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Of the 21 damage sites, a total of four sites were selected for geotechnical design.  These sites 
are located at Station 200+40 in the South Unit and Stations 374+50, 500+00, and 600+00 in the 
North Unit.  The remainder of this memo discusses the geology, seismic design parameters, 
investigation, analysis, and recommendations of these four damage sites.  Photos of the four 
damage locations selected for geotechnical design can be found in Appendix A.  
    
 

Table 2:- ND ERFO 10(2) Repair Sites 
 
 

Location Failure Mechanism Park Unit Station (ft) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

South 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

93+75 

Embankment failure consistent with shallow rotational failures was observed in a 
two-sided embankment.  The pavement is in good condition with no major 
cracking and no evidence of seeps were observed in the embankment.  The failure 
is likely due to saturation of the embankment from surface water infiltration. 

103+00 

Pavement distress such as rutting and cracking were observed, as well as crack 
sealing from previous maintenance operations.  The embankment below the road 
in this area did not show obvious signs of distress.  Pavement distress is likely 
due to soft, saturated subgrade. 

173+00 
A cut slope failure that encroached into the travel way was observed in this area.  
The toe of the debris was removed to the face of curb by the park.  The remaining 
debris is unstable. 

200+40* Embankment failure consistent with shallow rotational failures was observed in 
the shoulder of the roadway and bank below the road.   

444+00 

A cut slope failure that encroached into the travel way was observed in this area.  
The toe of the debris was removed and the ditch was reestablished by the park.  
The drop inlet and culvert in this are half full of sediment.  Embankment 
failure/erosion exposing the southern end of the bin wall was observed.  No 
notable distress was observed in the bin wall and the pavement is in good 
condition at this location.  The embankment failure/erosion is likely due to the 
flooding of the adjacent Paddock Creek. 

1150+33 
Sporadic cut slope failures encroached into the travel way in this area.  Ditch 
cleaning and regrading behind the curb is recommended in this area to remove 
debris. 

1235+22 

Cracks and depressions in the asphalt consistent with rotational failures formed in 
the outboard lane of the roadway for a distance of approximately 75 feet in 
length. Tension cracks were observed in the embankment below the road.  The 
park has placed a blade patch that continues to show distress with reflective 
cracks. 

1242+46 

A pavement depression formed and a blade patch was placed by the park staff 
that appears to be performing satisfactorily.  Large voids were observed behind 
the curb of the inboard lane, and the embankment below the road shows signs of 
seeps.  A geophysical investigation should be performed to determine extent and 
size of voids below the roadway.  Voids can be backfilled with flow-fill concrete. 

1249+07 

Cracks and depressions in the asphalt consistent with rotational failures formed in 
the outboard lane of the roadway for a length of approximately 105 feet.  The 
embankment below the road in this area did not show obvious signs of distress.  
The park has placed a blade patch that appears to be performing satisfactorily. 

1297+23 

A pavement depression formed and a blade patch was placed by the park staff 
that appears to be performing satisfactorily.  Evidence of ponded water in the 
existing ditch was observed and the embankment below the road shows signs of 
seeps.  The ditch and natural basin adjacent to the roadway should be graded to 
drain, thus reducing the moisture content of subgrade soils during periods of high 
precipitation. 
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Location Failure Mechanism Park Unit Station (ft) 

 
 
 

 
 
 
 
 
 
 

 
 
 

South 
 

 

1307+42 

Cracks and depressions in the asphalt consistent with rotational failures formed in 
the outboard lane of the roadway for a length of approximately 25 feet.  Tension 
cracks were observed in the embankment below the road.  The park has placed a 
blade patch that continues to show distress with reflective cracks. 

Buck Hill 

Embankment failure consistent with shallow rotational failures was observed 
approximately 4 feet in front of the guardrail and within the bank below the road.  
Seeps were not observed in the embankment failure; however, embankment 
materials showed evidence of saturation.  The immediate failure was estimated at 
20 feet in height; debris from this failure flowed over an existing, much larger 
head scarp that descends at approximately 50 degrees for another 30 feet in 
height.   The failure occurred in embankment fill and soft grey clay containing 
lignite seams that has a slope angle of approximately 38 degrees. 

 
In addition to the immediate embankment failure, tension cracks were observed 
above the much larger, existing head scarp.  This head scarp is estimated at 225 
feet in length, containing the immediate failure, and is approximately 60 feet in 
height below the road to a natural bench that is approximately 40 feet in width.  
Tension cracks were observed between the roadway and natural head scarp 
adjacent to the embankment failure to the north.  The tension cracks are 
encroaching on the roadway and indicate significant movement and slope 
instability. 

141+75 

Longitudinal en echelon cracks and depression of the pavement developed in both 
lanes.  Pavement was removed and replaced with aggregate to maintain traffic.  
This area recently received new pavement enhancements.  The ditch and 
embankment did not show signs of distress and appeared to be in good working 
order.  The source of increased moisture was not obvious but is assumed to be 
from water infiltrating the cut side ditch. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

North 
 
 
 
 
 
 
 
 
 
 
 
 

374+50* 
Embankment failure and damage to a stone culvert headwall was observed.  The 
embankment failure is likely due to undercutting of the slope from flooding of the 
adjacent creek. 

