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March 30, 2015 
 
 
E-Mail 
Michael.kaiser@progressivewaste.com  
 
 
Mike Kaiser 
Omni Waste of Osceola County, LLC 
1501 Omni Way 
St. Cloud, FL 34773 
 
RE: Geosynthetic Clay Liner (GCL) Internal Shear Strength Testing Results 
 J.E.D. Solid Waste Management Facility – Class I  



WACS ID # 89544, Osceola County 
 
Dear Mr. Kaiser, 
 
On March 17, 2015, the Department received a forwarded draft letter of opinion from Craig 
Browne of Geosyntec discussing the results of recent conformance testing on the GCL provided 
for the Cell 11 project.  The letter described the testing results of the GCL which revealed the 
material did not meet the specified residual Shear strength per project specifications.  The 
material did however have sufficient strength to maintain stability.  On March 18, 2015, Craig 
Browne provided additional information regarding the product from the manufacturer, CETCO 
Environmental Products Group.  This information further justified the reduced residual shear 
strength was adequate to maintain stability.  On March 27, 2015, following discussions with 
Department Staff Craig Browne, provided a final signed and sealed memo regarding the internal 
shear strength of the material. 
 
 
In accordance with Rule 62-701.400(2), F.A.C., designs to prevent failures of side slopes, and 
designs to prevent deep-seated failures through the waste, along liner systems, and through 
foundation soils, shall achieve a minimum factor of safety of 1.5 using peak strength values.  
Based upon review of the memo provided by Craig Browne of Geosyntec the material conforms 
to Rule 62-701.400(2), F.A.C. Therefore the Department concurs the material is suitable for use 
in the construction of Cell 11. 
 
 
Please include a copy of this Department approval along with the March 27, 2015 signed and 
sealed memo within the final Certification of Construction Completion package. 
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If you have any questions, feel free to contact Cory Dilmore by phone at (850)-245-8712, or by 
email at cory.dilmore@dep.state.fl.us . 
 
Sincerely, 
 
 



 
Cory Dewayne Dilmore P.E., PE III 
Permitting and Compliance Assistance Program 
 
Enclosure – March 27, 2015 signed and sealed memo from Craig Browne of Geosyntec 
 
 
Cc: 
 
Craig Browne, P.E., Geosyntec Consultants, Inc., cbrowne@geosyntec.com  
Kim Rush, P.E., Program Administrator, DEP Central District, Kim.Rush@dep.state.fl.us 
F. Thomas Lubozynski, P.E., DEP Central District, Tom.Lubozynski@dep.state.fl.us 
El Kromhout, P.G., DEP PCAP – SWPP, elizabeth.kromhout@dep.state.fl.us 
Richard Tedder, P.E., Environmental Administrator, DEP PCAP – SWPP, richard.tedder@dep.state.fl.us 
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displacement (3-inch displacement) shearing resistance is to be reported. The peak 
internal shear strength shall equal or exceed an envelope characterized an internal 
friction angle of 11 degrees assuming no cohesion. The minimum large-displacement, 
or residual, internal shear strength is to meet or exceed an effective friction angle of 6.5 
degrees assuming no cohesion. It should be noted that the FDEP solid waste regulations 
(Rule 62-701.400(2), FAC) require slope stability analyses to be performed based on 
peak strength properties only. 
 
Description of GCL Internal Shear Strength Testing for Cell 11 
 
Bentomat ST GCL (330) material has been proposed for use in the JED Cell 11 
construction.  Samples of this material were tested by TRI/Environmental on 5 to 6 
March 2015 and the results are provided in Attachment 2.  As shown in Attachment 2, 
the minimum peak friction angle, assuming zero cohesion (also termed the peak secant 
angle) is 30.6 degrees for the test performed at 15,000 psf normal stress. This exceeds 
the minimum peak internal friction angle of 11 degrees in the GCL Specification.  
However, the minimum large-displacement friction angle, assuming zero cohesion (also 
termed the large displacement secant angle) is 6.0 degrees for the test performed at 
15,000 psf normal stress.  Because this value did not meet the specified minimum of 
6.5, the internal residual shear strength was further evaluated as described below. 
 
