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August 14, 2023. 
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1. INTRODUCTION AND BACKGROUND INFORMATION 

Southern California Gas Company’s (SCG) Honor Rancho facility (Facility) is located in Santa 

Clarita, California, and situated to the north of Newhall Ranch Road (Figure 1). The Facility 

currently includes an existing gas compressor facility and other related gas storage facilities.  

An undeveloped sloped area (referred to herein as ‘the hill’) is present south of the intersection of 

Brady Parkway and Company Road, both of which are private roads within the facility. The 

proposed road expansion scope involves these private access roads around the north half of the 

hill. About 550 linear feet of Brady Parkway starting from its intersection with Company Road 

and going southeast is planned to be widened to include 36 feet wide paved road and an additional 

10 feet of space for shoulder and stormwater ditch. This expansion will be achieved by making a 

cut into the northeast side of the hill. Additionally, about 400 linear feet of Company Road starting 

from its intersection with Brady Parkway and going south is planned to be minimally graded to 

add a v-ditch and repaved. It is our understanding this minimal grading will not change the 

configuration of slopes on the north and northwest side of the hill. Expansion along Brady Parkway 

will involve grading by cutting into the sideslopes of the hill. The proposed road expansion extents 

are shown on Figure 2 based on the information provided to Geosyntec by SCG.  

In 2021, Geosyntec had prepared a geotechnical engineering report (Geosyntec, 2021a) for the 

Compressor Modernization project at the Facility. Geosyntec utilized the explorations performed 

as part of Geosyntec (2021a) which are nearby the proposed expansion. The logs for these 

explorations are presented in Appendix A of this report. No additional explorations were 

performed for this study. As part of Geosyntec (2021a), Geosyntec had drilled three hollow stem 

auger borings (designated TPB-1 through TPB-3), two rock core borings (B-3 and B-4), and 

performed one Cone Penetration Test (CPT-6) near the alignment of the proposed road expansion. 

Additionally, two hollow stem auger borings, HSA-1 and HSA-2 were drilled about 800 feet to 

the east from the road expansion site which were utilized for infiltration testing and P-wave seismic 

refraction survey was performed about 800 feet southeast from the road expansion site to measure 

P-wave velocity within the Saugus rock formation. The previous explorations are shown on Figure 

2.  

1.1 Findings from Geosyntec (2021a)  

An executive summary of the findings from explorations performed for Geosyntec (2021a) that 

are relevant to Geosyntec’s current study can be summarized as follows: 

• Geologic hazards that may impact projects within the Facility include strong seismic 

shaking which can impact stability of hill slopes and may cause landslides. 

• Groundwater was not observed during the field investigations that extended to 31 ft bgs. 

Therefore, shallow groundwater is not anticipated.  

• The subsurface soils at the storage field to the east of Brady Parkway are anticipated to 

consist of up to 3 feet of fill (silty sand and clayey sand) underlain by Saugus formation. 
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The existing Brady Parkway and the proposed expansion are anticipated to be cut into 

Saugus formation. Saugus formation encountered generally consisted of interbedded, silty 

and clayey sandstones, as well as sandy claystones. Saugus formation at this site is 

moderately to highly weathered. 

• P-wave seismic refraction survey performed on the Saugus rock formation at a location 

about 800 feet southeast from the road expansion site indicated that P-wave velocities in 

the Saugus formation within the upper 40 ft were in the range of 2,500 to 4,500 ft/sec. 

Based on this range, the Saugus formation may be expected to be rippable within the upper 

40 ft bgs. 

• The samples of Saugus formation tested were not found to be corrosive.  

• Based on infiltration tests conducted at HSA-1 and HSA-2 within the undocumented fill 

and alluvium, the infiltration rates are below what is typically acceptable for incorporation 

in a stormwater infiltration system. As such, it is recommended that infiltration best 

management practices not be employed as part of the development of this project. 

• Flexible pavement section for the proposed road expansion should consist of 4 to 5 inches 

of asphaltic concrete (as defined in Section 39 of the latest edition of the Caltrans Standard 

Specifications) over 8 to 16 inches of Class 2 aggregate base (as defined in Section 26 of 

the latest edition of the Caltrans Standard Specifications), depending on the traffic load 

over properly prepared subgrade assuming subgrade consists of clayey sand fill soils. 
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2. SITE AND GEOLOGIC CONDITIONS 

Geosyntec’s understanding of the site conditions has been developed based on a geologic site 

reconnaissance, review of published geologic literature for the site, and findings from field 

exploration and laboratory testing program performed previously as part of Geosyntec (2021a) 

investigation. 

2.1 Regional Geology 

The Facility lies along the northeastern margin of the Ventura Basin within the Transverse Ranges 

geomorphic province, which extends approximately 320-miles (west to east) from Point Arguello 

and San Miguel Island to the Eagle and Pinto Mountains of the Mojave Desert. The Transverse 

Ranges is characterized by a series of east-west trending convergent deformational structural 

features in contrast to the predominant northwest-southeast structural trend of southern California. 

The trend of the Transverse Ranges is controlled by the effects of north-south compressive 

deformation attributed to the San Andreas fault system that has rotated and compressed the region 

to its current configuration. The compression has resulted in folding and reverse/thrust faulting 

with similar east to west trends, and regional uplift. 

The Ventura Basin consists of an elongated sedimentary trough which extends from the Santa 

Barbara Channel on the west to the San Gabriel fault zone on the east. The axis of the Ventura 

Basin trends east-west reflecting the regional orientation of the Transverse Ranges, and generally 

coincides with the Santa Clara River Valley. This sedimentary basin contains a thick sequence of 

marine and non-marine sediments that have been uplifted and deformed by past tectonic forces.  

The northeastern margin of the Ventura Basin is characterized by rugged, steep, hilly terrain and 

is dissected by numerous drainages that generally empty towards the Santa Clara River Valley to 

the south and the Castaic Valley to the west. Based on published surficial geologic maps (Dibblee 

and Ehrenspeck, 1996), the Facility is underlain by artificial fill, Quaternary-age alluvial and 

colluvial deposits, and the Pleistocene-age Saugus Formation. The local geology map in the area 

of the proposed road expansion is shown on Figure 3 and local geology is discussed in Section 2.4. 

2.2 Seismic Setting 

Faults in southern California are generally classified as “active,” “potentially active,” and 

“inactive” faults. Division of these major groups are based on criteria by the California Geologic 

Survey (CGS, formerly known as California Division of Mines and Geology, CDMG) for the 

Alquist-Priolo Earthquake Fault Zoning Program [Bryant and Hart, 2007]. By definition, an 

“active” fault is one that has had displacement within Holocene time (last 11,000 years). A 

“potentially active” fault has demonstrated displacement of Quaternary-age deposits (last 

1.6 million years). “Inactive” faults have not exhibited displacement in the last 1.6 million years. 