378+00 

Embankment failure consistent with shallow rotational failures was observed in 
the shoulder of the roadway and bank below the road.  Surface water channels 
were observed in the shoulder above the failure.  The failure was estimated at 16 
feet in height, contains mature vegetation, and occurred in soft grey clay.  The 
remaining embankment is estimated at 34 degrees and the bottom of the failure is 
consistent with a bench in the slope.   Embankment failure at this location is 
likely caused by surface water flow from the roadway.  To reduce the discharge 
of surface water at this location, it is recommended to install a V-ditch at the end 
of curb at station 379+00.  

380+00 to 
385+00 

Upheaval and collapse of the existing roadway was observed for a distance of 
approximately 350 feet in both lanes.  The upheaval is primarily the first 30 feet 
of the damaged roadway and  is likely the result of heaving bedrock.  Heaving 
bedrock occurs when the moisture content of an expansive bedrock unit changes.  
The source of increased moisture was not obvious but is assumed to be from 
water infiltrating the cut side ditch.  Mitigation is typically removal of expansive 
bedrock above seasonal moisture change zones and replacement with non-
expansive material.  Identification of heaving bedrock limits is performed by 
trenching, possibly at time of repair, by a trained Geologist.   

500+00* Embankment failure consistent with rotational failures was observed in the 
shoulder of the roadway and bank below the road. 

600+00* Sever embankment failure and loss of road width was observed. 

605+00 

Cracks and depressions in the asphalt, up to 18 inches, consistent with rotational 
failures formed across both lane of the roadway for a distance of approximately 
105 feet in length. The heavily vegetated embankment below the road in this area 
did not show obvious signs of distress. 
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Location Failure Mechanism Park Unit Station (ft) 

 
 
 
 
 

North 700+00 

Cracks and depressions in the asphalt consistent with rotational failures were 
observed across both lanes of the roadway. This area recently received new 
pavement improvements. These cracks appear to be increasing in number, length, 
aperture, and offset with respect to crack sealing reported to have taken place the 
previous spring.  These cracks are located above the steepest part of the 
embankment below the roadway and encompass an area of approximately 50 feet 
in length.  

 
The pavement distress occurred at a recently constructed RSS embankment repair 
site.  The cracks are likely due to creep of embankment materials due to increased 
moisture content.  A catastrophic embankment failure is unlikely without warning 
signs due to previous installation of geosynthetics in the embankment. 

* Damage Sites Selected for Geotechnical Design 
 
 
REGIONAL GEOLOGY  

The roadways within the North and South Units lie primarily within the Sentinel Butte geologic 
formation.  This formation generally consists of gray to brown colored, poorly lithified 
claystones, mudstones, and siltstones with subordinate amounts of fine-grained sandstones and 
lignite.  A gray sandstone layer, that may attain a thickness of 100 feet, is present at the base of 
the Sentinel Butte Formation. The Sentinel Butte Formation can be over 600 feet thick in the 
project sites.  A widespread ash/bentonite clay deposit called Sentinel Butte ash, at times 25 feet 
thick, occurs within the Sentinel Butte Formation. Also, the Sentinel Butte Formation generally 
forms fairly steep weathering slopes.   

Several areas within the park have experienced fill failures, fill settlement, and/or severe erosion 
problems.  The cause of the problems is attributed to dispersive clays.  Dispersive soils are fine-
grained with a high content of pore-water sodium.  The individual clay particles go into 
suspension in slow moving water (colloidal erosion) and form deep gullies and tunnels.  This 
phenomenon can be seen throughout the park.  Many deep gullies have formed at the outlet of 
culverts and rundowns.  Sinkholes have also formed where pipe sections have separated or 
corrosion has deteriorated culvert sections. 
 
 
SEISMIC DESIGN PARAMETERS 
 
Recommended seismic response parameters for the damaged sites design are based on the 
(AASHTO) LRFD Bridge Design Specifications, 5th edition, 2010, and represents horizontal 
peak ground acceleration (PGA) with 7 percent probability of exceedance in 75 years 
(approximate 1000-year return period). The 1000-year return period uniform hazard spectrum for 
the South Unit damage site at Station 200+40 located at 46.93794º N latitude and -103.53266º W 
longitudinal and the North Unit damage site at Station 600+00  located at 47.61097º N latitude 
and -103.37542º W longitudinal was obtained in accordance with the AASHTO ground motion 
maps for the probabilistic horizontal acceleration values corresponding to specific peak ground 
acceleration (PGA) and the spectral coefficients, namely the short- and long- period ground 
acceleration (Ss and S1 respectively) and corrected for the soil profile at the damage sites. 
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Based on the subsurface profile at the damage sites, the average time-weighted shear wave 
velocity for the top 100 feet (VS100) of subsurface materials was estimated to be less than 600 feet 
per second.  Therefore, the site soils are classified as Class E according to the site class 
definitions specified in Table 3.10.3.1-1 of AASHTO.   
 
