shack Creek 
Bridges (Br. No. 54-1219). In 2003, the proposed Miner’s Shack Creek Bridge was originally 
designed in metric using Working Stress Design (WSD) for abutments and Load Factor Design 
(LFD) for the pier.  The project was put on hold for many years, and now it is being reactivated.  
The bridge is being updated to the current AASHTO Load and Resistance Factor Design (LRFD) 
bridge specifications with California Amendments and the structure plans being coverted from 
metric to english units.    
 
This foundation report supersedes the previously generated Foundation Report, dated 11-28-03 and 
any other foundation reports generated for this structure. The following foundation 
recommendations are based on the 2002 subsurface investigation performed by geotechnical 
services and design information provided by Structures Design Branch 9. All elevations referenced 
within this report are based on the NGVD 1929 vertical datum. 
 
Project Description/History 
 
The proposed bridge site is located on the proposed newly re-aligned Route 138, located 
approximately 500 feet north of the existing State Route 138 (PM 17.1) in the Cajon Pass area of 
San Bernardino County.  Based on the General Plan (dated 11-21-13), the proposed Miner’s Shack 
Creek Bridge is to be approximately 250 ft long and consists of a two-span, cast-in-place, 
prestressed, concrete box girder structure with seat abutments.     
     
Site Geology 
 
The “Geologic Map of the Cajon Quadrangle” (Dibblee & Minch, 2003) indicates the site is 
underlain by Quaternary Alluvium deposits which overlie the Crowder Formation, which Dibblee 
describes as a fine to coarse, arkosic, pebbly sandstone.   
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The subsurface investigation performed in 2002 consisted of 2 mud rotary borings which generally 
revealed alluvial materials overlying sandstone.  The alluvial material consists of medium dense to 
very dense layers of silty sand with gravel and cobbles, poorly graded sand with gravel and 
cobbles, and silt with sand.  Underlying the alluvium, the sandstone was described as very 
intensely weathered, weakly to moderately cemented with soil like characteristics which consist of 
a very dense silty sand with gravel and cobbles, sandy/silty gravel, poorly graded sand with gravel 
and cobbles, with thin intermittent lean clay lenses.  For site-specific soil and rock descriptions, 
refer to the Log of Test Borings sheets.          

 
Groundwater 
 
Groundwater was encountered during the 2002 subsurface investigation.  In Boring 02-1, near the 
Abutment 1 location, the measured groundwater level was at elevation 3417.0 ft.  In Boring 02-2, 
near the Pier 2 location, the measured groundwater level was at elevation 3414.2 ft.  The structure 
supports are located within an intermittent creek, therefore, the groundwater surface elevations are 
subject to large fluctuations due to seasonal precipitation (heavy rainfall/flash floods), and will be 
encountered at higher or lower elevations at time of construction. 

 
Scour Potential 
 
The bridge site is located within an intermittent creek that during times of heavy precipitation has 
large amounts of surface water flowing in the channel and has the potential for scour.   The scour 
data shown in Table 1 is based on the hydraulic data provided to our office.   At the time of the 
report, a final hydraulic report was not completed.   For details and information used in 
developing the estimated scour information, please contact Jimmie Pallares with the Structure 
Hydraulics and Hydrology Branch at 916-227-8705.    
 

Table 1 - Scour Data 

Support Location 
Long Term Scour 

(Degradation and Contraction) 
Elevation (ft) 

Short Term Scour (Local)  
Depth (ft) 

Abutment 1 N/A N/A 

Pier 2 3.7 19.1 

Abutment 3 N/A N/A 

 
 
 

Corrosion 
 
Corrosion test results for soils samples collected from Boring 02-2 are shown in Table 2 below.  
All of the soil samples tested are considered non-corrosive by current Caltrans standards. 
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Table 2 - Corrosion Test Summary 

Sample Location pH Minimum Resistivity 
(Ohm-Cm) 

Chloride 
Content (ppm) 

Sulfate Content 
(ppm) 

Elev. 3430-3409 ft 7.31 2950 - - 

Elev. 3409-3390 ft 8.16 2200 - - 

Elev. 3390-3370 ft 9.39 2500 - - 

Elev. 3370-3340 ft 8.93 1900 - - 

Elev. 3340-3290 ft 8.86 2400 - - 
Note:  Caltrans currently defines a corrosive environment as an area where the soil has either a chloride concentration of 500 ppm or greater, a 
sulfate concentration of 2000 ppm or greater, or has a pH of 5.5 or less. With the exception of MSE walls, soil and water are not tested for 
chlorides and sulfates if the minimum resistivity is greater than 1,000 ohm-cm. 

 
Fault and Seismic Data 
 
The structure site is potentially subject to ground motions from nearby earthquake sources during 
the design life of the new structure.  Based on the 2012 Caltrans Fault Database (V2.2.06) for the 
deterministic procedure, the controlling fault for the site is the San Andreas (San Bernardino 
South) fault zone (Fault ID: 325, strike-slip, dip=90 deg.) with a maximum  moment magnitude 
(MMax) of 7.9, located approximately 3.9 miles (6.2 km) southwest of the site.  The probabilistic 
response spectrum is obtained for the 5% probability of exceedance in 50 years from the 2008 
USGS National Seismic Hazard Map.   
 
Based on the 2002 Log of Test Borings and general geology at the site, the average shear wave 
velocity for the upper 100 ft of the subsurface materials is estimated as VS30 = 1150 ft/s (350 m/s).   
 
For this site, the design response spectrum is controlled solely by the probabilistic response 
spectrum, with a Peak Ground Acceleration (PGA) of 0.97g.   
 
Surface Rupture Potential 
 
The site is not located within an Alquist Priolo Earthquake Fault Zone or an unzoned fault with an 
age of Holocene or younger, therefore, the potential for surface fault rupture hazard is low. 

 
Liquefaction Potential 
 
Due to the dense nature of the alluvial material underlying the site and the groundwater elevation, 
the liquefaction potential at the site is anticipated to be low. For site specific seismic data and 
design recommendations mentioned above, refer to the memorandum concerning seismic design 
recommendations (dated November 27, 2013), by Asef Wardak (916-227-1219) of the Office of 
Geotechnical Design South 2 (OGDS2). 

 
Foundation Recommendations 

 
The following Foundation Recommendations are for the Miner’s Shack Creek Bridge 
(Replacement), Br. No. 54-1219, as shown on General Plan, dated November 21, 2013.   
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At the abutment support locations, driven “Modified” Class 140, Alternative “W” steel pipe piles 
are recommended to be used for support. The “Modified” Class 140, Alternative “W” steel pipe pile 
shall be specified with a circular steel plate or conical steel tip welded to the bottom of the pile, 
similar to the tip detail of Alternative “V” pipe pile as shown in the 2010 Standard Plans.   Spread 
footings are not feasible at this location due to the presence of potential loose to medium dense 
granular soil and high PGA (MTD 5-1). CIDH piles are also not recommended at the abutments due 
to the need for battered piles. 
 
At the Pier 2 support location, large diameter (84-inch) Type-II CIDH piles are recommended for 
support. At the Pier 2 support location, spread footings and small diameter piles are not feasible due 
to the large local scour potential within the channel and the anticipated structural loads. 
 
The foundation design at the abutment locations was based on working stress design (WSD) and 
Load Resistance Factored Design (LRFD) was used at the pier location. The design information 
shown in Table 3 & 4 was provided to our office by Structure Design, Branch 9 on May 8, 2013 
and supplemented on December 13, 2013. 

 
 

Table 3 - Foundation Data Provided by Structure Design 

Support 
Location 

Design 
Method Pile Type 

Finished 
Grade 

Elevation  
(ft) 

Pile Cut-Off 
Elevation 

(ft) 

Pile Cap 
Size (ft) 

Permissible 
Settlement under 

Service Load  
(in) 

Number of 
Piles per 
Support B L 

Abut 1 WSD 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
3454.5 3452.92 7 43 1 14 

Pier 2 LRFD 84 in CIDH 3428.5 3422.0 N/A N/A 1 2 

Abut 3 WSD 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
3464.0 3462.42 7 43 1 14 

 
 
 

Table 4 - Foundation Design Loads Provided by Structure Design 

Support 
Location 

Service-I Limit State (kips) Strength Limit State  
(Controlling Group, kips) 

Extreme Limit State  
(Controlling Group, kips) 

Total Load Perm. 
Loads Compression Tension Compression Tension 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Abut 1 1550 140 1230 N/A N/A N/A N/A N/A N/A N/A N/A 

Pier 2 4200 N/A 2320 6060 3030 N/A 0 2320 4050 N/A -1430 

Abut 3 1550 140 1230 N/A N/A N/A N/A N/A N/A N/A N/A 

 
The specific pile tip elevations for Abutments 1 and 3, and Pier 2 are shown below in Table 5 and 
Table 6. 
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Table 5 - Foundation Design Recommendations for Abutments 1 and 3 

Support 
Location 

Pile 
Type 

Cut-off 
Elevation 

(ft) 

 
LRFD Service-I  
Limit State Load  

per Support (kips) 
 

LRFD  
Service-I  

Limit State  
Total Load  

per Pile (kips) 

Nominal 
Resistance 

(kips) 

Design Tip 
Elevation 

(ft) 

Specified 
Tip 

Elevation 
(ft) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total  Perm. 