The San Gabriel Fault – Palomar Section, which is a part of the San Gabriel fault system, is the 

closest major active fault to the Facility. A strand of the San Gabriel Fault is mapped approximately 
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0.3 miles northeast of the Facility. Other major nearby active faults include the Holser, Northridge 

Blind Thrust, Del Valle, Santa Felicia, Santa Susana, and San Andreas Faults. 

The locations of regional faults and historic earthquake epicenters are shown on Figure 4. 

2.3 Surface Conditions 

Generally, the Honor Rancho Facility lies within an alluvial drainage valley trending north-south 

ending at the Santa Clara River south of the site. Based on a review of historical aerial imagery 

and topographic maps (Geosyntec, 2021a), the site was graded in the early 1950’s to support the 

oil and gas facility improvements. Roads were created around the site and various pads were 

constructed in the early 1970’s to achieve the general layout that exists today. 

The existing Brady Parkway and Company Road are asphaltic concrete roads. These roads are 

about 20 to 25 feet wide for the most part. The surface elevation ranges from 1,124 ft at the 

southern end of Company Road within the limits of the proposed expansion ascending up to 1,167 

feet at the northern end (close to the intersection of Brady Parkway and Company Road) after 

which it descends down to 1,146 feet at the eastern end of the Brady Parkway. The hill is mostly 

vegetated with crest elevation of about 1,205 feet, per existing topographic contour map provided 

by SCG. A relief header knockout vessel and several transmission towers were observed on top of 

the hill. The current average sideslope inclinations of the hill on the east side, which will be cut 

into to accommodate the proposed Brady Parkway expansion, ranges from about 1.25H:1V to 

1.75H:1V, per the contour map. 

2.4 Subsurface Conditions 

Based on the regional geology map, geologic reconnaissance performed, and previous explorations 

performed by Geosyntec in the vicinity of the road expansion, the hill around which the road 

expansion is planned consists of Saugus formation with primarily Quaternary alluvium/colluvium 

deposits present to the west, south and east of the hill. The Company Road on the west side of the 

hill and the western end of the Brady Parkway may be underlain partially by Quaternary 

Alluvium/Colluvium. The eastern portion of the Brady Parkway is likely underlain by Saugus 

Formation and may consist of limited thickness of fill beneath the asphalt section and above 

Saugus formation. The geologic units anticipated at the expansion area are discussed below. 

2.4.1 Saugus Formation (Sandstone Unit) (Qss) 

Based on the boring B-3 as well as geologic mapping, the hill consists primarily of Plio-Pleistocene 

age Saugus Formation. The Saugus Formation encountered during the explorations at the Facility 

generally consists of interbedded, silty and clayey sandstones as well as low to medium plasticity 

claystone. The Saugus Formation was observed to be moderately to highly weathered and 

occasionally friable in the absence of fines. Based on geologic mapping over the hill the Saugus 

Formation indicated a general dip of about 45 to 55 degrees to the southwest, correlating with the 
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southern leg of an anticline with the axis located approximately parallel to the San Gabriel Fault, 

1.5 miles north of the proposed location.  

2.4.2 Quaternary Young Alluvium and Quaternary Colluvium (Qya/Qc) 

As shown on the geologic map, surficial quaternary young alluvium and/or quaternary colluvium 

exists at the western portion of the site and also at one location on top of the hill at the northwest 

side of the hill. Where observed in the borings at other locations within the Facility, alluvium 

generally consisted of loose to medium dense, fine-grained sands and medium plasticity sandy 

clays. 

2.4.3 Fill  

Fill was encountered underneath the pavement at borings TPB-1, TPB-2, TPB-3, and B-4, all of 

which are located to the east of Brady Parkway, and extended to depths that ranged from about 1½ 

to 3 feet below ground surface (bgs). Fill soils observed in Geosyntec’s borings consisted of clayey 

sand and silty sand with trace amount of gravel and cobbles.  

The fill that was encountered in the vicinity of the proposed expansion is considered 

undocumented in that the history of their placement is not known and compaction reports 

documenting that they were placed as engineered fill are not available. 

Fill is anticipated only to the east of and in a limited area over the hill in the project area and is not 

anticipated to impact the expansion project. However, presence of limited thickness of fill similar 

to what was encountered to the east of Brady Parkway cannot be ruled out beneath the existing 

pavement throughout Brady Parkway and Company Road and should be considered in pavement 

design. 

2.4.4 Groundwater 

Groundwater was not encountered during the previous explorations (Geosyntec, 2021a). Site 

specific data regarding recent groundwater levels at the site was not available.  

Historically highest depth to groundwater contour map obtained from the CGS (1997) Seismic 

Hazard Zone Report for the Newhall 7.5 Minute Quadrangle indicates that shallow groundwater 

levels were observed within Quaternary alluvium near the Santa Clara River approximately 1,000 

feet south of the Site at approximate elevation of 1,050 ft MSL. However, an interpretation specific 

to the vicinity of the site is not available. 

Since the proposed expansion will cut into Saugus formation rock over the hill above street level, 

groundwater is not anticipated to impact the site or pose associated geohazards if proper site 

drainage is designed, installed, and maintained per the recommendations of the project civil 

engineer.  
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3. GEOLOGIC HAZARDS 

3.1 Surface Fault Rupture 

Seismically induced surface fault rupture occurs as the result of differential movement across a 

fault. The potential for surface fault rupture is generally considered to be significant along 

“Holocene-active” faults and to a lesser degree along “pre-Holocene” faults (CGS, 1998). A 

review of published geologic maps did not identify the presence of faults crossing or projecting 

towards the proposed Site. Therefore, the potential for surface fault rupture at the project site is 

considered to be low. Furthermore, according to California Geological Survey’s (CGS) Earthquake 

Zones of Required Investigation for Newhall Quadrangle (CGS, 1998a), the site is not located 

within a delineated earthquake fault rupture hazard zone. 

3.2 Strong Ground Shaking 

The Facility is situated within a seismically active region and will likely experience moderate to 

severe ground shaking in response to a large magnitude earthquake occurring on a local or more 

distant active fault during the expected lifespan of the proposed substation. As a result, seismically 

induced ground shaking in response to an earthquake occurring on a nearby active fault, such as 

the San Gabriel Fault, or a regional fault, such as the San Andreas fault zone, is considered to be 

a major geologic hazard affecting the project. 

The average shear wave velocity in the upper 30 meter (Vs30) were obtained from Geosyntec 

(2021a) and the earthquake moment magnitude and design response spectrum were obtained from 

a supplemental slope stability evaluation report (Geosyntec, 2021b).  

3.3 Seismically Induced Settlement 

Saugus formation bedrock is not anticipated to be subject to seismically induced settlements during 

ground shaking. However, the medium dense fill and alluvium underlying the roads may be subject 

to seismic settlement if exists with significant thickness below the pavement section and not 

compacted properly.  