A seismic hazard analysis to establish ground motions for seismic design was conducted. The 
recommended spectral acceleration coefficient values for probabilistic design with a return 
period of 1000 years were calculated using the program provided with the AASHTO LRFD 
Bridge Design Specifications Manual developed by the USGS (2008) entitled “Seismic Design 
Parameters”, version 2.10 and are summarized in Table 3, Summary of Seismic Parameters 
Corrected for Class E Soils. 
 

TABLE 3:- Summary of Seismic Parameters Corrected for Class E Soil 
 

Seismic Design Parameter 
South Unit 

Station 
200+40  

North Unit 
Station 
600+00 

Peak Seismic Ground Acceleration Coefficient, (As)  0.047g 0.055g 
Horizontal Response Spectral Acceleration at Period of 0.2 sec, (SDs) 0.115g 0.129g 
Horizontal Response Spectral Acceleration at Period of 1.0 sec, (SD1) 0.059g 0.055g 

Site Factor at Zero-Period of Acceleration Spectrum, (Fpga) 2.50 2.50 
Site Factor at Short-Period Range of Acceleration Spectrum, (Fa) 2.50 2.50 
Site Factor at Long-Period Range of Acceleration Spectrum, (Fv) 3.50 3.50 

 
 
Based on the long acceleration coefficient SD1 values of 0.059g and 0.055g for the South and 
North Units, respectively, the damage sites are assigned to seismic hazard Zone 1 according to 
Table 3.10.6-1 in AASHTO.  While the soil class, seismic parameters and hazard zone was 
developed for Station 600+00 in the North Unit, these values are appropriate for design of the 
other damage sites in the North Unit.  
 
  
INVESTIGATION 
 
The geotechnical investigation consisted of an office study, visual site investigations, and 
laboratory testing of exposed samples collected during the visual site investigations.  No 
comprehensive subsurface investigation program was conducted.   
 
Office Study: 
 
The office study consisted of review of historical roadway work and geology publications.  
Historic geotechnical reports prepared by Central Federal Lands Highway Division(CFLHD) 
geotechnical staff were reviewed for consistency with observations made during the visual site 
investigation.  Boring logs and laboratory testing data presented in a March 2002 report at the 
reoccurring slide at Site 600+00 were used in the analysis and are contained in Appendix B. 
Historic geological reports reviewed are as follows: 
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• CFLHD, 2002, “Memoradum, ND PRA-THRO10(2), Recommendations for 

Embankment Reconstruction, Theodore Rooselvelt National memorial Park,” dated 
March 26, 2002. 

• CFLHD, 2008, “Final Geotechnical Design Report, ND PRA THRO 10(3) & 10(4), 
Theodore Rooselvelt National Park – North Unit,” dated January, 2008. 

• CFLHD, 2010, “Inspection Report, Theodore Roosevelt National Park, North Unit, North 
Dakota,” dated June 1, 2010. 

 
In general, subsurface materials described in the above reports are consistent with the Sentinel 
Butte Formation.  These materials consist of thin interbeded layers of yellow brown to brown to 
grey, moist, medium stiff to stiff, clays and silts with occasional sand and lignite layers. 
Groundwater is anticipated to be relatively shallow and slow moving due to the low permeability 
of the clayey soils encountered during and/or after drilling at select boring locations.  Perched 
groundwater conditions should be anticipated close to the ground surface during seasonal 
snowmelt and heavy rain events.     

 
Visual Site Investigation: 
 
CFLHD geotechnical staff conducted a site visit on May 25, 2011 to observe reported damage 
sites (9 total).  In October 2011, the CFLHD geotechnical staff participated in a cross-functional 
scoping review of the damage sites including the nine sites previously observed and twelve new 
sites.  Observations, conclusions, and recommendations from these site visits are contained in the 
following reports: 
 

• CFLHD, 2011, “Site Visit Report, Pavement Distress and Embankment Failures, North 
Unit Scenic Drive – MP 0 to MP 7.7, South Unit Loop Drive – MP0 to MP 17.0, Buck 
Hill Road – MP 0.5,” dated July 14, 2011. 

• CFLHD, 2011, “ Inspection Report, ND ERFO 10(1), Theodore Roosevelt National Park 
Scoping,” dated November 28,2011. 

 
Relevant findings for the geotechnical design of the four selected damage sites by approximate 
station are as follows:  Additional photos of the damage locations can be found in Appendix A.  
 
South Unit 
 

• 200+40 (Skyline Vista)  -  Embankment failure consistent with shallow rotational failures 
was observed in the shoulder of the roadway and bank below the road.  Evidence of seeps 
were observed in the embankment failure approximately 6.5 to 12 feet below the 
roadway.   Sediment carried by surface water flow was observed on both sides of the curb 
above the failure area.  The failure was estimated at 45 feet in height and 75 feet wide 
and occurred in embankment fill and soft, mottled clay.  The remaining embankment is 
estimated at 34 to 36 degrees.  The pavement is in good condition with no major 
cracking.  Asphalt curb above the failure is in poor condition and a rundown was 
damaged in the slide.  
 
