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Geotechnical Report  
and 

Stabilization Design 
Hacienda Road Shoulder and Pavement Distress 

City of La Habra Heights, California 
September 2008 

PROJECT DESCRIPTION 

Two sections of Hacienda Road within the City of La Habra Heights, California have recently experienced 
subsurface distress or shoulder erosion.  The upper section, which is referred to herein as Hacienda Road 
(Upper), is located between West Skyline Drive and Canada Sombre Road.  This sidehill section consists 
of two areas of pavement distress each of which is located in embankment fill near the outside shoulder of 
the road.  The locations of the lower and upper sites within this section, designated as Sites 1 and 2, 
respectively, are shown on Plate 1.  

The lower section, which is referred to herein as Hacienda Road (Lower), is located between East Road 
and West Road.  This section consists of two areas where streambank erosion has, or threatens to; 
undermine the shoulder of the road.  The locations of the lower and upper sites within this section, 
designated as Sites 1 and 2, respectively, are shown on Plate 1.  

This document supplements the original geotechnical reports prepared by TGR Geotechnical, Inc. and 
provides alternative recommendations to those made therein. 

WORK SCOPE 

The scope of this project includes: 

(1) Review the geotechnical reports prepared by TGR Geotechnical, Inc. and evaluate their 
conclusions based upon their reported data and additional site visits.   

(2) Conduct laboratory testing to supplement previous work as necessary to classify geologic 
materials at each site and estimate shear strength properties.  

(3) Assess the feasibility of utilizing soil nails and/or micropiles to stabilize the distressed slopes at 
each site.  

(4) Prepare a geotechnical report documenting findings at each site including preliminary design 
analyses of proposed stabilization alternatives and estimated construction costs. 

(5) In consultation with the City, prepare construction drawings, specifications, and an engineer’s 
estimate for a final stabilization / subsurface drainage design at each site. 

PREVIOUS WORK 

The test borings, as shown on Plate 2 which is included as an attachment to this report, and logs of borings 
as described below and which are included in Appendix A (upper) and Appendix B (lower), are believed to 
be representative of the conditions likely to be encountered at each site, and were used as the basis for soil 
nail / micropile and streambank stabilization recommendations and design in conjunction with the 
appropriate levels of engineering judgment and experience. The sources of data are as follows: 
 

Hacienda Road (Upper) 

Geotechnical Distress Investigation Report, Hacienda Road Distress Section between West 
Skyline Drive and Canada Sombre Road in the City of La Habra Heights, California 
 
November 14, 2006 

Project No. 06-1597 
TGR Geotechnical, Inc. 
3037 S. Harbor Boulevard 
Santa Ana, California 92704 
(714) 641 7189 
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Hacienda Road (Lower) 

Limited Geotechnical Investigation, Improvement to Hacienda Road between East Road and 
West Road, in the City of La Habra Heights, California. 
 
December 1, 2006 

Project No. 06-1697 
TGR Geotechnical, Inc. 
 

These reports have been reviewed by the author, Steven C. Devin, P.E., G.E., and accepted as reliable 
sources of subsurface and soil / rock property data.  The author assumes responsibility for their use and 
application for design of alternative stabilization measures to those proposed by TGR Geotechnical, Inc.  

HACIENDA ROAD (UPPER) 

Two areas of distress were investigated which are referred to as Site 1 and Site 2 in this report and on the 
construction drawings.  Hacienda Road crosses a canyon at each site and passes through a cut section 
between the sites.  Pavement distress at the Hacienda Road (Upper) site consists of a series of cracks in the 
pavement parallel to the outside edge of the road embankment at both Sites 1 and 2.  Sets of 3 sub-parallel 
linear to crescent shaped cracks were noted at each site.  Proceeding from the outermost crack towards the 
road centerline, crack geometry at Site 1 varies as follows; a 48 foot long crack near the edge of pavement 
followed by a 12 foot long crack 3 feet back from the first, and then finally an 80 foot long crack 6 feet 
beyond the intermediate crack.  Similarly at Site 2, crack geometry varies as follows; a 12 foot long crack 
near the edge of pavement followed by a 44 foot long crack 4 feet back from the first, and then finally a 21 
foot long crack another 4 feet back from the intermediate crack.  Cracks at Site 2 exhibited a more 
pronounced crescent shape than those at Site 1.  Pavement cracking at Site 2 is shown in Photo 1.  

 

 
Photo 1, Pavement Cracking at Hacienda Road (Upper) Site 2 
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Cross sections through the areas of pavement distress at Sites 1 and 2 are shown in Plates 3 and 4, 
respectively. 

Local Geology 

The Hacienda Road (Upper) site is located within the Puente Hills of the Peninsular Ranges Assemblage 
physiographic province.  The Puente Hills are bounded to the east by the Chino Basin and to the north and 
west by the Los Angeles Basin.  The site is underlain by the Yorba Member of the Puente Formation (Tpy) 
which is an assemblage of marine sedimentary rocks deposited during early Pliocene to late Miocene times 
(3.6 to 11.2 million years BP) (see Plate 1).  This unit consists of “white to gray, thin bedded, micaceous 
and siliceous siltstone and sandy siltstone which includes beds of fine-grained sandstone and white to pale-
gray limy concretions and concretionary beds” (Morton and Miller, 2006).  The Puente Formation is 
exposed in the cut slopes on the east side of Hacienda Road at the project site and was encountered during 
the subsurface exploration program. 

Landslides 

It is well documented that the Puente Formation is susceptible to landslides within the Puente Hills 
(Tan, 1988).  Morton and Miller (2006) indicate that landslides are abundant and that most of the 
landslides are small to moderate size rotational failures.  This suggests that failures are not likely to 
occur solely on bedding planes but rather in a weathered surficial rock mass.   

Seismicity 

The Hacienda Road (Upper) project is located in close proximity to the Whittier Fault Zone.  The 
Whittier Fault Zone is classified as a Class A right-lateral – reverse oblique fault capable of a maximum 
Mw 6.8 moment magnitude (Cao, et al, 2003).  The project site is located within approximately 1600 
feet of the surface expression of the 75° northeasterly dipping main fault.  The site is in closer proximity 
to two splays of the main fault.  One of these follows La Mirada Creek in the canyon to the southwest 
and approaches to within 300 to 400 feet of the site.  Another splay north of the site approaches to 
within 500 feet.  Other nearby faults located within 21± kilometers (13 miles) include: (a) the Puente 
Hills Blind Thrust Fault (Mw 7.1); (b) the San Jose Fault (Mw 6.4); (c) the Upper Elysian Park Blind 
Thrust Fault (Mw 6.4); (d) the Sierra Madre (Mw 7.2); (e) the Raymond Fault (Mw 6.5); and (f) the 
Chino-Central Avenue (Elsinore) Fault (Mw 6.7). 

Probabilistic ground motions were estimated using 2002 data from the USGS Java calculator and from 
FRISKSP analyses.  In both cases peak ground accelerations (PGA) were estimated for events with 
return periods of 475 and 1000 years.  Peak ground accelerations which were estimated from the 2002 
seismic hazard maps (i.e. the Java calculator) and from several attenuation relationships in FRISKSP 
are presented in the Table 1.  The modal magnitude was estimated as Mw 6.42 at a distance of 5.98 
kilometers.  The modal magnitude and distance are the combination of magnitude and distance which 
make the greatest hazard contribution to ground motions at the site. 