3.4 Expansive Soils/Rocks 

Based on the plasticity characteristics of the soils and rocks encountered, the site soils/rocks are 

generally considered to have negligible to low potential for expansion. The exception to this 

general observation is the presence of medium plasticity Saugus claystone, which exhibited liquid 

limits of 36 and 39 and plasticity index of 24 (refer to Appendix A). If during grading (cuts), the 

medium plasticity claystone is exposed, there may be moderate potential for expansion when the 

rock comes in contact with water followed by shrinkage and cracking upon drying.  

3.5 Collapsible Soils/Rocks 

Collapse potential tests performed on fill and alluvium in other parts of this Facility, as part of 

Geosyntec (2021a) indicated significant collapse mechanism (collapse strain of up to 2 to 3 percent 
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for loading conditions consistent with expected bearing pressures) of soils upon inundation. 

However, the Saugus formation is not anticipated to be susceptible to collapse. The proposed 

expansion is anticipated to be underlain primarily by Saugus formation and limited thickness of 

fill or alluvium, if any, therefore collapse phenomena impacting the proposed expansion is low. 

3.6 Soil Liquefaction  

According to CGS (1998a), the western portion of the proposed road expansion site falls within a 

liquefaction potential zone. The Saugus formation bedrock is not anticipated to be susceptible to 

liquefaction, however the fill and alluvium could liquefy if groundwater is shallow.  

3.7 Flooding 

The Federal Emergency Management Agency (FEMA) presents the flood hazard potential in the 

vicinity of the site as part of their Flood Insurance Rate Maps. FEMA Map No. 06037C0805F 

indicates that the Site is located in Zone D, which is defined as “area of undetermined flood 

hazard.” (FEMA, 2008). 

Seiches typically occur when enclosed bodies of water are seismically shaken to generate 

oscillations and waves resulting in overtopping. Damage resulting from oscillatory waves (seiches) 

at the nearby Castaic Lake and Castaic Lagoon is considered unlikely due to the high relief 

topography between the lake and the Site. 

Based on Geosyntec’s review of the FEMA mapping, the geologic and physiographic setting, 

distance to the ocean and other large water bodies, and the project elevations, the potential for 

flooding or inundation is considered low at the Site. 

3.8 Landslide 

According to CGS (1998), the road expansion site does not fall within an earthquake-induced 

landslide potential zone. The static and seismic stability of the planned cut slopes on the northeast 

side of the hill as part of the proposed expansion were performed and discussed in Section 4.3.  
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4. DESIGN RECOMMENDATIONS 

The recommendations presented herein for the proposed road expansion are based on desktop 

review of publicly available geotechnical information, results of Geosyntec’s previous field 

investigations and laboratory testing, engineering and geologic evaluations, and professional 

judgment. The following sections provide recommendations for earthwork, surface drainage, hill 

slope-cuts, and pavement design. 

4.1 Grading 

A grading plan for the potential cut slopes along the roads as part of the expansion was not provided 

to Geosyntec at the time of this report. As discussed in Section 1, only significant grading will be 

performed along the Brady Parkway. Geosyntec assumed the toe of the potential cut slope will be 

at approximately 46 feet away from the existing outside edge of Brady Parkway as discussed in 

Section 1. Based on the location of the existing vent stack and a dirt road providing access to the 

vent stack on top of the hill, the steepest cut slope that can be implemented without taking these 

features out appears to be 1.5 horizontal to 1 vertical (1.5H:1V). Based on our past experience at 

the Facility, cut slopes as steep as 1H:1V maybe implemented, although the steeper the slope the 

greater the need for surface erosion protection may become in the long term.  

Figure 5 shows the existing elevation contours along the roads and on the hill. Figure 5 also shows 

the approximate daylight line for potential cut slopes along which the proposed cut on the hill will 

daylight for 1H:1V and 1.5H:1V cuts. Based on the elevation contours, mass excavations to as 

much as 20 feet into the Saugus formation may be required for the final grades. These excavations 

will require the construction of 40- to 50-foot high permanent cut slopes. .  

Excavation should be performed in accordance with SCG requirements, the recommendations of 

this geotechnical report, applicable sections of the 2022 CBC, applicable Los Angeles County and 

City of Santa Clarita grading regulations, the current version of the Standard Specifications for 

Public Works Construction “Greenbook,” as well as California Occupational Safety and Health 

Administration (Cal OSHA) safety requirements. 

Only minor backfilling is anticipated to be required as part of grading. Engineered fill 

recommendations are provided in Sections 4.1.2 and 4.1.3. 

4.1.1 Site Preparation 

Loose or soft soils or soils disturbed by construction activities within the proposed grading areas, 

as identified by the geotechnical consultant during grading, should be excavated, the base of 

excavations scarified, moisture conditioned, and compacted as recommended herein before 

placing additional fill. Soil containing organic or other deleterious matter, if encountered, should 

be removed from the site, and properly disposed of. Topsoil where encountered should be 

segregated and reused as appropriate for landscaping purposes. Subgrades should be proof rolled 

and moisture conditioned prior to placement and compaction of engineered fill. 
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4.1.2 Fill Materials 

The surficial fill, alluvial materials, and Saugus Formation materials are considered suitable for 

use as fill if properly prepared as recommended herein. Soil containing organic or other deleterious 

matter or other compressible material should not be used for engineered fill. Geosyntec does not 

anticipate the need to import soils to achieve the design site grades, however, if needed, the import 

soil should be non-expansive in accordance with CBC 2022 Section 1803.5.3. 

4.1.3 Fill Placement and Compaction 

Fill soils should be moisture conditioned to a minimum of the optimum moisture content and 

compacted in layers that do not exceed 8-inch loose lifts for heavy equipment compaction and 

4-inch loose lifts for hand-held equipment compaction. Each lift of fill should be compacted to a 

minimum of 90 percent relative compaction unless otherwise specified. Relative compaction is 

defined as the ratio (in percent) of the in-place dry density to the maximum dry density determined 

using the latest version of ASTM D1557 as the compaction standard. Modified Proctor 

Compaction Tests should be performed on the fill soils to determine the maximum dry density and 

optimum moisture content. 

4.2 Storm Water Conveyance 

4.2.1 Subsurface Infiltration 

As part of Geosyntec (2021a), Geosyntec had carried out field testing to develop input regarding 

infiltration rates following the guidance contained in the County of Los Angeles Administrative 

Manual GS200.2 (GMED, 2017). The tests were conducted within alluvium (in HSA-1) and within 

undocumented fill (in HSA-2). The soils classified predominantly as silty and clayey sands (SM 

and SC). Based on the results of field infiltration testing, the calculated hydraulic conductivities 

for these soils ranged between 3.2 x 10-5 cm/s [0.05 in./hr] and 4.5 x 10-5 cm/s [0.06 in./hr]. These 

infiltration rates are below those typically acceptable for incorporation in a stormwater infiltration 

system. Moreover, Saugus formation material is expected to have even lower hydraulic 

conductivity than SC and SM material. Therefore, it is recommended that infiltration best 

management practices not be employed as part of the development of this project. 

