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• Construction Quality Control Plan for the MatCon cover, including procedures for coring 
and testing. 

• The Operation and Maintenance (O&M) Plan for the MatCon cover, including a schedule 
for inspections. The inspection schedule is also described in the Post-Closure Care and 
Monitoring Plan (PCMP). 

• The draft design and construction plan for the mechanically stabilized earth (MSE) 
retaining walls (Walls 2-4). This design will be finalized when all NMED comments are 
incorporated. The design for the lower concrete wall (Wall 1) was submitted with Revision 
1. 

• The final design for the hangar pads, provided as Drawing 3003 in the tabbed section titled 
"Revised Drawings". 

The final design for the MatCon cover was already provided in the drawings and specifications 
provided with RDWP Revision 1. Several MatCon aggregate-binder mixture formulations are 
undergoing hydraulic conductivity testing and a final mix design will be selected when results are 
complete. We will forward the mix design and test results to you upon receipt, which is expected 
within one week. 
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1. CONTRACTOR QUALITY CONTROL PROGRAM OVERVIEW 

As with any essential engineering structure the need to produce a consistent high quality product is of 
vital importance to ensure the longevity of the product and to meet technical and functional 
requirements. Wilder has long emphasized the need for stringent quality control (QC) in achieving 
these objectives and with MatCon structures quality is stressed in all phases of the creation of the 
product. To this aim Wilder has developed detailed quality procedures. This MatCon Quality Control 
Plan describes those procedures in the context of existing LANL Airport Landfill project plans, design 
drawings and specifications. 

Section 1.1 of this Plan describes the project organization and lines of authority for construction of the 
MatCon cover. Roles and responsibilities ofMatCon Construction Quality Control (CQC) personnel 
are defined in the context of the existing LANL Airport Landfill Project Management Plan (PMP) 
(NWI 2006a) and the overall project Construction Quality Control Plan (NWI 2006b). Section 1.2 
describes the definable features of work addressed by this plan. 

Section 2 describes technical requirements and QC measures for transporting, placing and compacting 
MatCon asphalt; including construction, sampling and testing of test pads. Section 3 describes QC 
measures for constructing the aggregate base course to ensure an adequate subgrade for the MatCon 
asphalt. Section 4 describes QC measures to be implemented during MatCon production at the hot 
mix asphalt (HMA) mixing plant. 

Appendix A- "Guide Specifications for MatCon Impermeable Asphalt" describes materials and 
methods for preparing MatCon hot mix asphalt at the mixing plant. Appendix B-"QC Forms" 
provides forms and checklists to be used throughout construction of the aggregate base, production of 
MatCon hot mix asphalt, and placement and compaction of the MatCon surface. 

1.1 Organization, Authority, and Responsibility 

Wilder Construction is a Subcontractor to North Wind, Inc ("the Contractor"), for the LANL TA-73 
Airport Landfill project. The PMP (NWI 2006a) prepared for the LANL TA-73 Airport Landfill 
project identifies roles and responsibilities for project personnel including subcontractors. Figure 1 
shows the subtier organization chart for Wilder Construction and it's subcontractors. All MatCon QC 
functions will be coordinated with and reported to the Construction Quality Control System Manager 
(CQCSM) through the MatCon Technical Lead. All project personnel will support implementation of 
the CQCP (NWI 2006b) including the three-phase CQC program. 

Wilder Construction staff assignments for MatCon cover installation CQC include Mr. Jerry Thayer 
and Dr. Ron Terrell. Mr. Thayer will serve as MatCon Technical Lead. The MatCon Technical Lead 
will communicate any QC issues to the CQCSM and will support implementation of the CQCP (NWI 
2006b) including the three-phase CQC program. All MatCon CQC submittals and reports shall be 
managed by the Contractor as directed in the CQCP (NWI 2006b) with the cooperation of the Wilder 
Technical Lead. Dr. Terrell will provide QC oversight of the MatCon binder production and the 
production facility, and will record and document information necessary to ensure that MatCon binder 
is produced in accordance with the specifications. 
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Wilder Construction Company 
Quality Control Organization Chart 

North Wind 

ProJect Manager 
Doug Jorgensen 

Project Manager 
Jerry A Thayer, P E 

Abatech 

Project Quality Manager 
Dr. Geoffrey Rowe 

Dr. Richard Bennett 
I MatCon HMA Inspector (Abatech) 

~-~~· ( Dr. Geoffrey Rowe ) 1---------1\___ ~Jeld MatCon HMA Inspector (Abatech) 

L_fi;:{Contractor's QC Representativ;-

1 - \___ ___ ~trac~o_r ____ _./ 

I -------------------· 
Dr. Ron Terrel 

MatCon Binder QC Inspector 

Figure 1. Wilder Construction Quality Control Organization Chart for Installation ofMatCon® Cover. 

Wilder subcontracts other QC and oversight functions to Abatech Inc., an independent firm of 
professional engineers specializing in asphalt systems, to verify that all MatCon QC directives have 
been achieved for a given site. Abatech staff members for this project as identified on the organization 
chart are Dr. Geoffrey M. Rowe and Dr. Richard A. Bennett. Dr. Rowe will manage QC activities for 
MatCon installation, reporting on a day to day basis to Mr. Thayer. Dr. Bennett will serve as MatCon 
hot mix asphalt (HMA) field inspector and will be responsible to inspect the HMA facility's testing 
methods that will be performed in accordance with the contract specification. Alternatively, the 
Technical Lead may serve as the MatCon hot mix asphalt (HMA) field inspector. The MatCon HMA 
Inspector and the MatCon Binder QC Inspector will all report to the MatCon Technical Lead. The 
detailed quality plan for the MatCon product is given in Appendix A - Quality Control Plan for 
MatCon Installation. 
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1.2 Definable Features of Work 

Definable Features of Work (DFOWs) as identified in NWI (2006b) addressed under this plan include 
installation of the aggregate base course, as part of "Installation of gas venting system"; and 
"Installation ofMatCon cover." Quality requirements for these DFOWs not otherwise addressed 
under NWI (2006b) are addressed herein. 

2. MATCON HMA 

This section describes technical requirements and QC measures for transporting, placing and 
compacting MatCon asphalt. 

2.1 Transportation of MatCon HMA 

The MatCon HMA will be transported from the asphalt plant (assumed to be Cook's Espanola Transit 
Mix's Associated plant facility in Santa Fe, NM) with covered trucks. The beds of these trucks will be 
coated with an approved citrus release agent to prevent the HMA from adhering to the truck bodies. 
Excessive release agent will be drained prior to loading. Tarps will be used to cover the load in order 
to protect the HMA from weather and help to prevent heat loss during transport. Loads that have 
crusts of cold, unworkable material or that have become wet will be rejected. 

2.2 HMA Placement Equipment, Methods and Production 

The following equipment will be utilized to place, compact and finish the MatCon HMA: 

• 1 -each, Paving Machine, to be inspected and approved by Wilder 

• 2-each, 10-12 Ton Vibratory, Smooth Drum Roller 

• 2-each, I 0 Ton Rubber Tired, Pneumatic Rollers 

• l-each, 3 Ton Vibratory, Smooth Drum Roller 

• l-each, Hand Guided Vibratory Plate Compactor. 

A back-up paving machine will be on standby and available to be used on the project in the case that 
the primary paving machine experiences equipment failure. The MatCon HMA will be dumped from 
the trucks into the paving machine. Excess material behind the paver will be removed and placed back 
in the paver or hopper or removed from the site. Broadcasting the material onto the mat will not be 
permitted. 

The paving contractor (ETM or Parker) anticipates average placement of approximately 1,200 to 
1,300 tons of MatCon HMA within a nine (9)-hour work period, excluding time for jobsite set-up and 
cold joint grinding. 

2.3 Compaction of MatCon HMA 

Compaction efforts will begin as soon as the HMA will support a roller without undue displacement. 
It is estimated, based on the approved HMA Mix Design that the ideal compaction temperature range 
is from 175 to 180°C. Compaction efforts shall continue until the mat has a total air voids content of 
3% or lower. Areas that are inaccessible to rollers shall be thoroughly compacted with the use of hand 
operated vibratory plates. 
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2.4 Test Pad 

Prior to full production HMA placement, the paving contractor will construct a test pad at a 
representative area at the LANL TA-73 airport landfill, between 1,000 and 3,000 square feet in size, to 
verify that the project's specifications can and will be achieved. The test pad will be constructed using 
full-scale paving equipment, and will be cored and tested for hydraulic conductivity as described in 
Section 2.6. Full-scale production will not proceed until laboratory results are achieved; or 
alternatively work can proceed at risk, with any material placed prior to subsequent failing results for 
hydraulic conductivity testing (Ksat< lE-08 em/sec) removed and replaced after attainment of passing 
results. During construction of the test pad a rolling pattern will be established that can achieve the 
prescribed compaction requirements. 

2.5 Joints 

Cold joints will be minimized by paving in an organized fashion around the site, always tying into 
previously placed mats. At the end of each shift of paving, the cold joint will be cut back a minimum 
of one (1) foot with a cold planer to create a smooth, clean edge to tie into with the next day's paving. 
Dust, sand, or other objectionable material will be cleaned from the joint and it will be coated with 
CRS-1 type tack prior to placing MatCon HMA adjacent to the joint. 

2.6 Hydraulic Conductivity Testing 

MatCon HMA core samples will be taken from the compacted and finished surface cover at a 
frequency of one per 40,000 square feet of asphalt placed. Samples will be taken from the compacted 
and finished test pad at a frequency of one per 1,000 square feet, with at least three core samples 
collected from the pad. Samples shall be taken in a manner that represents the entire paving area. All 
core samples shall be tested for density and hydraulic conductivity in accordance with ASTM D 5084. 

2.6.1 Methods 

Core sampling will be conducted in accordance with ASTM D 5361, "Standard Practice for Sampling 
Compacted Bituminous Mixtures for Laboratory Testing". The geotechnical testing laboratory (GTL) 
as identified in NWI (2006b) will perform the sampling, sample handling, shipping and testing. 
Sample handling will be in accordance with ASTM D 5079 for labeling, packaging and chain of 
custody. Core holes will be filled in accordance with the MatCon Guide Specifications, Attachment 
A. 

2.6.2 Chain of Custody 

Samples will be collected and handled in accordance with ASTM D4840-99(2004), "Standard Guide 
for Sampling Chain-of-Custody Procedures". These procedures are intended to document sample 
possession during each stage of a sample's life cycle, that is, during collection, shipment, storage, and 
the process of analysis. 