Abut 1 
Modified  

Class 140 Alt W  
(PP 14 x 0.438) 

3452.92 1550 1230 140 280 3432.8 (a) 3432.8 280 

Abut 3 
Modified  

Class 140 Alt W  
(PP 14 x 0.438) 

3462.42 1550 1230 140 280 3442.5 (a) 3442.5 280 

Note:  1) Design tip elevations are controlled by: (a) Compression   
           2) “Modified” Class 140, Alternative “W” pipe pile is to be driven with either a flat or conical steel tip welded to the pile tip. 
 
 

Table 6 - Foundation Design Recommendations for Pier 2 

Support 
Location 

Pile 
Type 

Cut-Off 
Elev. (ft) 

Service-I  
Limit State 

Load  
per Support 

(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Nominal Resistance (Rn) 
(kips) 

Design Tip 
Elev. (ft) 

Specified 
Tip Elev. 

(ft) 

Strength Limit Extreme Limit 

Comp. 
(φ=0.7) 

Tension 
(φ=0.7) 

Comp. 
(φ=1.0) 

Tension 
(φ=1.0) 

Pier 2 
84 in 
CIDH 

3422.0 4200 1 4330 0 4050 1430 
3353.0 (a-I) 
3360.0 (a-II) 
3382.0 (b-II) 

3353.0 

Note: Design tip elevations are controlled by: (a-I) Compression (Strength), (a-II) Compression (Extreme), (b-II) Tension (Extreme) 
 
The Pile Data Table is presented in Table 7, below.  The ultimate geotechnical pile capacity of the 
CIDH piles will meet or exceed the required nominal resistance in compression. 

 
 

Table 7 - Pile Data Table 

Support 
Location Pile Type 

Nominal Resistance (Rn) 
(kips) Design Tip 

Elev. (ft) 
Specified Tip 

Elev. (ft) 

Nominal 
Driving 

Resistance 
(kips) Compression Tension 

Abut 1 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
280 0 3432.8 (a) 3432.8 280 

Pier 2 84 in CIDH 4330 1430 
3353.0 (a) 
3382.0 (b) 

3353.0 N/A 

Abut 3 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
280 0 3442.5 (a) 3442.5 280 

              Note:  1) Design tip elevations are controlled by: (a) Compression, (b) Tension 
         2) “Modified” Class 140, Alternative “W” pipe pile is to be driven with either a flat or conical steel tip welded to the pile tip. 
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At the Pier 2 pile location, a Type II shaft with an optional construction joint is shown on the 
structure plans.  If the optional construction joint is used, then the permanent steel casing used 
must be a corrugated metal pipe CMP because it will be located within the CIDH skin friction 
zone.   For the CIDH piles, the skin friction was utilized from the construction joint elevation 
down to a distance within 4ft above the specified pile tip elevation listed in Table 7.  Due to the 
anticipated use of slurry displacement methods to construct the pile, no end bearing was 
considered.  The skin friction zone is listed in Table 9 in the construction considerations section of 
this report. All foundation design loads and corresponding limit states (listed in Table 4) were 
considered in developing the foundation design recommendations provided in Tables 5 & 6. 
 
At the abutment locations, “drilling” to assist driving (Standard Specifications 49-2.01C(3)) will 
be required to minimize erratic driving and to advance the pile down to the specified pile tip 
elevation listed in Table 7.   The design of the piles was based predominantly on end bearing with 
some skin friction.   The nominal axial structural resistance for the driven steel pipe piles will meet 
or exceed the required nominal resistance in compression. 
 
General Notes: 
 
1) The structure engineer shall show on the plans, in the pile data table, the minimum pile design 

tip elevation required to meet the lateral load demands.  If the specified pile tip elevation 
required to meet lateral load demands exceed the specified pile tip elevation given within this 
report, the Office of Geotechnical Design South 2, Branch B should be contacted for further 
recommendations. 
 

2) “Modified” Class 140, Alternative “W” steel pipe pile details are to be shown on the project 
plans.  The “Modified” Class 140, Alternative “W” steel pipe piles shall be shown with a 
circular steel plate or conical steel tip with a minimum thickness of ¾ inch welded to the pile 
tip, similar to the Alternative “V” pile tip detail shown in the 2010 Standard Plans. 
 

3) The special provisions shall specify the requirements of Tunnel Safety Orders for the CIDH 
shaft work that meets the definition of a tunnel or shaft as described in the Highway Design 
Manual, Section 110.12 “Tunnel Safety Orders.” 

 
 
Construction Considerations: 
 
- Rock Core Samples and Laboratory Testing 
 
1) Rock core samples from the 2002 Caltrans foundation investigation are available for viewing 

by bidders at the Geotechnical Services (Transportation Laboratory), Department of 
Transportation, 5900 Folsom Blvd., Sacramento, CA. Specifically, only Boring B-02-2 was 
retained for viewing.   Potential bidders are to allow the State seven (7) days to prepare and 
display the rock cores. 
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- Driven Piles 
  
1) At Abutments 1 & 2, “Drilling” to assist driving, per Standard Specification Section 

49-2.01C(3), will be required to minimize erratic pile driving and to advance the piles to 
specified pile tip elevation.   The bottom of the “drilled” hole elevation is shown below in 
Table 8. 

 
Table 8:  “Drilling” to Assist Driving for Abutment 1 & 3 

Location Bottom of Drilled Hole Elevation (ft) 

Abutment 1 3442.8 

Abutment 3 3452.5 

 
 

2) At the abutment locations, the contractor should anticipate hard driving due to the physical 
characteristic of the very dense alluvium overly the sedimentary rock as shown in the Log of 
Test Boring sheets.    
 

3) Pile acceptance is to be based on Standard Specifications 49-2.01A(4)(b) “Pile Driving 
Acceptance Criteria”.  At Abutments 1 and 3 support locations, any pile that achieves 1½ 
times the required nominal resistance in compression, as shown on the contract plans, within 
6 feet of the specified pile tip elevation, may be considered satisfactory and cut off with 
written approval from the engineer. (e.g. 1½ times the required nominal resistance in 
compression will be 420 kips at Abutment 1 & 3). 
 

- CIDH Piles 
 

1) During the 2002 foundation investigation, groundwater was encountered at the bridge site.   
Due to the location of Pier 2 being within the channel, the contractor should anticipate that 
surface and/or groundwater will be encountered during the construction of the CIDH piles.  
Groundwater elevations at this bridge site are subject to seasonal fluctuations and will be 
encountered at higher or lower elevations depending on seasonal precipitation rates leading up 
to and at the time of construction.  For more details refer to the site geology and groundwater 
section of this report, and the Log of Test Boring Sheets. 
 

2) Groundwater is expected to easily permeate through the alluvial soils overlying the rock.   It is 
also anticipated that groundwater will also permeate through the upper portions of the rock due 
to the weakly cemented and granular nature of the rock.   Temporary casing extended into the 
rock may not eliminate groundwater entering the CIDH pile excavation.  
 

3) At the Pier 2, it is anticipated that groundwater and/or surface water will be encountered and 
will require concrete placement of CIDH piles using slurry displacement methods.  If the 
CIDH piles are to be constructed using slurry displacement method, the slurry shall consist of 
mineral or synthetic slurry.  Use of water shall not be allowed as slurry. 
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4) The 2002 subsurface investigation identified medium dense to very dense alluvium, which in 
general consisted of sand with gravel and localized hard cobbles overlying moderately to 
weakly cemented, sedimentary rock with soil-like characteristics.  At the pier pile locations, 
the contractor will need to excavate through these earth materials to construct the shaft.   
Caving conditions are anticipated in both the alluvium and within the weakly cemented zones 
of the rock.  The amount of caving the contractor will experience will be dependent upon the 
methods and means the contractor chooses to use to construct the CIDH piles.  Temporary 
casing may be necessary to control caving during construction.   All temporary casing is to be 
removed during concrete placement.   
 
 

5) The calculated geotechnical capacity of all CIDH piles is based on skin friction only and no 
end-bearing was considered.  For the CIDH piles, the skin friction zone used to develop the 
geotechnical capacity is from the construction joint elevation down to a location 4 ft above the 
specified pile tip elevation.  The skin friction zone of the CIDH piles is summarized below in 
Table 9. 
 
 

Table 9: CIDH Pile Skin Friction Zone Elevations 

Location * Skin Friction Zone Start Elevation 
(ft) 

Skin Friction Zone End Elevation 
(ft) 

Pier 2, Column 1 & 2 3410 3457 

  * Pier columns are numbered from 1 to 2 (from left to right) looking up-station. 
 
 
6) At the Pier 2, Type II CIDH piles are specified with an optional construction joint that is 

shown on the contract plans.  If the contractor chooses to construct the optional construction 
joint, then it shall be in conformance to Standard Specifications 49-3.02C(6) and possibly 
49-3.02C(5).  Because of the soil-like characteristics of the rock, any permanent casing used 
must extend 5 feet below the optional construction joint shown on the plans.   If the contractor 
chooses to construct the optional construction joint, the permanent steel casing must consist of 
a corrugated metal pipe (CMP) since it is located within the skin friction zone listed in Table 9 
above. 
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This Foundation Report is based on specific project information that has been provided by the 
Office of Structure Design - West, Design Branch 9.  If any conceptual changes are made during 
final project design, the Office of Geotechnical Design-South 2, Design Branch B should review 
those changes to determine if this report is still applicable. Any questions regarding the above 
report should be directed to the attention of Hector Valencia, (916) 227-4555, or Mark 
DeSalvatore, (916) 227-5391 at the Office of Geotechnical Design-South 2, Branch B. 
 