4.2.2 Surface Drainage 

Surface drainage should be planned to prevent ponding and promote the drainage of surface water 

away from edges of pavements and towards suitable collection and discharge facilities. Paved 

areas should be sloped to drain water away from flatwork at a minimum gradient of 1 percent, and 

unpaved areas should be finish graded with a minimum slope of 2 percent away from pavements. 

Based on Geosyntec’s previous experience at this Facility and considering the size of the 

stormwater catchment area, the recommended roadside v-ditch geometry is shown in the diagram 

below.  
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4.3 Stability of Permanent Cut Slopes 

As discussed in Section 4.1, based on the existing ground elevation contours presented in Figure 5, 

it appears that the hill slopes from the inner edge (edge close to the hill) of Brady Parkway post-

grading to the crest of the hill will vary in height from 40 to 50 feet at the highest location.  

LADPW (2013) requires slope stability analysis for all cut, fill, and natural slopes when the slope 

height exceeds 30 ft. Therefore, Geosyntec evaluated the stability of conceptual 40-foot and 

50-foot tall cut slopes ascending to the west from the inner edge of Brady Parkway. The details 

and the results of Geosyntec’s evaluation are presented in this section. Once the final grading plan 

is available, Geosyntec should be provided a copy to evaluate if revisions to Geosyntec’s limited 

slope stability evaluation presented herein is needed and issue a revised slope stability report as an 

additional service, if applicable.  

4.3.1 Cross Sections Analyzed 

Geosyntec performed stability evaluation of two conceptual slope height (one 40-ft tall and one 

50-foot tall) for two slope inclination configurations (1H:1V and 1.5H:1V), incorporating Los 

Angeles County Department of Public Works Grading Guidelines (LADPW, 2017). LADPW 

(2017) requires that drainage terraces at least 8 ft in width shall be established at no more than 30-

foot vertical intervals on all slopes to control surface drainage and debris. Thus, Geosyntec’s cut 

slopes were assumed to have one 8-ft wide horizontal drainage terrace at mid-height of the slopes. 

4.3.2 Rock Strength Characterization 

Geosyntec previously prepared a supplemental report (Geosyntec 2021b) to the Geosyntec (2021a) 

report presenting slope stability analyses for the proposed cut slopes for the Compressor 

Modernization project. Based on Geosyntec (2021b), unfavorable along bedding shear strength 
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characteristics do not exist in the Saugus formation at the site, therefore isotropic shear strength 

parameters can be used regardless of bedding plane orientation, in engineering analyses. The 

isotropic rock strength parameters were developed as part of the Geosyntec (2021b) using the 

Generalized Hoek-Brown empirical failure criterion (Hoek, Carranza-Torres, Corkum, 2002) and 

a copy of the description of development of the parameters from that report is included in Appendix 

B herein. The table below summarizes the rock strength parameters utilized for Geosyntec (2021b). 

In the absence of field investigation for the current study, Geosyntec utilized these parameters for 

our evaluation.  

Generalized Hoek-Brown Parameter Design Value 

Intact Rock Strength 21 ksf 

Geological Strength Index, GSI 65 

Material constant (for intact rock), mi 10 

Disturbance Factor, D 0.7 

  

4.3.3 Slope Stability Analysis and Seismic Deformation Evaluation Methods 

For evaluating the slope stability of the configurations described above, Geosyntec used 

conventional two-dimensional limit equilibrium analysis method and calculated a factor of safety 

(FS) against sliding for static and seismic conditions. In particular, Geosyntec employed the 

Morgenstern and Price (1965) method, as implemented in SLIDE2 (Rocscience).  

The results of the static analyses are presented in the form of critical (static) failure surfaces and 

the corresponding lowest calculated FS. For the seismic stability evaluation, a pseudostatic 

stability analysis was performed by applying a horizontal seismic coefficient, kh, as an additional 

driving force and calculating the FS. Two separate pseudostatic analyses were performed for each 

cross section. The first analysis was performed by applying a kh of 0.15 and calculating the FS as 

a screening analysis for deformations up to 3 ft per the LADPW (2013). The second analysis was 

performed following the method presented in Bray and Travasarou (2007) and provides an 

estimate of the anticipated permanent seismic displacements following the design seismic event. 

The input parameters to Bray and Travasarou (2007) method for each cross section are the kh value 

providing an FS of 1.0 (i.e., yield acceleration), the natural period of the potential slip surface, the 

design response spectral acceleration corresponding to 1.5 times the natural period of the potential 

slip surface, and moment magnitude (assumed 7.0 based on Geosyntec, 2021a). The design 

response spectrum presented in Geosyntec (2021b) was utilized in Geosyntec’s evaluation of 

seismic deformation. 

4.3.4 Acceptance Criteria 

The slope stability acceptance criteria were developed primarily based on LADPW (2013) and are 

presented below.  
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Analysis Case Criteria Notes 

Long-term static FS ≥ 1.5 Per LADPW (2013) 

Seismic FS ≥ 1.1 with a kh = 0.15 Per LADPW (2013) 

 

FS = 1.1 for a horizontal seismic coefficient of 0.15 corresponds to seismic deformation of 36 

inches or less. Therefore, if the above FS criteria are met, it implies that the proposed cut slope is 

anticipated to have deformations less than 36 inches.  

 

4.3.5 Analysis Results  

The calculated FS for the static and seismic conditions and the calculated permanent seismic 

deformations are summarized in Table 1. The graphical outputs of the Slope/W computer program 

are included in Appendix C. The FS criteria for static and seismic cases were met for both the 

1H:1V and 1.5H:1V cut slope configurations analyzed. The calculated seismic deformations 

ranged from 3¾ to 6 inches for the 40-foot tall slope and 5 to 8½ inches for the 50-foot tall slope 

with steeper slope inclination producing greater permanent seismic deformations.  

4.4 Pavements 

Geosyntec recommends that the pavement sections along Brady Parkway and Company Road be 

designed for a traffic index selected by the project civil engineer, however Geosyntec has provided 

preliminary recommendations based on potential subsurface conditions at the expansion area. 

The flexible pavement section should consist of asphalt concrete (as defined in Section 39 of the 

latest edition of the Caltrans Standard Specifications) over Class 2 aggregate base (as defined in 

Section 26 of the latest edition of the Caltrans Standard Specifications) over properly prepared 

subgrade. Properly prepared pavement subgrade consists of the uppermost 12 inches of subgrade 

that is moisture conditioned and compacted to a minimum relative compaction of 95 percent. 