Chain of custody will be documented on chain of custody forms. Chain of custody forms and 
procedures will be submitted by the paving subcontractor or testing laboratory for approval by North 
Wind at least 14 days prior to sampling. 
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2. 7 Finished Grades and Smoothness 

Within five (5) days of the completion of placing the MatCon HMA, the paving contractor will test for 
conformance with the specified plan-grades and smoothness requirements. The Contracting Officer 
will be informed of the results ofthese tests, in writing, within these five (5) days. 

The finish elevations at the peaks, ridges and valleys of the asphalt concrete cap may not be within the 
specified tolerances of plan-grades. These areas will be "rounded" to accommodate practical 
construction methods, and still provide for positive drainage and the minimum specified thickness of 
both the aggregate base rock and the asphalt concrete. The paving contractor will perform a water test 
in the presence of the Contracting Officer to verify that positive drainage has, in fact, been achieved. 

3. AGGREGATE BASE COURSE 

The aggregate base course shall comply with the provisions of U.S. Army Corps of Engineers 
Specification Section 02722, "Aggregate Base Course," modified as necessary for use at the airport 
landfill. Any modifications will be recorded as a field change. The Contractor will accept the 
compaction and grading of the sub-base soils before beginning placement of base coarse material. 
Prior to placement of MatCon HMA, the Contractor shall certify that the aggregate base course is 
compacted and graded to the specified compaction and tolerances, respectively. In addition, prior to 
the placement of HMA, the base course surface will be cleaned of any foreign or objectionable 
material with power or hand brooms. 

3.1 Materials 

Base course aggregates shall consist of durable and sound crushed gravel, crushed stone or crushed 
slag, free of lumps or balls of clay or other objectionable matter. Base course material composition 
shall be as described Section 02722. 

3.2 Construction 

The graded aggregate base course shall be constructed on the prepared subgrade as indicated on the 
drawings. Completed areas will be protected against detrimental effects and will be reconditioned, 
reshaped and recompacted as necessary. Material will not be deposited into piles during placing 
operations. Compacted course 6 inches in thickness will be placed in 6 inch lifts. Material water 
content will be maintained during placing to obtain specified compaction. Achieve specified 
compaction with steel-faced, vibrating or pneumatic-tired rollers. 

3.3 Sampling 

Prior to production and delivery of aggregates, at least one sample will be collected in accordance with 
ASTM D 75. Each sample will be collected by taking three incremental samples at random from the 
source material to make a composite sample of at least 50 pounds. Sampling will be repeated when 
source material is changed or when unacceptable deficiencies or variations from specified grading of 
materials are found in testing. 

During construction, one random sample from each 1,000 tons of completed course material will be 
collected in accordance with ASTM D 75. Each sample will be placed in a clean container and 
properly labeled to identify sampler, sample location, date and project number. 
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3.4 Testing 

3.4.1 Aggregates 

Each sample will be tested for gradation in accordance with ASTM C 136. Sieve analysis on material 
passing the No. 200 sieve will be performed in accordance with ASTM C 117. 

3.4.2 Smoothness Tests 

Smoothness will be determined suing a 10-foot straightedge, applied parallel with and at right angles 
to the center line of prepared area. Deviations will be corrected in excess of Yz inch by loosening, 
adding or removing material, reshaping, watering and compacting. 

3.4.3 Field Density Tests 

One test (ASTM D 1556 or ASTM D 2022 and ASTM D 3017) will be taken for each 10,000 square 
feet of each layer of base course. 

3.4.4 Laboratory Density Tests 

Laboratory density tests will be performed in accordance ASTM D 1557, Method D. 

3.4.5 Thickness Tests 

The surface of the finished aggregate base at any point will not vary more than 15 mm (0.05-foot) 
above or below the grades shown on the drawings. Base course thickness will be measured at 
intervals such that there will be a depth measurement for at least each 10,000 SY of complete base 
course. Depth measurements will be made by test holes at lease 3 inches in diameter, through the base 
course. Correct as necessary per specifications. 

3.5 Maintenance 

The completed base will be maintained prior to paving. Maintenance includes drainage, rolling, 
shaping and watering, as necessary, to maintain the course in proper condition. Deficiencies which 
develop during maintenance will be corrected to conform to specified requirements. Sufficient 
moisture will be maintained to through light sprinkling to prevent a dusty condition. 

4. HMA FACILITY QUALITY CONTROL 

4.1 Overview 

Quality control is essential to the performance ofMatCon® impermeable asphalt as an impermeable 
modified asphalt RCRA cap. Two distinct and critical areas in the MatCon impermeable asphalt 
manufacturing and installation process are the Mix Design and operation of the Hot Mix Asphalt 
Facility. 

4.1.1 Mix-Design 

The first phase of the mix-design is to verity the formulation of the MatCon Binder for the specific 
project. In this step, the MatCon modifier is blended with high quality conventional asphalt cement to 
prepare the MatCon Binder. The second phase of the mix-design utilizes the prepared MatCon Binder 
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to develop and confirm a Job Mix Formula (JMF), that when implemented at a Hot-Mix Asphalt 
Facility (HMAF) will result in MatCon HMA modified asphalt capable of being installed and 
subsequently performing as the desired impermeable material. MatCon modifier and high quality 
asphalt cement (collectively called MatCon Binder), and MatCon Guide Specification compliant 
aggregates local to the project job site are evaluated in a battery of tests, blending conditions, and 
temperatures to verify material compatibility, application rates, and other key HMAF process and 
hot-mix paving control parameters such as temperature, viscosity, flow, and compactability. The 
mix-design most importantly establishes material proportioning data curves that directly correlate field 
density and air voids of compacted MatCon to hydraulic conductivity. These relationships are then 
used for field construction control during full-scale MatCon installation to ensure permeability of the 
final product is < I E-08 em/sec in the final MatCon cover. 

4.1.2 MatCon Hot-Mix Asphalt (HMA) Facility 

The HMAF utilized for any MatCon project must have a demonstrated experience and history of 
working under a well established QC program such as the Federal or applicable State DOT 
qualifications and specifications. Additional experience in producing modified hot-mix asphalt and 
Superpave mixes is highly desired. Production of MatCon HMA at the HMAF must be performed 
using aggregates, MatCon Binder, and hot mixing procedures that comply with the JMF and the 
MatCon Guide Specifications. At the HMAF, aggregate characteristics including gradation, moisture, 
temperature, and process feed rate must all be controlled. In conjunction with aggregate control, 
HMAF's must also accommodate specific needs for MatCon Binder storage and process delivery 
systems that include continuous recirculation mixing, heating capabilities, and flow-proportional 
feeding systems. The ability of the plant operations to control aggregate and MatCon Binder feed 
rates, process temperatures, and production continuity and quality consistency is essential. The 
transfer of the MatCon HMA to transport vehicles and its haul to the job site must be performed 
without aggregate segregation or temperature loss below specifications. 

4.2 Area Specific Quality Control Measures 

4.2.1 Mix-design 

With the entire MatCon HMA mix-design being performed at an offsite reputable laboratory and well 
in advance of full-scale MatCon installation, and the implementation of ASTM, USEPA, or other 
accepted standardized methods, the role of laboratory Quality Assurance/Quality Control is mostly 
self-imposed by the laboratory itself. The use of calibration methods, duplicates/replicates, method 
blanks, and spikes and other well established QA/QC procedures need not be discussed in detail in this 
Program Plan. However, the laboratory that performs the mix-design, must have all the approved 
QA/QC procedures in place that are followed by qualified analysts and technicians experienced with 
the methods that are performed. Further, all data and reports generated and prepared by the laboratory 
will be critically examined by Wilder MatCon professionals that are technically and operationally 
knowledgeable in historic data and performance patterns of MatCon. Any anomalies found in the 
mix-design data from the established data base will be carefully reviewed and the laboratory work 
evaluated for validity. 

The output of the mix design for use by Wilder includes: 

• Formula verification of the MatCon Binder 

• Evaluation of local aggregates and asphalt binder qualities 
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• Development of the Job Mix Formula for MatCon HMA 

• Verification of hydraulic conductivity as a function of the final JMF 

• Density/Voids vs. Hydraulic Conductivity relationships for full-scale construction QC of 
compaction 

• Resilient modulus and other test parameters important for assurance of durability, longevity and 
other site specific performance criteria. 

4.2.2 Hot-Mix Asphalt Facility (HMAF) 

4.2.2.1 HMAF Selection 

Fully qualified and reputable HMAF's must be selected for potential MatCon HMA manufacture. 
Traditionally, the company providing HMA capabilities is also a qualified paving contractor. This is a 
preferred combination as hot-mix production and lay-down at the job site requires careful planning 
and integrated coordination. Other key selection criteria include: 

• Proximity to the job site 

• Experience in manufacturing modified HMA per Federal or applicable State DOT QC 
specifications 

• Production capacity to service project demands 

• Quality and gradation of aggregates 

• Overall QC of HMAF operations, including process settings. 

As part of the selection process, the facility must be inspected and examined to ensure it has the ability 
to manufacture MatCon HMA in accordance with the JMF and the MatCon Guide Specifications. 

4.2.2.2 HMAF- MatCon HMA Manufacture 

A QC technician will be posted at the HMAF to monitor and track the following information. Any 
parameters that are outside of the JMF and the MatCon Guide Specifications performance criteria may 
result in rejected MatCon HMA before it is hauled from the HMAF to the project job site. Areas to be 
inspected for QC compliance include: 

• Aggregate and MatCon Binder Monitoring of gages, scales, and other instrumentation. 

• HMA Blending Operations: temperature, production rates, asphalt content. 

• MatCon HMA Product: 

gradation; asphalt content; temperature; Rice density, at chute by time/date 

temperature and tonnage by haul vehicle number by time and date. 

• Weights and Measure- verity certified calibration records per State DOT. 
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As part of the QC plan, samples of MatCon Binder, aggregates, and MatCon HMA will be collected 
for analysis, testing, and archive. Additional information such as temperature, volumes and weights, 
and other process setting data will be documented. 

The following Sampling and Testing Matrix (Table 1) is provided for use in determining and archiving 
the quality ofMatCon HMA prepared by the HMAF. 

Table 1. Sample and Testing Matrix Table, Hot-Mix Asphalt Facility. 

Hot-Mix Asphalt Facility - Sample and Testing Matrix 

MatCon Construction Quality Control 

Sample Sample 
Matrix Location Parameter Fre_guency 

Aggregate Feed hopper or bin Gradation 
1 per 500 tons mix, or per 0.5 acres, 
or minimum of 3-4 per day 

Temperature Each truck delivered to storage tank, 
MatCon binder Delivery truck Plus 1 quart sample per truck for 

Quantity archive 

MatCon binder 
Storage tank at 

Temperature 
Hourly 

HMAF Plus 1 quart for archive daily 

Gradation 

Binder content 1 per 500 tons mix, or per 0.5 acres, 
MatConHMA Chute or truck 

Rice max. density or minimum of 3-4 per day 

Temperature 

MatConHMA Haul Truck 
Temperature Every truck-load 

Tonnage Record truck tag or ID number 

NOTES: 

I) All samples collected in duplicate. 

