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 GEOTECHNICAL SERVICES 

OFFICE OF GEOTECHNICAL DESIGN – SOUTH 1  
  
Subject:  Geotechnical Design Report  
 

“Caltrans improves mobility across California” 

 
1. INTRODUCTION 
 
This report presents the geotechnical recommendations for (1) the proposed retaining wall, (2) the 
proposed overhead sign structure, and (3) slope cut proposed from Station 80+68.11 to 85+57.07 on 
State Route 73 in Orange County. The project location is presented on Figure 1 in Appendix A. 
 
 
1.1 Project Description 

 
This project proposes to  
 

 widen the State Route 73 Northbound Collector/Distributor El Toro-Laguna Canyon (CD 
ET-LC) exit ramp onto State Route 133 from one lane to two-lane  
 

 widen the terminus section of the State Route 73 Northbound Collector/Distributor El Toro-
Laguna Canyon at State Route 133 exit ramp from two-lane to three-lane.  
 
 

1.2 Proposed Earth Retaining System, Overhead Sign Structure, and Slope Cut 
 
A soil nail retaining wall with 5 to 14 feet design heights has been proposed to be constructed 
between Station 69+95 to Station 79+95 RW LOL (1000 feet along RW 69 LOL). The information 
on the proposed retaining wall is summarized in Table 1.1.  
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Table 1.1 Description of the Proposed Earth Retaining System (ERS) 
 

ERS 
ID 
No. 

ERS 
Type 

Begin  End 
Approx. 
Length 

Design 
Height 
[feet] 

Station  Latitude  Longitude  Station  Latitude  Longitude  [feet]  Max 

RW 
69 

Soil Nail 
Wall 

69+95    
RW 
LOL 

Approx.   Approx.   79+95 
RW 
LOL 

Approx.   Approx.   1000 
along 
RW LOL 

14 
33.591848  ‐117.7543619  33.5926849  ‐117.7575515 

 
An overhead sign structure has been also proposed to be constructed at Station 769+50.00 “B” Line 
on State Route 73 Northbound Collector/El Toro-Laguna Canyon exit ramp. The information on the 
proposed sign structure provided by the District is summarized in Table 1.2    
 

Table 1.2 Information on the Proposed Overhead Sign structure 

Sign No.  Station  Direction
Post 
Type 

Post length 
Pedestal 
Type 

Foundation 
Type 

OH‐101 
769+50 "B" 

Line 
FNBT  III‐S  16.37'/18.78' Round  54" CIDH 

 
The structural loads for the proposed sign structures provided by a Signs & OH Structures Specialist 
from Office of Design & Technical Services are presented in Table 1.3.   
 

Table 1.3 Postulated Structural Loads for the Proposed Overhead Sign Structure 

OH‐101 
Post length  Axial Force  Shear Force  Bending Moment 

[feet]  [kips]  [kips]  [kip‐ft] 

Right Post  16.37  13.7  13.5  309 

Left Post  18.78  14.2  13.7  369 

 
 
In addition, slope cut has been proposed between Stations 80+68.11 to 85+57.07 to secure enough 
space for the proposed widening.     
 
2. SCOPE OF WORK 
 
The work performed for this project includes: 
 

 Site Visit on July 1, 2014 
 Discussion with the District (i.e., field meeting, phone and email conversations) 
 Discussion with the Structure Design (i.e., meeting, phone and email conversations) 
 Discussion with the Office of Design and Technical Services (i.e., phone and email 

conversations) 
 Review of the preliminary geotechnical design report for 12-ORA-73 PM 10.0/24.8 EA 12-

0H4400 preliminary geotechnical recommendation for slope erosion mitigation and 
stabilization dated August 15, 2008 by the Office of Geotechnical Design South 1. 



12-ORA-73-PM16.6         April 23, 2015                                   
Project No. 1212000017                                                                                                         Page 3 
 

“Caltrans improves mobility across California” 
 

 Review of the geotechnical design report for storm water mitigation for 12-ORA-73 PM 
10.0/24.8 EA 12-0H4400 preliminary geotechnical recommendation for slope erosion 
mitigation and stabilization project ID 1200000217 EA 0H4400 dated November 13, 2012 
including LOTB (A-11-001) by the Office of Geotechnical Design South 1. 

 Review of a LOTB by URS (2002) for the nearby Detention Basin 780R 
 Review of LOTBs by M&T AGRA (1990) for the nearby Laguna Canyon Road 

Undercrossing (Bridge No. 55-745R/L)    
 Review of the geologic map by USGS (http://ngmdb.usgs.gov/maps/mapview) 
 Review of the topographic map by USGS (http://ngmdb.usgs.gov/maps/TopoView/) 
 Evaluation of site conditions  
 Evaluation of groundwater 
 Ground motion study and liquefaction potential 

 
It should be noted that due to the time constraint, no subsurface exploration has been conducted for 
this project. 
 