Asphalt and aggregate base should be compacted to a minimum relative compaction of 95 percent. 

The actual pavement section should be selected based on the anticipated traffic conditions. The 

pavement sections for different traffic indices are provided in Table 2 for flexible pavement. 

Structural section thicknesses were based on an R-value of 18 based on Geosyntec (2021a). The 

R-value test was performed on a soil sample collected from boring HSA-2 from a depth of 0 to 5 

feet below ground surface. This soil sample was classified as clayey sand fill (see Appendix A). 

The subgrade along the existing Brady Parkway and Company Road and under the proposed 

expansion is anticipated to include mostly Saugus formation which is a stiffer material than the 

clayey sand fill soils and expected to have a higher R-value than 18. However, some parts of the 

existing pavement maybe underlain by alluvium on Company Road and limited thickness of fill 

throughout the extents of the expansion area. Therefore, the pavement structural section calculated 

using R-value of 18 is considered appropriate for areas underlain by alluvium and fill and 

conservative for areas underlain by Saugus formation. The geotechnical consultant shall observe 
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the prepared subgrade for the pavements to confirm the subgrade conditions are consistent with 

the design assumptions. Additional R-value testing may be required if varying soil conditions are 

encountered during construction. 

Geosyntec recommends including subgrade enhancement geotextile or geogrid within the soil and 

aggregate base layer to reinforce the subgrade, distribute traffic loading and reduce the potential 

for cracking for flexible pavements. Non-woven geotextiles or geogrid used for subgrade 

enhancement shall conform to the requirement in Section 96 of the latest edition of the Caltrans 

Standard Specifications and Caltrans’ Subgrade Enhancement Geosynthetic Design and 

Construction Guide (2013). 

The selection of the appropriate type of geotextile or geogrid shall be based on subgrade R-value 

and gradation of the subgrade and aggregate base materials, evaluated by the geotechnical 

consultant during construction. The subgrade preparation requirements would remain unchanged 

if a subgrade enhancement geotextile or geogrid is used. 
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5. CONSTRUCTION CONSIDERATIONS 

5.1 Permanent Slope Cuts 

Based on conditions encountered in exploratory borings and geophysical explorations performed 

as part of Geosyntec (2021a) investigation, the Saugus Formation materials are expected to be 

rippable with conventional excavation equipment. Along a seismic geophysical survey line, the 

Saugus bedrock portion of the subsurface exhibited p-wave velocities in the 2,500 to 4,500 ft/sec 

range to a depth of about 40 ft bgs. P-wave velocity profile below a depth of 40 ft bgs is not 

available. Based on Caterpillar Performance Handbook, 2018, 48th edition (Caterpillar, 2018), 

sandstone rock may broadly be characterized as rippable using a Caterpillar D8R ripper when p-

wave velocities are less than 6,500 ft/sec, marginally rippable to 8,300 ft/sec, and non-rippable at 

p-wave velocities greater than 8,300 ft/sec. Thus, the Saugus formation within the upper 40 ft bgs 

generally appear to be rippable. The anticipated depth of cut as part of the proposed expansion is 

not expected to exceed approximately 20 feet. 

Geosyntec understands SCG has extensive experience performing slope cuts in Saugus bedrock 

within the Facility. However, if SCG requires input on the rippability of the rock specific to the 

hill adjacent to Brady Parkway and Company Road, Geosyntec recommends performing a seismic 

refraction survey at this location, similar to what was done for Geosyntec (2021a). Geosyntec can 

provide this service, if needed.  

Geosyntec recommends spraying the slopes with bonded fiber matrix (BFM) hydraulic mulch as 

part of regular maintenance of the cut slopes to reduce the potential of rain-based slope surface 

erosion. Additionally, drainage ditches should be incorporated along the 8-foot wide benches 

approximately at the slope mid-height.   

5.2 Temporary Slopes 

The design and excavation of temporary slopes and their maintenance during construction are the 

responsibility of the contractor. Based on the materials observed in the Geosyntec (2021a) borings, 

the design of temporary slopes not exceeding 20 feet in height within Saugus formation for 

planning purposes may assume Type A conditions with an allowable temporary slope inclination 

of ¾H:1V. The contractor shall have a geotechnical or geological professional evaluate the soil 

conditions encountered during excavation, for any variation in soil conditions, to determine the 

appropriate permissible temporary slope inclinations and other measures required by Cal OSHA. 

Existing infrastructure within a 2:1 (H:V) line projected up from the toe of temporary slopes should 

be monitored during construction. 

5.3 Construction Observation and Testing 

Soil/rock deposits may vary in type, strength, and many other important properties due to non-

uniformity of the geologic formations or due to man-made cut and fill operations during 

construction at the site. To permit correlation between the investigation data, design, and the 
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conditions encountered during construction, Geosyntec recommends that the geotechnical 

engineer be retained to provide continuous observations of grading operations.  



 

SC1339\Honor Rancho Road Expansion Geotechnical Report - FINAL 16 11/21/2023 

6. LIMITATIONS 

The geotechnical investigation for this project was based on subsurface explorations performed 

for Geosyntec (2021a) which are up to 800 feet away from the current site location. The 

recommendations made herein are based on the assumption that soil/rock conditions do not deviate 

appreciably from those found during Geosyntec (2021a) field investigation. This report has been 

prepared in accordance with current practices and the standard of care exercised by scientists and 

engineers performing similar tasks in this area. The conclusions contained in this report are based 

solely on the analysis of the conditions observed by Geosyntec personnel. Geosyntec cannot make 

any assurances concerning the completeness of the data presented to us. 

No warranty, expressed or implied, is made regarding the professional opinions expressed in this 

report. Site grading and earthwork should be observed by a qualified engineer or geologist to verify 

that the site conditions are as anticipated. If actual conditions are found to differ from those 

described in the report, or if new information regarding the site conditions is obtained, Geosyntec 

should be notified and additional recommendations, if required, will be provided. Geosyntec is not 

liable for any use of the information contained in this report by persons other than SCG and 

Southern California Edison, or their subconsultants, or the use of information in this report for any 

purposes other than referenced in this report without the expressed, written consent of Geosyntec. 