2) All samples sent to laboratory under Chain-of-Custody protocol. 

3) One (I) sample for testing + one (I) sample for archive, unless noted. 

4.2.3 Protocols 

Table 2 is a summary of the test standards utilized in the design, testing, and evaluation of MatCon 
Binder and HMA. All tests are not required for all projects. Tests and results are proprietary to 
Wilder Construction Company. Deliverable results are limited to core sample thickness and 
permeability only. 
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Table 2. Summary of QC/QA Testing and Evaluation Procedures. 

Parameter Test Method 

1. Materials Evaluation 

• Aggregate quality ASTM c 127 
c 128 
c 131 
D 2419 
D 4791 
D 5821 

• Aggregate gradation ASTM c 136 
AASHTO T 304 

• Aggregate sampling ASTM D 75 

2. Mixture Preparation 

• Mix design ASTM D 1559 
AASHTO T 283 
ASTM D2726 

D 3203 
D 4123 
D 5084 

MatCon Guide 
• Mixing plant Specifications and ASTM 

D 995 (optional) 

• Mix quality AASHTO TP 53 
ASTM C 136 

3. Installation Procedures (non-destructive) 

• Density ASTM D 2950 

• Thickness By observation and direct 
measurement. 

• Permeability By indirect comparison to 
mix design. 

4. Performance Criteria Tests -Quality Assurance 

• Permeability ASTM D 5084 

• Thickness Direct measurement 
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Notes 

Acceptance of aggregates may be 
based on certification by supplier, 
but is based on these tests. 

Combined with some features of 
Superpave methods are proprietary 
evaluation/criteria. These tests are 
used to develop a Job Mix Formula 
(JMF). 

Certification by Wilder Construction 
Company. 

From samples of loose mix. 

Nuclear method . 

Using 4" diam. core samples. 

4" cores or sawed sections. 
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MatCon® Test Methods 

AASHTO Test Methods 

Designation No. Standard Test Method 

TP53 Standard Test Method for Determining the Asphalt Content of Hot Mix Asphalt 
(HMA) by the Ignition Method 

T283 Standard Test Method for Resistance of Compacted Bituminous Mixture to 
Moisture Induced Damage 

T304 Standard Test Method for Uncompacted Void Content of Fine Aggregate 

ASTM Test Methods 

c 127 Standard Test Method for Specific Gravity and Absorption of Coarse Aggregate 

c 128 Standard Test Method for Specific Gravity and Absorption of Fine Aggregate 

c 131 Standard Test Method for Resistance to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine 

c 136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregate 

D 70 Test Method for Density of Semi-Solid Bituminous Materials 
(Pycnometer Method) 

D75 Standard Practice for Sampling Aggregates 

D995 Mixing Plants for Hot-Mixed, Hot-Laid Bituminous Paving Mixtures 

D 1559 Resistance to Plastic Flow of Bituminous Mixtures Using Marshall Apparatus 

D 2419 Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregates 

D2726 Standard Test Method for Bulk Specific Gravity and Density of Non-Absorptive 
Compacted Bituminous Mixtures 

D2950 Density of Bituminous Concrete in Place by Nuclear Method 

D3203 Standard Test Method for Percent Air Voids in Compacted Dense and Open 
Bituminous Paving Mixtures 

D4123 Standard Test Method for Indirect Tension Test for Resilient Modulus Bituminous 
Mixtures 

D 4791 Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated 
Particles in Coarse Aggregate 

D5084 Standard Test Method for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter 

D 5821 Standard Test Method for Determining the Percentage of Fractured Particles in 
Coarse Aggregate 

Contractor Quality Control Program Plan 
Wilder Construction Company 
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4.3 Responsibilities and Authority for QC Related Corrective 
Action 

A trial strip with minimum dimensions of 1,000 square feet will be constructed for the purpose of 
establishing construction procedures on site and for calibration of the Nuclear Density Meter (NDM). 
The results form the test strip shall be submitted to the Project Technical Manager and approved 
before commencement of the main works. 

A QC technician will be posted at the HMAF as previously indicated. 

4.4 Project Reporting 

At the completion of the MatCon installation, a final construction QC report will be prepared. It will 
include: 

• A summary of the mix data pertinent to density and hydraulic conductivity 

• HMAF inspection form 

• Summary of MatCon HMA data including: tonnage, temperature minimum, and MatCon Binder 
content ranges 

• Laboratory permeability test data summaries of samples. 

All work sheets, field notes, and laboratory data will be used in preparing the final summary report for 
the project. Proprietary and sensitive confidential MatCon technology supporting information will be 
maintained in archive by Wilder Construction Company, or submitted if under mutually acceptable 
protective legal cover. 

Contractor Quality Control Program Plan 
Wilder Construction Company 
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MatCon® 

GUIDE SPECIFICATIONS 
For Construction of the 

LANL Airport Landfill Impermeable MatCon Cap 

1.0 INTRODUCTION 

These guidelines have been adapted from specifications for constructing conventional hot mix 
asphalt pavements. An essential feature of MatCon® is that the materials and placement can be 
accomplished using equipment and procedures readily available throughout the U.S. and 
normally used for producing Hot Mix Asphalt (HMA). 

2.0 MATCON® PRODUCTION 

2.1 Description 

This work shall consist of one course of dense graded MatCon placed on a prepared aggregate 
base in accordance with these Specifications and in conformity with the lines, grades, 
thicknesses, and typical cross-sections shown in the Plans or established by the Engineer. 

MatCon shall be composed of MatCon Binder and aggregate which, with or without the addition 
of mineral filler and blending sand as may be required, shall be mixed in the proportions 
specified to provide a homogeneous, stable, and workable mixture. 

2.2 Materials for MatCon production 

Materials shall meet the requirements of the following sections: 

• MatCon Binder 
• Anti-Stripping Additive 
• Aggregates 
• Blending Sand 
• Mineral Filler 

2.2.1 MatCon Binder 
Wilder Construction will provide the MatCon binder to the project plant. The binder will be 
pumped into empty storage tanks meeting the requirements of all plants as defined later in this 
section. 
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2.2.2 Anti-Stripping Additive 

When directed by the Engineer, an anti-stripping additive shall be added to the MatCon binder. If 
anti- strip is normally specified for local mixes made from the same aggregate, MatCon will 
require anti-strip 

2.2.3 Aggregates 
Aggregates used in MatCon shall be manufactured from ledge rock, talus, or gravel. The material 
from which they are produced shall meet the following test requirements: 

ASTM C 131 LA Wear 
ASTM C 127 SPG & Absorb Coarse Agg. 
ASTM C 128 SPG & Absorb Fine Agg 
ASTM D 2419 Sand Equivalent 

30% max loss 
2% max absorption 
2% max absorption 

40 min 

Aggregates shall be uniform in quality, substantially free from wood, roots, bark, extraneous 
materials, and adherent coatings. The presence of a thin, firmly adhering film of weathered rock 
will not be considered as coating unless it exists on more than 50 percent of the surface area of 
any size between consecutive laboratory sieves. 

The fracture requirements are at least one fractured face on 75 percent of the material retained on 
each specification sieve size U.S. No. 10 and above, ifthat sieve retains more than 5 percent of 
the total sample. 

When material is being produced and stockpiled for use on a specific contract the fracture and 
sand equivalent requirements shall apply at the time of stockpiling. When material is used from 
a stockpile that has not been tested as provided above, the requirements for fracture and sand 
equivalents shall apply at the time of its introduction to the cold feed of the mixing plant. 

Aggregate removed from deposits contaminated with various types of wood waste shall be 
washed, processed, selected, or otherwise treated to remove sufficient wood waste, so that the 
oven-dried material retained on a Y4 -inch square sieve shall not contain more than 0.1 percent by 
weight of material with a specific gravity less than 1. 

2.2.4 Blending Sand 

In the production of aggregate for MatCon, there is often a deficiency of material passing the 
U.S. No. 40. When this occurs, blending sand in an amount specified by the Engineer may be 
used to make up this deficiency, provided that a satisfactory final mix is produced, including 
fracture requirements. 

Blending sand shall be clean, hard, sound material (either naturally occurring sand or crusher 
fines) and must be material which will readily accept an MatCon binder coating. Blending sand 
shall have a minimum value in the Sand Equivalent test (ASTM D 2419) of 40. 

2.2.5 Mineral Filler 
Mineral filler, when used in MatCon mix, shall conform to the requirements of AASHTO M 17. 
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2.2.6 Gradation 
The Contractor may furnish aggregates for use on the same contract from a single stockpile or 
from multiple stockpiles. The gradation of the aggregates shall be such that the completed 
mixture complies in all respects with the pertinent requirements of this section. Acceptance of 
the aggregate gradation shall be based on samples taken from the final mix. 

The materials of which MatCon is composed shall be of such sizes, gradation, and quantities 
that, when proportioned and mixed together, they will produce a well-graded dense impermeable 
mixture or an open graded very permeable drainage layer within the requirements listed in the 
table that follows. All sieve testing shall be in accordance with ASTM C 136 Sieve Analysis of 
Fine and Course Aggregates 

Table 1. Recommended Aggregate Gradation for Dense and Open Graded MatCon 
Mixture 

Sieve size 
%Passing Based on Total wt. of aggregate 

Dense Open 
(3/4 inch) 100 70-100 
(1/2 inch) 100 25-40 
(3//8 inch) 85-100 5-15 
No.4 sieve 60-80 0-2 
No.8 sieve 40-60 0-1 

No. 16 sieve 25-40 0-1 
No. 30 sieve 15-25 0-1 
No. 50 sieve 11-20 0-1 

No. 100 sieve 7-15 0-1 
No. 200 sieve 3-8 0-1 

2.3 Methods for MatCon production 

2.3.1 Stockpiling aggregates 
This work shall consist of placing the specified aggregates in the stockpiles at the sites and in the 
amounts as shown in the Plans or as approved by the Engineer. This section also includes the 
requirements pertaining to the removal of aggregates from stockpiles. 

2.3.2 Construction of Stockpiles 
Stockpiles in excess of 200 cubic yards shall be built up in layers not more than 4 feet in depth. 
Stockpile layers shall be constructed by trucks, clamshells, or other methods approved by the 
Engineer. Pushing aggregates into piles with a bulldozer will not be permitted. Each layer shall 
be completed over the entire area of the pile before depositing aggregates in the succeeding 
layer. The aggregate shall not be dumped so that any part of it runs down and over the lower 
layers in the stockpile. The method of dropping from a bucket or spout in one location to form a 
cone shaped pile will not be permitted. Any method of placing aggregates in stockpiles, which 
in the opinion of the Engineer, breaks, degrades, or otherwise damages the aggregate, will not be 
permitted. Stockpiles of less than 200 cubic yards shall be piled in a manner to prevent 
segregation of the various sizes of material. 
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No equipment other than pneumatic tired equipment shall be used in constructing the stockpiles 
of processed or manufactured aggregates. 