The pavement section exposed in the slide scarp consisted of approximately 3 inches of 
asphalt, 4 inches of road base and 12 inches of red baked clay scoria.  The pavement 
section overlays a grey, clayey sand fill to a depth of 8 to 12 feet below the road surface.  
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Sample 1 was collected at a depth of 11 feet below the road surface in the slide scarp.  
Pocket penetrometer and field vane shear tests were conducted in this material with 
approximate values of 1.5 ton/ft2.  The remaining exposed embankment material below 
the clayey sand consisted of lean to fat mottled clay with pocket penetrometer and field 
vane shear results of 1.0 to 1.5 ton/ft2, and 4 to 6 ton/ft2, respectively.  Samples 2 and 3 
were collected in this material at depths of 13 and 18 feet, respectively.   
 
The slide plane appeared to be approximately 2 to 3 feet in depth and parallel to the 
embankment slope.  Material in this zone was observed to be highly plastic when 
overlaying the mottled clay and likely corresponds to the depth of seasonal variation.  
Sample 4 was collected in the slide plane material.  Laboratory test results of samples 
collected are shown in Table 3, Summary of Classification Index Tests for Use in Design.   
 

North Unit 
 
The damage areas from Station 374+50 through 700+00 occur within the Cedar Canyon area 
where the roadway gains considerable elevation.  As the roadway gains elevation it crosses 
several distinct clay layers, including a dark gray, bentonitic, expansive clay layer.  Roadway 
distress in this area ranges from dips and heaving pavement to large slope failures.   
 

• Site 374+50  -  Embankment failure and damage to a stone culvert headwall was 
observed.  The embankment failure is likely due to undercutting of the slope from 
flooding of the adjacent creek. Seeps were observed in the embankment failure 
approximately 5 feet above the creek bed where a silty clay layer overlies a clayey sand 
layer. The failure was estimated at 20 feet in height and approximately 30 feet long.  One 
sample was collected in the silty clay exposed in the slide scarp at a depth of 
approximately 14 feet below the road surface.   
 

• Site 500+00  -  Embankment failure consistent with rotational failures was observed in 
the shoulder of the roadway and bank below the road.  The heavily forested failure area 
was extensive with a headscarp exceeding 8 feet in height and extending  to the bottom 
of the adjacent drainage.  The width of the failure is estimated at 150 feet wide and 
occurred in primarily natural slopes.  The failure is likely due to a combination of 
groundwater and surface water infiltration. 
 

• Site 600+00  -  This site contains two failures, one from station 600+00 to 603+00 
designated as Site 601+00 and another from Stations 603+40 to 604+40 designated as 
Site 603+80. 
      

o Site 601+00 - Severe embankment failure, loss of road width, and tension cracks 
with offset were observed.  The failure was estimated at 32 feet in height and 
occurred in embankment fill and soft gray clay.  The embankment ranges from 34 
to 38 degrees. This area experienced embankment failures in 2002 and 2009.  The 
Embankment failure is likely due to a combination of seeps from groundwater 
and surface water infiltration. 

 
The 2002 slide occurred from approximate Station 600+90 to Station 601+30.  
Survey, boring logs, and laboratory testing from the 2002 slide geotechnical 
investigation are presented in Appendix B.  The embankment was repaired with 
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granular import material.  A sample of the imported embankment material was 
collected at approximately Station 601+00 in the slide scarp at a depth of 
approximately 4 feet below the road surface.   Laboratory test results of samples 
collected during this investigation and the 2002 investigation are shown in Table 
3, Summary of Classification Index Tests for Use in Design. 
 
The 2009 slide occurred from approximate station 600+40 to 600+90.  
Embankment drains were installed and the embankment was repaired with local 
clayey soils.   Water was observed flowing from embankment drains and seeps 
were observed in the embankment failure location.        

  
o Site 604+40 - Embankment failure consistent with shallow rotational failures less 

than 5 feet in depth was observed in the shoulder of the roadway and bank below 
the road.  Seeps were observed in the embankment failure within 9 feet of the 
road surface.  The meadow above the roadway contains standing water in the 
spring and after rain events.  The failure was estimated at 24 feet in height and 
occurred in embankment fill and soft gray clay.  The remaining embankment is 
estimated at 34 degrees.  The pavement is in good condition with no major 
cracking.  Asphalt curb above the failure is damaged from snow plows. 
 