3. SITE CONDITION FOR THE PROPOSED EARTH RETAINING SYSTEM AND 

OVERHEAD SIGN STRUCTURE 
 
3.1 Evaluation of Site Conditions  
 
The site conditions at the proposed retaining wall location and overhead sign location were 
evaluated based on (1) observation during site visit on July 1, 2014, (2) review of topographic maps, 
(3) review of geologic map, (4) review of the cross-sections provided by the District Design, and (5) 
the engineering judgment.  
 

 According to the existing topography observed during site visit on July 1, 2014, the 
proposed retaining wall and overhead sign structure are to be constructed in previously 
excavated area with exposed formational materials.   
 

 The review of topographic maps downloaded from the USGS website 
(http://ngmdb.usgs.gov/maps/TopoView/) has confirms our observation. 
 

 According to the Geologic Map of the San Bernardino and Santa Ana 30’X60’ Quadrangle, 
California by Morton and Miller (2006), the proposed retaining wall and overhead sign 
structure are to be constructed on the Sespe Formation consisting of conglomeratic 
sandstone, and clayey and silty sandstone. 
 

 According to the cross-sections provided by the District Design and the Structure Design, 
the slope behind the proposed Retaining Wall is about 2H:1V or flatter.  
 

 According to the sign structure details and the cross-sections provided by the District, both 
sign posts for the proposed sign are to be constructed on sloping ground (about 2H:1V). 
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 The engineering properties for the Sespe Formation were estimated based on the evaluations 
described above, and engineering judgment and are presented in Table 3.1. It should be 
noted that the estimated engineering properties are appropriate only for design purpose.  
   

Table 3.1 Estimated Engineering Properties for Sespe Formation (for Design Purpose Only) 

Material 
Unit Weight  Friction Angle  Cohesion 

[pcf]  [degree]  [psf] 

Sespe 
Formation 

120  34  200 

 
3.2 Laboratory Testing  
 

Corrosivity 

Surficial materials were collected for the corrosivity tests and tested in accordance with 
CTM 532, 643, 417, and 422.  The test results indicated that the materials in the project 
area are non-corrosive.  The results of the corrosion testing are presented as follows:   

 Table 3.2 Corrosion Test Result Summary 

Sample Number 
Depth 
Interval 
(ft) 

Lab Sample 
Number 

pH 
Minimum 
Resistivity 
(ohm‐cm) 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

1  0 – 1  NA(1)
  5.88 2300  N/A(2)  N/A(2) 

2  0 ‐ 1  NA(1)
  8.25 2552  N/A(2)  N/A(2) 

Note: 

For Corrosion definitions refer to Caltans Division of Engineering Services “Memo to Designers” 3-1. 

(1) Lab Sample Number is assigned when resistivity is less than 1000 ohm-cm and further testing for sulfate and 
chloride is required. 

(2) Caltrans Corrosion Technology Section police states that if the minimum resistivity is greater than 1000 ohm-cm 
the sample is considered to be noncorrosive and testing to determine sulfate and chloride is not performed. 

 
3.3 Groundwater 
 
During the site visit on July 1, 2014, no sign of groundwater was observed at the project site.   

 
As stated in Section 2, no subsurface exploration was performed for this project. However, the 
groundwater information obtained from the boring records for the nearby past project sites were 
reviewed. Table 3.3 summarizes the existing groundwater information obtained from the nearby 
past projects.  
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Table 3.3 Summary of Groundwater Information from Nearby Past Project Boring Records 

Borehole 
ID 

Approximate 
Surface 
Elevation 

Approximate 
Bottom of 

Boring Elevation 

Date of 
Boring 

Approximate 
Groundwater 
Elevation 

Date of 
Groundwater 
Measurement

Drilled by 

  [feet]  [feet]    [feet]     