 
Prepared by:  Date: 12-19-13   

 
 
 

       
    

 Hector Valencia, P.E., #C65257 
 Engineering Geologist 

Office of Geotechnical Design-South 2    
Design Branch B       

 

 

 

cc: Mohammad Mollazadeh- Dist. 8 Project Manager 
  Bruce Kean – Dist 8 Materials Engineer 
  Structures Construction - R.E. Pending File 
  Ofelia Alcantara - Structures Office Engineer (Specs) 
  Abbas Abghari – OGDS2 
  Mark DeSalvatore – OGDS2 

 Geotechnical Archive  
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Miner's Shack Creeek Bridge
Bridge NO. 54-1219

EA# 08-0Q300K
Project No. 08000020191

Pier 02 O. G. 3428 ft Pile 7 f t CIDH
Sta. Cut -o f f 3422 ft GWS 3414.1-ft

y ( f t) Elev  3422 to 3421 y ( f t) Elev  3421 to 3420 y ( f t) Elev  3420 to 3418 y ( f t) Elev  3418 to 3415 y ( f t) Elev  3415 to 3412

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 24.997 0.010 28.777 0.010 38.227 0.010 44.981 0.010 57.329
0.019 39.967 0.019 46.927 0.019 63.230 0.019 62.950 0.019 75.187
0.029 45.037 0.029 52.954 0.029 71.612 0.029 71.671 0.029 86.213
0.039 49.020 0.039 57.693 0.039 78.225 0.039 78.583 0.039 95.003
0.049 52.351 0.049 61.660 0.049 83.772 0.049 84.399 0.049 102.434
0.058 55.239 0.058 65.102 0.058 88.595 0.058 89.469 0.058 108.935
0.068 57.805 0.068 68.162 0.068 92.889 0.068 93.993 0.068 114.752
0.078 60.124 0.078 70.929 0.078 96.776 0.078 98.097 0.078 120.041
0.088 62.247 0.088 73.463 0.088 100.340 0.088 101.865 0.088 124.909
0.097 64.209 0.097 75.806 0.097 103.638 0.097 105.358 0.097 129.431
0.107 66.037 0.107 77.989 0.107 106.716 0.107 108.620 0.107 133.662
0.117 67.751 0.117 80.038 0.117 109.605 0.117 111.687 0.117 137.645
0.190 80.225 0.190 94.944 0.190 130.637 0.190 134.025 0.190 166.678
0.263 92.698 0.263 109.849 0.263 151.668 0.263 156.362 0.263 195.712
7.263 92.698 7.263 109.849 7.263 151.668 7.263 156.362 7.263 195.712
14.263 92.698 14.263 109.849 14.263 151.668 14.263 156.362 14.263 195.712

y ( f t) Elev  3412 to 3408 y ( f t) Elev  3408 to 3403 y ( f t) Elev  3403 to 3398 y ( f t) Elev  3398 to 3393 y ( f t) Elev  3393 to 3388

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 27.609 0.010 38.109 0.010 48.609 0.010 59.109 0.010 69.609
0.019 55.217 0.019 76.217 0.019 97.217 0.019 118.217 0.019 139.217
0.029 82.826 0.029 114.326 0.029 145.826 0.029 177.326 0.029 208.826
0.039 110.434 0.039 152.434 0.039 194.434 0.039 236.434 0.039 278.434
0.049 132.038 0.049 190.543 0.049 243.043 0.049 295.543 0.049 348.043
0.058 140.030 0.058 228.652 0.058 291.652 0.058 354.652 0.058 417.652
0.068 147.162 0.068 266.760 0.068 340.260 0.068 389.893 0.068 487.260
0.078 153.634 0.078 304.869 0.078 378.546 0.078 420.136 0.078 541.988
0.088 159.578 0.088 330.553 0.088 398.452 0.088 448.754 0.088 581.288
0.097 165.090 0.097 343.046 0.097 417.143 0.097 476.002 0.097 618.851
0.107 170.241 0.107 354.754 0.107 434.806 0.107 502.073 0.107 654.918
0.117 175.082 0.117 365.790 0.117 451.583 0.117 527.118 0.117 689.676
0.190 210.351 0.190 446.287 0.190 574.389 0.190 711.436 0.190 945.859
0.263 245.619 0.263 526.783 0.263 697.194 0.263 895.754 0.263 1202.041
7.263 245.619 7.263 526.783 7.263 697.194 7.263 895.754 7.263 1202.041
14.263 245.619 14.263 526.783 14.263 697.194 14.263 895.754 14.263 1202.041

y ( f t) Elev  3388 to 3383 y ( f t) Elev  3383 to 3378 y ( f t) Elev  3378 to 3373 y ( f t) Elev  3373 to 3368 y ( f t) Elev  3368 to 3363

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 80.109 0.010 90.609 0.010 101.109 0.010 111.609 0.010 122.109
0.019 160.217 0.019 181.217 0.019 202.217 0.019 223.217 0.019 244.217
0.029 240.326 0.029 271.826 0.029 303.326 0.029 334.826 0.029 366.326
0.039 320.434 0.039 362.434 0.039 404.434 0.039 446.434 0.039 488.434
0.049 400.543 0.049 453.043 0.049 505.543 0.049 558.043 0.049 610.543
0.058 480.652 0.058 543.652 0.058 606.652 0.058 669.652 0.058 732.652
0.068 560.760 0.068 634.260 0.068 707.760 0.068 781.260 0.068 854.760
0.078 640.869 0.078 724.869 0.078 808.869 0.078 892.869 0.078 976.869
0.088 720.977 0.088 815.477 0.088 909.977 0.088 1004.477 0.088 1098.977
0.097 794.730 0.097 906.086 0.097 1011.086 0.097 1116.086 0.097 1221.086
0.107 842.144 0.107 996.695 0.107 1112.195 0.107 1227.695 0.107 1343.195
0.117 887.895 0.117 1087.303 0.117 1213.303 0.117 1339.303 0.117 1465.303
0.190 1225.295 0.190 1552.335 0.190 1917.995 0.190 2176.368 0.190 2381.118
0.263 1562.695 0.263 1979.789 0.263 2446.138 0.263 2961.744 0.263 3296.932
7.263 1562.695 7.263 1979.789 7.263 2446.138 7.263 2961.744 7.263 3526.608
14.263 1562.695 14.263 1979.789 14.263 2446.138 14.263 2961.744 14.263 3526.608

Note : p (kip/ft) Post-Liq. B-02-2 5.25' Lt @ Sta. 110+60.2 "C/L Rte. 138" 5/8/2002

110+40.0

11/22/2013  5:44 PM p-y Curves



Miner's Shack Creeek Bridge
Bridge NO. 54-1219

EA# 08-0Q300K
Project No. 08000020191

Pier 02 O.G. 3428 ft Pile 7 ft CIDH
Sta. Cut-off 3422 ft GWS 3414.1-ft

y (ft) Elev  3363 to 3358 y (ft) Elev  3358 to 3353 y (ft) Elev  3353 to 3348 y (ft) Elev  3348 to 3343 y (ft) Elev  3343 to 3338

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 132.609 0.010 143.109 0.010 153.609 0.010 164.109 0.010 174.609
0.019 265.217 0.019 286.217 0.019 307.217 0.019 328.217 0.019 349.217
0.029 397.826 0.029 429.326 0.029 460.826 0.029 492.326 0.029 523.826
0.039 530.434 0.039 572.434 0.039 614.434 0.039 656.434 0.039 698.434
0.049 663.043 0.049 715.543 0.049 768.043 0.049 820.543 0.049 873.043
0.058 795.652 0.058 858.652 0.058 921.652 0.058 984.652 0.058 1047.652
0.068 928.260 0.068 1001.760 0.068 1075.260 0.068 1148.760 0.068 1222.260
0.078 1060.869 0.078 1144.869 0.078 1228.869 0.078 1312.869 0.078 1396.869
0.088 1193.477 0.088 1287.977 0.088 1382.477 0.088 1476.977 0.088 1571.477
0.097 1326.086 0.097 1431.086 0.097 1536.086 0.097 1641.086 0.097 1746.086
0.107 1458.695 0.107 1574.195 0.107 1689.695 0.107 1805.195 0.107 1920.695
0.117 1591.303 0.117 1717.303 0.117 1843.303 0.117 1969.303 0.117 2095.303
0.190 2585.868 0.190 2790.618 0.190 2995.368 0.190 3200.118 0.190 3404.868
0.263 3580.432 0.263 3863.932 0.263 4147.432 0.263 4430.932 0.263 4714.432
7.263 4140.731 7.263 4804.114 7.263 5516.758 7.263 6278.663 7.263 7089.829
14.263 4140.731 14.263 4804.114 14.263 5516.758 14.263 6278.663 14.263 7089.829

y (ft) Elev  3338 to 3328 y (ft) Elev  3328 to 3318 y (ft) Elev  3318 to 3308 y (ft) Elev  3308 to 3298 y (ft) Elev  3298 to 3288