Stockpiles of different types or sizes of aggregate shall be spaced far enough apart, or separated 
by suitable walls or partitions, to prevent the mixing of the aggregates. Aggregate shall not be 
deposited where traffic, vehicles, or Contractor's equipment will either run over or through the 
piles, or in any way cause foreign matter to become mixed with the aggregates. 
Removing Aggregates from Stockpiles 

Aggregates shall be removed from stockpile in a manner to avoid separation of sizes or 
admixture of dirt or foreign material. The Engineer will approve the method and equipment used 
for loading. 

No equipment other than pneumatic tired equipment shall be used on stockpiles of processed or 
manufactured aggregates in removing the materials from the stockpiles. When removing 
materials from the face of the stockpile, the equipment shall be operated in a manner to face-load 
from the floor to the top of the stockpile to obtain maximum uniformity of material. 

2.3.3 Preparation of Aggregates 

The aggregates shall be removed from stockpile(s) in a manner to ensure a mmtmum of 
segregation when being moved to the MatCon plant for processing into the final mixture. 

2.3.4 Mix Design 

The Contractor shall obtain representative samples from mineral aggregate stockpiles and blend 
sand sources to be used for MatCon production, submitting them to Wilder Construction for 
development of a mix design and job mix formula. 

The Contractor shall allow 30 working days for approval of the mix design once the material has 
been received by Wilder Construction. Additional time may be required if the proportions will 
not make an adequate design as determined by Wilder Construction. The Contractor is also 
advised that production of MatCon shall not commence until the job mix design has been 
established. Expedited mix designs may be performed provided arrangements are made in 
advance with Wilder Construction Company. 

The properties of the aggregate in a preliminary mix design for MatCon shall be such that, when 
it is combined and mixed in the laboratory or in the field, with the MatCon binder, mixtures with 
the following test values can be produced: 

Permeability Coefficient, k 
Air Voids% 
Modified Lottman Stripping Test ,TSR 
* MatCon dense graded only. 

<lxl0-8 em/sec* 
<3%max* 
>80% 

(ASTM D 5084) 
(ASTM D2041!3203) 
(ASTM 4867/4867M) 

Typical regulatory standards require <lxl0-7 em/sec. However, to achieve this mmtmum 
standard the target value is <lxl0-8 em/sec*. 
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2.3.5 Mixing Plant 
Sufficient storage space shall be provided for each size of aggregate. The different aggregate 
sizes shall be kept separated until they have been delivered to the cold elevator feeding the plant 
except that aggregates produced meeting the requirements of Section 3-01.8 need not be 
separated. The storage yard shall be maintained neat and orderly and the separate stockpiles 
shall be readily accessible for sampling. 

Plants used for the preparation of MatCon shall conform to all requirements of this section 
except that scale requirements shall apply only where weight proportioning is used. In addition, 
batch plants shall conform to the requirements of given for batch plants and rotary drum plants 
shall conform itemized for rotary drum plants. 

2.3. 6 Requirements for All Plants 

All plants shall meet the following requirements: 
The asphalt plant shall have a minimum capacity rating by the manufacture as follows: 

• For projects involving 5,000 tons or more: 
o Batch plants - 2,000 lbs. per batch. 
o Continuous mix and rotary drum plants- 100 tons per hour. 

• For projects involving less than 5,000 tons: 
o Batch plants- 1,000 lbs. per batch. 
o Continuous mix and rotary drum plants - 45 tons per hour. 

Plant and truck scales shall meet the requirements defined later in this section for weighing 
equipment. 

1. Equipment for preparation of MatCon binder: Tanks for the storage MatCon material 
shall be equipped to heat and hold the material at the required temperatures. Typical 
storage temperatures for the MatCon binder range between 310 F and 360 F. Steam 
coils, electricity, other approved means, shall accomplish the heating so that no flame 
shall be in contact with the tank. The circulating system for the binder material shall be 
designed to ensure proper and continuous circulation during the operating period. 
Provision shall be made for measuring the binder in the storage tank and a valve shall be 
placed in the supply line to the mixer for sampling the material. 

2. Feeder for drier or drum mixer: The plant shall be provided with accurate mechanical 
means for uniformly feeding the aggregate into the drier so that uniform production and 
uniform temperature will be obtained. The feeder for blending sand, when required shall 
be capable of providing a consistent, uniform flow in the amount designated by the 
Engineer. 

3. Screens: Plant screens, capable of screening all aggregates to the specified sizes and 
proportions and having normal capacities in excess of the full capacity of the mixer, shall 
be provided when batch plants are used. 

4. Bins: The plant shall include storage bins of sufficient capacity to supply the mixer when 
it is operating at full capacity. Bins shall be arranged to ensure separate and adequate 
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storage of appropriate fractions of the aggregates. Separate dry storage shall be provided 
for mineral filler when used and the plant shall be equipped to feed such material into the 
mixer. Each bin shall be provided with overflow pipes, sized and located to prevent 
material backing up into other compartments or bins. Each compartment shall be 
provided with an outlet gate, constructed so there shall be no leakage when closed. The 
gates shall close quickly and completely. Bins shall be constructed so samples can be 
readily obtained. Bins shall be equipped with adequate telltale devices to indicate the 
level of the aggregates in the bins at the lower quarter points. 

5. Binder control unit: Satisfactory means, either by weighing or metering, shall be 
provided to obtain the proper amount of MatCon binder in the mix. Means shall be 
provided for checking the quantity or rate of flow of MatCon binder into the mixer. 

6. The binder may also be proportioned by a device which sprays the material into the mixer 
through six or more nozzles, and which weighs or proportions the material for each batch 
by a positive rotating meter which is calibrated in pounds. The metering device shall 
have an established background of service and shall be approved by the Engineer 

7. Thermometric equipment: An armored thermometer of adequate range in temperature 
reading shall be fixed in the MatCon binder feed line at a suitable location near the 
charging valve at the mixer unit. 

8. The plant shall also be equipped with either an approved dial-scale, a mercury actuated 
thermometer, an electric pyrometer, or other approved thermometric instrument placed at 
the discharge chute of the drier to automatically register or indicate the temperature of the 
heated aggregates. This device shall be in full view of the plant operator. The Engineer 
may require replacement of any thermometer with an approved temperature-recording 
apparatus for better regulation of the temperature of aggregates. 

9. Dust collector: The plant shall be equipped with a dust collector constructed to waste or 
return uniformly to the hot elevator all or any part of the material collected. 

10. When a bag house is used for dust control, the Contractor shall be able to introduce the 
material returned from the bag house into the mixture at a uniform and continuous rate. 
Accurate mechanical means shall be provided for uniformly feeding the fines into the 
aggregate stream. To accomplish this, the Contractor shall provide a surge hopper with a 
holding capacity sufficient to accumulate the bag house fines or shall have a variable 
speed mechanical feed interlocked to the plant which will prevent any variance in feed 
into the aggregate stream. Either method shall provide uniform and continuous return of 
the well-graded fine materials and be provided with a method of withdrawing the surplus 
fines independently for disposal. 

11. Burner fuel: The plant burner fuel shall be restricted to the use of propane, butane, 
natural gas, methane, coal, No. 1 or No. 2 fuel oil, or other acceptable burner fuel as 
determined by the Engineer. 

12. Compliance: Hot-mix asphalt plants shall be in compliance with all local, state, and 
federal operating permits, licenses, air quality and other applicable regulations. 

2.3. 7 Requirements for Batch Plants 

In addition to the requirements listed earlier in this section, batch plants shall meet the following 
requirements: 
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1. The plant shall include a drier or dryers which continuously agitate the aggregate during 
the heating and drying process, and be capable of preparing aggregates to specification 
requirements. 

2. Weigh box or hopper: The equipment shall include a means for accurately weighing each 
size of aggregate in a weigh box or hopper suspended on scales and of ample size to hold 
a full batch without hand raking or running over. The gate shall close tightly so that no 
material is allowed to leak into the mixer while a batch is being weighed. 

3. MatCon binder control: The equipment used to measure the binder shall be accurate to 
plus or minus 0.5 percent. The binder bucket shall be a non-tilting type with a loose 
sheet metal cover. The length of the discharge opening or spray bar shall be not less than 
75 percent of the length of the mixer and it shall discharge directly into the mixer. The 
binder bucket, its discharge valve or valves and spray bar shall be adequately heated. 
Steam jackets, if used, shall be efficiently drained and all connections shall be 
constructed so they will not interfere with the efficient operation of the asphalt scales. 
The capacity of the binder bucket shall be at least 15 percent in excess of the weight of 
binder material required in any batch. The plant shall have an adequately heated quick
acting, non-drip, charging valve located directly over the asphalt material bucket. The 
indicator dial shall have a capacity of at least 15 percent in excess of the quantity of 
binder material used in a batch. The controls shall be constructed so they may be locked 
at any dial setting and will automatically reset to that reading after the addition of binder 
material to each batch. The dial shall be in full view of the mixer operator. The flow of 
binder material shall be automatically controlled so it will begin when the dry mixing 
period is over. All of the binder material required for one batch shall be discharged in not 
more than 15 seconds after the flow has started. The size and spacing of the spray bar 
openings shall provide a uniform application of binder material the full length of the 
mixer. The section of the binder line between the charging valve and the spray bar shall 
be provided with a valve and outlet for checking the meter when a metering device is 
substituted for an binder material bucket. 

4. Mixer: The batch mixer shall be an approved type capable of producing a uniform 
mixture meeting the requirements of these Specifications. If not enclosed, the mixer box 
shall be equipped with a dust hood to prevent loss of dust. 

5. Clearance of the blades from all fixed and moving parts shall not exceed 1 inch unless the 
maximum diameter of the aggregate in the mix exceeds 1 112 inches, in which case the 
clearance shall not exceed 1 112 inches 

6. Mixing time: The plant shall be capable of regulation of the mixing time as specified in 
Section 2-0 1.3( 1 0) in 5 second increments 

7. Automatic controls: All projects using a batch mixer involving 5,000 tons or more of 
MatCon shall conform to the following provisions. Automatic control of batch mixing 
operations may be used providing the requirements of this section are met. 