Evaluation of Test Results 
 
The GCL Specification was not modified as part of the recent Intermediate Permit 
Modification Application for the Base Grade Revisions (submitted to FDEP on 11 
December 2014), which was approved under FDEP Permit No. SO49-0199726-026.  As 
such, the minimum measured residual shear strength for the proposed GCL (6.0 degrees 
at 15,000 pounds per square foot (psf), assuming zero adhesion) was used to re-run the 
slope stability calculations performed for the liner waste-block failure case and a 
corresponding factor of safety of 1.1 was computed as shown in Attachment 3.  This 
exceeds the minimum recommended factor of safety of 1.0 by Gilbert and Byrne (1996) 
when making the conservative assumption that residual shear strengths have been 
mobilized along the entire slip surface.  It is noted that at normal stresses less than 
15,000 psf, the internal shear strength of the GCL is greater than 6.0 degrees, indicating 
that the use of 6.0 degrees along the entire slip surface is conservative. 
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As required by technical specification Section 02790, Interface Friction Conformance 
Testing, a “sandwich” interface friction test was also run using the actual materials 
proposed for construction of the Cell 11 base liner system.  Results of the sandwich test, 
provided in Attachment 4, show that the weakest interface is between the 
geocomposite drainage layer and the primary geomembrane with a corresponding peak 
interface friction angle of 17.5 degrees (minimum peak secant angle, which assumes 
zero adhesion).  As such, it is unlikely that shearing within the GCL, which would 
engage the internal shear strength of the GCL, would occur.  As also indicated above, 
slope stability evaluations using peak strength properties are required by Rule 62-
701.400(2), FAC and the measured test results all meet the minimum peak shear 
strength properties of the technical specifications.  
 
Closure 
 
Based on the data and evaluation presented above, the proposed Bentomat ST GCL 
material can be approved for use in the base liner system of Cell 11. 
 
References 



Gilbert, R.B. and Byrne, R.J., 1996, “Strain-Softening Behavior of Waste Containment  
Interfaces”, Geosynthetics International, Vol. 3,  No. 2,  pp. 181-203. 
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SECTION 02780 



 
GEOSYNTHETIC CLAY LINER 



 
 
PART 1 GENERAL 
 
1.01  SCOPE 
 



A. This section includes the requirements for geosynthetic clay liner (GCL) products and 
placement. 



 
1.02  RELATED SECTIONS AND PLANS 
 



A. Section 02200  -  Earthwork 
 



B. Section 02225  -  Low Permeability Layer 
 



C. Section 02740  -  Geocomposites 
 



D. Section 02770  -  Geomembrane 
 



E. Construction Quality Assurance (CQA) Plan 
 
1.03  REFERENCES 
 



A. Latest version of American Society of Testing and Materials (ASTM) standards and 
other standards noted in this specification. 



 
1.04  SUBMITTALS 
 
 A. Submit to the Engineer for review not less than 21 calendar days prior to use the 



following information regarding the GCL proposed for the project. 
 1. manufacturer and product name; 
 2. evidence that the manufacturer has more than two years of experience in the 



manufacturing of GCL; 
 3. manufacturer’s quality control procedures; 
 4. manufacturer’s requirements for the geotextile component of the GCL that 



include (as a minimum) mass per unit area, grab strength, and grab elongation; 
 5. certification that manufacturer’s requirements for geotextile component of GCL 



are met; 
 6. certification of minimum average roll values (95 percent lower confidence limit) 



and the corresponding test procedures for all GCL properties listed in Table 
02780-1; and 



 7. manufacturer’s recommended procedures for overlapping adjacent GCL panels. 
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 B. Submit to the Engineer for review at least 14 days prior to GCL placement the 



manufacturing quality control certificates for each roll of GCL as specified in this 
section.  Submit certificates signed by the manufacturer quality control manager.  The 
quality control certificates shall include: 



  1. lot, batch, or roll numbers and identification; 
  2. sampling procedures; and 
  3. results of Manufacturer quality control tests. 
 