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 195.609 0.010 216.609 0.010 237.609 0.010 258.609 0.010 279.609
0.019 391.217 0.019 433.217 0.019 475.217 0.019 517.217 0.019 559.217
0.029 586.826 0.029 649.826 0.029 712.826 0.029 775.826 0.029 838.826
0.039 782.434 0.039 866.434 0.039 950.434 0.039 1034.434 0.039 1118.434
0.049 978.043 0.049 1083.043 0.049 1188.043 0.049 1293.043 0.049 1398.043
0.058 1173.652 0.058 1299.652 0.058 1425.652 0.058 1551.652 0.058 1677.652
0.068 1369.260 0.068 1516.260 0.068 1663.260 0.068 1810.260 0.068 1957.260
0.078 1564.869 0.078 1732.869 0.078 1900.869 0.078 2068.869 0.078 2236.869
0.088 1760.477 0.088 1949.477 0.088 2138.477 0.088 2327.477 0.088 2516.477
0.097 1956.086 0.097 2166.086 0.097 2376.086 0.097 2586.086 0.097 2796.086
0.107 2151.695 0.107 2382.695 0.107 2613.695 0.107 2844.695 0.107 3075.695
0.117 2347.303 0.117 2599.303 0.117 2851.303 0.117 3103.303 0.117 3355.303
0.190 3814.368 0.190 4223.868 0.190 4633.368 0.190 5042.868 0.190 5452.368
0.263 5281.432 0.263 5848.432 0.263 6415.432 0.263 6982.432 0.263 7549.432
7.263 8859.946 7.263 10827.111 7.263 12991.326 7.263 15352.589 7.263 17910.903
14.263 8859.946 14.263 10827.111 14.263 12991.326 14.263 15352.589 14.263 17910.903

y (ft) Elev  3288 to 3278 y (ft) Elev  3278 to 3268 y (ft) Elev  3268to 3258 y (ft) Elev  3258 to 3248

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.010 300.609 0.010 321.609 0.010 342.609 0.010 363.609
0.019 601.217 0.019 643.217 0.019 685.217 0.019 727.217
0.029 901.826 0.029 964.826 0.029 1027.826 0.029 1090.826
0.039 1202.434 0.039 1286.434 0.039 1370.434 0.039 1454.434
0.049 1503.043 0.049 1608.043 0.049 1713.043 0.049 1818.043
0.058 1803.652 0.058 1929.652 0.058 2055.652 0.058 2181.652
0.068 2104.260 0.068 2251.260 0.068 2398.260 0.068 2545.260
0.078 2404.869 0.078 2572.869 0.078 2740.869 0.078 2908.869
0.088 2705.477 0.088 2894.477 0.088 3083.477 0.088 3272.477
0.097 3006.086 0.097 3216.086 0.097 3426.086 0.097 3636.086
0.107 3306.695 0.107 3537.695 0.107 3768.695 0.107 3999.695
0.117 3607.303 0.117 3859.303 0.117 4111.303 0.117 4363.303
0.190 5861.868 0.190 6271.368 0.190 6680.868 0.190 7090.368
0.263 8116.432 0.263 8683.432 0.263 9250.432 0.263 9817.432
7.263 20666.268 7.263 23618.684 7.263 26768.150 7.263 30114.668
14.263 20666.268 14.263 23618.684 14.263 26768.150 14.263 30114.668

Note: p (kip/ft) Post-Liq. B-02-2 5/8/2002

110+40.0

5.25' Lt @ Sta. 110+60.2 "C/L Rte. 138"
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“Caltrans improves mobility across California” 

State of California                   Business, Transportation and Housing Agency 
 

Flex your power! 
Be energy efficient! 

M e m o r a n d u m 
 
To: MR. GORDON DANKE, BRANCH CHIEF  Date:    November 27, 2013 

OFFICE OF BRIDGE DESIGN - West 
DESIGN BRANCH 9 

         File:   08-SBd-138-PM-R17.6 
EA No. 08-0Q300G 
Project No. 0800020191 

Attn.: Mr. Pete Norboe Miner’s Shack Crk Bridge 
Bridge No. 54-1219 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES - MS #5 
OFFICE OF GEOTECHNICAL DESIGN SOUTH-2 

 
 
Subject:  Seismic Design Recommendations for Miner’s Shack Creek Bridge 
 
 

Introduction 
  

This memorandum presents seismic design recommendations for the Miner’s Shack 
Creek Bridge 54-1219. Ground motion recommendations are based on the Caltrans 
2009 Seismic Design Procedure (SDP) as described in the Seismic Design Criteria 
Version 1.7 (SDC) Appendix B, the Acceleration Response Spectrum (ARS) Online 
Tool v2.2.06, USGS 2008 Interactive Deaggregations (Beta), and 2002 Log of Test 
Boring (LOTB) for geotechnical subsurface investigations. 
 
Seismicity 

 
Based on the 2012 Caltrans faults database and Caltrans ARS Online (v2.2.06) 
Tool, the site is located about 3.9 miles (6.2 km) from the San Andreas (San 
Bernardino South) fault.  This fault (Fault ID 325, MMax = 7.9, strike-slip, dip = 90 
degrees, vertical, Bottom and Top of Rupture Plane approximately 8 and 0 miles, 
respectively) is the controlling fault for the deterministic seismic design procedure. 
A map showing the location of the bridge and the nearby faults is attached in 
Figure 1. 
 
 
Soil Profile  
 
The Office of Geotechnical Design South-2 had performed subsurface geotechnical 
investigations dated May 8, 2002 and August 7, 2002. This subsurface geotechnical 
exploration included two (2) 4-inch diameter rotary wash borings.  
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The maximum depth of the investigation was approximate 181 feet below the 
existing ground surface.  
 
The geologic map “Geologic Map of the Cajon Quadrangle” (Dibblee, 2003) indicates 
the site is underlain by Quaternary Alluvium deposits which overlie Crowder 
Formation.  Crowder Formation consists of very dense, weakly to moderately 
cemented arkosic sandstones.   
 
The 2002 subsurface investigation revealed alluvial materials overlying sandstone.  
The alluvial material consists of medium dense to very dense layers of silty sand 
with gravel and cobbles, poorly graded sand with gravel and cobbles, and silt with 
sand.  Underlying the alluvium is sandstone, which is very intensely weathered, 
weakly to moderately cemented.  The sandstone consists of very dense layers of silty 
sand with gravel and cobbles, sandy gravel, poorly graded sand with gravel and 
cobbles, with thin intermittent lean clay lenses.  Groundwater was measured on 
August 13 and 14, 2002 at elevation 3417 feet and 3414 feet, respectively along the 
bridge alignment.  For site-specific soil and rock descriptions, refer to the Log of 
Test Borings sheets and Foundation Report (FR) prepared by the Office of 
Geotechnical Design South 2, Branch B (OGDS-2B) for additional information.  
 
Per 2002’s LOTBs and general geology at this site, the average shear wave velocity 
for the upper 100 feet of subsurface materials is estimated as VS30 = 350 m/s.   
 
Design Response Spectrum 
 
Based on the 2009 SDP, the design response spectrum is the upper envelope of the 
deterministic and probabilistic response, but is not less than a minimum 
deterministic response spectrum resulting from a Mmax = 6.5 earthquake on a 
vertical strike-slip fault at a distance of 7.5 miles (12 km).  
 
The deterministic response spectrum is obtained by taking the arithmetic average 
of the median response spectrum calculated using the 2008 Campbell-Bozorgnia 
and 2008 Chiou-Youngs ground motion prediction equations. The probabilistic 
response spectrum is obtained for 5 percent probability of exceedance in 50 years 
(corresponding to 975 year return period).  
 
For this site, the design response spectrum is controlled by probabilistic response 
spectrum. The corresponding peak horizontal ground acceleration at proposed site is 
0.97g. The recommended acceleration response spectrum is attached in Figure 2. 
 
 
 
 





Caltrans ARS Online (v2.2.06)

This web-based tool calculates both deterministic and probabilistic acceleration response spectra for any location in California based on criteria provided in Appendix B of 
Caltrans Seismic Design Criteria. More...
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To: GORDON DANKE      Date: February 4, 2014 
 Office of Structure Design–West 
 Design Branch 9      File: 08-SBd-138-R17.6 
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 GEOTECHNICAL SERVICES 

OFFICE OF GEOTECHNICAL DESIGN – SOUTH 2  
DESIGN BRANCH B, MS #5 

 
Subject: Revised Foundation Report for Miner’s Shack Creek Bridge 
 

“Caltrans improves mobility across California”  
 

This report presents the revised foundation recommendations for the proposed Miner’s Shack 
Creek Bridge (Br. No. 54-1219). The revised foundation report is in response to an in-house 
review of the original foundation report (dated 12-19-13) that identified a typographical error in 
Table 1 (Scour section) and another in Table 9 (Construction Consideration section) of the report.  
To indentify the changes, the corrections are bolded and italicized in the corresponding sections of 
the report.  All other portions of the original report (dated 12-19-13) remain unchanged.  
 
In 2003, the proposed Miner’s Shack Creek Bridge was originally designed in metric using 
Working Stress Design (WSD) for abutments and Load Factor Design (LFD) for the pier.  The 
project was put on hold for many years, and now it is being reactivated.  The bridge is being 
updated to the current AASHTO Load and Resistance Factor Design (LRFD) bridge specifications 
with California Amendments and the structure plans being converted from metric to English units.    
 
This foundation report supersedes the previously generated Foundation Report, dated 11-28-03 and 
any other foundation reports generated for this structure. The following foundation 
recommendations are based on the 2002 subsurface investigation performed by geotechnical 
services and design information provided by Structures Design Branch 9. All elevations referenced 
within this report are based on the NGVD 1929 vertical datum. 
 