A‐11‐001  308.0  286.5  7/19/2011 
Not 

Encountered 
N/A  Caltrans 

B‐780  303.5  283.1  10/18/2001 
Not 

Encountered 
N/A  URS 

H746  320.0  279.0  8/28/1990 
Not 

Encountered 
N/A 

M&T 
AGRA 

H759  298.0  282.0  10/24/1990 
Not 

Encountered 
N/A 

M&T 
AGRA 

B718  290.0  272.0  7/27/1990  275.0  7/27/1990 
M&T 
AGRA 

H760  292.0  241.0  10/23/1990  276.0  10/24/1990 
M&T 
AGRA 

H748  287.0  242.0  8/28/1990  278.0  8/29/1990 
M&T 
AGRA 

H745  292.0  261.0  8/28/1990  267.0  8/28/1990 
M&T 
AGRA 

H747  277.0  231.0  8/29/1990  268.5  8/30/1990 
M&T 
AGRA 

H749  278.0  193.0  8/28/1990  270.0  8/30/1990 
M&T 
AGRA 

H758  275.0  224.0  10/22/1990  268.7  10/23/1990 
M&T 
AGRA 

 
Based on the findings and observation described above, groundwater should not be a major concern 
during construction. However, it should be noted that groundwater can fluctuate due to various 
reasons such as climate variations.   
 
3.4 Ground Motion 
 
To develop the ARS curve at the project site, (1) the seismic design recommendation procedure for 
ground motion presented in ‘Methodology for Developing Design Response Spectrum for Use in 
Seismic Design Recommendations’ dated November 2012, (2) the Caltrans ARS online (version 
2.3.06) (http://dap3.dot.ca.gov/ARS_Online/) together with the Caltrans Fault Database dated 
December 2012, and (3) 2008 USGS interactive deaggregation tool 
(http://geohazards.usgs.gov/deaggint/2008/) have been used.  
 
An upper 30m shear wave velocity (Vs30m) of 380 m/sec has been estimated based on the site 
condition and the engineering judgment. 
 
The result of deterministic seismic hazard analysis (DSHA) governs at the spectral period T=0.01 
sec (i.e., peak ground acceleration). The San Joaquin Hills fault with a maximum magnitude of 7 is 
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the controlling fault, and the postulated peak ground acceleration (PGA) is 0.745g. Accordingly, a 
PGA of 0.745 g is recommended as the design peak ground acceleration for the proposed retaining 
wall.  
 
3.5 Liquefaction Potential 
 
Based on the subsurface condition and the groundwater condition evaluated above, the potential of 
liquefaction is negligible.    
 
4. ANALYSIS AND DESIGN 
 
4.1 Retaining wall: Soil Nail Wall 
 
For the design of the recommended soil nail wall, the computer program SNAIL was used. 
Following are the geotechnical design criteria for the soil nail wall: 

 
 Static Case 
Minimum Factor of Safety: 1.5 
 Seismic Case 
Minimum Factor of Safety: 1.0 
Non-dimensional horizontal seismic coefficient kh: = 0.25  
Expected deformation: less than 4 inches 

  
The soil nail wall design is summarized in the following tables.  
 

Table 4.1 Soil Nail Wall Design 

Design Wall 
Height (ft) 

Maximum 
Nail Spacing 
Vertical (ft) 

Maximum 
Nail Spacing 
Horizontal 

(ft) 

Nail Bar Size 
(inches)  Nail Length 

(ft) 

Up to 10  5  5  1.0  16 

Up to 15  5  5  1.0  16 

            Note:  
1. Square nail layout pattern should be used. 
2. The wall height is the vertical distance from the original ground behind the wall to the bottom of excavation of 

the wall. 
3. Inclination angle of nails is 15 degree measured from horizontal. 
4. The first row of the nails should be placed no more than 2.5 feet below the ground surface behind the wall. 
5. The bottom row of the nails should be placed no more than 2.5 feet above the bottom of excavation of the wall.  
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Table 4.2 Soil Nail Resistance Information 

Station (RW69 LOL) 

Wall Zone 1, 2, 3 and 
4 

Nail Bar Yield 
Strength (ksi) 

Factored Facing 
Resistance2 (kips) 

Nominal Pullout 
Resistance1 (pound 

per feet) 

69+95.00 to 
79+95.00 

2720  75  28.02/38.13 

        Note:  
1The pullout resistance of the soil nail should be verified during soil nail wall construction. 
2Factored facing resistance for the permanent-static facing design: appropriate structural factor of safety should 
be applied to this value. 
 3Factored facing resistance for the permanent-Seismic facing design: appropriate structural factor of safety 
should be applied to this value. 

 
For seismic stability analysis, pseudo-static method was used.  In the pseudo-static method, the 
earthquake-induced inertial forces varying in time are simplified as equivalent pseudo-static force 
acting on the center of gravity of the analyzed block.  

 
4.2 Overhead Sign Structure 
 
A recently published Caltrans Geotechnical Manual for ‘Standard Plan Overhead and Changeable 
Message Signs’ dated October 2014 was used.  
 