C. For each proposed GCL material, the Contractor shall submit for review by the Engineer at 



least 14 calendar days prior to transporting the GCL to the site the results of 
manufacturing quality control testing and certification that the GCL is manufactured to 
meet the minimum internal shear strength requirements of this section and the minimum 
interface shear strength requirements of Section 02790. 



 
1.05 CONSTRUCTION QUALITY ASSURANCE 
 
 A. The installation of the GCLs will be monitored by the CQA Consultant as required by 



the CQA Plan. 
 
 B.  The CQA Consultant will perform material conformance testing of the GCLs. 
 
 C.  The Contractor shall be aware of the activities required of the CQA Consultant per the 



CQA Plan and shall account for these activities in the installation schedule. 
 
 D.  The Contractor shall correct all deficiencies and nonconformances identified by the 



CQA Consultant and shall do so at no additional cost to the Owner. 
 
 
PART 2 PRODUCTS 
 
2.01  GCL 
 
 A. Furnish GCL with internally-reinforced bentonite core and woven and/or nonwoven 



geotextile backings.  The GCL must be free of broken needles or fragments of needles. 
 



B. Furnish GCL having properties that comply with the required values shown in Table 
02780-1. 



 
 C. GCL consisting of an internally-reinforced bentonite core with woven and/or nonwoven 



geotextile backings shall meet the following requirements: 
  1. Hydraulic conductivity is equal to or less than 5 x 10-9 centimeters per second, when 



measured in a flexible wall permeameter in accordance with ASTM D 5887 under 
an effective confining stress of 5 pounds per square inch. 



  2. Minimum roll width is 15 feet. 
  3. Minimum roll length is 100 feet. 
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  4. Bentonite component is at least 90 percent sodium montmorillonite. 
  5. Bentonite component is applied at a minimum rate of 0.75 pounds per square foot, 



when measured on an oven-dried sample. 
  6. Geotextile backings are woven and/or nonwoven materials, respectively, 



manufactured with polypropylene or polyester material, and conforming to the 
minimum property values shown in Table 02780-1. 



  7. Needlepunching is used to bind geotextile backings and bentonite core. 
8. Bentonite is contained by the geotextiles in a manner that prevents more than          



nominal dislodgment of bentonite during GCL transportation, handling, and 
installation. 



 
D. Furnish GCL that meets the internal shear strength requirements of this section and 



interface shear strength requirements of Section 02790 as tested by an approved testing 
laboratory.  Tests will be performed in accordance with ASTM D 6243 and as 
specified below on representative samples of GCL destined for use on this project.  
The source of the representative samples will be provided with the test results.  The 
GCL will be tested for: 
1. internal shear strength in accordance with this section; and 
2. interface shear strength in accordance with Section 02790. 



 
 E. The testing laboratory will follow the specific procedures and conditions listed below: 



1. Place the materials to be tested with their machine directions aligned in the direction 
of shear in the shear box.  For the internal shear strength test, use a test specimen 
configuration of (from bottom to top):  rigid substrate with textured gripping surface, 
GCL, and rigid substrate with textured gripping surface. 



2. Perform the direct shear tests at normal stresses of 5,000, 10,000 and 15,000 pounds 
per square foot (psf), and report the peak and large-displacement (3-inch 
displacement) shearing resistance for each test. 



3. Use fresh specimens for each normal stress. 
4. Repeat any tests for which the shear displacements do not occur within the desired 



material (internal strength). 
5. The testing laboratory shall report peak and large-displacement internal shear strength 



of GCL.  The peak internal shear strength envelope for the GCL shall equal or 
exceed an envelope characterized by an effective friction angle of 11.0° assuming 
no cohesion.  The large-displacement internal shear strength envelope for the GCL 
shall exceed an envelope characterized by an effective friction angle of 6.5° 
assuming no cohesion. 