Project Description/History 
 
The proposed bridge site is located on the proposed newly re-aligned Route 138, located 
approximately 500 feet north of the existing State Route 138 (PM 17.1) in the Cajon Pass area of 
San Bernardino County.  Based on the General Plan (dated 11-21-13), the proposed Miner’s Shack 
Creek Bridge is to be approximately 250 ft long and consists of a two-span, cast-in-place, 
prestressed, concrete box girder structure with seat abutments.     
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Site Geology 
 
The “Geologic Map of the Cajon Quadrangle” (Dibblee & Minch, 2003) indicates the site is 
underlain by Quaternary Alluvium deposits which overlie the Crowder Formation, which Dibblee 
describes as a fine to coarse, arkosic, pebbly sandstone.   
 
The subsurface investigation performed in 2002 consisted of 2 mud rotary borings which generally 
revealed alluvial materials overlying sandstone.  The alluvial material consists of medium dense to 
very dense layers of silty sand with gravel and cobbles, poorly graded sand with gravel and 
cobbles, and silt with sand.  Underlying the alluvium, the sandstone was described as very 
intensely weathered, weakly to moderately cemented with soil like characteristics which consist of 
a very dense silty sand with gravel and cobbles, sandy/silty gravel, poorly graded sand with gravel 
and cobbles, with thin intermittent lean clay lenses.  For site-specific soil and rock descriptions, 
refer to the Log of Test Borings sheets.          

 
Groundwater 
 
Groundwater was encountered during the 2002 subsurface investigation.  In Boring 02-1, near the 
Abutment 1 location, the measured groundwater level was at elevation 3417.0 ft.  In Boring 02-2, 
near the Pier 2 location, the measured groundwater level was at elevation 3414.2 ft.  The structure 
supports are located within an intermittent creek, therefore, the groundwater surface elevations are 
subject to large fluctuations due to seasonal precipitation (heavy rainfall/flash floods), and will be 
encountered at higher or lower elevations at time of construction. 

 
Scour Potential 
 
The bridge site is located within an intermittent creek that during times of heavy precipitation has 
large amounts of surface water flowing in the channel and has the potential for scour.   The scour 
data shown in Table 1 is based on the hydraulic data provided to our office.   At the time of the 
report, a final hydraulic report was not completed.   For details and information used in 
developing the estimated scour information, please contact Jimmie Pallares with the Structure 
Hydraulics and Hydrology Branch at 916-227-8705.    
 

Table 1 - Scour Data 

Support Location 
Long Term Scour 

(Degradation and Contraction)  
Depth (ft) 

Short Term Scour (Local)  
Depth (ft) 

Abutment 1 N/A N/A 

Pier 2 3.7 19.1 

Abutment 3 N/A N/A 

 
Corrosion 
 
Corrosion test results for soils samples collected from Boring 02-2 are shown in Table 2 below.  
All of the soil samples tested are considered non-corrosive by current Caltrans standards. 
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Table 2 - Corrosion Test Summary 

Sample Location pH Minimum Resistivity 
(Ohm-Cm) 

Chloride 
Content (ppm) 

Sulfate Content 
(ppm) 

Elev. 3430-3409 ft 7.31 2950 - - 

Elev. 3409-3390 ft 8.16 2200 - - 

Elev. 3390-3370 ft 9.39 2500 - - 

Elev. 3370-3340 ft 8.93 1900 - - 

Elev. 3340-3290 ft 8.86 2400 - - 
Note:  Caltrans currently defines a corrosive environment as an area where the soil has either a chloride concentration of 500 ppm or greater, a 
sulfate concentration of 2000 ppm or greater, or has a pH of 5.5 or less. With the exception of MSE walls, soil and water are not tested for 
chlorides and sulfates if the minimum resistivity is greater than 1,000 ohm-cm. 

 
Fault and Seismic Data 
 
The structure site is potentially subject to ground motions from nearby earthquake sources during 
the design life of the new structure.  Based on the 2012 Caltrans Fault Database (V2.2.06) for the 
deterministic procedure, the controlling fault for the site is the San Andreas (San Bernardino 
South) fault zone (Fault ID: 325, strike-slip, dip=90 deg.) with a maximum  moment magnitude 
(MMax) of 7.9, located approximately 3.9 miles (6.2 km) southwest of the site.  The probabilistic 
response spectrum is obtained for the 5% probability of exceedance in 50 years from the 2008 
USGS National Seismic Hazard Map.   
 
Based on the 2002 Log of Test Borings and general geology at the site, the average shear wave 
velocity for the upper 100 ft of the subsurface materials is estimated as VS30 = 1150 ft/s (350 m/s).   
 
For this site, the design response spectrum is controlled solely by the probabilistic response 
spectrum, with a Peak Ground Acceleration (PGA) of 0.97g.   
 
Surface Rupture Potential 
 
The site is not located within an Alquist Priolo Earthquake Fault Zone or an unzoned fault with an 
age of Holocene or younger, therefore, the potential for surface fault rupture hazard is low. 

 
Liquefaction Potential 
 
Due to the dense nature of the alluvial material underlying the site and the groundwater elevation, 
the liquefaction potential at the site is anticipated to be low. For site specific seismic data and 
design recommendations mentioned above, refer to the memorandum concerning seismic design 
recommendations (dated November 27, 2013), by Asef Wardak (916-227-1219) of the Office of 
Geotechnical Design South 2 (OGDS2). 

 
Foundation Recommendations 

 
The following Foundation Recommendations are for the Miner’s Shack Creek Bridge 
(Replacement), Br. No. 54-1219, as shown on General Plan, dated November 21, 2013.   
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At the abutment support locations, driven “Modified” Class 140, Alternative “W” steel pipe piles 
are recommended to be used for support. The “Modified” Class 140, Alternative “W” steel pipe pile 
shall be specified with a circular steel plate or conical steel tip welded to the bottom of the pile, 
similar to the tip detail of Alternative “V” pipe pile as shown in the 2010 Standard Plans.   Spread 
footings are not feasible at this location due to the presence of potential loose to medium dense 
granular soil and high PGA (MTD 5-1). CIDH piles are also not recommended at the abutments due 
to the need for battered piles. 
 
At the Pier 2 support location, large diameter (84-inch) Type-II CIDH piles are recommended for 
support. At the Pier 2 support location, spread footings and small diameter piles are not feasible due 
to the large local scour potential within the channel and the anticipated structural loads. 
 
The foundation design at the abutment locations was based on working stress design (WSD) and 
Load Resistance Factored Design (LRFD) was used at the pier location. The design information 
shown in Table 3 & 4 was provided to our office by Structure Design, Branch 9 on May 8, 2013 
and supplemented on December 13, 2013. 

 
 

Table 3 - Foundation Data Provided by Structure Design 

Support 
Location 

Design 
Method Pile Type 

Finished 
Grade 

Elevation  
(ft) 

Pile Cut-Off 
Elevation 

(ft) 

Pile Cap 
Size (ft) 

Permissible 
Settlement under 

Service Load  
(in) 

Number of 
Piles per 
Support B L 

Abut 1 WSD 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
3454.5 3452.92 7 43 1 14 

Pier 2 LRFD 84 in CIDH 3428.5 3422.0 N/A N/A 1 2 

Abut 3 WSD 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
3464.0 3462.42 7 43 1 14 

 
 
 

Table 4 - Foundation Design Loads Provided by Structure Design 

Support 
Location 

Service-I Limit State (kips) Strength Limit State  
(Controlling Group, kips) 

Extreme Limit State  
(Controlling Group, kips) 

Total Load Perm. 
Loads Compression Tension Compression Tension 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Abut 1 1550 140 1230 N/A N/A N/A N/A N/A N/A N/A N/A 

Pier 2 4200 N/A 2320 6060 3030 N/A 0 2320 4050 N/A -1430 

Abut 3 1550 140 1230 N/A N/A N/A N/A N/A N/A N/A N/A 

 
The specific pile tip elevations for Abutments 1 and 3, and Pier 2 are shown below in Table 5 and 
Table 6. 
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Table 5 - Foundation Design Recommendations for Abutments 1 and 3 

Support 
Location 

Pile 
Type 

Cut-off 
Elevation 

(ft) 

 
LRFD Service-I  
Limit State Load  

per Support (kips) 
 

LRFD  
Service-I  

Limit State  
Total Load  

per Pile (kips) 

Nominal 
Resistance 

(kips) 

Design Tip 
Elevation 

(ft) 

Specified 
Tip 

Elevation 
(ft) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total  Perm. 

Abut 1 
Modified  

Class 140 Alt W  
(PP 14 x 0.438) 

3452.92 1550 1230 140 280 3432.8 (a) 3432.8 280 

Abut 3 
Modified  

Class 140 Alt W  
(PP 14 x 0.438) 

3462.42 1550 1230 140 280 3442.5 (a) 3442.5 280 

Note:  1) Design tip elevations are controlled by: (a) Compression   
           2) “Modified” Class 140, Alternative “W” pipe pile is to be driven with either a flat or conical steel tip welded to the pile tip. 
 
 

Table 6 - Foundation Design Recommendations for Pier 2 

Support 
Location 

Pile 
Type 

Cut-Off 
Elev. (ft) 

Service-I  
Limit State 

Load  
per Support 

(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Nominal Resistance (Rn) 
(kips) 

Design Tip 
Elev. (ft) 

Specified 
Tip Elev. 