California, including Los Angeles County, is an area of high seismic risk. It is generally considered 

economically unfeasible for the design to resist earthquake loadings without damage. The 

pavements designed in accordance with the recommendations presented in this report could 

experience limited distress/damage if subjected to strong earthquake shaking. 
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TABLES  



Slope Height 
(feet)

Slope 
Configuration Analysis Case FS (Calculated)

Seismic 
Deformation 

(inches)
Long-term Static 2.21

Seismic (with kh=0.15) 1.72
Long-term Static 2.73

Seismic (with kh=0.15) 2.04
Long-term Static 1.98

Seismic (with kh=0.15) 1.55
Long-term Static 2.47

Seismic (with kh=0.15) 1.85

Table 1

50
1H:1V 8½

1.5H:1V 5

1.5H:1V 3¾

Summary of Slope Stability Analysis Results and Seismic Deformations

40
1H:1V 6

Storage Field Access Road Expansion
Honor Rancho Facility

Santa Clarita, California



Asphaltic 
Concrete (in)

Class II Aggregate 
Base (in)

Class II Aggregate Base 
with Geogrid (e) (in)

TI = 5.0 4 8 7
TI = 6.0 4 11 10
TI = 7.0 4 15 13
TI = 8.0 5 16 14

Notes:
a. These traffic index values should be confirmed by the project Traffic Engineer or SCG prior to 
final design.
b. The pavement sections summarized are minimum thicknesses.
c. Structural section thicknesses were based on an R-value of 18 based on limited geotechnical 
sampling. The geotechnical consultant shall observe the prepared subgrade for the pavements
to confirm the subgrade conditions are consistent with the design assumptions. Additional R-value
testing may be required if varying soil conditions are encountered during construction.
d. These structural sections assume 12 inches of properly prepared subgrade compacted to a 
minimum 95 percent relative compaction.
e. Structural section for Class II Aggregate Base was based on an R-value of 25 per 
recommendations provided by Caltrans (2018) for a pavement section with a subgrade 
enhancement geogrid layer.

Pavement Structural Section (b,c,d)

Traffic 
Index (a)

Table 2
Flexible Pavement Structural Sections
Storage Field Access Road Expansion

Honor Rancho Facility
Santa Clarita, California
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APPENDIX A 

Nearby Geosyntec 2021(a) Boring Logs  







2100 Main Street, Suite 150
Huntington Beach, CA 92648

Tel: (714) 969-0800
Fax: (714) -

PROJECT:
PROJECT LOCATION: , CA
PROJECT NUMBER:

KEY TO ROCK DESCRIPTIVE TERMS USED ON CORE LOGS 

DISCONTINUITY DESCRIPTORS 

TYPE: MINERAL TYPE: 
F –  Fault  Cl – Clay 
JT –  Joint  Ca – Calcite 
Sh – Shear    Ch – Chlorite 
Fo – Foliation    Fe – Iron Oxide 
V – Vein    Gy – Gypsum/Talc 
Bd – Bedding   H – Healed 

No – None
FRACTURE DENSITY (feet):  Py – Pyrite 
EW – Extremely Wide (>6) Qz – Quartz 
W – Wide (2-6)  Sd – Sand 
M – Moderate (0.7-2)
C – Close (0.2-0.7) PLANARITY:
VC – Very Close (<0.2) Wa – Wavy 

Pl – Planar 
 APERTURE (inches): St – Stepped 

W – Wide (0.5-2.0) Ir – Irregular 
MW – Moderately Wide (0.1-0.5) 
N – Narrow (0.05-0.1) DIP: – Dip of planar feature 
VN – Very Narrow (<0.05) measured relative to  
T – Tight (0) horizontal 

 FRACTURE INFILLING: 
Su – Surface Stain
Sp – Spotty
Pa – Partially Filled
Fi – Filled
No – None

a

b

c

d

e

f

g
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Appendix A_Rock Parameters_DK_AG_OD_BB 

EVALUATION OF MOHR COULOMB PARAMETERS FOR SAUGUS FORMATION 

1. PURPOSE AND SCOPE

The purpose of this calculation package is to develop equivalent Mohr-Coulomb shear strength 
parameters (i.e., friction angle and cohesion) for the Saugus Formation at the Site. Hoek-Brown 
failure criterion (1980, 2002) was used along with the unconfined compression strength test results 
obtained from intact rock samples at the Site, observation of the continuous rock cores, and the 
site visit observations of exposed cut slopes.  

2. BACKGROUND

The original Hoek-Brown failure criterion was developed in 1980 in the form of a dimensionless 
equation that could be scaled in relation to geological information and geological observations. In 
2002, the entire Hoek-Brown criterion was re-examined and the relationships between the Mohr-
Coulomb and the Hoek-Brown criteria were examined for slopes and a set of equations linking the 
two were presented (Hoek et al. 2002). The final relationships were derived by comparing 
hundreds of tunnel and slope stability analyses in which both the Hoek-Brown and the Mohr 
Coulomb criteria were used, and the best match was found by iteration. In the following, first the 
implemented equations and assumptions are introduced, which is followed by the presentation of 
the resulting equivalent Mohr Coulomb parameters (friction angle and cohesion)..  

3. INPUT PARAMETERS

3.1 Rock Type 
Based on the explorations, including continuous rock coring in multiple locations, as well as 
geologic mapping, Plio-Pleistocene age Saugus Formation underlies the slope area. The Saugus 
Formation encountered during the explorations generally consists predominantly of silty and 
clayey sandstones with gravels and cobbles with interbedded red and light brown sandy claystone. 
The approximate range observed in the unit was estimated at 60% sandstone to 40% claystone. 
The Saugus Formation was observed to be moderately to highly weathered and occasionally friable 
in the absence of fines. Topsoils, residual soils, and slopewash encountered overlying the Saugus 
formation are generally unconsolidated and remediated through grading and therefore, not 
considered for use in this analysis. Based on geologic mapping the Saugus Formation indicated a 
general dip of 50 to 70 degrees to the southwest, correlating with the southern leg of an anticline 
with the axis located approximately parallel to the San Gabriel Fault, 1.5 miles north of the site. 
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The unit observed was generally intact and massive with thick to very thick bedding. Well-
developed jointing and fracturing of in-situ rock was minimal. Based on the results of the seismic 
refraction survey (Geosyntec, 2021), the Saugus Formation within the footprint of the proposed 
Compressor Facility is interpreted to be rippable with Primary compression wave (P-wave) 
velocities in the range of 2,500 to 4,500 ft/s within the depth of the investigation of about 40 ft. 
The maximum P-wave velocities in the Saugus Formation underlying the alluvium in the valley 
area were approximately 5,500 to 6,000 ft/s. 

3.2 Intact uniaxial compressive strength 
The unconfined compression test results for the rock samples from the Saugus formation are 
summarized in Table 1. Based on the evaluation of the results in Table 1 and averaging the results 
between the estimated sandstone and claystone ratio (60:40), an intact uniaxial strength of 21 ksf 
(1 MPa) was deemed representative for the Saugus formation. The chosen uniaxial compressive 
strength indicates that the Saugus formation on Site corresponds to a very weak formation based 
on Table 2, which is also in good agreement with our geological surveys on Site. Based on our 
review, the results from samples 3 and 6 were omitted because the samples may have been 
compromised and are not believed to be representative of the intact rock within the overall rock 
mass.  