Table 1, Probabilistic Ground Motions 

Peak Ground Acceleration (PGA) Source /  
Attenuation Relationship 475 year 1000 year 

2002 Seismic Hazard Maps 
(USGS Java Calculator) 

0.45g 0.62g 

Bozorgnia, et al (1999)            
Soft Rock - Corrected 

0.52g 0.67g 

Bozorgnia, et al (1999)   
Holocene Soil - Corrected 

0.43g 0.55g 

Sadigh, et al. (1997)                
Soft Rock 

0.71g 0.96g 

Boore, et al. (1997)               
Rock 

0.35g 0.44g 



Steven C. Devin, P.E., G.E. Hacienda Road Slope Stabilization 
 La Habra Heights, California 
 

 4

Subsurface Exploration 

Sampling and Penetration Testing   

Five exploratory test borings, which were supervised and logged by a TGR Geotechnical, Inc. Engineer and 
a Certified Engineering Geologist, were drilled on October 4th and 5th, 2006.  Borings were advanced with a 
24 inch diameter bucket auger drill rig.  Borings were advanced to depths of approximately 15 to 50 feet.  
A Modified California Ring Sampler (CRS) with an O.D. of 3 inches and an I.D. of 2.42 inches was driven 
at 5 foot intervals using a 2150 pound Kelly-bar, a 1350 pound Kelly-bar, and a 650 pound Kelly-bar for 
depths of up to 24, 44, and 50 feet, respectively.  The Kelly-bar falls freely 12 inches and the number of 
blows required to drive the CRS sampler 12 inches is recorded as NCRS-Kelly.  Driving is terminated if more 
than 50 blows are required to drive the sampler 6 inches.  The field blow counts for each sampling interval 
are shown in the boring logs (NCRS-Kelly).  These are not equivalent standard penetration test (SPT) blow 
counts (ASTM D 1586).  Since this method of driving the sampler utilizes falling weights which vary with 
sampling depth, it is necessary to convert these to an equivalent energy basis if the results are to be used for 
direct comparison with other tests made at various depths.  This is accomplished by simply dividing the 
recorded blow counts by the theoretical energy delivered to the sampler (i.e. the potential energy = W*h).  
An overburden correction factor is also applied in order to reference all blow counts to an overburden 
pressure of 1 atmosphere (Liao and Whitman, 1986).  An approximate estimate of the number of blows to 
drive the CRS 1 foot using the SPT 140 pound hammer with a 30 inch drop (NCRS-140) can be made by 
simply taking a ratio of the delivered energy conservatively assuming 100 percent efficiency in both cases.  
The final estimate of equivalent SPT blow counts ((N1)60) is then made using a conversion factor of 0.56 
applied to the CRS-140 blow counts.  Estimated SPT (N1)60 values for each boring are plotted with depth in 
Plate 5. 

Groundwater 

Groundwater was not encountered in any of the borings at the time of drilling. 

Boring B-1 

Boring B-1 was located within the Site 2 zone of pavement distress near the outside shoulder of the road.  
This boring encountered 19 inches of asphalt concrete pavement at the surface (with no base course) 
overlying loose to medium dense Sand and Silt FILL to a depth of 41.5 feet.  Below this depth, a 2 foot 
thick layer of colluvium was encountered overlying bedrock.  The colluvium was described as stiff, highly 
plastic Silt.  Unfortunately, no samples of this layer were obtained by TGR Geotechnical field personnel.  
Below the colluvium and an irregular contact surface, Puente Formation claystone/siltstone interbedded 
with sandstone was encountered to the bottom of the boring at 50 feet.  The bedding planes dip 5° to 15° to 
the west and northwest between depths of 44 to 46 feet.  Dry unit weights in the fill varied from 72 pounds 
per cubic foot (pcf) at 6 feet to 95 pcf at 11 feet while a dry unit weight of 82 pcf was measured for a 
sample obtained from 46 feet in the bedrock.  Moisture contents varied from 12 percent by weight at 11 
feet to 24 percent at 21 feet.  The degree of saturation increased linearly from 36.2 percent at 5 feet to 47.2 
percent at 15 feet (@ a rate of 1.1 % / ft).  It then increased at more than double the initial rate to 60.0 
percent at 20 feet.  Below 20 feet, the saturation decreased linearly at a rate of 1.3 % / ft to 43.3 percent at 
35 feet.  A collapse consolidation test (ASTM D 5333) was performed on a sample obtained at 5 feet.  
Direct shear tests (ASTM D 3080) were performed on a sample of fill from a depth of 15 feet and on a 
sample of claystone/siltstone from a depth of 45 feet.  Test results are discussed below and presented in 
Appendix C. 

Boring B-2 

Boring B-2 was located in the vicinity of Site 2 on the opposite (east) side of Hacienda Road from B-1 and 
outside of the pavement area.  This boring was only approximately located.  This boring was advanced to a 
depth of 17 feet where a corrugated metal pipe was encountered and the boring terminated.  A loose, low 
plastic Sandy Silt FILL was encountered from the ground surface to the bottom of the boring.  Dry unit 
weights in the fill varied from 80 to 93 pcf at depths of 6 and 16 feet, respectively.  Moisture contents 
varied from 13 to 15 percent.  The degree of saturation increased in an essentially linearly fashion from 
31.7 percent at 5 feet to 49.9 percent at 15 feet.  A direct shear test (ASTM D 3080) was performed on a 
sample taken from a depth of 10 feet.  Test results are discussed below and presented in Appendix C. 



Steven C. Devin, P.E., G.E. Hacienda Road Slope Stabilization 
 La Habra Heights, California 
 

 5

Boring B-3 

Boring B-3 was made near the outside shoulder of the road in a turnout between Sites 1 and 2.  This 
location is within a cut section of road between the two canyon fills.  Seven inches of asphalt concrete 
pavement (with no base course) were encountered overlying approximately 2.5 feet of FILL.  Below this 
depth, interbedded siltstone and sandstone of the Puente Formation were encountered to the bottom of the 
boring at 30 feet.  The rock encountered between 3 and 6 feet was highly weathered.  Typical bedding 
thickness varied between ¼ and 3 inches with occasional gypsum inter-layers.  Bedding planes generally 
dip to the northwest at 8° to 28° with the exception of 15 to 22 feet where folding reverses dip direction to 
24°- N40E at 20 feet.  Dry unit weights in the bedrock varied from 91 pcf to 107 pcf at depths of 29 and 6 
feet, respectively.  The degree of saturation varied between 62.1 and 76.9 percent in the upper 20 feet of the 
boring and then increased to 82.4 percent at 29 feet.  Direct shear tests (ASTM D 3080) were performed on 
samples obtained from depths of 10 and 29 feet.  Test results are discussed below and presented in 
Appendix C. 