Design of pile foundations for sign structures is primarily governed by lateral capacities of the piles. 
It should be noted that the Standard Plan pile depths were determined using (1) the Broms method 
and (2) the assumed minimum design material properties (i.e., Unit Weight = 120 pcf, Friction 
Angle = 30 degree or Su = 1200 psf).  
 
Since the estimated strength parameters at the proposed sign structure location (i.e., Sespe 
Formation) as presented in Table 3.1 exceed the assumed design parameters, no lateral resistance 
analysis is necessary according to Caltrans Geotechnical Manual for ‘Standard Plan Overhead and 
Changeable Message Signs’.      
  
5. GEOTECHNICAL RECOMMENDATIONS 
 
5.1 Retaining Wall: Soil Nail Wall  
 

 Based on the site condition evaluated above, the information on the proposed soil nail wall 
provided to us, and the results of the engineering analyses presented in the previous section, 
the proposed soil wall should be feasible.  
 

5.2 Overhead Sign Structure 
 

 Based on the site condition evaluated above and the information on the proposed sign 
structure provided to us, the standard plan for the post type III-S, as presented on Caltrans 



12-ORA-73-PM16.6         April 23, 2015                                   
Project No. 1212000017                                                                                                         Page 8 
 

“Caltrans improves mobility across California” 
 

Standard Plan 2010 S-15 (i.e., round pedestal pile foundation) should be adequate for the 
design of proposed CIDH piles with exception of the foundation depth.  
 

 Since the proposed CIDH piles will be installed on the sloping ground (about 2H:1V), the 
foundation depth should be increased by 3 feet for both CIDH piles.   

 
5.3 Slope Cut (Station 80+68.11 to 85+57.07) 
 

 During the site visit on July 1, 2014, the slope appeared to be stable. Accordingly, it is our 
recommendation that the angle of the proposed slop cut needs to remain the same as those of 
the current the slope or flatter (i.e., 2H:1V or flatter).    
 

 Erosion mitigation/protection measures should be implemented.    
 
6. CONSTRUCTION CONSIDERATION 
 
According to the information provided by the Structure Design, the 24 inch-drainage pipes will be 
installed in front of the proposed soil nail walls. The depths of the drainage pipes vary from about 4 
feet to 10 feet from the finished grade of the wall.  In order to avoid the adverse effect of the pipe 
installations on the wall integrity, we recommend the drainage pipes should be installed prior to the 
proposed soil nail wall construction. In case that the drainage pipes need to be installed after the wall 
construction, appropriate temporary shoring system should be provided along with the monitoring of 
the wall movement.      
 
6.1 Notes for Specification Development 

 
SS Section 19-3 Structure Excavation 
 

Section 90-3.01A (3)(b) Soil Nail Wall and Ground Anchor Wall Zone.  
Wall Zone  Beginning Station  End Station  Upper Elevation 

(feet) 
Lower Elevation 

(Feet) 

1  69+95.00 “RW69” 
LOL 

72+85.00 “RW69” 
LOL 

Top of wall  Bottom of wall 

2  72+85.00 “RW69” 
LOL 

75+25.00 “RW69” 
LOL 

Top of wall  Bottom of wall 

3  75+25.00 “RW69” 
LOL 

77+25.00 “RW69” 
LOL 

Top of wall  Bottom of wall 

4  77+25.00 “RW69” 
LOL 

79+95.00 “RW69” 
LOL 

Top of wall  Bottom of wall 

 
SS Section 46-3 Soil Nails 
 

Section 46-3.01D (2)(b)(iii) Two Percent of Total Number of Production Soil Nails.  
 
The value equal to two percent of the total number of production soil nails for this wall should be 
shown on the specification.  
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Section 46-3.03A Geotechnical Issues during Soil Nail Installation   

 
Due to the presence of the sedimentary rock materials, and interbeded soft layers, difficult drilling and 
caving should be expected during construction.  

 
SS Section 49 Piling 
 
Due to the presence of the sedimentary rock materials, and interbeded soft layers, difficult drilling and 
caving should be expected during construction.  
 
 
If you have any questions, please call Seungwoon Han at (916) 227-4533 in the Office of 
Geotechnical Design South 1, Branch A. 
 
 

             

 
 
 
 
SEUNGWOON HAN, PH.D., P.E.     MICHAEL SALISBURY, C.E.G 
Transportation Engineer - Civil                       Engineer Geologist 
Branch A       Branch A  
 
cc:  Digital Archive of Geotechnical Data (GeoDog)            



 

 
 
 
 
 
 
 
 

Appendix A. Figure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 1 Project Location
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