The embankment fill exposed in the slide scarp appears to be soft grey clay.  
Samples 1 and 2 was collected at depths of 7 and 15 feet, respectively, at 
approximate Station 604+00.  Pocket penetrometer and field vane shear test 
results were 0.15 to 0.2 ton/ft2, and 1.5 ton/ft2, respectively, within 9 feet of the 
road surface and are considered to represent the saturated condition. Pocket 
penetrometer and field vane shear tests conducted between depths of 9 feet and 20 
feet below the road surface resulted in 0.05 to 1.0 ton/ft2, and 2.5 ton/ft2, 
respectively, representing the moist condition.  Laboratory test results of samples 
collected are shown in Table 3, Summary of Classification Index Tests for Use in 
Design.   

 
 
Laboratory Testing: 
 
In addition to laboratory test results from the CFLHD (March 2002) report,(1

 

) testing was 
conducted on select soil samples obtained during the visual investigation to determine material 
properties for use in design.  Relevant soil classification index tests from the March 2002 report 
and from supplemental testing of samples collected during the visual investigation are shown in 
Table 4, Summary of Classification Index Tests for Use in Design, and in Appendix B and C, 
respectively.  Soil samples were tested for moisture in accordance with AASHTO T 255, 
gradation and classification in accordance with ASTM D 2487 and AASHTO M 145, and 
Atterberg limits in accordance with AASHTO T 89 and T 90. 

 
 
 
                                                 

(1) CFLHD, 2002, “Memoradum, ND PRA-THRO10(2), Recommendations for Embankment Reconstruction, Theodore Rooselvelt 
National memorial Park,” dated March 26, 2002. 

 



 9 
Table 4:- Summary of Soil Classification Index Tests for Use in Design 

 
Location Field 

Sample 
Number 

Sample 
Depth 

Percent 
Moisture 

(%) 

Percent 
Passing 

200 
LL PI USCS AAASHTO 

Unit Damage 
Location 

Approximate 
Sample 

Location(1) 

South 
Unit 

 

200+40, 
Skyline 
Vista 

 

201+50 

1 Exposed  
Surface 26.9 40 33 16 SC A-6 (2) 

2 Exposed  
Surface 25.5 83 37 21 CL A-6 (16) 

3 Exposed  
Surface 26.4 83 50 31 CH A-7-6 (26) 

4 Exposed  
Surface 36.7 81 88 67 CH A-7-6 (57) 

North 
Unit 

 

374+50 375+00 1 Exposed  
Surface 28.5 65 24 5 CL-

ML A-4(1) 

600+00 

601+00 
Original 

Slide, 2002 
 

Upper 
Slide, 
HA-1 

0.30 m NV 91.2 49.9 30.7 CL A-7-6 

0.9 m 36.6 NV NV NV NV NV 

1.5 m NV 96.7 86.2 68.4 CH A-7-6 

2.1 m NV 98.2 86.8 69.2 CH A-7-6 
Lower 
Slide, 
HA-2 

3.0 m 30.7 98.8 75.5 51.7 CH A-7-6 

Existing 
Cut 

Slope 
HA-3 

Exposed  
Surface NV 99.38 54.6 38.7 CH A-7-6 

601+00, 2002 
Slide Backfill 1 Exposed  

Surface 7.7 18 19 5 SC-
SM A-1-b (0) 

604+00 
1 Exposed  

Surface 42.4 93 51 31 CH A-7-6 (31) 

2 Exposed  
Surface 34.6 94 50 31 CH A-7-6 (31) 

 Notes:   (1) See Visual Site Investigation Section for Sample Location Description 
(2) NV = No Value 

 
 
A compaction test was conducted on the HA-3 sample collected in the existing road cut during 
the 2002 investigation at approximate station 601+00 to determine optimum moisture and 
maximum dry density.  The USCS classification for this material is a CH and the AASHTO 
classification is an A-7-6 material as shown above.  This material is typical of sub-soils 
encountered on the site.  Due to the fine grained nature of the soil sample, the Standard Proctor 
test, in accordance with ASTM D 698 A, was conducted.  This test consists of a 5.5 pound 
hammer falling 12 inches, with 25 blows on each of three lifts in a 4 inch mould, for a 
compactive effort of about 12,400 ft-lbf/ft³.  Results are presented in Table 5, Compaction Test 
Results. 
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Table 5:- Compaction Test Results 

     
Location 

Station Sample 
Depth 

Class. 
(AASHTO) 

(USCS) 

Maximu
m Dry 
Density 

(psf) 

Optimum 
Moisture 
Content 

(%) 
Unit Damage 

Location 

Approx. 
Sample 

Location(1) 

North Unit 600+00 
601+00 
Original 

Slide, 2002 

Existing 
Cut Slope 

HA-3 

Exposed  
Surface 

A-2-6 
CH 102.4 20.4 

  Notes:   (1) See Visual Site Investigation Section for Sample Location Description 
 
A Triaxial Stress Test was also conducted, in accordance with ASTM D 4767, on the HA-3 
sample collected in the existing road cut during the 2002 investigation at approximate station 
601+00 to determine the relationship between of shear strength to consolidation stress.   The 
disturbed sample was remolded into three cylinders and subjected to a consolidated-undrained 
(CU) test with three constant confining pressures of  418 psf, 835 psf, and 1670 psf and 
increasing axial stress until 20% strain.  Results of the test are presented in Appendix B  
 
Analytical tests were conducted on a blended sample of samples 1 through 3 collected at the 
South Unit 200+40 damage site to determine if soils may have detrimental effects on concrete 
and buried metals.  The minimum resistivity result, in accordance with AASHTO T 288, was 
1,000 ohm-cm.  The pH result, in accordance with AASHTO T 289, was 6.9. Tests for sulfate 
and chloride content were performed because the resistivity result was less than 5000 ohm-
centimeters. The sulfate content, according to AASHTO T 290, was 0.472%/ 4720 ppm, and the 
chloride content; according to AASHTO T 291, was 0.0008%/ 8 ppm.   
 