Boring B-4 

Boring B-4 was located in the Site 1 zone of pavement distress near the outside shoulder of the road.  This 
boring encountered 24 inches of asphalt concrete (with no base course) near the surface.  Below this depth 
a layer of loose Sand and Silt which TGR describes as colluvium extends to bedrock at a depth of 18 feet.  
Interbedded sandstone and siltstone of the Puente Formation was encountered from 18 feet to the bottom of 
the boring at 30 feet.  Bedding planes rotate dip direction between 21 and 24 feet.  The dip and dip 
direction are 35°- N60W at 21 feet rotating to 43°- S50W and 45°- S55W at 24 and 26 feet, respectively.  
Dry unit weights varied from 82 pcf to 88 pcf in the colluvium and 93 to 95 pcf in the bedrock.  Moisture 
contents varied from 19 to 24 percent in the colluvium and 20 to 24 percent in the bedrock.  The degree of 
saturation in the colluvium increased rapidly from 51.2 percent at 5 feet to 70.8 percent at 10 feet.  Below 
10 feet it decreased to 52.2 percent at 15 feet.  The saturation in the Puente Formation siltstone / sandstone 
increased from 66.5 percent at 20 feet to 83.7 percent at 25 feet.  The rate of increase from 15 feet to 25 
feet was essentially constant irrespective of material type.  A collapse consolidation test (ASTM D 5333) 
was performed on a sample obtained from a depth of 6 feet.   A bulk sample was obtained from 2 to 5 feet 
in the colluvium and a modified Proctor test run (ASTM D 1557 Method B).  Test results are discussed 
below and presented in Appendix C. 

Boring B-5  

Boring B-5 was located in the vicinity of Site 1 on the opposite side of the road from B-4 and outside the 
pavement area.  This boring was only approximately located.  Interbedded sandstone and siltstone of the 
Puente Formation was encountered for the entire depth of the boring.  The boring was terminated at a depth 
of 15 feet.  Bedding planes dip 10°- N30W at 2 feet and then average 32°- S70W to the bottom of the 
boring.  Reported dry unit weights varied from 78 pcf at 6 feet to 104 pcf at 11 feet.  Reported moisture 
contents varied from 46 percent at 6 feet to 16 percent at 11 feet.  When the degree of saturation was 
computed using this data it was found to exceed 100 percent at 5 feet which means that there is an error in 
either the dry unit weight and/or moisture content reported for this sample.  The degree of saturation 
computed at 10 feet was 69.6 percent.  A direct shear test (ASTM D 3080) was run on a sample obtained 
from 10 feet.  Unfortunately a direct shear test was not run on the sample from 6 feet where the reported 
dry unit weight was only 78 pcf and the reported natural moisture content was 46 percent.  Test results are 
discussed below and presented in Appendix C. 

The boring logs are included as TGR Plates 1 through 6 in Appendix A (upper).  Surveyed ground surface 
elevations at each boring are summarized in Table 2. 
 

Table 2, Boring Ground Surface Elevations 

Boring Elevation (ft) 
B-1 818.9 
B-2 820.7 
B-3 806.5 
B-4 795.2 
B-5 792.9 
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Laboratory Testing 

Laboratory tests were performed on select samples as shown on the Boring Logs and described above.  The 
moisture content and dry unit weight were determined for each CRS interval and are shown on the logs.  
The degree of saturation of each sample was computed using reported data and an assumed specific gravity 
of 2.7 for the solid particles.  Direct shear tests (ASTM D 3080) and collapse consolidation tests (ASTM D 
5333) were performed on select samples as shown on the logs.  A Modified Proctor Density (ASTM D 
1557) was performed on a bulk sample of colluvium obtained from 2 to 5 feet in Boring B-4.  Laboratory 
test results are presented in Appendix C. 

Laboratory classification tests including grain size analyses and/or Atterberg limits tests were not 
performed on any samples obtained from this site. 

Consolidation Tests 

Collapse consolidation tests (ASTM D 5333) were performed on samples obtained from a depth of 5 
feet in Borings B-1 and B-4.  The collapse index (Ic) at an effective overburden pressure of 1600 psf 
was determined for each sample.  The collapse index is the percentage of settlement that a partially 
saturated sample experiences when rapidly saturated by inundation under an applied load.  Initial void 
ratios were computed for each sample assuming a specific gravity of 2.7 for the solids.  Virgin 
compression indices were also computed for each sample following inundation.  These results are 
summarized in Table 3. 

Table 3, Collapse Consolidation Test Summary 

Boring Depth (ft) Dry Unit 
Weight, γd (pcf) 

Moisture  
Content, w (%) 

Initial  
Void Ratio, eo 

Compression 
Index, Cc 

Collapse  
Index, Ic 

Degree of 
Collapse 

B-1 5.0 72 18 1.34 0.23 4.0 Moderate 

B-4 5.0 82 20 1.05 0.23 0.1 Slight 

Maximum Dry Density (Unit Weight) 

The maximum dry density (unit weight) of a bulk sample of colluvium from Boring B-4 was 
determined in accordance with ASTM D 1557, Method B.  The maximum dry unit weight thus 
determined was 96 pcf at an optimum compaction moisture content of 25 percent.  The in situ moisture 
content of this sample was not measured but the CRS sample immediately below had a moisture content 
of 20 percent along with a dry unit weight of 82 pcf.  The consequent relative compaction (RC) of the 
CRS sample was 85 percent.  Elsewhere, assuming the same moisture-density relationship for 
fill/colluvium across the site, the RC varied from a low of 75 percent at 5 feet in Boring B-1 to 99 
percent at 10 feet in the same boring.  Typically, RC varied from 83 to 92 percent in the fill and 
colluvium in Borings B-1, B-2, and B-4.  The RC can, in an approximate way, be correlated with the 
volume change properties summarized in Table 3. 

Direct Shear Tests 

Consolidated-Drained (CD) Direct Shear tests (ASTM D 3080) were performed on relatively 
undisturbed samples of fill and bedrock obtained using a CRS from Borings B-1, B-2, B-3, and B-5.  
Samples were soaked in water for 24 hours under the applied test normal stress.  Following 
consolidation, samples were placed in the shear box and reloaded with the same surcharge load for a 1 
hour period prior to shearing.  Three specimens from each sample were sheared under applied normal 
stresses of 1000, 2000, and 4000 psf.  The maximum shear displacement in each test was 0.25 inches 
which restricts the ability to obtain a constant volume friction angle for each test.  The strain rate 
reported by TGR for each sample was 0.2 in/sec (1.2 in/min).  This is an extremely rapid rate for a fine 
grained, relatively low permeability material (e.g. Silt) and may have had an effect on test results 
whereby excess pore water pressures generated during shear cannot dissipate rapidly enough relative to 
the rate of shearing. The sample is thus sheared in a partially-drained condition rather than the fully 
drained condition assumed in the test.  Excess pore water pressures may result in an apparent cohesion 
(c) in an otherwise cohesionless material and may also reduce the measured friction angle relative to the 
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fully drained condition.  These considerations must be accounted for when utilizing the reported shear 
strength data summarized in Table 4.  The results summarized in Table 4 are based on a re-analysis of 
raw load-displacement data provided by TGR and differ from results presented in their report.  Included 
in the results are the peak shear strength values of apparent cohesion and the peak friction angle.  Post-
peak values determined at a shear displacement of 0.25 inches are also included in some cases.  