8. The proportioning and timing devices shall be automatic to the extent that the only 
manual operation required for the proportioning and mixing of materials for one batch 
shall be a single operation of a switch or starter. The mixing plant shall be equipped with 
automatic weight proportioning devices to monitor and control the weights of the several 
components of aggregates and of the asphalt. The mixing plant shall also contain timing 
lock devices to monitor and control the position of the aggregate weigh hopper dump 
gate, the asphalt bucket discharge valve, and the mixer discharge gate. 
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9. Withdrawal from the aggregate bins and the discharge of the weigh hopper shall be so 
interlocked that the weigh hopper cannot discharge until the required quantity of 
aggregate from each bin has been deposited therein. The weigh hopper may be a single 
compartment, individual weight control type, or of the divided compartment, preset 
volume type. When the single compartment, individual weight control type is used, the 
automatic scale weight system shall discharge and weigh material from one bin at a time. 
When the preset volume weigh hopper is used, the automatic control system shall check 
the total weight of each aggregate batch and provision shall be made to allow the 
Engineer to check easily and quickly the individual aggregate weights at any time. 

10. The opening of the aggregate weigh hopper dump gate shall actuate the timing lock 
devices. They shall lock the asphalt bucket discharge valve until preset dry mixing time 
is expired and shall lock the mixer discharge gate throughout the preset dry and wet 
mixing periods. The control of the timing shall be flexible and capable of being set at 
intervals of not more than 5 seconds throughout cycles up to 60 seconds. 

11. The dials of the timing locks and automatic weighing controls shall be so arranged that 
the time interval and mass proportion controls may be locked by the Engineer. 

2.3.8 Requirements for Rotary Drum Plants 

In addition to the requirements listed earlier in this section, rotary drum plants shall meet the 
following requirements: 

1 The plant shall have a feeder capable of uniformly introducing the aggregate into the 
drum. The aggregate feeder shall be synchronized with the MatCon binder material feed. 
Satisfactory means shall be provided to afford positive interlocking control between each 
aggregate cold feed bin, aggregate feed, and the asphalt feed so the plant will 
automatically activate a warning device if the feed of either aggregate or asphalt is 
interrupted. 

2 The plant shall have the mixing capability to provide a uniform mixture meeting the 
requirements of these Specifications. 

3 The asphalt material feed shall have positive recording capabilities so the amount of 
asphalt incorporated into the mix during any given period of time may be read directly. 

2.3.9 Heating of MatCon Binder 

The MatCon binder shall be heated to a range between 31 OF and 360F as determined by the mix 
design. The asphalt shall be heated in a manner that will avoid local overheating and provide a 
continuous supply of asphalt material to the mixer at a uniform temperature plus or minus 1 0°F 
from the mix design temperature. 

2.3.10 Anti-Stripping Additive 
When directed by the Engineer, heat-stable liquid anti-stripping additive shall be added to the 
asphalt mix. At the option of the Contractor, the anti-stripping additive can be either added to 
the liquid asphalt or sprayed on the aggregate on the cold feed. Once the process and type of 
anti-stripping additive proposed by the Contractor have been approved by Wilder, the process, 
brand, grade, and amount of anti-stripping additive shall not be changed without approval of the 
Engineer. 
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When liquid anti-stripping additive is added to the liquid asphalt, the amount will be designated 
by Wilder. 

The use of another process or procedure for adding anti-stripping additive to the asphalt mix will 
be considered based on a proposal from the Contractor. 

2. 3.11 Mixing 

The prepared aggregates shall be combined in the mixer in the amount of each fraction of 
aggregates as specified or as directed by the Engineer. The asphalt material shall be measured or 
gauged and introduced into the mixer in the amount determined by the Engineer. 

After the required amounts of aggregate and asphalt material have been introduced into the 
mixer, unless otherwise specified, the materials shall be mixed until a complete and uniform 
coating of the particles and a thorough distribution of the asphalt material throughout the 
aggregate is ensured. Wet mixing time shall be sufficient to produce 95 percent coated particles. 
When discharged, the temperature of the mix shall not exceed the mix design temperature. A 
maximum water content of 2 percent in the mix, at discharge, will be allowed providing the 
water causes no problems with handling, stripping, or flushing. In this case, the moisture content 
shall be reduced as directed by the Engineer. 

Storing or holding of the asphalt concrete mixture in approved storage facilities will be permitted 
during the daily operation but in no event shall the materials be held for more than 2 hours, 
unless approved by Wilder. Materials held for more than 2 hours after mixing may be rejected 
and disposed of by the Contractor at no expense to the Contracting Agency. The storage facility 
shall have a visible device located at the top of the cone or about the third point to indicate the 
amount of material in storage. No material shall be accepted from the storage facility when the 
material in storage is below the top of the cone of the storage facility, except at the end of the 
working day. 

2.4 Weighing Equipment 

2.4.1 General Requirements for Weighing Equipment 

The Contractor shall provide, set up, and maintain the scales or use permanently installed, 
certified, commercial scales. 

Scales shall: 
• Be accurate to within one-half of 1 percent throughout the range of use; 
• Not include spring balances; 
• Include beams, dials, or other reliable readout equipment; 
• Be arranged so that operators and inspectors can safely and easily see the dials, beams, 

rods, and operating scale mechanisms; 
• Be built to prevent scale parts from binding, vibrating, or being displaced and to protect 

all working parts from falling material, wind, and weather; and 
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• Be carefully maintained, with (a) bunkers and platforms kept clear of accumulated 
materials that could cause errors and (b) knife edges given extra care and protection. 

• Be calibrated in accordance with standard specifications for the state where work is 
performed and per manufacturers' specifications. 

At each hatching and platform scale location, the Contractor shall have available not less than 10 
standard 50-pound weights for scale calibration and testing. If the Engineer has approved other 
calibration and testing equipment, the Contractor may substitute it for these weights. 

2.4.2 Specific Requirements for Batching Scales 

Qualified operators employed by the Contractor shall weigh all materials proportioned by weight 
on an accurate, approved scale 

Each scale shall be designed to support a weighing hopper. The arrangement shall make it 
convenient for the operator to remove material from the hopper while watching readout devices. 
Any hopper mounted on a platform scale shall have its center of gravity directly over the 
platform centerline. 

Marked intervals on the readout device shall be spaced evenly throughout and shall be based on 
the scale's nominal rated capacity. These intervals shall be at least 1 pound, but shall not exceed 
one-tenth of 1 percent of nominal rated capacity. 

An agent of the scale manufacturer shall test and service any batch scale before its use at each 
new site and then at 6-month intervals. The Contractor shall provide the Engineer a copy of the 
final results after each test. Whenever the Engineer requests, the Contractor's operator(s) shall 
test the scale while the inspector observes. 

The MatCon binder shall be weighed on a scale not used for other materials. 

2.4.3 Specific Requirements for Platform Scales 

The Contractor shall provide the platform scales and any tickets required for self-printing scales. 
Each weigh or load ticket shall contain gross, net, and tare weight. It shall also identify the 
weighed material. A tare weight shall be taken of each hauling vehicle at least twice a day. 

If commercial scales are used, the Contractor shall: 
• Provide the scale operator with approved load tickets; 
• Provide duplicate, legible copies to the Material Receiver at the delivery point; and 
• Guarantee permission for an agent of the Engineer to observe the weighing and to check 

and compile the daily scale weight record. 

Each commercial weigher shall test the scales at least daily. Test methods and procedures for 
recording test results and tare weight shall be approved in advance by the Engineer. Before use 
at a new site and then at 6-month intervals, the scale shall be serviced and tested with at least 
10,000 pounds by an agent of its manufacturer. In any case, the Contractor shall provide the 
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Engineer with a copy of the final test results. Scales to be certified in accordance with accepted 
calibration methods. 

2.5 Quality Control 

2.5.1 Plant inspection 

Prior to commencement of production the mixing faculties shall undergo a full inspection to 
ensure compliance with the requirements of this specification. This inspection shall be 
conducted by Wilder quality control staff at least one-week before production commences. 

2.5.2 Acceptance Sampling and Testing 

The MatCon dense graded mixtures will be evaluated for quality of gradation and binder content. 

The MatCon open graded mixtures will be evaluated for quality of gradation based on samples 
taken from the cold feed or from samples of the MatCon mixture. 

2.5.3 Aggregates 

Aggregates will be accepted for sand equivalent and fracture based on their conformance to the 
following requirements.: 
The MatCon mixture will be accepted based on its conformance to the project job mix formula 
(JMF). For the determination of a project JMF, the Contractor shall submit to Wilder, 
representative samples of the various aggregate and blend sand, to be used along with the 
gradation data showing the various aggregate stockpile averages and the proposed combining 
ratios and the average gradation of the completed mix. Based on this submittal from the 
Contractor, Wilder will determine the MatCon binder content, anti-strip requirement, and 
MatCon binder retention factor in the mix design process. Using the representative samples 
submitted and proposed proportion of each, trial mix tests will be run to determine the 
percentage of MatCon binder, by weight, to be added. The JMF thus established shall be changed 
only upon order of Wilder. 

The intermingling of MatCon mixtures produced from more than one JMF is prohibited. Each 
paver path of MatCon mixture placed during a working shift shall conform to a single job mix 
formula established for the class of MatCon mixture specified unless there is a need to make an 
adjustment in the JMF. 

No mixture shall be produced for use on the project until the amount of MatCon binder and anti
strip additive to be added has been established. 

2.5.4 MatCon Mixture 

2.5.4.1 Sampling 
( 1) A sample will not be obtained from either the first or last 25 tons of mix produced in 

each production shift. 
(2) Samples for compliance of gradation and asphalt cement content will be obtained on 

a random basis from the hauling vehicle. 
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2.5.4.2. Definition of Sampling: Sampling and testing for acceptance shall be performed 
on a random basis at a minimum frequency of one sample for each sublot of 500 tons, or a 
minimum of 3 to 4 per day. 

2.5.4.3 Reject Mixture 

( 1) Rejection by Contractor: The Contractor may, prior to sampling, elect to remove any 
defective material and replace it with new material at no expense to the Contracting 
Agency. Any such new material will be sampled, tested, and evaluated for 
acceptance. 

(2) Rejection without Testing: The Engineer may, without sampling, reject any batch, 
load, or section of the cap or liner that appears defective in gradation or MatCon 
binder content. Material rejected before placement shall not be incorporated into the 
work. Any rejected section of the work shall be removed. 

2.5.5 Job Mix Formula Tolerances and Adjustments 

Tolerances. After the JMF is determined, the several constituents of the mixture at the time of 
acceptance shall conform to the following tolerances: 

Constituent of Mixture 
Aggregate passing % ", 

5 I 8 ",1 /2 ",and 3 /8 "sieves 
Aggregate passing No. 4sieve 
Aggregate passing No. 8 sieve 

Aggregate passing No. 16 sieve 
Aggregate passing No. 30 sieve 
Aggregate passing No. 50 sieve 

Aggregate passing No. (100) sieve 
Aggregate passing No. (200) sieve 

MatCon Binder 

Temperature of Mixing 

2.5. 6 Aggregates Adjustments. 