 
2.02  MANUFACTURING QUALITY CONTROL 
 
 A. Sample and test the GCL to demonstrate that the material complies with the requirements 



of this section. 
 
 B. Perform manufacturing quality control tests to demonstrate that GCL properties conform 



to the requirements in Table 02780-1.  Perform the following tests at the minimum 
frequency indicated below with a minimum of one test per lot. 
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 Test     Frequency 
 
 Bentonite content    45,000 sq. ft 
 Bentonite moisture content   45,000 sq. ft 
 Bentonite free swell    50 ton 
 Hydraulic conductivity   100,000 sq. ft 
 Tensile/Grab strength   45,000 sq. ft 
 Peel     45,000 sq. ft 
 
 C. Comply with the certification and submittal requirements of this section. 
 
 D. If a GCL sample fails to meet the quality control requirements of this section, sample and 



test rolls fabricated at the same time and in the same lot as the failing roll.  Continue to 
sample and test the rolls until the extent of the failing rolls are bracketed by passing rolls.  
Do not supply the failing rolls. 



 
2.03  PACKING AND SHIPPING 
 
 A. Supply GCL in rolls wrapped in impermeable and opaque protective covers. 
 
 B. Mark or tag GCL rolls with the following information: 
  1. manufacturer's name; 
  2. product identification; 
  3. lot number; 
  4. roll number; 
  5. roll weight; and 
  6. roll dimensions. 
 
 C. GCL rolls not labeled in accordance with this section or on which labels are illegible upon 



delivery to the project site will be rejected and replaced at no additional expense to the 
Owner. 



 
 D. Deliver the GCL to the site at least 14 calendar days prior to the scheduled installation 



date to allow the CQA Consultant to obtain conformance samples and complete 
conformance testing as described in the CQA Plan. 



 
2.04  HANDLING AND STORAGE 
 
 A. Handle, store, and care for the GCL in a manner that does not cause hydration or damage. 
 
 B. Protect the GCL from moisture, excessive heat or cold, puncture, or other damaging or 



deleterious conditions.  Store the GCL rolls on pallets or other elevated structures.  Do 
not store GCL rolls directly on the ground surface.  Cover the GCL entirely with a tarp.  
Store GCL rolls out of direct sunlight.  Follow any additional storage procedures required 
by the Manufacturer. 
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PART 3 EXECUTION 
 
3.01 SURFACE PREPARATION 
 
 A. Provide certification in writing that the surface on which the GCL will be installed is 



acceptable as described below.  Give this certification of acceptance to the CQA 
Consultant prior to commencement of GCL installation in the area under consideration. 



 
 B. Maintain the prepared soil surface until the GCL is placed.  The subgrade should be rolled 



with a smooth-drum compactor to remove any wheel ruts, footprints, or other abrupt 
grade changes before placement of the GCL.  



 
 C. Do not place the GCL onto an area that has been softened by precipitation or that has 



cracked due to desiccation.  Repair such areas in accordance with Section 02200 or 
Section 02225. 



 
3.02  PLACEMENT 
 
 A. Do not commence GCL placement until the CQA Consultant completes conformance 



evaluation of this material and performance evaluation of previous work, including 
Contractor's survey results for previous work. 



 
 B. Weight GCL with sandbags or other means to prevent uplift or movement in wind.  



Immediately remove and replace any damaged or leaking sandbags. 
 
 C. Cut the GCL using a utility blade.  Do not damage underlying material during cutting and 



fully repair any such damage. 
 
 D. Do not entrap stones or other foreign objects under the GCL.  Do not drag equipment 



across the exposed GCL. 
 
 E. Replace any GCL that is damaged by any means including foreign objects, or installation 



activities. 
 
 F. Install GCLs in accordance with Manufacturer’s recommendation (i.e., typically 



geotextile on the outside of the roll facing down). 
 