 
Table 4, Hacienda Road (Upper) - Direct Shear Test Summary 

Apparent 
Cohesion 

Friction 
Angle 

Dilation (ψ°) or Contraction 

Boring 
Depth  

(ft) Description 
γd 

(pcf) 

Sat. 
w 

(%) 
w 

(%) 
cpeak 
(psf) 

c0.25” 
(psf) φpeak φ0.25” 1000 psf 2000 psf 4000 psf 

B-1 15 Sand and Silt (FILL) 83 38 18 12 - 33.4 - 3° contractive contractive 

B-1 45 Claystone/Siltstone 82 39 24 642 - 25.4 - 5° 5° contractive 

B-2 10 Silt (FILL) 87 35 15 69 - 32.4 - contractive contractive contractive 

B-3 10 Sandstone/Siltstone - 
weathered 

102 24 15 426 253 28.1 28.1 8° 6º contractive 

B-3 30 Sandstone/Siltstone 91 32 26 564 450 30.4 26.8 12° 12° 2° 

B-5 10 Sandstone/Siltstone 104 23 16 612 253 35.3 30.8 27° 20° 9° 

Sand / Silt (FILL).   
Direct shear tests were performed on samples of fill obtained from depths of 15 and 10 feet in 
Borings B-1 and B-2, respectively.  A peak friction angle of 33.4° with an apparent cohesion of 12 
psf was determined for the sample from B-1 while these same parameters were measured as 32.4° 
and 69 psf in B-2.  The post-peak values were not determined due to insufficient shear 
displacement.  

Puente Formation.   
In the case of samples taken at a depth of 10 feet in borings B-3 and B-5, the sandstone / siltstone 
had well defined peaks in the load-displacement curves – particularly for boring B-5.  These peaks 
occurred at average shear displacements of 0.1 and 0.08 inches, respectively.  Both of these samples 
also had higher unit weights and lower saturation moisture contents (i.e. 102 and 104 pcf and; 24 
and 23 percent, respectively) than other samples of the Puente Formation that were tested.  These 
other samples include a sample taken from a depth of 45 feet in B-1 and a sample taken from a 
depth of 30 feet in B-3.  The dry unit weight and the saturation moisture content for each of these 
samples were 82 and 91 pcf and 39 and 32 percent, respectively.  Based upon reported bedding dip, 
all shear surfaces were oblique to the bedding planes although their absolute orientation is unknown 
as is the direction of shear relative to the bedding plane.  Likewise, the samples were described as 
sandstone and siltstone but the type of material on the shear surface was not reported.   

The peak friction angle varied in the sandstone / siltstone from 28.1° to 35.3° while the peak 
apparent cohesion varied from 426 psf to 612 psf.  The finer grained sample taken from B-1 and 
described as claystone / siltstone had a peak friction angle of 25.4° and an apparent cohesion of 642 
psf.  The shear strength of this sample may be representative of the available strength on the 
bedding plane when the nearby bedding plane dips of 5° to 15° are considered.  Due to the indurated 
(i.e. cemented) nature of many sedimentary rocks, a cohesion intercept can be expected at peak 
strength but should diminish rapidly during post-peak straining due to the breaking of interparticle 
bonds.   

Post-peak friction angles measured at a shear displacement of 0.25 inches in the sandstone / siltstone 
varied from 26.8° to 30.8° while the apparent cohesion varied from 253 psf to 450 psf.  The post-
peak values for the claystone / siltstone sample were not determined since the load-displacement 
curve had just peaked at a shear displacement of 0.25 inches. 
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Colluvium.   
Unfortunately, direct shear tests were not performed on any of the samples of colluvium obtained 
from Boring B-4. 

Evaluation    

Asphalt concrete pavement thickness was measured as 24 inches in Boring B-4 at Site 1 and 19 inches in 
Boring B-1 at Site 2.  No pavement base course was encountered in either of these borings.  The pavement 
thickness diminished to 7 inches in Boring B-3 which was drilled in the stable cut area between Sites 1 and 
2.  This suggests that the ground surface has settled 17 inches at Site 1 and 12 inches at Site 2 since the 
time the road was constructed to its current configuration.   

Below the pavement surface, loose to medium dense sand and silt extend to interbedded sandstone and 
siltstone/claystone of the Puente Formation.  At Site 2, this loose sand and silt is interpreted as an 
“undocumented” fill with a moderate potential for collapse settlement (i.e. Ic = 4.0) near the surface.  
Considering the 39.9 foot thickness of fill at Site 2 and the estimated 12 inches of long term ground surface 
settlement, the fill has settled 2.5 percent since it was placed.  This could be attributable to collapse 
settlements that may have occurred during a period of high groundwater.  However, once these settlements 
had occurred they would have been unlikely to be repeated.  Continuing road maintenance operations have 
resulted in the substantial pavement thicknesses noted above.  Presumably, if the settlements had occurred 
all at once, the maintenance crews would have opted for an alternative solution to simply filling the 
disturbed areas with 19 to 24 inches of asphalt concrete.  It is therefore reasonable to conclude that the 
settlement has occurred over a long period of time.  The sand and silt fill would not experience the type of 
long term consolidation settlement experienced in saturated clays because it is associated with both the 
saturation and low permeability of these clays.  Both of these factors are absent with the fill.  Therefore, it 
is concluded that the most probable cause of the observed pavement distress and abnormal thickness is the 
long term creep of the sand and silt in the fill slope.   

The probable cause of distress is further reinforced when considering Site 1 which has only a slight 
collapse potential near the surface and yet has experienced 17 inches of settlement, or 7.8 percent, since the 
time of construction.  

Slope movements are often episodic and seasonal.  Slope creep can occur within a zone of weakness within 
the fill or colluvium or it may occur along bedding planes or discontinuities in the rock.  Considering the 
later, all measured bedding planes dip either into the slope away from the free face or essentially parallel to 
the face.  Movement along these planes is therefore restricted by adjacent soil or rock and can be eliminated 
from further consideration as a potential source of the observed distress. 

The shear strength of intact particulate geo-materials (i.e. soil and rock) is related to many factors including 
but not limited to: 

(1) whether the material is in a saturated or unsaturated condition; 

(2) whether the material is cohesive (i.e. clay) or cohesionless (i.e. sand) together with the 
distribution of particle sizes in cohesionless materials; 

(3) the degree of particle packing and structural arrangement as evident by the relative 
density or the saturated moisture content;   

(4) the permeability of the material and rate at which it is brought to failure; and 

(5) in the case of unsaturated materials, the degree of saturation and the magnitude of the 
consequent matric suction. 

For the current discussion, the most important of these are the relative density and the unsaturated state of 
samples obtained from the borings.   

A qualitative description of the relative density of driven samples is included in Plate 5.  With the exception 
of the penetration test made at 15 feet ((N1)60=15), the estimated equivalent SPT (N1)60 values varied from 
8 to 11 blows per foot in the upper 20 feet of fill in Boring B-1 at Site 2.  Below 20 feet, the equivalent 
(N1)60 varied from 12 to 18 blows per foot.  Similarly, the (N1)60 values varied from 8 to 14 blows per foot 
in the colluvium (or fill?) in Boring B-4 at Site 1.  The relative density of these materials is loose to 
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medium dense.  Except at low confining pressures, loose cohesionless materials will not exhibit a 
substantial increase in peak shear strength relative to the strength available at greater shear displacements. 