The electrical resistivity measurement value is within the range of 500 to 3,000 ohm-centimeters 
indicating that corrosive restrictions are necessary for the proposed type of pipe culverts used on 
the project.  Pipe culverts types should be limited to Type II aluminized steel, aluminum alloy, 
polymer coated, reinforced concrete, and plastic.      
 
The concentration of water soluble sulfates represents a severe degree of sulfate attack on 
concrete exposed to these materials.  The degree of attack is based on a range of negligible, 
moderate, severe, and very severe as presented in the American Concrete Institute (ACI, 2010) 

Building Code Requirements for Structural Concrete.  Based on this information, Type V special 
sulfate resistant cement will be required for concrete exposed to the on-site soils.  Geochemical 
tests were not conducted in the North Unit; however, a similar degree of soil aggressiveness is 
anticipated.   
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ANALYSIS 
 
Reinforced soil slopes (RSS) were evaluated as potential repair solutions for the damage sites at 
Station 200+40 in the South Unit and Stations 374+50, 500+00, and 600+00 in the North Unit.  
The potential for retreating the roadway alignment into the cut slopes is not considered feasible 
because of existing horizontal alignment and curvature at the sites.  Traditional embankment 
reconstruction methods are not considered feasible at these sites because of the environmental 
impacts and quantity of material required to construct the embankment at stable slope ratios.  
The reinforced slopes will provide sufficient strength to the embankments to slow or even stop 
continued movement at the sites. 
       
Analysis of the reinforced slopes was performed using RESSA, a two dimensional, limit 
equilibrium computer program from ADAMA Engineering.  The Simplified Bishop method of 
slices was used with isotropic soil parameters.  The analysis evaluated global stability in 
accordance with AASHTO “LRFD Bridge Design Specifications” (5th edition), and FHWA 
Publication NHI-10-024 and NHI-10-025, Volumes 1 and 2, respectively, entitled “Design and 
Construction of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes” dated 
November 2009.  Sliding, bearing resistance and settlement were not calculated as damage site 
repairs do not change significantly from the existing geometry and were not the mode of failure.      
 
Proposed RSS repair options were evaluated based on the existing site conditions and available 
subsurface information.  Cross sections were evaluated where the slope height was at its 
maximum and/or where the slope in front of damage site was the steepest.  A traffic surcharge of 
250 psf was modeled in the analyses.  For the purpose of the analysis, the foundation and 
retained native material was assumed to be fat Clay (CH) soils and the embankment materials to 
meet the unclassified borrow (FP-03 704.06) specification.  Estimated material properties for 
native soil consistent with the Triaxial Stress Test Data and reinforced zone backfill are shown in 
Table 6, Estimated Material Properties for Design. 
 

Table 6:- Estimated Material Properties for Design 
 

 
 
 
 
 
 
 
 

On-site clayey soil is highly plastic and exhibits significant cohesion; however, the friction angle 
is estimated to be relatively low.  Because of the characteristics of the clay, the material shows 
significant strength when dry, but becomes unstable and susceptible to shear failure when wet.  
This material is likely to creep even at optimum moisture. 
 
Groundwater levels were not determined from the visual site investigation; however, evidence of 
springs and seeps were observed in the embankment failures and in cut slopes above the road 
indicating that perched groundwater conditions exist.  A water table at the base of the wall was 
included in the analyses as fully saturated slopes would yield an extremely costly design.  
Perched groundwater that enters the reinforced zone is anticipated to migrate horizontally to the 

Description 
Total Unit 

Weight,  
γ pcf. 

Friction 
Angle,  
φ (deg) 

Cohesion 
Intercept,  

c psf 

Native Clay Soil  
(CH/A-7-6) 115 14 480 

Unclassified 
Borrow 125 30 0 
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free face of the RSS as the permeability of backfill material is significantly greater in the 
horizontal direction than the vertical direction.  To mitigate free water at the embankment 
surface, geosynthetic spacing at the slope face was designed to not exceed 1 foot.  In addition, 
extensive erosion control measures are included in the recommendation section of the memo.  
 
Analyses were performed for each site to determine embedment length, spacing, and tensile 
strength required of the primary geogrid reinforcement for a desired minimum static factor of 
safety of 1.30 and a seismic factor of safety of 1.1.  However, a static factor of safety greater 
than 1.2 is considered acceptable considering the low traffic volumes at this site.  Recommended 
designs are included in the recommendations section.  Factors of safety of recommended designs 
are shown in Table 7, Summary of Stability Analysis. Static design calculations are available 
upon request as Appendix D. 
 