 G. Do not install the GCL on a wet subgrade or in standing water.  Prevent hydration of the 



bentonite core prior to completion of construction of the liner system. 
 
 H. Do not install the GCL during precipitation or other conditions that may cause hydration 



of the GCL. 
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 I. Install the overlying geomembrane as soon as possible following GCL installation.  Cover 
all GCL that is placed during a workday with overlying geomembrane.  Cover and 
protect the edges of GCL from hydration due to storm water run-on. 



 
 J. Remove and replace GCL that becomes hydrated.  Hydration is defined by a moisture 



content of 40 percent or greater when measured in accordance with ASTM D 2216 or 
ASTM D 4643. However, the CQA Consultant shall be responsible for evaluating cases 
of GCL hydration and determining if the GCL needs to be removed and replaced. 



 
 K. Place earthen and other geosynthetics material components of the liner system over the 



GCL as soon after installation of the GCL as possible, but in no case longer than 7 days 
after the first GCL is placed. 



 
3.03  OVERLAPS 
 
 A. On slopes steeper than 5 horizontal to 1 vertical, install GCLs continuously down the 



slope; that is, allow no horizontal seams on the slope. 
 
 B. Allow no horizontal seams on the base of the landfill within 5 feet of the toe of a slope. 
 
 C. Overlap GCL in strict accordance with the Manufacturer's recommended procedures.  As 



a minimum, overlap adjacent panels at least 6 inches along the sides and 12 inches along 
the ends. 



 
3.04  MATERIALS IN CONTACT WITH THE GCL 
 
 A. Perform installation of other components in a manner that prevents damage to the GCL. 
 
 B. Do not drive equipment directly on the GCL. 
 
 C. Install the GCL in appurtenant areas, and connect the GCL to appurtenances as indicated 



on the Construction Drawings.  Do not damage the GCL while working around the 
appurtenances. 



 
3.05  REPAIR 
 
 A. Repair any holes or tears in the GCL by placing a GCL patch over or under the hole.  On 



slopes greater than 5 percent, the patch shall overlap the edges of the hole or tear by a 
minimum of 2 feet in all directions.  On slopes 5 percent or flatter, the patch shall overlap 
the edges of the hole or tear by a minimum of 1 foot in all directions.  Secure the patch 
with a water-based adhesive approved by the Manufacturer. 



 
 B. Remove any soil or other material that may have penetrated the torn GCL. 
 



C. Do not nail or staple the patch. 
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TABLE 02780-1 
 



REQUIRED GCL PROPERTY VALUES 
 



PROPERTIES QUALIFIERS UNITS (4) SPECIFIED 
VALUES (1) TEST METHOD 



 
GCL Properties (7) 



Bentonite Content (2) Minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Moisture Content Maximum % 35 ASTM D 5993 or 2216 



Bentonite Free Swell Minimum ml/2g 24 ASTM D 5890 



Hydraulic Conductivity (5,6) Maximum cm/s 5 x 10-9 ASTM D 5887 



Tensile / Grab Strength (3) Minimum ppi / lb 23 / 90 ASTM D 6768 / 4632 



Peel Strength (3) Minimum ppi / lb 2.1 / 15 ASTM D 6496 / 4632 



Geotextile Properties     



Polymer Composition Minimum % 95 polyester or 
polypropylene 



 



 
 
 
Notes: 1. All values represent minimum average roll values. 
 2. Measured on an oven dried sample. 
 3. For geotextile backed GCLs. 
 