Table 1. Uniaxial Compressive Strength Test Results (Geosyntec, 2021) 

Sample Information 

Description 

Uniaxial 
Compressive 
Strength Test 

Results  
(ASTM D7012) Sample 

Number 
Sample ID  Sample 

Type (a) 
Depth 
(ft bgs) 

1 B-1@40-43 Rock 
Core 40.5-41 Clayey Sandstone UCS = 14.08 ksf 

2 B-1@43-46 Rock 
Core 

44.1-
44.5 Clayey Sandstone UCS = 31.83 ksf 

3 B-2@7.5-10 Rock 
Core 9-9.5 Silty Sandstone UCS = 2.32 ksf 

4 B-2@15-17.5 Rock 
Core 15.5-16 Silty Claystone UCS = 7.04 ksf 
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5 B-2@22.5-25 Rock 
Core 24-24.5 Claystone UCS = 6.14 ksf 

6 B-2@27-30 Rock 
Core 27.5-28 Silty Sandstone UCS = 0.89 ksf 

7 B-3@6-11 Rock 
Core 7.5-8 Sandy Claystone UCS = 5.33 ksf 

8 B-4@1.5-6 Rock 
Core 5-5.5 Silty Sandstone UCS = 47.60 ksf 
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Table 2. Field estimates of unconfined compressive strength (Hoek, 2001) 
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3.3 Geological strength index (GSI) 
The strength of a jointed rock mass depends on the properties of the intact rock pieces and also 
upon the freedom of these pieces to slide and rotate under different stress conditions. This freedom 
is controlled by the geometrical shape of the intact rock pieces as well as the condition of the 
surfaces separating the pieces. Angular rock pieces with clean, rough discontinuity surfaces will 
result in a much stronger rock mass than one which contains rounded particles surrounded by 
weathered and altered material. The Geological Strength Index (GSI), introduced by Hoek (1994) 
and Hoek, Kaiser and Bawden (1995) provides a system for estimating the reduction in rock mass 
strength for different geological conditions. This system is presented in Table 3, for blocky rock 
masses, and Table 4 for schistose metamorphic rocks. 

Table 3. Characterization of a blocky rock masses based on particle interlocking and discontinuity 
condition (Hoek, 2001) 
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Table 4. Characterization of schistose metamorphic rock masses based on foliation and 
discontinuity condition (Hoek, 2001) 

Based on the observed surface and structure conditions of the thick to very thick beds (generally 
greater than ten inches and as much as five feet thick) observed during Geosyntec field soil 
investigation visit on Site, a good to fair surface condition with a GSI value of 65 was deemed to 
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be representative for the observed surface conditions and rock structure (Rough, slightly to 
moderately weathered surfaces, altered surfaces, and blocky).   

3.4 Material Constants 
The generalized Hoek-Brown failure criterion for rock masses is defined by the equation below: 

𝜎𝜎1′ = 𝜎𝜎3′ + 𝜎𝜎𝑐𝑐𝑐𝑐 ∗ (𝑚𝑚𝑏𝑏 ∗
𝜎𝜎3′

𝜎𝜎𝑐𝑐𝑐𝑐
+ 𝑠𝑠)𝑎𝑎         (1) 

where 𝜎𝜎1′ and 𝜎𝜎3′ are the major and minor effective principal stresses at failure; 

𝑚𝑚𝑏𝑏 is a reduced value of the material constant 𝑚𝑚𝑖𝑖 and is given by 𝑚𝑚𝑏𝑏 = 𝑚𝑚𝑖𝑖 ∗ exp (𝐺𝐺𝐺𝐺𝐺𝐺−100
28−14𝐷𝐷

) 

D is disturbance factor (defined in Section 3.4)  

𝜎𝜎𝑐𝑐𝑐𝑐 is the uniaxial compressive strength of the intact rock material;  

𝑚𝑚𝑖𝑖 is the material constant for intact rock; 

s and a are constants for the rock mass given by the following relationships: 

𝑠𝑠 = exp (𝐺𝐺𝐺𝐺𝐺𝐺−100
9−3𝐷𝐷

)  (2) 

𝑎𝑎 = 1
2

+ 1
6
∗ (𝑒𝑒−

𝐺𝐺𝐺𝐺𝐺𝐺
15 − 𝑒𝑒−

20
3 ) (3) 

The material constant, 𝑚𝑚𝑖𝑖 can be estimated for the Saugus formation considering the 60 to 40 
sandstone to claystone ratio as 10 based on Table 5.  

3.5 Disturbance Factor (D) 
Disturbance factor (D) depends on the degree of disturbance to which the rock mass has been 
subjected by blast damage, mechanical excavation and/or stress relaxation. It varies from 0 for 
undisturbed in-situ rock masses to 1 for very disturbed rock masses. Guidelines for the selection 
of D are presented in Table 6. Considering the fact that rock masses at Site are observed to be 
weathered yet primarily intact on the surface, the Saugus formation can be assumed to possess a 
D factor of 0.7 based on Geosyntec’s observations on site and observed intact rock samples from 
the site.   
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3.6 Rock mass deformation modulus (Erm), Modulus Ratio (MR), Intact 
modulus (Ei) 

Hoek and Diederichs (2006) re-examined existing empirical methods for estimating rock mass 
deformation modulus. In their analysis, they incorporated modulus ratio (MR), which is the ratio 
of rock mass deformation modulus to intact modulus (Erm/Ei). Using the modulus ratio (MR), the 
intact modulus (Ei) can be estimated as:  

Ei = MR * 𝜎𝜎𝑐𝑐𝑐𝑐   (4) 

The modulus ratio (MR) in equation (4) can be assumed as MR=250 based on Table 7 for the 
encountered Saugus formation at Site, which results in an intact modulus value of Ei = 250 MPa 
based on the uniaxial compressive strength of the rock material (𝜎𝜎𝑐𝑐𝑐𝑐 = 1 MPa).  

Based on the detailed analysis of Hoek and Diederichs (2006), rock deformation modulus (Erm) 
can be estimated as: 

𝐸𝐸𝑟𝑟𝑟𝑟 =  𝐸𝐸𝑖𝑖 ∗ �0.02 +
1−𝐷𝐷2

1+𝑒𝑒�
60+15𝐷𝐷−𝐺𝐺𝐺𝐺𝐺𝐺

11 �
� (5) 

By considering a GSI value of 65 and D value of 0.7, the rock deformation modulus can be 
calculated as Erm= 66.4 MPa.  
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Table 5. Values of the constant mi for intact rock, by rock group. Note that values in parenthesis 
are estimates. (Hoek, 2001) 
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Table 6. Guidelines for estimating disturbance factor D. (Hoek et al, 2002) 
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Table 7. Guidelines for the selection of modulus ratio (MR) values in Equation (4) (Hoek, and 
Diederichs, 2006) 
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3.7 Uniaxial compressive strength, tensile strength and rock mass (global) 
strength 

The uniaxial compressive strength of in-situ rock mass is obtained by setting 𝝈𝝈𝟑𝟑′ =0 in equation (1), 
giving:  

𝜎𝜎𝑐𝑐 = 𝜎𝜎𝑐𝑐𝑐𝑐 ∗ 𝑠𝑠𝑎𝑎    (6) 

and, the tensile strength is: 

𝜎𝜎𝑡𝑡 = −𝑠𝑠∗𝜎𝜎𝑐𝑐𝑐𝑐
𝑚𝑚𝑏𝑏

 (7) 

The uniaxial compressive strength of the rock mass 𝜎𝜎𝑐𝑐 is given by equation (6). This strength is 
representative for failures that initiate at the boundary of an excavation when 𝜎𝜎𝑐𝑐 is exceeded by 
the stress induced on that boundary. The failure propagates from this initiation point into a biaxial 
stress field and it eventually stabilizes when the local strength, defined by equation (1), is higher 
than the induced stresses 𝜎𝜎1′  and 𝜎𝜎3′ . 