The shear strength in unsaturated materials is directly related to the surface tension that forms between 
water surfaces and particles in the unsaturated voids of the material.  As the degree of saturation increases, 
the surface tension, or matric suction, decreases as does its contribution to shear strength.  Consequently, as 
the degree of saturation increases there is an accompanying reduction in shear strength.  The degree of 
saturation for each sample is plotted against depth in each boring in Plate 6.   Assuming that the shear 
strength is lowest in the zones with the highest degree of saturation, the data in Plate 6 suggest that the 
weakest material lies at depths of 10 and 20 feet at Sites 1 and 2, respectively at the time these samples 
were obtained in early October.  These zones occur in the colluvium and fill at Sites 1 and 2, respectively.  
Considering the time of year of sampling, the zone between the ground surface and these depths is likely to 
experience the greatest seasonal fluctuation in saturation and therefore the greatest seasonal variability in 
shear strength.  It is therefore concluded that the shear zone lies between 0 and 10 feet in Boring B-4 at Site 
1 and between 0 and 20 feet in Boring B-1 at Site 2. 

Stabilization Approach 

In the simplest terms, slope stabilization may be accomplished by any combination of reducing driving 
forces and/or increasing resisting forces.  Driving forces may be reduced by simply removing material that 
under the force of gravity or the application of seismic ground motions places an excessive demand on the 
available resisting capacity within the slope.  These resisting forces consist of some combination of 
favorable slope geometry and shear strength.  A reduction in shear strength within the slope may be 
prevented through the installation of subsurface drains if the presence of groundwater is a factor 
contributing to instability.  The shear strength within the soil or rock mass may be increased by the 
installation of reinforcement such as soil nails or micropiles.  These methods of reinforcement essentially 
add a tensile resistance to the soil or rock mass unlike conventional stabilization schemes in which external 
structural elements impose external resisting forces through various means in order to provide stability.  
The approach taken herein is to use a combination of driving force reduction and resisting force 
augmentation through the utilization of in situ reinforcement (i.e. soil nails and micropiles). 

Design Parameters 

Design Loads   

The following loads were used for design. 
 
  Table 5, Design Loads 

Load Magnitude 
Static Surcharge 250 psf 
Seismic Surcharge 0 psf 
Peak Ground Acceleration (PGA)1 0.52 
Pseudo-Static Seismic Coefficient (kh)2 0.19 

 
(1)  475 Year Return Period PGA determined from probabilistic FRISKSP analysis using an attenuation 

relationship for the Corrected PGA on Soft Rock (Bozorgnia, Campbell, and Niazi, 1999). 
(2)  Seismic coefficient estimated using a maximum seismic displacement of 6 inches. 

 

Soil and Rock Properties   

Properties used for the analysis and design of the soil nail and micropile walls are presented in Tables 6 
through 9.  These were developed through the evaluation of test data, the back-analysis of existing slopes, 
and the application of experience and engineering judgment.  Estimated statistical properties used in 
probabilistic design analyses are also presented.  
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The existing slopes were analyzed using both limit equilibrium (LE) and finite element (FEM) – shear 
strength reduction (SSR) analyses.  Assumptions were made for the elastic and hydraulic properties of the 
soil and rocks used in these analyses. The slopes were evaluated under varying groundwater boundary 
conditions and using the friction angles reported in the TGR report.  The cohesion necessary to achieve a 
factor of safety of unity (i.e. incipient failure) was evaluated as was, in the case of LE analyses, the location 
of the critical failure surface relative to the observed pavement distress.  When groundwater seepage 
emerged from the slope face above the toe, critical failure surfaces were observed along the seepage face 
with computed factors of safety less than unity.  Use of the FEM SSR method allowed displacements and 
the zones of maximum shear strain to be identified and compared with observed crack locations.   

Table 6, Site 1 - Design Soil and Rock Properties 

Shear Strength 
Material 

Maximum 
Depth 

Range (ft) 

Total Unit 
Weight, 
γTotal (pcf) 

Elastic 
Modulus, 

E (ksf) 

Poisson’s 
Ratio, ν Cohesion, 

c′ (psf) 
Friction 
Angle, φ′ 

Sand and Silt – Loose – 
FILL / Colluvium (?) 

0 – 18 
 

100 
 

420 0.35 32 
 

32º 
 

Sandstone – Siltstone – 
Claystone (Puente 
Formation) 

18 + 117 1000 0.40 270 27º 

 
 
Table 7, Site 2 - Design Soil and Rock Properties 

Shear Strength 
Material 

Maximum 
Depth 

Range (ft) 

Total Unit 
Weight, 
γTotal (pcf) 

Elastic 
Modulus, 

E (ksf) 

Poisson’s 
Ratio, ν Cohesion, c′ 

(psf) 
Friction 
Angle, φ′ 

Sand and Silt – Loose - 
FILL 0 – 25 100 420 0.35 70 32º 

Sand – Silt – Med. 
Dense - FILL 25 - 42 103 600 0.35 112 32º 

Colluvium  42 - 45 110 1000 0.40 100 28º 
Sandstone – Siltstone – 
Claystone (Puente 
Formation) 

45 + 117 5000 0.40 270 27º 

 
         

Table 8, Site 1 - Estimated Statistical Properties 

Material Soil Property Statistical 
Distribution 

Mean Standard 
Deviation 

Colluvium - Silt and Sand Cohesion Normal 32 psf 10 psf 
Colluvium - Silt and Sand Friction Angle Normal 32° 0.667° 
Colluvium - Silt and Sand Unit Weight Normal 100 pcf 2 pcf 

 
Table 9, Site 2 - Estimated Statistical Properties 

Material Soil Property Statistical 
Distribution 

Mean Standard 
Deviation 

Colluvium - Silt and Sand Cohesion Normal 32 psf 10 psf 
Colluvium - Silt and Sand Friction Angle Normal 32° 0.667° 
Colluvium - Silt and Sand Unit Weight Normal 100 pcf 2 pcf 

FILL - Sand and Silt - Medium Dense Cohesion Normal 112 psf 20 psf 

FILL - Sand and Silt - Medium Dense Friction Angle Normal 32° 0.667° 

FILL - Sand ad Silt - Medium Dense Unit Weight Normal 103 pcf 2 pcf 
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Soil Nails and Micropiles   

A constant allowable bond stress of 10 psi was used for both soil nails and micropiles.  Effective drillhole 
diameters for determining soil-grout interface surface area were 4 and 6 inches for soil nails and micropiles, 
respectively.  The resulting allowable tensile load was 1,508 pounds per lineal foot (plf) and 2,262 plf for 
soil nails and micropiles, respectively. 

Several different types of soil nails and micropiles were analyzed.  These are summarized in Table 10 
which includes their design properties as well as wall facing capacities for different reinforcement patterns. 

Table 10, Alternative Soil Nails, Micropiles, and Wall Facings Analyzed 

Type - Description Component / 
Mode 

Fy 
(ksi) 

O.D. 
(in) 

I.D. 
(in) 

A 
(in2) 

I (in4) 
Allow. 
Pullout 

(plf) 

Static 
Tallow 
(kips) 

Seismic 
Tallow 
(kips) 

Soil Nail – Standard Nail, Grade 75 
No. 9 Epoxy Coated All Thread Bar – 
Grouted in 4”φ Drilled Hole 

All Thread Bar 75 1.25 - 1.00 0.0491 1508 41.7 48.0 

Steel Tube 42 1.66 1.38 0.62 0.184 - - - 

Inner Bar 75 0.75 - 0.44 0.0275 - - - 

Soil Nail - SuperNailTM, Hollow Steel 
Tube w/ internal No. 6 Epoxy Coated 
Bar grouted into tube  - Composite 
Grouted in 4”φ Drilled Hole 