 4. lb/ft2 = pounds per square foot 
  cm/s = centimeter per second 
  % = percent 
  lb = pound 
  ppi = pounds per inch 
  ml/2g = milliliters per two grams 
 
 5. The GCL test specimen shall be hydrated with the fluid which is expected to cause hydration in the field, 



or similar fluid, for a minimum of 48 hours using sufficient backpressure to achieve a minimum B 
coefficient of 0.9 and using a confined effective consolidation stress not exceeding five pounds per square 
inch.  Then, the hydraulic conductivity test on the GCL specimen shall be conducted, using the 
appropriate permeant fluid, at a confined effective consolidation stress not exceeding five pounds per 
square inch.  The hydraulic conductivity test shall continue until steady state conditions are reached or a 
minimum of two pore volumes of permeant fluid have passed through the test specimen.  The permeant 
fluid shall be either leachate from the landfill (or similar landfill) if the GCL is used in a liner system. 



 
 6. Hydraulic conductivity may be performed using water once the relationship between hydraulic 



conductivities measured using the appropriate permeant fluid and water is established for the GCL 
product being supplied for the project. 



 
 7. See Paragraph 2.02 for required MQC test frequencies. 
 
 
 



[END OF SECTION] 
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Slide Analysis Information



JED Base Grade Revisions - Case 3



Project Summary



File Name: Case 3 - 3to1_15wide_found_Liner-Block
Slide Modeler Version: 6.034
Project Title: JED Base Grade Revisions - Case 3



General Settings



Units of Measurement: Imperial Units
Time Units: seconds
Permeability Units: feet/second
Failure Direction: Right to Left
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20



Analysis Options



Analysis Methods Used



Spencer



Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes



Groundwater Analysis



Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None



Random Numbers



Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3



Surface Options



Surface Type: Non-Circular Block Search
Number of Surfaces: 5000
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Enabled
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Left Projection Angle (Start Angle): 125
Left Projection Angle (End Angle): 155
Right Projection Angle (Start Angle): 35
Right Projection Angle (End Angle): 75
Minimum Elevation: Not Defined
Minimum Depth: Not Defined



Material Properties



Middle 
MSW



Upper 
MSW



Liner System
Final Cover 



System
Hawthorne 
Formation



Silty Sand
Compacted 
Subgrade



Berm FillProperty



________________________Color



Shear 
Normal 



function



Shear 
Normal 



function
Mohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombMohr-Coulomb



Strength 
Type



7254120120115115120120
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Weight 
[lbs/ft3]



000000
Cohesion 
[psf]



63530303535
Friction 
Angle 
[deg]



Water 
Table



Water 
Table



Water TableWater TableWater TableWater TableWater TableWater Table
Water 
Surface



11111111Hu Value



Shear Normal Functions



Name: MSW-Kavazanjian et al. 1995
Shear (psf)Normal (psf)



5000
500625



1568024000



Hawthorn-cohesiveLower MSWProperty



______Color



Mohr-CoulombShear Normal functionStrength Type
12082Unit Weight [lbs/ft3]



5000Cohesion [psf]
0Friction Angle [deg]



Water TableWater TableWater Surface
11Hu Value



Shear Normal Functions



Name: MSW-Kavazanjian et al. 1995
Shear (psf)Normal (psf)



5000
500625



1568024000
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Probabilistic Analysis Input



General Settings



Sensitivity Analysis: On
Probabilistic Analysis: Off



Variables



MaxMinMeanDistributionPropertyMaterial
846NormalPhiLiner System



Global Minimums



Method: spencer



FS: 1.099660
Axis Location: 256.968, 749.011
Left Slip Surface Endpoint: 142.465, 97.488
Right Slip Surface Endpoint: 709.484, 266.495
Resisting Moment=4.66296e+008 lb-ft
Driving Moment=4.24036e+008 lb-ft
Resisting Horizontal Force=549120 lb
Driving Horizontal Force=499354 lb
Total Slice Area=42568.6 ft2



Global Minimum Coordinates



Method: spencer



YX
97.4882142.465



96.1144.3
84.1180



87.9447570.851
266.495709.484



Valid / Invalid Surfaces



Method: spencer



Number of Valid Surfaces: 3769
Number of Invalid Surfaces: 1231



Error Codes:



Error Code -106 reported for 4 surfaces
Error Code -108 reported for 284 surfaces
Error Code -111 reported for 15 surfaces
Error Code -112 reported for 928 surfaces
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Error Codes



The following errors were encountered during the computation:



-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to avoid 
numerical errors which may result from too many slices, or too small a slip region.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).
-111 = safety factor equation did not converge
-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. 
This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep seated slip surfaces 
with many high negative base angle slices in the passive zone.