Tolerance Limits1 

Broad band specification 

+5% 
±4% 
±4% 
±4%. 
±3% 
±3% 
±2% 

±0.3% 

±25°F 

Upon written request from the Contractor, the Project Engineer, with Wilder concurrence may 
approve field adjustments to the JMF including the Contractor's proposed combining ratios for 
mineral aggregate stockpiles and blend sand. The maximum allowed gradation change shall be 2 
percent for the aggregate retained on the No. 8 sieve and above, 1 percent for the aggregate 
passing the No. 16, No. 30 and No. 50 sieves, and 0.5 percent for the aggregate passing the No. 
100 and No. 200 sieve. The Project Engineer may make these field adjustments to the JMF 
provided the change will produce material of equal or better quality. The above adjustments 
and/or any further adjustments as ordered by the Engineer will be considered as a new JMF. 
Adjustments beyond these limits will require development of a new JMF. The adjusted JMF 
plus or minus the allowed tolerances shall be within the range of the broad band specifications. 

1 The tolerance limit for each mix constituent shall not exceed the broad band specification limits. 
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2. 5. 7 Gradation 

The Contractor may furnish aggregates for use on the same contract from a single stockpile or 
from multiple stockpiles. The gradation of the aggregates shall be such that the completed 
mixture complies in all respects with the pertinent requirements. 

Recommended frequency of testing of the various stages of MatCon production and given in 
Table 2 below. Variations are permitted, subject to approval by Wilder Quality Control staff if 
deemed necessary for safety and/or production reasons. All sampling shall be witnessed by 
Wilder staff and Wilder staff will be responsible for shipping samples to be used for external 
compliance testing. Wilder staff members shall establish a Chain of Custody form for each 
sample produced which will include labeling and shipping details to the certified test laboratory. 
Completed records for COC will be maintained as part of the permanent quality control record. 

Table 2. Recommended Quality Control Sampling and Testing 

MatCon Quality Assurance- Production 

PHASE TEST TIMING/ 

ON/OFF SITE DESCRIPTION LOCATION PARAMETERS FREQUENCY COMMENTS 

MatCon Binder MatCon Wilder to prepare 

Formulation Modifier 
Asphalt 

Per Wilder 
1-2 weeks prior to Binder data for 

Off Site Compatibility 
Laboratory MatCon Laydown submittal to Binder 

Blending Facility 
MatCon Mix-

Prepare Asphalt 
Within one week Wilder to prepare JMF 

Design 
MatCon JMF Laboratory 

Per Wilder prior to MatCon and submit to 
Off Site Laydown Contractor 

Prepare 
Binder Immediately 

Wilder to Approve 
MatCon Binder 

Blending Per Wilder before/during 
MatCon Binder 

Facility MatCon Laydown 
MatCon Binder Sample & Test 

Wilder to submit Blending/ MatCon 
HMAF 

1) Temperature Each delivered 
samples to lab for Delivery to Delivery Trucks 2) Quality truck load 

HMAF to HMAF 
testing 

Off Site Sample & Test 
HMAF 

MatCon in 
Storage Temperature Hourly 

All Data on 
HMAF Storage appropriate QC Form 
Tank(s) 

Tanks 

Sample & Test 
1) Gradation 

1 per 500 tons mix, 
2) Binder 

MatConHMA 
MatCon Hot- Chute or 

Content 
or 1 per 0.5 acres, 

All Data on 
Off Site 

Mix Asphalt at Haul Truck 
3) Rice Max. 

or minimum of 3-4 
appropriate QC Form 

HMAF prior to at HMAF 
Density 

per day, 1 Rice 
Haul to Site 

4) Temperature 
Density per Day 
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3.0 MATCON® TRANSPORT 

3.1 Transport Equipment 

Trucks used for transport/hauling MatCon mixtures shall have tight, clean, smooth metal beds 
which have been thinly coated with a minimum amount of paraffin oil, or other approved 
material to prevent the mixture from adhering to the beds. Each truck shall have a cover of 
canvas or other suitable material of sufficient size to protect the mixture from the weather. 

3.2 Methods 

When dump truck beds are sprayed with oil, the excess oil shall be drained prior to filling with 
the asphalt mixture. For hopper trucks, the conveyer shall be in operation during the process of 
oiling the bed. 

3.3 Quality Assurance 

Visual inspection records and temperatures shall be recorded by the Contractors staff. Each load 
shall be visually inspected as the load leaves the plant. 

The temperature of the load shall be taken upon the start and completion of transportation. 
Material outside the acceptable range as defined by the mix design and the corresponding 
temperature tolerance shall be rejected. 

4.0 SURFACE PREPARATION 

4.1 Material 

Materials shall be submitted to Wilder in advance of construction for approval. Due to the 
highly variable nature of sites and standard specification is not available for materials. 

The surface shall be firm and unyielding condition. Typically this can be characterized as having 
a dynamic stiffness of 80MPa or greater with little or no potential for settlement. 

4.2 Preparation of Existing Surfaces 

Before construction of a MatCon liner or cap system, the existing surface will be constructed to 
plan sub grade elevations with a tolerance of +I- one half inch, and brought to a firm and 
unyielding condition as evidenced by proof rolling with a loaded tandem rear-axle dump truck. 
Further, the surface must be capable of maintaining its smooth and unyielding condition when 
loaded repeatedly by the MatCon mixture delivery trucks. 
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4.3 Quality Control 

Recommended frequency of testing of the various stages of MatCon surface preparation are 
given in Table 3 below. Variations are permitted, subject to approval by Wilder Quality Control 
staff if deemed necessary for safety and/or production reasons. All sampling shall be witnessed 
by Wilder staff and Wilder staff will be responsible for shipping samples to be used for external 
compliance testing. 

Table 3. Recommended Quality Control Sampling and Testing 

MatCon Quality Assurance Matrix Table - Surface Preparation 

PHASE TEST TIMING/ 

ON/OFF SITE DESCRIPTION LOCATION PARAMETERS FREQUENCY COMMENTS 

Examine prepared 
1) firm and 

Wilder may accept 
Site unyielding Prior to 
Preparation 

grade for suitability for Surface for 
2) >1.5% grade MatCon 

or reject all or part 

On-Site 
MatCon Pavement Paving 

3) +/- 1/2" Paving 
of grade prior to 

Installation 
tolerance 

MatCon paving 

Prior to 
Evaluation 

Evaluation of dynamic Surface for 
MatCon No standard covers 

with PRIMA E > 80 MPa Paving this method 
LWD stiffness of soil Paving 

currently. 
100ft grid 

5.0 PLACEMENT AND COMPACTION 

5.1 Equipment for Placement and Compaction 

5.1.1 Pavers 
MatCon pavers shall be self-contained, power-propelled units, provided with an activated screed 
or strike-off assembly, heated if necessary, and capable of spreading and finishing courses of 
MatCon in panel widths applicable to the specified typical section and thicknesses shown in the 
Plans. 

The screed or strike-off assembly shall effectively produce a finished surface of the required 
evenness and texture without tearing, shoving, segregating, or gouging the mixture. Any bolt on 
or hydraulic extensions shall produce the same results including ride, density, and surface texture 
as the screed or strike off assembly. Hydraulic extenders without screeds, augers, and vibration 
shall not be used. 

When laying mixtures, the paver shall be operated at a uniform forward speed consistent with the 
plant production rate and roller train capacity to result in a continuous operation. The auger 
speed and flight gate opening shall be adjusted to coordinate with the operation. 

The transverse slope controller shall be capable of maintaining the screed at the desired slope 
within plus or minus 0.1 percent. The paver shall be equipped with automatic feeder controls, 
properly adjusted to maintain a uniform depth of material ahead ofthe screed. 
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5.1.2 Rollers 
Rollers shall be of the steel wheel, vibratory, or pneumatic tire type, in good condition, capable 
of reversing without backlash, and shall be operated at speeds slow enough to avoid 
displacement ofthe mixture. The number and weight of rollers shall be sufficient to compact the 
mixture as required in Section 2.01.3(12). The use of equipment, which results in excessive 
crushing of the aggregate, will not be permitted. Rollers producing pickup, washboard, uneven 
compaction of the surface or other undesirable results will be rejected. Compaction, in areas too 
small for the use of conventional sized rollers, shall be achieved using vibratory plate 
compactors or other approved equipment. 
The following specifications shall apply to the various types of rollers: 

5.1.3 Vibratory Rollers 

• Variable amplitude will be required, with at least 2 settings. 
• A variable frequency with a 2,000 VPM minimum. 
• The maximum rate of travel under vibration shall be limited to 3 mph. 
• Pneumatic propulsion on surface courses shall be limited to smooth tires that will not 

leave visible tracks. 

5. 1.4 Pneumatic Tired Rollers 

• The maximum rate of travel shall be limited to 5 mph. 
• Skirts shall be firmly affixed to the perimeter of the roller and shall uniformly extend to 

within 1 inch of the pavement surface 

5.1.5 Steel Wheel Rollers 

• The maximum rate of travel shall be limited to 4 mph. 

5.2 Methods for placement and compaction 

5.2.1 Spreading and Finishing 
The mixture shall be laid upon an approved surface, spread, and struck off to the grade and 
elevation established. Asphalt pavers complying with this section shall be used to distribute the 
mixture. Unless otherwise directed by the Engineer or specified in the Plans or in the Special 
Provisions, the nominal compacted depth of any layer or lift of any course shall not be less than 
the following depths: 

MatCon Dense Graded 
MatCon Open Graded 

4 inches 
4 inches 

On areas where irregularities or unavoidable obstacles make the use of mechanical spreading and 
finishing equipment impractical, the paving may be done with other equipment or by hand. 
When the MatCon mixture is being produced by more than one plant, the material produced by 
each plant shall be placed by separate spreading and compacting equipment. 
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5.2.2 Joints 
The construction of dense graded MatCon requires the elimination of nearly all-cold joints. This 
is accomplished by keeping the paving panels short enough, that when the paver is set back to 
start another panel, the joint being placed against is still hot and not yet compacted. Once 
placement of the adjacent panel has started, the hot joint between the two panels can be 
compacted, resulting in a seamless connection. When a prolonged break is anticipated, such as 
the end of a work shift, the Cold Joint Panel will have the following configuration, (See drawing 
below). The inside of the panel which is adjacent to the previously laid hot panel will be 
approximately, three (3) inches compacted; however the outer edge of this last (cold joint) panel 
will be approximately two (2) inches thick after compaction creating a tapered joint panel. Prior 
to placing the Overlay Hot Panel a tack coat shall be applied over the entire cold joint panel and 
milled area at the rate of 0.1 gallons per square yard, or at a rate determined by Wilder. The 
Overlay Hot Panel will be laid a minimum of one ( 1) foot wider than the Cold Joint Panel. 

r 1" 

Cold Panel -t-

Milled Area Paved Continuously 
with Hot Panel 

Final Hot Panel 

Joint Cold Panel 4"-TI 
----------------------~----------------~---------7 

~-I· -1o·--~-l Finished Subgrade 

Cross Section 
Notes: 
1. 