Composite - - - 1.06 0.2115 1508 24.7 40.4 

FG Tube 30 1.50 1.25 0.54 0.13 - - - 

Inner Bar 75 0.75 - 0.44 0.0275 - - - 

Soil Nail – Launched Fiberglass 
Composite w/ Outer FG Tube and 
Inner No. 6 Steel Bar grouted into 
annulus - FG bar is perforated and 
launched into ground then inner bar is 
grouted w/ grout allowed to permeate 
surrounding ground under low 
pressure. (FG E=2800 ksi) 

Composite - - - 5.08 0.1308 566 24.7 40.4 

Micropile – Williams T76N Hollow 
Injection Bar 

Hollow Injection 
Bar 

95 3.0 2.0 2.84 3.19 2262 149.9 245.3 

Micropile - Titan 40/16 Hollow 
Injection Bar 

Hollow Injection 
Bar 

85 1.57 0.63 1.36 0.2942 2262 64.6 105.8 

Flexure       13.5 18.4 Wall Facing – 8 inch thick Shotcrete 
w/ 4x4-W4xW4 wire mesh 

Punching Shear       26.1 35.6 

Flexure       23.3 31.7 Wall Facing – 8 inch thick Shotcrete 
w/ 4x4-W4xW4 wire mesh and No. 5 
walers Punching Shear       26.1 35.6 

Flexure       27.4 37.4 Wall Facing – 8 inch thick Shotcrete 
w/ 4x4-W4xW4 wire mesh and No. 6 
walers Punching Shear       26.1 35.6 

SuperNailTM is a registered trademark of Soil Nail Launcher, Inc. 

The interstitial and drillhole grout was considered to be cracked and not contribute to flexure rigidity of 
reinforcing elements.  The FEM modeling results show that the tubular elements contribute bending 
resistance which has limited benefit to the performance of the overall structure.  The primary resisting 
forces in the reinforcement are axial.  Therefore, the additional installation time for the composite nail 
alternatives seems unwarranted unless additional corrosion protection is desired. 

Site 1 

The proposed stabilization design at Site 1 is shown in Plate 7 while its plan extent and finish grade 
contours are shown on Plate 2.  The design consists of the removal of potentially unstable material 
downslope of the zone of pavement distress and the construction of a soil nail wall with a maximum height 
of approximately 12 feet along the exposed cut face.  The alignment of the top of the wall was established 
in such a manner as to provide a 4 foot shoulder from the existing edge of traveled way on Hacienda Road 
along with adequate room for guardrail installation while removing material outward from the observed 
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pavement cracking to the greatest extent possible.  Soil nails consist of 30 foot long, Grade 75 - No. 9 
epoxy coated threaded bars installed in 4 inch diameter drill holes.  Nails are spaced at 4 feet horizontally 
and vertically along the wall face.   

Both probabilistic limit equilibrium (LE) analyses and staged construction finite element (FEM) analyses 
were used in the stabilization design.  Estimated statistical parameters used in the probabilistic LE analyses 
are presented in Table 8 above.  SNAIL analyses were not performed at Site 1 because of the large 
reinforcement length to wall height ratio (i.e. 2.5). 

A groundwater model was developed to estimate pore water pressures for use in the LE analyses.  Isotropic 
hydraulic conductivities of 10-7 cm/sec for the colluvium and 3x10-8 cm/sec for the Puente Formation were 
used together with an assumed total head of 790 feet at the upslope limit of the model to develop pore 
water pressures for use in the LE stability analyses.  Under a worst case scenario with this groundwater 
level, a 0.19 pseudo-static seismic coefficient, and a full 250 psf surcharge, the area downslope of the wall 
is marginally stable with a mean factor of safety (FS) of 1.03 and a 39.8 percent probability of failure.  
These analyses are summarized in Appendix D which also includes a graphic with computed global FS for 
failure surfaces passing through the road.  The factor of safety for all these surfaces exceeds 1.20 and 
therefore the design is acceptable. 

FEM modeling of the staged construction process was performed in order to estimate the maximum tensile 
forces within the nails and the forces at the nail heads.  Simulation of the construction process allowed the 
re-distribution of loads in the nails to be evaluated as the excavation proceeds and then finally under service 
loads.  The FEM analyses for Site 1 are summarized in Plates 8 and 9.  Plate 8 defines each stage and 
presents a summary of nail forces for each stage.  The variation in tensile force along each nail for each 
stage is plotted in Plate 9.  The maximum tensile forces in the nails were 11.97 kips and 10.92 kips for 
static and seismic loading, respectively.  The maximum nail head tensile forces were 10.62 kips and 7.69 
kips for static and seismic loading, respectively.  

Site 2 

The proposed stabilization design at Site 2 is shown in Plate 10 while its plan extent and finish grade 
contours are shown on Plate 2.  The design consists of the removal of potentially unstable material 
downslope of the zone of pavement distress and the construction of a soil nail wall with a maximum height 
of approximately 16 feet along the exposed cut face.  In addition, a micropile wall is proposed within the 
cut area to protect the upper wall in case of failure of the lower slope during an earthquake.  The alignment 
of the top of the wall was established in such a manner as to provide a 4 foot shoulder from the existing 
edge of traveled way on Hacienda Road along with adequate room for guardrail installation while removing 
material outward from the observed pavement cracking to the greatest extent possible.  Soil nails consist of 
30 foot long, Grade 75 - No. 9 epoxy coated threaded bars installed in 4 inch diameter drill holes.  Nails are 
spaced at 3 feet horizontally and vertically along the wall face.  The micropile wall consists of pairs of 
micropiles tied together at the ground surface in a concrete pile cap and spaced at 2.5 feet along the wall.  
The front pile is vertical while the rear pile is battered 15°.  Micropiles consist of Titan 40/16 hollow 
injection bars drilled a minimum of 5 feet into sound bedrock. 

Both probabilistic limit equilibrium (LE) analyses and staged construction finite element (FEM) analyses 
were used in the stabilization design.  Estimated statistical parameters used in the probabilistic LE analyses 
are presented in Table 9 above. 

A review of laboratory shear strength data and back-analyses of the existing slope suggest that Site 2 is 
marginally stable under the conditions encountered at the time of drilling. When groundwater seepage 
emerging at the toe of the slope was considered, the slope rapidly became unstable as the groundwater level 
rose into the fill.  It quickly became apparent that any stabilization scheme must be carried to bedrock and 
that it must ensure stability of the road if the foreslope fails.  There are limitations however to 2 
dimensional LE or FEM analyses in a narrow canyon fill where 3 dimensional end effects and confinement 
can have a substantial affect on the computed factor of safety. 
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Probabilistic LE analyses were performed assuming a failed foreslope and various assumptions as to the 
stabilizing contribution of the micropiles.  The effect of micropile behavior on the LE factor of safety was 
checked for the following scenarios. 

(1) Micropiles functioning as shear resisting elements with a 100 pound capacity per pile when a 
potential failure surface is crossed. 

(2) Micropiles functioning as shear resisting elements with a 34,900 pound capacity per pile 
when a potential failure surface is crossed. 

(3) Micropiles functioning as passive tensile resisting elements grouted over their full length and 
having a tensile structural capacity of 10,000 pounds and an allowable pullout capacity of 
1,440 pounds per lineal foot. 

2D FEM modeling with the slender micropiles treated as strips having little flexure rigidity suggests that 
the primary effect is the development of axial forces within the micropiles.  Considering these findings and 
recent research (Loehr and Brown, 2008) scenario 3 probably best represents field behavior.    