Slice Data



Global Minimum Query (spencer) - Safety Factor: 1.09966
Effective 
Normal 
Stress 
[psf]



Pore 
Pressure 



[psf]



Base 
Normal 
Stress 
[psf]



Shear 
Strength 



[psf]



Shear 
Stress 
[psf]



Base 
Friction 
Angle 



[degrees]



Base 
Cohesion 



[psf]



Base 
Material



Weight 
[lbs]



Width 
[ft]



Slice 
Number



468.710468.71328.193298.45350
Final Cover 



System
220.2471.835391



1480.9901480.99155.658141.5516.000010Liner System45967.835.72
2667.6902667.69280.385254.9746.000010Liner System68206.126.05673
3372.1103372.11354.423322.3026.000010Liner System86216.426.05674
4076.5204076.52428.462389.6316.000010Liner System10422726.05675
4576.8704576.87481.049437.4526.000010Liner System11701926.05676
5067.5505067.55532.621484.3516.000010Liner System12956426.05677
5771.9705771.97606.659551.6796.000010Liner System14757526.05678



6476.406476.4680.697619.0076.000010Liner System16558526.05679
7180.8307180.83754.735686.3356.000010Liner System18359626.056710
7756.7807756.78815.27741.3846.000010Liner System19832126.056711
8125.8408125.84854.06776.6586.000010Liner System20775726.056712
8741.7408741.74918.794835.5266.000010Liner System22350426.056713
9357.6309357.63983.529894.3946.000010Liner System23925226.056714
9973.5709973.571048.26953.2586.000010Liner System25499926.056715
10534.8010534.81107.251006.96.000010Liner System26934826.056716
10846.8010846.81140.041036.726.000010Liner System27732526.056717
7865.3307865.33826.682751.7616.000010Liner System16115.21.4865918
5074.3905074.393389.483082.333.000294.1176Lower MSW21924122.294419
4126.7804126.782774.12522.6933.000294.1176Lower MSW17867822.294420



3179.203179.22158.721963.0833.000294.1176Lower MSW13811422.294421
2149.202149.21489.831354.8133.000294.1176Middle MSW13098131.057622



873.0580873.058661.092601.17833.000294.1176Middle MSW54881.631.057623
-80.2820-80.282500454.6860500Upper MSW2397.316.0534724



65.7383065.738346.030441.8588350
Final Cover 



System
251.4162.0951325



Interslice Data
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Global Minimum Query (spencer) - Safety Factor: 1.09966
Interslice 



Force Angle 
[degrees]



Interslice 
Shear Force 



[lbs]



Interslice 
Normal Force 



[lbs]



Y 
coordinate - Bottom 



[ft]



X 
coordinate 



[ft]



Slice 
Number



00097.4882142.4651
12.9584275.6231197.8296.1144.32
12.95845526.4724017.484.11803
12.95836896.1929970.184.3563206.0574
12.95838627.637494.684.6126232.1135
12.958410720.746590.984.8689258.176
12.958413070.756803.785.1253284.2277
12.958315672.668111.485.3816310.2848
12.958318636.280990.985.6379336.349
12.958321961.595442.385.8942362.39710
12.958325648.511146686.1505388.45411
12.958329631.212877486.4068414.5112
12.958333803.414690686.6631440.56713
12.958438291.916641286.9194466.62414
12.958343096.518729387.1758492.68115
12.958348217.520954887.4321518.73716
12.958353626.523305587.6884544.79417
12.958459195.825725887.9447570.85118
12.958455987.524331589.8593572.33719
12.958438255.4166253118.573594.63220
12.958323916.4103938147.286616.92621
12.958312970.756369.4176639.22122
12.95832860.6512432.1216670.27823
12.9583-883.55-3839.81256701.33624
12.9584-106.888-464.522263.796707.38925