(ft) 

Strength Limit Extreme Limit 

Comp. 
(φ=0.7) 

Tension 
(φ=0.7) 

Comp. 
(φ=1.0) 

Tension 
(φ=1.0) 

Pier 2 
84 in 
CIDH 

3422.0 4200 1 4330 0 4050 1430 
3353.0 (a-I) 
3360.0 (a-II) 
3382.0 (b-II) 

3353.0 

Note: Design tip elevations are controlled by: (a-I) Compression (Strength), (a-II) Compression (Extreme), (b-II) Tension (Extreme) 
 
The Pile Data Table is presented in Table 7, below.  The ultimate geotechnical pile capacity of the 
CIDH piles will meet or exceed the required nominal resistance in compression. 

 
 

Table 7 - Pile Data Table 

Support 
Location Pile Type 

Nominal Resistance (Rn) 
(kips) Design Tip 

Elev. (ft) 
Specified Tip 

Elev. (ft) 

Nominal 
Driving 

Resistance 
(kips) Compression Tension 

Abut 1 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
280 0 3432.8 (a) 3432.8 280 

Pier 2 84 in CIDH 4330 1430 
3353.0 (a) 
3382.0 (b) 

3353.0 N/A 

Abut 3 
Modified  

Class 140 Alt W  

(PP 14 x 0.438) 
280 0 3442.5 (a) 3442.5 280 

              Note:  1) Design tip elevations are controlled by: (a) Compression, (b) Tension 
         2) “Modified” Class 140, Alternative “W” pipe pile is to be driven with either a flat or conical steel tip welded to the pile tip. 

              

 



MR. GORDON DANKE                      Miner’s Shack Creek Br. 
February 4, 2014                         Br. #54-1219           
Page 6                                        08-0Q3001
                       

“Caltrans improves mobility across California”  

At the Pier 2 pile location, a Type II shaft with an optional construction joint is shown on the 
structure plans.  If the optional construction joint is used, then the permanent steel casing used 
must be a corrugated metal pipe CMP because it will be located within the CIDH skin friction 
zone.   For the CIDH piles, the skin friction was utilized from the construction joint elevation 
down to a distance within 4ft above the specified pile tip elevation listed in Table 7.  Due to the 
anticipated use of slurry displacement methods to construct the pile, no end bearing was 
considered.  The skin friction zone is listed in Table 9 in the construction considerations section of 
this report. All foundation design loads and corresponding limit states (listed in Table 4) were 
considered in developing the foundation design recommendations provided in Tables 5 & 6. 
 
At the abutment locations, “drilling” to assist driving (Standard Specifications 49-2.01C(3)) will 
be required to minimize erratic driving and to advance the pile down to the specified pile tip 
elevation listed in Table 7.   The design of the piles was based predominantly on end bearing with 
some skin friction.   The nominal axial structural resistance for the driven steel pipe piles will meet 
or exceed the required nominal resistance in compression. 
 
General Notes: 
 
1) The structure engineer shall show on the plans, in the pile data table, the minimum pile design 

tip elevation required to meet the lateral load demands.  If the specified pile tip elevation 
required to meet lateral load demands exceed the specified pile tip elevation given within this 
report, the Office of Geotechnical Design South 2, Branch B should be contacted for further 
recommendations. 
 

2) “Modified” Class 140, Alternative “W” steel pipe pile details are to be shown on the project 
plans.  The “Modified” Class 140, Alternative “W” steel pipe piles shall be shown with a 
circular steel plate or conical steel tip with a minimum thickness of ¾ inch welded to the pile 
tip, similar to the Alternative “V” pile tip detail shown in the 2010 Standard Plans. 
 

3) The special provisions shall specify the requirements of Tunnel Safety Orders for the CIDH 
shaft work that meets the definition of a tunnel or shaft as described in the Highway Design 
Manual, Section 110.12 “Tunnel Safety Orders.” 

 
 
Construction Considerations: 
 
- Rock Core Samples and Laboratory Testing 
 
1) Rock core samples from the 2002 Caltrans foundation investigation are available for viewing 

by bidders at the Geotechnical Services (Transportation Laboratory), Department of 
Transportation, 5900 Folsom Blvd., Sacramento, CA. Specifically, only Boring B-02-2 was 
retained for viewing.   Potential bidders are to allow the State seven (7) days to prepare and 
display the rock cores. 
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- Driven Piles 
  
1) At Abutments 1 & 2, “Drilling” to assist driving, per Standard Specification Section 

49-2.01C(3), will be required to minimize erratic pile driving and to advance the piles to 
specified pile tip elevation.   The bottom of the “drilled” hole elevation is shown below in 
Table 8. 

 
Table 8:  “Drilling” to Assist Driving for Abutment 1 & 3 

Location Bottom of Drilled Hole Elevation (ft) 

Abutment 1 3442.8 

Abutment 3 3452.5 

 
 

2) At the abutment locations, the contractor should anticipate hard driving due to the physical 
characteristic of the very dense alluvium overly the sedimentary rock as shown in the Log of 
Test Boring sheets.    
 

3) Pile acceptance is to be based on Standard Specifications 49-2.01A(4)(b) “Pile Driving 
Acceptance Criteria”.  At Abutments 1 and 3 support locations, any pile that achieves 1½ 
times the required nominal resistance in compression, as shown on the contract plans, within 
6 feet of the specified pile tip elevation, may be considered satisfactory and cut off with 
written approval from the engineer. (e.g. 1½ times the required nominal resistance in 
compression will be 420 kips at Abutment 1 & 3). 
 

- CIDH Piles 
 

1) During the 2002 foundation investigation, groundwater was encountered at the bridge site.   
Due to the location of Pier 2 being within the channel, the contractor should anticipate that 
surface and/or groundwater will be encountered during the construction of the CIDH piles.  
Groundwater elevations at this bridge site are subject to seasonal fluctuations and will be 
encountered at higher or lower elevations depending on seasonal precipitation rates leading up 
to and at the time of construction.  For more details refer to the site geology and groundwater 
section of this report, and the Log of Test Boring Sheets. 
 

2) Groundwater is expected to easily permeate through the alluvial soils overlying the rock.   It is 
also anticipated that groundwater will also permeate through the upper portions of the rock due 
to the weakly cemented and granular nature of the rock.   Temporary casing extended into the 
rock may not eliminate groundwater entering the CIDH pile excavation.  
 

3) At the Pier 2, it is anticipated that groundwater and/or surface water will be encountered and 
will require concrete placement of CIDH piles using slurry displacement methods.  If the 
CIDH piles are to be constructed using slurry displacement method, the slurry shall consist of 
mineral or synthetic slurry.  Use of water shall not be allowed as slurry. 
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4) The 2002 subsurface investigation identified medium dense to very dense alluvium, which in 
general consisted of sand with gravel and localized hard cobbles overlying moderately to 
weakly cemented, sedimentary rock with soil-like characteristics.  At the pier pile locations, 
the contractor will need to excavate through these earth materials to construct the shaft.   
Caving conditions are anticipated in both the alluvium and within the weakly cemented zones 
of the rock.  The amount of caving the contractor will experience will be dependent upon the 
methods and means the contractor chooses to use to construct the CIDH piles.  Temporary 
casing may be necessary to control caving during construction.   All temporary casing is to be 
removed during concrete placement.   
 
 

5) The calculated geotechnical capacity of all CIDH piles is based on skin friction only and no 
end-bearing was considered.  For the CIDH piles, the skin friction zone used to develop the 
geotechnical capacity is from the construction joint elevation down to a location 4 ft above the 
specified pile tip elevation.  The skin friction zone of the CIDH piles is summarized below in 
Table 9. 
 
 

Table 9: CIDH Pile Skin Friction Zone Elevations 

Location * Skin Friction Zone Start Elevation 
(ft) 

Skin Friction Zone End Elevation 
(ft) 

Pier 2, Column 1 & 2 3410 3357 

  * Pier columns are numbered from 1 to 2 (from left to right) looking up-station. 
 
 
6) At the Pier 2, Type II CIDH piles are specified with an optional construction joint that is 

shown on the contract plans.  If the contractor chooses to construct the optional construction 
joint, then it shall be in conformance to Standard Specifications 49-3.02C(6) and possibly 
49-3.02C(5).  Because of the soil-like characteristics of the rock, any permanent casing used 
must extend 5 feet below the optional construction joint shown on the plans.   If the contractor 
chooses to construct the optional construction joint, the permanent steel casing must consist of 
a corrugated metal pipe (CMP) since it is located within the skin friction zone listed in Table 9 
above. 
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This Foundation Report is based on specific project information that has been provided by the 
Office of Structure Design - West, Design Branch 9.  If any conceptual changes are made during 
final project design, the Office of Geotechnical Design-South 2, Design Branch B should review 
those changes to determine if this report is still applicable. Any questions regarding the above 
report should be directed to the attention of Hector Valencia, (916) 227-4555, or Mark 
DeSalvatore, (916) 227-5391 at the Office of Geotechnical Design-South 2, Branch B. 
 