The critical failure surface in these analyses occurred on the face of the slumped foreslope block.  
Additional trial surfaces were plotted in the vicinity of the micropile wall and soil nail wall.  The minimum 
global FS for rotational failures passing through or beyond the micropile or soil nail wall was 1.16 for a 
pseudo-static seismic coefficient of 0.19 together with a 250 psf surcharge load and a slumped foreslope. 

SNAIL analyses were also preformed as a check on the LE and FEM analyses.  The results of these 
analyses are included in Appendix E. 

FEM modeling of the staged construction process was performed in order to estimate the maximum tensile 
forces within the nails and the forces at the nail heads.  Simulation of the construction process allowed the 
re-distribution of loads in the nails to be evaluated as the excavation proceeds and then finally under service 
loads.  The FEM analyses for Site 2 are summarized in Plates 11 and 12.  Plate 11 defines each stage and 
presents a summary of nail forces for each stage.  The variation in tensile force along each nail for each 
stage is plotted in Plate 12.  The maximum tensile forces in the nails were 15.18 kips and 13.13 kips for 
static and seismic loading, respectively.  The maximum nail head tensile forces were 15.17 kips and 10.34 
kips for static and seismic loading, respectively.  Micropile axial forces were also estimated with a 
computed maximum 4.10 kip compressive force and a maximum 1.72 kip tensile force.   

Construction Recommendations 

Materials encountered in Borings B-1 and B-4 consist of loose to medium dense sands and silts at depths 
up to the proposed soil wall heights.  While some cohesion was measured during direct shear tests of these 
materials, the Contractor is cautioned that stand up times may be very short and that temporary measures 
may be required prior to drilling nail holes and completing excavation of a given lift.  Likewise, suitable 
means of stabilizing drillholes may be required during soil nail installation. 

HACIENDA ROAD (LOWER) 

Two areas of shoulder distress were investigated which are referred to as Site 1 and Site 2 in this report and 
on the construction drawings.  La Mirada Creek flows along the toe of the road embankment on the west 
side of Hacienda Road at Site 2.  The creek then crosses Hacienda Road in two 60 inch diameter corrugated 
steel pipes which discharge at a confluence with a tributary that flows in from the east.  Downstream of the 
60 inch pipes and the confluence with the tributary, the creek flows along east side of the toe of the road 
embankment at Site 1. 

The easterly half of Hacienda Road at Site 1 appears to be constructed on embankment fill adjacent to La 
Mirada Creek.  The embankment rises about 5 to 6 feet above the poorly defined thalweg of the creek.  The 
unpaved shoulder of the road embankment has eroded away over a length of approximately 145 feet as 
shown in Photo 2.  The asphalt concrete pavement surface is starting to be undermined as well near the 
edge of travelled way.  The most severe erosion extends for about 75 feet.    
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Photo 2, Shoulder Distress at Hacienda Road (Lower) Site 1 

 

 
Photo 3, Shoulder Distress at Hacienda Road (Lower) Site 2 
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At Site 2, Hacienda Road appears to be constructed entirely on an embankment between La Mirada Creek 
and the easterly tributary.  This embankment also rises about 5 to 6 feet above the adjacent lowlands.  In 
general, the creek does not approach as closely to the road at Site 2 as it does at Site 1.  However, there still 
has been considerable erosion of the road embankment as can be seen in Photo 3. 

Local Geology 

Both of the Hacienda Road (Lower) sites are located in the lowlands along La Mirada Creek.  Morton and 
Miller (2006) have mapped these areas as very old alluvial fan deposits.  The general topography, observed 
vegetation, and proximity to the creek would also suggest that more recent Holocene (i.e. within the past 
11,000 years) alluvial deposits are likely present near the surface. 

Subsurface Exploration 

A total of two exploratory borings were drilled with a hand auger by TGR Geotechnical, Inc. personnel 
including one at each site as shown on Plate 13.  The location of each boring is approximate. 

Boring B-1 was drilled at Site 2 and advanced to a depth of 8 feet before being terminated without 
encountering bedrock.  Groundwater was encountered at a depth of 2 feet.  One CRS sample was obtained 
from 2 to 3.5 feet which had a moisture content of 25 percent and a dry unit weight of 98 pcf.  A second 
sampling interval between 5 and 6.5 feet had no recovery.  This boring encountered fine to medium grained 
Clayey SAND (SC) which TGR personnel interpreted as fill over its entire depth.   

Boring B-2 was drilled at Site 1 and advanced to a depth of 8 feet before being terminated without 
encountering bedrock.  Groundwater was encountered at a depth of 6 feet.  Two CRS samples were 
obtained at depths of 2 to 3.5 and 6.5 to 8 feet, respectively.  Corresponding moisture contents were 20 and 
29 percent while corresponding dry unit weights were 90 and 93 pcf.  A third sampling interval between 5 
and 6.5 feet had no recovery.  This boring encountered fine grained Clayey SAND (SC) which TGR 
personnel interpreted as fill over its entire depth.  

Laboratory Testing 

The moisture content and dry unit weight of CRS samples were determined and the results noted above. 

A Consolidated Drained (CD) Direct Shear Test (ASTM D 3080) was performed on a relatively 
undisturbed sample obtained from a depth of 7 feet in Boring B-2 at Site 1.  This sample was prepared and 
tested in the same manner as described for the samples from Hacienda Road (Upper).  Shear displacement 
data were not obtained from TGR for this sample.  The shear strength parameters obtained from this test as 
reported by TGR are presented in Table 11. 

 
Table 11, Hacienda Road (Lower) - Direct Shear Test Summary 

Sample Description Friction Angle, φ Apparent Cohesion, c (psf) 

B-2 @ 7 feet Brown Clayey SAND (SC) 33 50 

Evaluation and Recommendations 

Streambank erosion has occurred at two locations along the Hacienda Road (Lower) project site.  The 
severity of this erosion varies but is most acute at Site 1 where the shoulder has entirely eroded away and 
the pavement surface is starting to be undermined (Photo 2).  Left unchecked, erosion from future flood 
events along La Mirada Creek is likely to encroach into the traffic lanes on Hacienda Road.   

Streambank stabilization measures are required both to protect the undamaged areas and to rehabilitate 
damaged areas.  Suitable methods include the following.  

(1) The construction of a hybrid mass concrete wall to regain lost shoulder where the creek flows 
directly along the existing toe of the eroded and nearly vertical bank. 
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(2) Install High Performance Turf Reinforced Mat (HPTRM) where erosion is less severe to 
protect moderately eroded areas from future erosion and to re-build areas of lost embankment 
where the slopes have been over-steepened. 

Proposed Stabilization Design 

The proposed stabilization design consists of a combination of the two methods described above.  At Site 1 
it is proposed to stabilize the most severely damaged section using a mass concrete wall supported, and 
protected from scour, by ballistic soil nails / micropiles.  The wall transition and approach areas at Site 1 
should be protected with HPTRM (e.g. Propex Pyramat) anchored with 24 inch long pins spaced on an 18 
inch offset grid.  Boundaries and splices should be anchored at a spacing of 12 inch and splices must lap a 
minimum of 4 inches.  Where stabilized slopes exceed a gradient of 1.5 horizontal to 1 vertical (1.5:1), 
percussion driven earth anchors (PDEA) such as Platipus S06E with a minimum tensile capacity of 3.3 kips 
and a design life greater than 30 years shall be provided at a maximum grid spacing of 3 feet.  Due to the 
high groundwater conditions encountered in the borings, PDEA’s shall be driven 8 feet perpendicular to the 
slope.   