Table 7:- Summary of Stability Analysis 
     

Location 
Slope 

Height 
(ft) 

Cross Section Case Calculated 
F.S.(1) Unit Damage 

Location 

Critical 
Section 
Station 

South Unit 
200+40 
Skyline 
Vista 

201+50 37 
Static 1.26(2) 

Seismic (7% in 75) 1.20 

North Unit 

374+50 375+00 18 
Static 1.49 

Seismic (7% in 75) 1.42 

500+00 

501+00 12 
Static 1.33 

Seismic (7% in 75) 1.26 

501+50 9 
Static 1.30 

Seismic (7% in 75) 1.24 

600+00 

600+70 28 
Static 1.36 

Seismic (7% in 75) 1.29 

601+00  34 
Static 1.30 

Seismic (7% in 75) 1.23 

603+80 26 
Static 1.35 

Seismic (7% in 75) 1.28 
  Notes:   (1) F.S. = Factor of Safety 

  (2) Calculated FS is less than 1.3 but is considered acceptable for site conditions  
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RECOMMENDATIONS 
 
Recommendations for mitigation of the four damage sites selected for geotechnical design 
include removal of failed/creeping material, replacement with RSS using granular materials, and 
improved drainage.  Previous embankment mitigation techniques observed during the site visit 
(North Unit 600+00 and 700+00) have had limited success.  Recommended designs apply more 
conservative mitigation techniques, such as closer reinforcement spacing, improved backfill 
material, enhanced drainage components, and expanded embankment mitigation areas.   
 
RSS backfill should be unclassified borrow and meet the requirements of Subsection 704.06 of 
the FP-03.  Riprap protection below culvert outlets is recommended.  Based on laboratory testing 
results, on-site, native soils will generally not meet the requirements for unclassified borrow 
due to the high percent fines and high plasticity index.  Backfill from the 2002 slide repair 
classified as A-1-b, which meets the unclassified borrow specification.  This backfill can be 
salvaged provided that it is excavated free of deleterious material.   
 
RSS reinforcement should consist of primary and secondary reinforcement in accordance with 
SCR Section 714.03.  Primary reinforcement should consist of uniaxial geogrid with a minimum 
long term design strength (allowable tensile strength) of 2200 lbs/ft.  Secondary reinforcement 
should consist of biaxial geogrid with a minimum long term design strength of 900 lbs/ft.  The 
secondary reinforcement should be centered between the primary reinforcement with a 4 foot 
minimum geogrid embedment length.  Primary and secondary reinforcement should terminate at 
the slope face.  Primary reinforcement lengths, vertical spacing, and special construction 
requirements are discussed in the damage site specific recommendations below.  
 
It is acknowledged that successful drainage of groundwater contained in dispersive fat clays 
(CH) has limited success; however, drainage components should still be incorporated in 
mitigation measures to provide new embankments reasonable time to consolidate prior to an 
influx of groundwater.  Groundwater filter design was not conducted due to the lack of 
laboratory test data available of soil particles less than 0.075 mm.  Recommended filter 
geotextiles should consist of Type I- F for sheet drain geotextile and Type I - C for all other 
drainage applications, such as the underdrain system.   
 
For repair and reconstruction recommendations to function properly and remain stable, it is 
required that ditches and culvert inlets in the area of the failure sites be cleaned and 
reconditioned to prevent future roadway damage from large storm events.  Replacement culverts 
should be adequately sized to meet the hydraulic demands during storm events per 
recommendations from the CFLHD Hydraulics group.  Adequately sized curb and gutter should 
be maintained above failure areas.    
 
Erosion control for RSS should consist of an approved seed mix protected by an erosion control 
blanket.  The blanket should be anchored at the top and bottom of the slope with a continuous 
trench.  In addition, the blanket should be stapled to the slope in accordance with the 
manufacturers’ recommendations.  Utilize sediment log waddles and check dams wherever 
concentrated flow is anticipated. 
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Damage site specific recommendations are as follows: 
 
South Unit 
 

• Site 200+40 – Combination of a shear key and RSS with a height of approximately 37 
feet and a maximum slope of 1V:1.5H is recommended to mitigate the embankment 
failure.  Primary reinforcement should be placed at 2 foot maximum vertical spacing with 
a minimum design geogrid embedment length of 12 feet.    In addition, the plans should 
reflect that the top two lifts of primary reinforcement should extend to centerline of the 
roadway and to within 1 foot of the back of excavation when in excess of 12 feet.   
A shear key is recommended below the RSS between Stations 201+30 and 201+70.  The 
shear key should extend to a depth of 5 feet below the bottom of the RSS and have a 
minimum base width of 8 feet.  Shear key backfill should consist of mechanically placed 
special rock embankment in accordance with SCR Section 705.04.  Type IV - B 
geotextile separator fabric, in accordance with SCR Section 714.01, should completely 
enclose shear key backfill. 
 