2. 
3. 
4. 
5. 
6. 

Milled area removed from tapered cold joint panel with narrow milling machine to 
depth of adjacent joint panel surface. 
Milled surface broomed clean. 
Surface of all cleaned cold panels heavily tacked with modified asphalt. 
Overlay hot panel paved and compacted against milled edge. 
Final surface seam sealed with modified asphalt. 
Drawing not to scale. 

5.2.3 Compaction 
Immediately after MatCon has been spread, struck off, and surface irregularities adjusted, it shall 
be thoroughly and uniformly compacted. The completed course shall be free from ridges, ruts, 
humps, depressions, objectionable marks, or irregularities and in conformance with the line, 
grade, and cross-section shown in the Plans or as established by the Engineer. 

Compaction shall take place when the mixture is in the proper condition so that no undue 
displacement, cracking, or shoving occurs. All compaction units shall be operated at the speed, 
within specification limits, that will produce the required compaction. Areas inaccessible to 
large compaction equipment shall be compacted by mechanical or hand tampers. Any MatCon 
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that becomes loose, broken, contaminated, shows an excess or deficiency of MatCon binder, or is 
in any way defective, shall be removed and replaced at no additional cost with fresh MatCon 
which shall be immediately compacted to conform with the surrounding area. 

The type of rollers to be used and their relative position in the compaction sequence shall 
generally be the Contractor's option, provided specification densities are attained. 

Coverages with a vibratory or steel wheel roller may proceed pneumatic tired rolling. 
Vibratory rollers shall not be operated in the vibratory mode when the internal temperature of the 
mix is less than 225 F without permission of the Engineer. In no case shall a vibratory roller be 
operated in a vibratory mode when checking or cracking of the mat occurs at a greater 
temperature. 

5.2.4 Weather Limitations 

MatCon shall not be placed on any wet surface, or when the average surface temperatures are 
less than those specified in the following table, or when weather conditions otherwise prevent the 
proper handling or finishing of the bituminous mixtures: 

Surface Temperature Limitations for both Cap and Liner Courses: 35 F min 

5.3 Quality Control of placement and compaction 

The quantity represented by each density lot will be no greater than a single day's production or 
approximately 500 tons, whichever is less. 

At the start of paving, a compaction test section shall be constructed, as directed by the Engineer, 
to determine the compactability of the mix design. Compactability shall be evaluated as the 
ability of the mix to attain a quality level of 97 percent of the maximum density determined by 
AASHTOT209 

Following determination of compactability, the Contractor is responsible for the control of the 
compaction effort .. 

5.3.1 Samples 

The Engineer reserves the right to have samples cut or cored from the completed project or as 
MatCon is being placed. Additionally, the Engineer may take samples of the uncompressed 
MatCon mixtures as well as all materials incorporated in the work. Where samples have been 
taken from the uncompressed MatCon, new material shall be placed and compacted to conform 
with the surrounding area at no additional expense to the Contracting Agency. 
5.3.2 Surface Smoothness 

The completed dense MatCon surface shall be of uniform texture, smooth, uniform as to crown 
and grade, and free from defects of all kinds. The primary purpose of a MatCon surface is to 
achieve the required impermeability and surface drainage. Site configuration, obstructions and 
contours do not always allow sufficiently long runs for paving equipment. For that reason, 
typical highway surface smoothness requirements are generally not applicable for most project 
sites. 
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To the extent practicable, the surface smoothness of the finished MatCon surface shall meet the 
requirements of US Army Corps of Engineers Specification 02551, Sections 1.6 and 3 .14. After 
completion of final rolling, the compacted surface will be tested by the Contractor with a 12-foot 
straightedge. Any joint or mat surface area deviation which exceeds the tolerances given in 
paragraph 1.6, GRADE AND SURFACE-SMOOTHNESS REQUIREMENTS, by more than 40 
percent shall be corrected to meet specification requirements. 

Table 4: MatCon Quality Assurance Matrix Table 

PHASE TEST TIMING/ 

ON/OFF SITE DESCRIPTION LOCATION PARAMETERS FREQUENCY COMMENTS 

MatConHMA Sample & Test Each Haul Truck 
1) Temperature 1-2) on each weigh All Data on 

On-Site 
MatCon at Haul at Site prior to 2) Tonnage ticket by truck appropriate 
Truck on Site off-load number & grid QC Form 

1) Temperature 
Each site grid as All Data on 
placed As paved onsite 
Each site grid as 

appropriate 
2) Thickness 

_placed 
QC Form 

1) Temperature 
1 ea per grid as 
compacted 1-3) All Data 

MatConHMA Sample and Test As compacted 2) Thickness 
1 ea per grid as to Wilder on 

Lay-down and 
Ma!Con as com()acled appropriate 

Compaction 
placed/compacted 3) In-place 5 ea per grid as QC Forms 

On-Site Density compacted 
4" diameter full-

Post compaction 
depth core Per Specification 

and cooling to sample -one clause 3.13 of Samples to 

ambient sample per contract Wilder 
20,000 sf of specification 
asphalt placed 

MatCon 
Locate all grids Prepare prior to Wilder to 

Surface During Site Construction MatCon Surface and sample paving, use during utilize during 
Construction Map as Paved locations construction QA Tracking 
On-Site 

Wilder to 

Final MatCon Ma!Con Paved Locate all grids, submit with 

Surface As-built Site Plan Surface and sample locations, Prepare from Site Final QA 

Off Site Appurtenances/ and Construction Map Report to 
Structures appurtenances OWNER or 

ENGINEER 

NOTES: 
The paving contractor is responsible for all costs for construction Quality Control of their contracted work 

1) per Ma!Con Guide Specifications 

2) Wilder to provide Quality Assurance on the paving contractor's entire MatCon installation process 

3) All samples to be collected in duplicate, unless noted (one for testing + one for archive by Wilder) 

4) All samples to be handled in accordance with strict Chain-of-Custody protocol 

5) Grid system to be established prior to paving and submitted with paving and rolling plan 
(Recommended grid system= 10 feet (paver width) x 200ft= 2000 SF-/= 500 tons for 4 inch nominal 

thickness) 
All laboratory testing to be performed in accordance with US EPA SW-846 or ASTM test methods and 

6) procedures. 

7) Construction and installations that fail to meet Ma!Con Guide Specifications to be corrected by Contractor 
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Attachment 8 
Forms 



WILDER CONSTRUCTION COMPANY 

FORMl 
MatCon™ Subbase/ Aggregate Base Acceptance Form 

Construction Contractor Information 

Name: 

Contact: ---------------------------------------------------

Address: --------------------------------------------------

City, state, zip : 

Telephone: __________ Fax: _________ __ 

Aggregate Base Requirements 
Yes No 

l.O 0 

2. 0 0 

3. 0 0 

4. 0 0 

5. 0 0 

6. 0 0 

7. 0 0 

The aggregate base: 

Extends laterally beyond the edges of the surface to receive MatCon™ by 
approximately five (5) to ten (10) feet in each direction (or up to a hard paved pre
existing surface) 

Is firm and unyielding when proof rolled by a loaded tandem-axle dump truck 

Has a grade that conforms to the contours of the final MatCon TM surface, less the 
nominal four (4) inch thickness of the MatCon™ to be installed, for water 
drainage 

Has a minimum slope of no less than 1.5% and no greater than 3: I (H: V) with a 
surface grade tolerance of± Yz inch 

Is staked for grade and survey control points with grade breaks clearly marked on 
the finished grade 

Was constructed using soil density vs. moisture content curves established for the 
material used in this construction 

Was constructed using a calibrated nuclear densometer for field measurements. If yes, 
who will maintain the data? Attach a copy to this form. 

Field Density Data Custodian: 

Name:---------------- Firm:-----------------

Address: ______________________ _ 

City, state, zip ---------------------

Phone:-------- Fax: _______________ E-mail ___________ _ 



8. 0 0 Was a survey performed that identifies the surface area prepared and its final contours? 

9. 0 0 Did the project OWNER/ENGINEER for the project approve the final subbase surface 
contours? 

What corrective actions, if any, were taken to bring final surface contours into 
compliance with project plans? 

PROOF-ROLLING: Locations to be noted on map, survey or site plan 

Date performed: ___________ _ 

Equipment used: ___________ _ 

Wilder Inspector: ___________ _ 

1. Site Map Attached with: 

• Field Nuclear Density test locations and results noted (if performed) 
• Surface area included in this inspection specified 
• Locations of proof-rolling marked 

2. Note any necessary corrective action to bring the following items into compliance for acceptance 
by Wilder Construction Company 

• Surface area of subbase to be extended 5-l 0 feet beyond footprint of surface area to be paved with 
MatConTM 

• Grade tolerance of± 0.5 inch 

• Firm and unyielding surface conditions 

• Slope is greater than 1.5%, unless previously approved and less than 3:1 (H: V) 

• Grading and survey control stakes are installed and labeled to OWNER/ENGINEER'S satisfaction 
with grade breaks clearly marked on final surface 

• Structure insertions, pipes, vaults, catch-basins, utility conduits are all installed in subbase grade 

Form 1 -Subbase/Aggregate Base Acceptance Form 
CONFIDENTIAL- NOT FOR PUBLICATION 

CIRCULATION OR DUPLICATION, 
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Wilder Construction Company 
September 2000 



3. Other comments: 

Inspected by: Initials: ____ _ Date: 
----

Accepted or Rejected by: ---,---------------Date: ___ _ 
(circle one) Print Name 

Signature 

Title 

Wilder Construction Company 
1525 E. Marine View Drive 
Everett, W A 98201-192 7 
(425) 551-3100 

Form l- Subbase/Aggregate Base Acceptance Form 
CONFIDENTIAL- NOT FOR PUBLICATION 

CIRCULATION OR DUPLICATION. 
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Wilder Construction Company 
September 2000 



WILDER CONSTRUCTION COMPANY 

FORM2 
MatCon™ HMA Facility Initial Inspection Form 

\Vilder Project No.: _________ Client Name: 

Project Name: 
Project Address 

Street: ---------------------------------------
City: State: ---------------- Zip: ____ _ 

Hot-Mix Facility Owner: 
Facility Address 

Street: ---------------------------------------

City: State: ---------------
Zip: ____ _ 

Facility Phone Number/Fax: ________ ,/ ________ _ 

Facility Manager: -------------Direct Phone No.: ____________ _ 

Direct Phone No.: Facility Operator: -------------- -------------

EMERGENCY FACILITY CONTACT: 

Phone No.: Mobile Cell No.: ------------- ------------------
Facility is in compliance with local, state, and federal permits, licenses, and other regulations? 
( ) Yes, facility is currently operating without infractions or permit violations. 