At Site 2, the most severely eroded locations should be stabilized using TRM and engineered fill.  These 
areas shall be reconstructed as to provide a minimum distance of 5 feet from the edge of pavement to the 
crest of the embankment slope.  The toe of the engineered fill at these locations shall not encroach into the 
stream channel.  The slope face may be constructed as steep as 0.5 to 1 provided TRM anchors with 
PDEA’s are provided on all embankment slopes as described above.  Areas with slopes flatter than 1.5 to 1 
which have not received new embankment material shall be protected by TRM anchored with pins as 
described above. 

PROFESSIONAL STATEMENT 

The recommendations and stabilization designs presented within this report are based upon the physical 
properties of soils and rock observed during a site reconnaissance and as described in the exploratory 
borings and laboratory test results presented by TGR Geotechnical, Inc.  If during the course of 
construction, subsurface conditions are encountered which differ significantly from those detailed within 
this report, Steven C. Devin, P.E., G.E. should be contacted immediately in order to evaluate the 
applicability of this report and the stabilization designs presented herein to the changed conditions.  Such 
an evaluation may result in changes to the recommendations made herein.  The intent of this report was to 
evaluate site conditions and provide alternative stabilization methods.  Although a site reconnaissance and 
subsurface exploration were made for the purposes described, the potential presence of soil or groundwater 
contamination was not investigated and no analytical laboratory testing was performed in this regard. 

This report has been prepared for the exclusive use of Onward Engineering and the City of La Habra 
Heights and their retained design professionals in accordance with generally accepted geotechnical 
engineering practice common to the local area.  No other warranty is made, express or implied. 
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PLATE 5, Approximate Equivalent SPT Blow Counts 
Corrected for Overburden Pressure
Hacienda Road (Upper) 10/04/2006

0

5

10

15

20

25

30

35

40

0 10 20 30 40 50 60

Approx. SPT (N1)60 (blows/ft) 

D
ep

th
 (f

t)

Boring B-1
Boring B-2
Boring B-3
Boring B-4
Boring B-5

Medium Dense DenseLoose
Very
Loose



PLATE 6, Degree of Saturation
Hacienda Road (Upper) 10/04/2006
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Plate 8
Hacienda Road (Upper) Site 1 Finite Element Analyses Summary

No. 9 - 75 ksi Threaded Bar 
Soil Nails

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Row 1 -4077 -5487 -2396 -3455 -2566 -3309
Row 1 Seismic -1020 -4551
Row 2 -4978 -6419 -4105 -5487
Row 2 Seismic -1809 -5065
Row 3 -10615 -11974
Row 3 Seismic -7686 -10915

Axial Compression is positive

Notes:
Excavation Stage 1: Preconstruction
Excavation Stage 2: Excavate Lift 1 - Install Row 1 Nails - includes 250 psf Surcharge
Excavation Stage 3: Excavate Lift 2 - Install Row 2 Nails - includes 250 psf Surcharge
Excavation Stage 4: Excavate Lift 3 - Install Row 3 Nails - includes 250 psf Surcharge
Excavation Stage 5: Psuedo-Static Seismic Stability Analysis with kh = 0.19 - (No Surcharge) Shear Strength Reduction (SSR) Factor of Safety = 1.39

Nail Design Forces: Static Seismic
Nail, Tmax (lb) -11974 -10915
Nail Head. To (lb): -10615 -7686

Excavation Stage 2 Excavation Stage 3 Excavation Stage 4 Excavation Stage 5
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Plate 9, Site 1 Nail Forces 

Axial Force 
Stage 2 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 3 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 4 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 9 Seismic Kh=0.19  

No. 9 - 75 ksi Threaded Bar Soil Nails (No Surcharge)
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Plate 11
Hacienda Road (Upper) Site 2 Finite Element Analyses Summary

No. 9 - 75 ksi Threaded Bar 
Soil Nails

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Nail Head Force, 
To (lb)

Max. Axial 
Force, Tmax (lb)

Row 1 -3808 -5822 -6274 -6613 -3435 -3946 -2994 -3629 -3329 -3807 468 -2497
Row 1 Seismic -587 -4886
Row 2 -4161 -4959 -2163 -3946 -1603 -3335 -1223 -2762 -2714 -3307
Row 2 Seismic -716 -2430
Row 3 -5578 -5578 -4790 -5348 -4510 -5257 -5213 -5697
Row 3 Seismic -1054 -2689
Row 4 -6580 -6823 -5950 -6086 -7315 -7567
Row 4 Seismic -1202 -4117
Row 5 -10060 -10345 -15168 -15183
Row 5 Seismic -10341 -13133
Axial Compression is positive

Notes:
Excavation Stage 1: Preconstruction
Excavation Stage 2: Excavate Lift 1 - Install Row 1 Nails - includes 250 psf Surcharge
Excavation Stage 3: Excavate Lift 2 - Install Row 2 Nails - includes 250 psf Surcharge
Excavation Stage 4: Excavate Lift 3 - Install Row 3 Nails - includes 250 psf Surcharge
Excavation Stage 5: Excavate Lift 4 - Install Row 4 Nails - includes 250 psf Surcharge
Excavation Stage 6: Excavate Lift 5 - Install Row 5 Nails - includes 250 psf Surcharge
Excavation Stage 7: Install Micropiles
Excavation Stage 8: Rotational failure of Foreslope - includes 250 psf Surcharge
Excavation Stage 9: Psuedo-Static Seismic Stability Analysis with kh = 0.19 - (No Surcharge) Shear Strength Reduction (SSR) Factor of Safety = 1.07

Nail Design Forces: Static Seismic
Nail, Tmax (lb) -15183 -13133
Nail Head. To (lb): -15168 -10341

Micropiles -                         
Design Axial Forces

Vertical w/ 250 
psf Surcharge

Vertical w/ No 
Surcharge 

(k=0.19)
Battered w/ 250 
psf Surcharge

Battered w/ No 
Surcharge 

(k=0.19)
Tmax (lb) 4099 3040 -264 474
Tmin (lb) 383 485 1197 -1717

Excavation Stage 8Excavation Stage 6Excavation Stage 2 Excavation Stage 3 Excavation Stage 4 Excavation Stage 5
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PLATE 12, Site 2, Nail and Micropile Force Summary 
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Axial Force 
Stage 4 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 5 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 6 - No. 9 - 75 ksi Threaded Bar Soil Nails

with 250 psf Surcharge
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Axial Force 
Stage 8 - No. 9 - 75 ksi Threaded Bar Soil Nails 

with 250 psf Surcharge
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PLATE 12, Site 2, Nail and Micropile Force Summary 
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Appendix A 
Hacienda Road (Upper) 
TGR Geotechnical, Inc. 

Boring Logs 
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Appendix B 
Hacienda Road (Lower) 
TGR Geotechnical, Inc. 

Boring Logs 
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Appendix C 
Laboratory Test Results 
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Direct Shear Test Summary - Hacienda (Upper)
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Appendix D 
Hacienda Road (Upper) Site 1 

Design Calculations 





Basic Hazard Curve
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Appendix E 
Hacienda Road (Upper) Site 2 

Design Calculations 
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