Geocomposite sheet drains, in accordance with SCR Section 714.02, should be installed 
from 3 feet to 11 feet below the existing roadway and the bottom two embankment 
benches of the RSS.  Perforated drain pipe should be included at the bottom of the shear 
key.  Daylight collector pipes every 25 feet to limit large volumes of concentrated water 
from being released on the slope.  

 
North Unit 
 

• Site 374+50 – Combination of rock embankment and RSS with a total height of 
approximately 18 feet and a maximum slope of 1V:1.5H is recommended to mitigate the 
embankment failure.  Mechanically placed special rock embankment, in accordance with 
SCR Section 705.04, should constitute the bottom 6 feet of the slope and be embedded a 
minimum of 4 feet below the existing drainage channel with a minimum base width of 8 
feet.  Type IV - B geotextile separator fabric, in accordance with SCR Section 714.01, 
should be placed where the rock embankment is in contact with native soils or backfill. 
 
The RSS should be constructed above the rock embankment, approximately 12 feet in 
height, with a primary reinforcement minimum embedment length of 12 feet with a 2 foot 
maximum vertical spacing.  The top two lifts of primary reinforcement should extend to 
centerline of the roadway.  
   
Geocomposite sheet drains, in accordance with SCR Section 714.02, should be installed 
in the bottom two embankment benches of the RSS.  Daylight collector pipes every 25 
feet to limit large volumes of concentrated water from being released on the slope.        

 
• Site 500+00 – RSS with a height of approximately 12 feet and a maximum slope of 

1V:1.5H is recommended to mitigate the embankment failure.  Primary reinforcement 
should be placed at 2 foot maximum vertical spacing with a minimum geogrid 
embedment length of 10 feet.  When the total height of the RSS is less than 9 feet, the 
minimum primary reinforcement embedment length is 8 feet.  The top two lifts of 
primary reinforcement should extend to centerline of the roadway. 
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Geocomposite sheet drains, in accordance with SCR Section 714.02, should be 
installed in the bottom two embankment benches of the RSS.  Daylight collector pipes 
every 25 feet to limit large volumes of concentrated water from being released on the 
slope. 
 

• Site 600+00 – This site contains two failures requiring different RSS recommendations.  
Recommendations for Site 601+00 should be followed from Stations 600+00 to 603+00 
and recommendations for Site 603+80 should be followed from Stations 603+40 to 
604+40.      

 
o Site 601+00 – RSS with a maximum height of 34 feet and a maximum slope of 

1V:1.5H is recommended to mitigate the embankment failure.  Primary 
reinforcement should be placed at 2 foot maximum vertical spacing with a 
minimum geogrid embedment length ratio of 0.7 times the height of the slope 
(0.7H). When the total height of the RSS is less than 11 feet, the minimum 
primary reinforcement embedment length is 8 feet.  The top two lifts of primary 
reinforcement should extend the entire width of the roadway to the white line of 
the inside lane. 

   
Standard Underdrain should be installed to a depth of 5 feet below the excavation 
of the top two lifts of reinforcement for a total depth of about 9 feet below the 
white line of the inside lane.   Geocomposite sheet drains, in accordance with 
SCR Section 714.02, should be installed in each embankment bench of the RSS.  
Daylight collector pipes every 25 feet to limit large volumes of concentrated 
water from being released on the slope. 
 

o Site 603+80 – RSS with a height of approximately 26 feet and a maximum slope 
of 1V:1.5H is recommended to mitigate the embankment failure.  Primary 
reinforcement should be placed at 2 foot maximum vertical spacing with a 
minimum geogrid embedment length of 8 feet.  The top two lifts of primary 
reinforcement should extend to centerline of the roadway. 

 
Regrade the ditch of the inside lane to reduce ponding of water in the meadow 
above the roadway.  Geocomposite sheet drains, in accordance with SCR Section 
714.02, should be installed 3 feet to 7 feet below the existing roadway and the 
bottom two embankment benches of the RSS.  Daylight collector pipes every 25 
feet to limit large volumes of concentrated water from being released on the slope. 

 
 
CONSTRUCTION CONSIDERATIONS 

Specifications: 
 
Special provisions were developed to be consistent with geotechnical recommendations stated 
above and should be incorporated into the special contract requirements (SCR) to amend the 
FHWA Standard Specification for Construction of Roads and Bridges on Federal Highway 
Projects; known as FP-03.  SCR sections provided are Section 207 – Earthwork Geosynthetics,  
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Figure 1: South Unit 240+00 (Skyline Vista) Damage Site 
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Figure 2: North Unit 374+50 Damage Site 



 

 
 

Figure 3: North Unit 500+00 Damage Site



 
 

Figure 4: North Unit 600+00 Damage Site at Approximate Station 601+00 
 



 

 
 

Figure 5: North Unit 600+00 Damage Site at Approximate Station 603+80 
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