 
Prepared by:  Date: 02-04-14   

 
 
 

       
    

 Hector Valencia, P.E., #C65257 
 Engineering Geologist 

Office of Geotechnical Design-South 2    
Design Branch B       

 

 

 

cc: Mohammad Mollazadeh- Dist. 8 Project Manager 
  Bruce Kean – Dist 8 Materials Engineer 
  Structures Construction - R.E. Pending File 
  Ofelia Alcantara - Structures Office Engineer (Specs) 
  Abbas Abghari – OGDS2 
  Mark DeSalvatore – OGDS2 

 Geotechnical Archive  
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To: Gorden Dankee      Date: November 05, 2013  

 Branch Chief       File: 08-SBD-138-R16.8, R18.7 

Bridge Design Branch 9      Hog Ranch Creek Bridge 

Office of Structure Design      EA 08-437001    

          

Attn: Pete Norboe         

         

From: Jimmie Pallares 
Structures Hydraulic Engineer 

Structure Design Services 

Structure Hydraulics and Hydrology 

MS #9-HYD-1/2i 

 

Subject: Revised Final Hydraulic Report for the Hog Ranch Creek Bridge Project. 

 

This memorandum report is a revision to the original final hydraulic report dated March 

18, 2003 for the Hog Ranch Creek Bridge project, which includes three new bridge structures.  

The three structures are Hog Ranch Creek Bridge (bridge number 54-1218), Miners Shack Creek 

Bridge (bridge number 54-1219), and Double Drain Creek Bridge (bridge number 54-1220). 

 

Hydrology & Hydraulics Report 

 

General  

 

 It is proposed to construct three new bridges on the new State Route138 alignment.  The 

new alignment is located north of the existing SR 138 and is approximately 1.7 miles east of the 

State Route 138/15 Seperation.  The new SR 138 will reduce traffic delays, congestion, and 

improve safety.  The new Hog Ranch Creek, Miner’s Shack Creek, and Double Drain Creek will 

be a 2-lanes prestressed box girders and will allow wildlife under crossings.     

 

Hog Ranch Creek Bridge (Br. No. 54-1218, 08-SBd-138-PM R16.8) 

 

The 125-foot long by 42-foot wide by 5-foot deep single span bridge will replace the 

existing 3-foot diameter corrugated metal pipe culver on the existing SR 138.  The fill at the 

culvert site will be removed to allow unimpeded flow of Hog Ranch Creek. 

  

Miner’s Shack Creek Bridge (Br. No. 54-1219, 08-SBd-138-PM R17.2) 

 

 The dimensions of the double span bridge are 225-feet long by 42-feet wide by 4.4-feet 

deep.  The bent cap will consist of two 5.5-feet diameter columns that are placed on 6.5-feet 

diameter CIDH piles.  The columns will be placed within the Miner’s Shack Creek channel bed.  

There is a 12 degree hydraulic skew between the columns and the stream. 
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Double Drain Creek Bridge (Br. No. 54-1220,, 08-SBd-138-PM R17.8) 

 

The dimensions of the four span bridge are 385.5-feet long by 42.2-feet wide by 6.1-feet 

deep.  The bent cap will consist of two 7-feet diameter columns that are placed on 8-feet 

diameter CIDH piles. 

 

This final hydraulic report makes references to data found in the Federal Emergency 

Management Agency Flood Insurance Study titled “SAN BERNARDINO, CALIFORNIA” 

volume 1 through 4, dated January 17, 1997; Environmental Protection Agency website at 

www.epa.gov  

 

Note: All calculated elevations in this report are based on the Microstation files MSC Layout(1-

27).dgn, HRCLayout.dgn, and DDC Layout(1-22).dgn  Please verify datum references on the 

new bridge layouts and make elevations adjustments as required. 

 

Basin 

 

 The bridge sites are located within the Mojave Watershed (USGS Hydrologic Unit Code 

18090208) which is part of the South Lahontan Hydrologic Region.  The project site is located in 

the San Bernardino Mountains adjacent to the Cajon Summit. 

 

 The before mentioned FEMA Flood Insurance Study states that the San Bernardino 

Mountain resort and residential areas located in the canyons experience major problems of high 

velocity flood flows in the steep channels, which results in the occurrence of extreme amounts of 

erosion and deposition. 

 

 The area upstream of the project site is undeveloped with poor ground cover typical of 

the area.  During the spring months, the ground cover is good with grasses and buck brush.  

During the rest of the year the ground is typically dry with little ground cover.  The U.S. Forest 

Service controls most of the land with no consideration given for development.  The table below 

list basin areas for the streams. 

 

Stream Basin Area 

(acres) 

Hog Ranch Creek 358 

Miner’s Shack Creek 289 

Double Drain Creek 198 

 

  

The annual rainfall for the project site ranges from 14 to 20 inches. 

 

 
 

http://www.epa.gov/
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Streambed 

 

The riverbeds are composed of silty sand with gravel and cobbles, fine to coarse-grained 

sand, and fine-grained sub angular to angular gravel round cobbles.  Also, the bed has organics 

(alluvium). 

  

 Discharge 

 

The discharges for the bridges site were computed using Regional Regression Method in 

the U.S.G.S. Water-Resources Investigations Manual 77-21 and the standard statistical 

procedures as specified by the Water Resource Council Bulletin 17B for flood frequency 

analysis. 

 

 The table below lists the 100-year and 50-year flowrate events for the streams. 

 

Stream Q100 

(cfs) 

Q50 

(cfs) 

Hog Ranch Creek 717 473 

Miner’s Shack Creek 611 406 

Double Drain Creek 473 318 

 

 

 

Velocity and Stage 

 

HEC-RAS Version 4.1, a one-dimensional, step backwater, computer program developed 

by the U.S. Army Corps of Engineers, was used to model the bridge sites and its contributing 

waterways.  This program estimates the flood velocities and stages for any given return period 

flood events.  The model was based on the mentioned Micro Station files.  Based on photographs 

the Manning's roughness coefficient of 0.025 was applied on the main channel and over banks. 

The table below list velocities and stage values for the streams.  

 

Stream Average V100 

(ft/s) 

Q100 

Stage Elevation 

(ft) 

Q50 

Stage Elevation 

(ft) 

Hog Ranch Creek 17 3361 3361 

Miner’s Shack Creek 12.6 3432 3431 

Double Drain Creek 11.7 3529 3529 
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Scour and Channel Degradation 

 

The stream channels are very unstable.  High local pier scour and channel degradation 

potential are susceptible due to high velocities and channel bed materials. The potential for 

thalweg migration is high. The table below list the potential scours depths for the streams. 

 

Stream Potential Scour Depth 

(ft) 

Hog Ranch Creek 6.9 

Miner’s Shack Creek 16.1 

Double Drain Creek 25.6 

 
 

Drift 
 

Photographs and type of vegetation indicate that there is a small potential for debris at the 

project site. 

 

 Minimum Soffit Elevation 

 
The freeboard distance is measured from the lowest bridge soffit elevation to the l00-year 

water surface elevation. The table below lists freeboard distances for the streams. 

 

Stream Freeboard 

(ft) 

Hog Ranch Creek 18 

Miner’s Shack Creek 35.1 

Double Drain Creek 52.8 

 

   There are no freeboard distance concerns. 

 

 Bank Protection 

 
Due to the degradable characteristics of the site soils Structure Hydraulics recommends 

Rock Slope Protection (RSP) be placed at both abutments for Miner's Shack Creek and Double 

Drain Creek. The new rock slope protection (RSP) will be designed by District. The velocities 

have been provided to assist the District hydraulics engineers in the design of bank protection. 
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Summary Information for the Bridge Designer 

 
Below is a summary of key design parameters based on the hydrology and hydraulic 

analysis performed for each structure: 

 
Hog Ranch Creek Bridge 

 
Minimum Soffit Elevation 3364.2 feet 

Potential Scour Elevation at  

Piers/Abutment 

3351.7 feet 

Required Waterway 42 feet
2
 

Average Velocity 17.4 feet/s 

 
HYDROLOGIC SUMMARY 

Drainage Area: 358 acres 

 Design Flood Base Flood Overtopping 

Frequency (yrs) 50 100 >>500 

Discharge (cfs) 473 717  
Water Surface 

Elevation at Bridge (ft) 
3360.6 3361 3382 

Flood plain data are based upon information available when the plans were prepared and are shown to meet 

federal requirements.  The accuracy of said information is not warranted by the State and interested of affected 

parties should make their investigation. 

 

 
Miner’s Shack Creek Bridge 

 
Minimum Soffit Elevation 3437 feet 

Potential Scour Elevation at  

Piers/Abutment 

3414.4 feet 

Required Waterway 48.4 feet
2
 

Average Velocity 12.5 feet/s 

 
HYDROLOGIC SUMMARY 

Drainage Area: 358 acres 

 Design Flood Base Flood Overtopping 

Frequency (yrs) 50 100 >>500 

Discharge (cfs) 406 611  
Water Surface 

Elevation at Bridge (ft) 
3431 3433.7 3469.5 

Flood plain data are based upon information available when the plans were prepared and are shown to meet 

federal requirements.  The accuracy of said information is not warranted by the State and interested of affected 

parties should make their investigation. 
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Double Drain Creek Bridge 

 
Minimum Soffit Elevation 3532.5 feet 

Potential Scour Elevation at  

Piers/Abutment 

3501.6 feet 

Required Waterway 42 feet
2
 

Average Velocity 11.8 feet/s 

 
HYDROLOGIC SUMMARY 

Drainage Area: 358 acres 

 Design Flood Base Flood Overtopping 

Frequency (yrs) 50 100 >>500 

Discharge (cfs) 318 473  
Water Surface 

Elevation at Bridge (ft) 
3528.9 3529.2 3586.5 

Flood plain data are based upon information available when the plans were prepared and are shown to meet 

federal requirements.  The accuracy of said information is not warranted by the State and interested of affected 

parties should make their investigation. 
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Subject:  Seismic Design Recommendations for Hog Ranch Creek Bridge 
 
 

Introduction 
  

This memorandum presents seismic design recommendations for the Hog Ranch 
Creek Bridge 54-1218. Ground motion recommendations are based on the Caltrans 
2009 Seismic Design Procedure (SDP) as described in the Seismic Design Criteria 
Version 1.7 (SDC) Appendix B, the Acceleration Response Spectrum (ARS) Online 
Tool v2.2.06, USGS 2008 Interactive Deaggregations (Beta), and 2002 Log of Test 
Boring (LOTB) for geotechnical subsurface investigations. 
 