Based on Hoek et al. (2002), it is useful to consider the overall behavior of a rock mass rather than 
the detailed failure propagation process described above. This leads to the concept of a global rock 
mass strength 𝜎𝜎𝑐𝑐𝑐𝑐′ , which can be estimated from the Mohr Coulomb relationship: 

𝜎𝜎𝑐𝑐𝑐𝑐′ = 2∗𝑐𝑐∗𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
1−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 (8) 

with cohesion (c) and friction angle (𝜑𝜑) determined for the stress range 𝜎𝜎𝑡𝑡 < 𝜎𝜎3 < 𝜎𝜎𝑐𝑐𝑐𝑐 /4 , 
resulting in the rock mass (global) strength as: 

𝜎𝜎𝑐𝑐𝑐𝑐′ = 𝜎𝜎𝑐𝑐𝑐𝑐 ∗
�𝑚𝑚𝑏𝑏+4𝑠𝑠−𝑎𝑎(𝑚𝑚𝑏𝑏−8𝑠𝑠)�∗(

𝑚𝑚𝑏𝑏
4 +𝑠𝑠)(𝑎𝑎−1)

2∗(1+𝑎𝑎)∗(2+𝑎𝑎)
(9) 

For the project boundary conditions, the resulting in-situ uniaxial compressive strength, tensile 
strength, and the rock mass (global) strength values are calculated as:  𝜎𝜎𝑐𝑐 = 0.08 MPa, 𝜎𝜎𝑡𝑡 = -0.004 
MPa, 𝜎𝜎𝑐𝑐𝑐𝑐′  =  0.17 MPa.  
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3.8 Maximum confining Stress (𝝈𝝈𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) and Mohr-Coulomb Criterion 
The equivalent Mohr-Coulomb parameters (friction angle and cohesion) for a rock mass will be 
determined case-specifically for the relevant stress range.  This is done by fitting an average linear 
relationship to the curve generated by solving equation (1) for a range of minor principal stress 
values defined by  𝝈𝝈𝒕𝒕 < 𝝈𝝈𝟑𝟑 < 𝝈𝝈𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑  , as illustrated in Figure 1.  

Figure 1. Relationships between major and minor principal stresses for Hoek-Brown and 
equivalent Mohr-Coulomb criteria (Hoek et al, 2002) 
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The fitting process involves balancing the areas above and below the Mohr-Coulomb plot. This 
results in the following equations for the equivalent angle of friction and cohesive strength of the 
in-situ rock mass: 

𝜑𝜑 = 𝑠𝑠𝑠𝑠𝑠𝑠−1 � 6𝑎𝑎𝑚𝑚𝑏𝑏(𝑠𝑠+𝑚𝑚𝑏𝑏𝜎𝜎3𝑛𝑛)(𝑎𝑎−1)

2(1+𝑎𝑎)(2+𝑎𝑎)+6𝑎𝑎𝑚𝑚𝑏𝑏(𝑠𝑠+𝑚𝑚𝑏𝑏𝜎𝜎3𝑛𝑛)(𝑎𝑎−1)� (10) 

𝑐𝑐 = 𝜎𝜎𝑐𝑐𝑐𝑐[(1+2𝑎𝑎)𝑠𝑠+(1−𝑎𝑎)𝑚𝑚𝑏𝑏𝜎𝜎3𝑛𝑛](𝑠𝑠+𝑚𝑚𝑏𝑏𝜎𝜎3𝑛𝑛)(𝑎𝑎−1)

(1+𝑎𝑎)(2+𝑎𝑎)�1+
(6𝑎𝑎𝑚𝑚𝑏𝑏(𝑠𝑠+𝑚𝑚𝑏𝑏𝜎𝜎3𝑛𝑛)(𝑎𝑎−1)

(1+𝑎𝑎)(2+𝑎𝑎)

 (11) 

where 𝜎𝜎3𝑛𝑛 = 𝜎𝜎3𝑚𝑚𝑚𝑚𝑚𝑚
𝜎𝜎𝑐𝑐𝑐𝑐

  

The maximum confining stress (𝜎𝜎3𝑚𝑚𝑚𝑚𝑚𝑚), is the upper limit of confining stress over which the 
relationship between the Hoek-Brown and Mohr-Coulomb criteria is considered and this has to be 
determined for each individual case. Based on Hoek et al. (2002), extensive studies for slopes, 
using Bishop’s circular failure analysis for a wide range of slope geometries and rock mass 
properties, gave: 

𝜎𝜎3𝑚𝑚𝑚𝑚𝑚𝑚
𝜎𝜎𝑐𝑐𝑐𝑐′

= 0.72 ∗ (𝜎𝜎𝑐𝑐𝑐𝑐
′

𝛾𝛾𝛾𝛾
)−0.91 (12) 

where H is the height of the slope. 

4. RESULTS

Based on the previously described calculations (Equation 1 through 12), the equivalent Mohr-
Coulomb strength parameters for the Saugus formation at Site are summarized in Table 8 for 
various slope heights considered in our slope stability evaluations. The graphical illustration of the 
equivalent Mohr-Coulomb soil strength model along with the Hoek-Brown rock model for the 
considered rock parameters is shown in Figure 2. Shear strength parameters used in slope stability 
analyses may either be based on equivalent Mohr-Coulomb parameters for corresponding 
equivalent slope height or the fully defined shear strength curve as a function of normal load as 
shown in the Hoek-Brown model solution in Figure 2 for the Saugus formation at the Site.  
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Table 8. Equivalent Mohr Coulomb Parameters based on Hoek-Brown Model 

Cross Section Slope Height, H (ft) phi (deg) c (psf) 

A, B 20 38 569 

E 70 28 1107 

C, D 100 26 1350 

Figure 2. Equivalent Mohr Coulomb Strength based on Hoek-Brown Model 
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APPENDIX C 

Slope Stability Analysis Output
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