000266.495709.48426



List Of Coordinates



Water Table



YX
80-953.45
801200



Block Search Polyline



YX
96.1144.3
84.1180



91.33915



External Boundary



YX
258684
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258669
218549
218534
178414
178399
138279
138264



98144
95.9638137.891



96114
8066
80-953.45



-80-953.45
-90-953.45



-120-953.45
-1201200



-901200
-801200
801200



92.661200
94.661200



1361200
1761200
2161200
2561200
3281200



319.5161200
3301200
3301085
330915
298819
298804



Material Boundary



YX
80146
80192
801200



Material Boundary



YX
95.9638137.891



96144
84180
80192



Material Boundary
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YX
86180



93.23915
94.661200



Material Boundary



YX
96150
86180



Material Boundary



YX
-80-953.45
-801200



Material Boundary



YX
256684
2561200



Material Boundary



YX
216549
2161200



Material Boundary



YX
84180



91.23915
92.661200



Material Boundary



YX
136264
136279
176399
176414
216534
216549
256669
256684
296804



Material Boundary
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YX
296804
296819
328915
3281085
3281200



Material Boundary



YX
97147



96.5148.5
96150



Material Boundary



YX
96144
97147



Material Boundary



YX
97147



136264



Material Boundary



YX
3281200
3301200



Material Boundary



YX
176414
1761200



Material Boundary



YX
136279
1361200



Material Boundary



YX
8066
80146
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Material Boundary



YX
-90-953.45
-901200
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Client: Brantley Engineering TRI Job#:



Project: JED Cell 11 Test Method: ASTM D6243



Date:



Large 



Peak Displacement



(@ 3.0 in.)



13.4 6.9



1158 572



Upper Box &



 



Floating



Floating



Lower Box



Test Condition: Wet



Shearing Rate: 0.04 inches/minute



3



151



15000



4725



2416



17.5



9.1



35.8



19.6



Test Data



Peak Secant Angle (degrees)



Box Dimensions: 12"x12"x4"



5000 10000



Specimen No.



Bearing Slide Resistance (lbs)



35672339



56



2



Asperity for shiny side (mils) 36.8 35.8



9.813.6Large Displacement Secant Angle (degrees)



Corrected Large Displacement Shear Stress (psf)



Interface soaked and loading applied for 



a minimum of 24 hours prior to shear.



John M. Allen, P.E., 03/09/2015



Quality Review/Date



103



Normal Stress (psf)



1



1207



Tested Interface: Compacted Subbase vs. Bentomat ST GCL (330) vs. Agru 60 mil HDPE Microspike Geomembrane (G15F081010) vs. Skaps 



TN270-2-6 Double-sided Geocomposite (63241010001) vs. Agru 60 mil HDPE Microspike Geomembrane (G15F081010) 



03-04-2015 to 03-06-2015



G150073



25.1



Corrected Peak Shear Stress (psf)



1720



Interface Friction Test Report



Friction Angle



(degrees):



 Y-intercept or



Test Results



Test Conditions
Compacted Subbase remolded to 95% of 



maximum dry density at the optimum mositure 



content or 97.3 pcf at 15.70%



Shearing occurred at the geocomposite/primary 



geomembrane interface. 



Agru 60 mil HDPE Microspike geomembrane 



(shiny side up) 



Bentomat ST GCL (white side up) 



Agru 60 mil HDPE Microspike geomembrane 



(shiny side up) over Skaps TN270-2-6 double-



sided geocomposite 



Interface 



Conditioning:



Adhesion (psf):
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Normal Stress (psf) 



Peak Shear Stress (Linear Fit) Linear (L.D. - Dotted) 
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Displacement (inches) 



5000 psf 10000 psf 15000 psf 
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