Seismicity 

 
Based on the 2012 Caltrans faults database and Caltrans ARS Online (v2.2.06) 
Tool, the site is located about 3.5 miles (5.6 km) from the San Andreas (San 
Bernardino South) fault.  This fault (Fault ID 325, MMax = 7.9, strike-slip, dip = 90 
degrees, vertical, Bottom and Top of Rupture Plane approximately 7.9 and 0 miles, 
respectively) is the controlling fault for the deterministic seismic design procedure. 
A map showing the location of the bridge and the nearby faults is attached in 
Figure 1. 
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Soil Profile  
 
The Office of Geotechnical Design South-2 had performed subsurface geotechnical 
investigations from August 13 through August 14 in 2002. 
 
This subsurface geotechnical exploration included two (2) 4-inch diameter rotary 
wash borings. The maximum depth of the investigation was approximate 120 feet 
below the existing ground surface.  
 
The subsurface condition at the Hog Ranch Creek bridge site is composed young 
Quaternary Alluvium consists of medium dense to dense, sitly sand with gravel 
interbedded with layers of poorly graded sand with gravel and cobbles.  The young 
Quaternary alluvium extends from the ground surface at an approximate elevation 
of 3390.6 feet to an approximate elevation of 3383.5 feet.  Underlying the young 
Quaternary Alluvium is the old Quaternary Alluvium. It is composed of interbedded 
layers with various thicknesses of very dense fine silts to silty sands, fine to coarse 
sands, gravelly sands, with discontinuous lenses of cobbles. The old Quaternary 
Alluvium extended from an approximate elevation of 3390.6 feet to a maximum 
elevation of 3270 feet. Groundwater was measured on November 13, 2002 at 
elevation 3334 feet.  Please refer to Foundation Report (FR) prepared by the Office 
of Geotechnical Design South 2, Branch B (OGDS-2B) for additional information.  
 
Per 2002’s LOTBs and general geology at this site, the average shear wave velocity 
for the upper 100 feet of subsurface materials is estimated as VS30 = 320 m/s, , based 
on the correlation of Shear wave as function of standard penetration test resistance 
and vertical effective stress by Brandenberg, S.J., Bellana, N. and Shantz, T., 2010 
UCLA.    
 
Design Response Spectrum 
 
Based on the 2009 SDP, the design response spectrum is the upper envelope of the 
deterministic and probabilistic response, but is not less than a minimum 
deterministic response spectrum resulting from a Mmax = 6.5 earthquake on a 
vertical strike-slip fault at a distance of 7.5 miles (12 km).  
 
The deterministic response spectrum is obtained by taking the arithmetic average 
of the median response spectrum calculated using the 2008 Campbell-Bozorgnia 
and 2008 Chiou-Youngs ground motion prediction equations. The probabilistic 
response spectrum is obtained for 5 percent probability of exceedance in 50 years 
(corresponding to 975 year return period).  
 
 
 



MR. GORDON DANKE, CHIEF                        Hog Ranch Creek Bridge 
November 27, 2013                                                              Bridge No. 54-1218 
Page 3  

“Caltrans improves mobility across California” 

 
 
For this site, the design response spectrum is controlled by probabilistic response 
spectrum. The corresponding peak horizontal ground acceleration at proposed site is 
1.0g. The recommended acceleration response spectrum is attached in Figure 2. 
 
Liquefaction Potential Evaluation 
 
Based on the 2002 LOTBs, the soil below groundwater at Hog Ranch Creek Bridge 
may be prone to liquefaction due to strong ground shaking.  It must be noted that 
this liquefaction analysis is preliminary based on the available limited soil 
information. Field and laboratory geotechnical investigations are necessary to 
determine liquefaction potential and seismic settlement at supports locations. 

 
Surface Fault Rupture Hazard 
 
The proposed site is not within an Alquist-Priolo Earthquake Fault Zone or an 
unzoned faults (Holocene or younger in age). The site is more than 1.6 miles (2.6 
km) from the nearest active fault (Caltrans faults database 2012), Cleghorn fault 
zone (Southern Cleghorn section), which extends to the ground surface.  Potential 
for surface rupture is low, and no further work or design for surface rupture is 
required.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Caltrans ARS Online (v2.2.06)

This web-based tool calculates both deterministic and probabilistic acceleration response spectra for any location in California based on criteria provided in Appendix B of 
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Recommended Acceleration Response Spectrum 
for the Hog Ranch Creek Bridge (Widen)

(Bridge # 54-1218)

Probabilistic Spectrum for 5 % in 50 years hazard (975 years return period)
Used  Caltrans ARS Online (v2.3.06), 2012, Site Location (Latitude = 34.325653, 
Longitude = -117.454132) VS30 = 320 m/sec . 5% Damping, PGA = 1.0g
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Figure 2. Recommended Acceleration Response Spectrum (ARS) Curve
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Subject:  Seismic Design Recommendations for Double Drain Creek Bridge 
 
 

Introduction 
  

This memorandum presents seismic design recommendations for the Double Drain 
Creek Bridge 54-1220. Ground motion recommendations are based on the Caltrans 
2009 Seismic Design Procedure (SDP) as described in the Seismic Design Criteria 
Version 1.7 (SDC) Appendix B, the Acceleration Response Spectrum (ARS) Online 
Tool v2.2.06, USGS 2008 Interactive Deaggregations (Beta), and 2002 Log of Test 
Boring (LOTB) for geotechnical subsurface investigations. 
 
Seismicity 

 
Based on the 2012 Caltrans faults database and Caltrans ARS Online (v2.2.06) 
Tool, the site is located about 4.1 miles (6.5 km) from the San Andreas (San 
Bernardino South) fault.  This fault (Fault ID 325, MMax = 7.9, strike-slip, dip = 90 
degrees, vertical, Bottom and Top of Rupture Plane approximately 8.0 and 0 miles, 
respectively) is the controlling fault for the deterministic seismic design procedure. 
A map showing the location of the bridge and the nearby faults is attached in 
Figure 1. 
 
Soil Profile  
 
The Office of Geotechnical Design South-2 had performed subsurface geotechnical 
investigations from May through the end of July, 2002. This subsurface 
geotechnical exploration included five (5) 4-inch diameter rotary wash borings.  
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The maximum depth of the investigation was approximate 230 feet below the 
existing ground surface.  
 
The geologic map “Geologic Map of the Cajon Quadrangle” (Dibblee, 2003) indicates 
the site is underlain by Quaternary Alluvium deposits which overlie Crowder 
Formation. Crowder Formation consists of very dense, weakly to moderately 
cemented arkosic sandstones.   
 
The 2002 subsurface investigation reveled alluvial materials overlying sandstone.  
The alluvial material consists of medium to very dense layers of fine silty sands, 
fine to coarse sands, gravelly sands, with discontinuous lenses of bobbles. 
Underlying the alluvium is sandstone, which is very intensely weathered, weakly to 
moderately cemented.  The sandstone consists of very dense layers of silty sand 
with gravel and cobbles, sandy gravel, poorly graded sand with gravel and cobbles, 
with thin intermittent lean clay lenses.  Groundwater was measured on July 24 and 
November 13, 2002 at elevation 3470 feet and 3504 feet, respectively along the 
bridge alignment.  For site-specific soil and rock descriptions, refer to the Log of 
Test Borings sheets and Foundation Report (FR) prepared by the Office of 
Geotechnical Design South 2, Branch B (OGDS-2B) for additional information.  
 
Per 2002’s LOTBs and general geology at this site, the average shear wave velocity 
for the upper 100 feet of subsurface materials is estimated as VS30 = 400 m/s.   
 
Design Response Spectrum 
 
Based on the 2009 SDP, the design response spectrum is the upper envelope of the 
deterministic and probabilistic response, but is not less than a minimum 
deterministic response spectrum resulting from a Mmax = 6.5 earthquake on a 
vertical strike-slip fault at a distance of 7.5 miles (12 km).  
 
The deterministic response spectrum is obtained by taking the arithmetic average 
of the median response spectrum calculated using the 2008 Campbell-Bozorgnia 
and 2008 Chiou-Youngs ground motion prediction equations. The probabilistic 
response spectrum is obtained for 5 percent probability of exceedance in 50 years 
(corresponding to 975 year return period).  
 
For this site, the design response spectrum is controlled by probabilistic response 
spectrum. The corresponding peak horizontal ground acceleration at proposed site is 
0.96g. The recommended acceleration response spectrum is attached in Figure 2. 
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This web-based tool calculates both deterministic and probabilistic acceleration response spectra for any location in California based on criteria provided in Appendix B of 
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Figure 1. Project site and the nearby faults is attached 
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Recommended Acceleration Response Spectrum 
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Probabilistic Spectrum for 5 % in 50 years hazard (975 years return period)
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Figure 2. Recommended Acceleration Response Spectrum (ARS) Curve
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