( ) No, facility is currently in violation of applicable permits, licenses or regulations 
as listed on attached form. Include copy of letters, correspondence, that address the 
infraction. Provide a statement from the facility discussing its corrective action plan. 

Form 2 - MatCon HMA Facility Inspection Form 
CONFIDENTIAL- NOT FOR PUBLICATION 

CIRCULATION OR DUPLICATION. 
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MatCon Binder Storage Tanks 
Yes No 

D D Tanks are equipped to heat and hold material at 31 0-345°F using steam coils, 
electricity or other approved means so that no flame is in contact with the storage 
tank. 

D 

D 

D 

D 

D 

D 

Binder material is totally and continuously circulated during the operation period 

The binder is able to be measured while in the tank 

The supply line to the mixer contains a valve for sampling 

____ tons Project MatCon Hot-Mix Tonnage 

Projects involving 5000 TN or more 
Yes No N/A 

D D D Minimum Capacity of2000 Lbs./Batch (Batch Facilities) 

D D D Minimum Capacity of 100 TN/hr (Continuous Mix/Rotary Drum Facilities.) 

Projects involving < 5000 TN 
Yes No N/A 

D 

D 

D 

D 

D 

D 

Minimum Capacity of 1000 Lbs./Batch (Batch Facilities) 

Minimum Capacity of 45 TN/hr (Continuous Mix/Rotary Drum Facilities) 

Facility and Truck Scales 
Yes No 

Tolerance=± 0.5% Throughout range of use 

Not to include spring balances 

Includes beams, dials, or other reliable readout equipment 

D 

D 

D 

D 

D 

D 

D 

D Dials, beams, rods, and scale mechanisms are safely/easily viewed 

Name ofinspector: _____________ Initials: ________ Date: ____ _ 

Company Name: ________________ _ 
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Facility and Truck Scales (continued) 
Yes No 

0 

0 

0 

c 

D 

D 

D 

D 

Scale is located and built to prevent vibrating, binding of parts, and displacement 

All working parts of scale are protected from falling material, wind, and weather 

Knife edges/load cells are given extra care and protection 

Scale is calibrated in accordance with standard specifications for the state where work is 
to be performed and per manufacturers specifications. ATTACH COPY OF MOST 
RECENT CALIBRATION CERTIFICATION 

Hatching Scales 
Yes No 

c 
D 

c 

D 

D 

D 

D 

D 

Approved scales operated by qualified person(s) employed by the contractor 

Each scale designed to support a weighing hopper 

Designed to allow convenience of operator to remove material from hopper while 
watching read-out devices 

If hopper mounted on platform scale, the center of gravity of the hopper is directly over the 

platform centerline 

Feeder for Drier or Drum Mixer 
Yes No 

D D 

D D 

Storage Bins 
Yes No 

D D 

There is an accurate, mechanical means for uniformly feeding the aggregate to the drier 
in order to obtain uniform production and temperature 

The feeder for blending sand provides consi~tent and uniform flow in the amount 
designated by the engineer 

Each bin is provided with overflow pipes sized to prevent material from backing up into other 

components or bins 

Dust Collector 
Yes No 

D D The facility is equipped with a dust collector constructed to waste, or return uniformly to 

the hot elevator, all or any part of material collected 

Name oflnspector: ______________ Initials: ________ Date: ____ _ 

Company Name: __________________ _ 
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Dust Collector, (continued) 
Yes No 

D D 

Burner Fuel 
Yes No 

D D 

Temperature 

Yes No 

D D 

D D 

D D 

D D 

D D 

If a baghouse is used: 

The material is returned from the baghouse into the mixture at a uniform, 
continuous rate and is provided with a method of withdrawing the surplus 
independently for disposal 

Burner fuel is restricted to propane, butane, natural gas, methane, coal, No. 1 or 
No.2 fuel oil or other as accepted by the state Department of Transportation 

Temperature can be monitored on a continuous and instantaneous basis(± 0.5 oF) at 
the following areas 

Aggregate feed bins 

Aggregate drier 

Mix chamber 

Hot mix at discharge chute 

Binder tank 

Additional Requirements for Batch Facilities 

MatCon Binder Bucket 
Yes No 

D 

D 

D 

D 

D 

D 

D 

D 

Bucket is non-tilting type with loose sheet metal cover 

Discharge opening or spray bar is not less than 75% of the length ofthe mixer 
and discharges directly to the mixer 

The bucket, valves, and/or spray bar are appropriately heated (If steam jackets 
are used, all connections are constructed as to not interfere with asphalt scale 
operation 

Bucket capacity is at least 15% in excess of the weight of binder material 
required in any batch 

Name oflnspector: _____________ Initials: ________ Date: ____ _ 

Company Name: ________________ _ 
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MatCon Binder Bucket, (continued) 
Yes No 

0 

0 

0 

0 

0 

D 

Mixer 
Yes 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

No 

0 

0 

0 

0 

0 

There is an adequately heated, quick acting, non-drip charging valve directly 
over the asphalt material bucket (The indicator dial has a capacity of at least 15% 
of the quantity ofbinder material used in a batch) 

The controls may be locked at any dial setting and will automatically reset to that 
reading after each batch 

The dial is in full view of the operator 

The flow of binder material is automatically controlled and will begin when the 
dry mixing period is complete 

All binder material required for one batch is discharged in not more than 
(fifteen 15) seconds after the flow has started 

The size and spacing of the binder material flow provides a uniform application 
the full length of the mixer 

Mixer is capable of producing a uniform mix meeting requirements of the project 
specifications 

The mixer is enclosed or equipped with a dust hood to prevent loss of dust 

Clearance of the mixer blades from all fixed or moving parts does not exceed one 
( 1) inch when the maximum diameter of aggregate is < one and one-half ( 1.5) 
inches. When maximum diameter of the aggregate is > one and one-half ( 1.5) inches, 
blade clearance does not exceed one and one-half ( 1.5) inches 

The facility is capable of regulating mixing time in five ( 5) second increments 

All proportioning and timing devices are automatic for projects 5000 TN or 
larger 

Additional Requirements for Rotary Drum Facilities 

Facility Feeder 
Yes No 

0 

0 

0 

0 

0 

0 

The feeder is capable of uniformly introducing aggregate to the drum 

The aggregate feeder is synchronized with the MatCon binder material feeder 

If feed of aggregate of asphalt is interrupted, a warning is automatically activated 

Name oflnspector: _____________ Initials: ________ Date: ____ _ 

Company Name: ________________ _ 
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WILDER CONSTRUCTION COMPANY 

FORM3 
MatCon™ Job Mix Formula Summary Form 

MatCon Construction Quality Control 

NOTE: Each asphalt laboratory utilizes their own Job Mix Formula (JMF) form. 

The form to be inserted will be provided by the laboratory performing the mix -design. 

Data contained on this form is strictly confidential. 

Data to be presented on this form is generated during the mix-design. It contains 
information critical to MatCon HMA manufacture and includes: 

I. Aggregate gradation 

2. Percent aggregate by HMAF stockpile or bin 

3. MatCon Binder content 

4. Other additives required such as anti-strip 

5. Water sensitivity/TSR 

6. Recommended mixing temperature 

7. Recommended compaction temperature at lay-down 

Laboratory Approval of JMF 
Wilder Representative Approval Signature and Date 

Form 3- MatCon Job Mix Formula Summary Form 
CONFIDENTIAL- NOT FOR PUBLICATION 
CIRCULATION OR DUPLICATION, 
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HMAP -Aggregates 
Activity 

Aggregate stockpile 
construction is consistent with 

specs (*Note 1) 

Observe removal of aggregates 
from stockpiles (*Note 2) 

Test and verify aggregate 
gradation (*Note 3) 

Inspect aggregate screens at 
Batch Plants (*Note 4) 

Inspect aggregate/mineral 
storage bins (*Note 5) 

Check temp. at discharge chute 
of drier (*Note 6) 

HMA Facility- Aggregates 
MatCon Construction Qualilty Control 

Job: Date: 
Time Time Time Time 

I 

I 
Time Time Time Time 

Time I Time Time Time 

I 
Once prior to plant approval 

Notes: 
Once prior to plant approval 

Notes: 
Time/Temj)_ Time/Temp Time/Temp Time/Temp 

I 

Time 

Time 

Time 

Time/Temp 

*Note 1: Stockpile construction - standard state department of transportation specification compliant 

Time 

I 
Time 

Time 

Time/Temp 

*Note 2: Removal of aggregate from stockpiles shall be performed per standard state department of transportation 
specification compliant. 
*Note 3: Assure uniformity in size distribution using applicable state approved method 
*Note 4: Verify screens are capable of screening all aggregates to specified sizes and proportions and have 
capacities in excess of the full capacity of the mixer 
*Note 5: Storage bins will be of sufficient capacity to supply the mixer when operating at full capacity. Bins will be 
arranged to ensure separate and adequate storage of appropriate fractions of aggregates. Separate, dry storage 
shall be provided for mineral filler. Bins to incorporate an outlet gate with no leakage when closed quickly and 
completely. Bins shall be equipped with adequate, telltale devices to indicate the level in the bin has reached the 
lower quarter point and be constructed so that samples can be readily obtained. 

*Note 6: The plant shall be equipped with an approved thermometer placed at the discharge chute of the drier in full 
view of the operator to automatically register or indicate the temperature of the heated aggregates. 

Inspector's Notes: 

QC Technician: 
Print Name 

Firm: 

Form 4 -Aggregate Monitoring 
MatCon Construction Quality Control 
CONFIDENTIAL -NOT FOR PUBLICA T/ON, 
CIRCULATION, OR DUPLICATION 
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Wilder Representative: 
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HMA Facility- MatCon Binder Monitoring 
MatCon Construction Quality Control 

HMAF+A19- MatCon Liquid Binder JOB: DATE: 
Empty storage tank free of residuals prior to binder delivery. 
Two 1 qt. samples (lab & archive) collected from each binder delivery truck. 
Take binder temperature of each load as delivered. 

Activity Time/Temp Time/Temp Time/Temp Time/Temp 
MatCon binder storage tank temperature I 
*Note 1 I f--

Time Time Time Time 
fr;;jatCon binder sample taken, circulation I 

of binder varified *Note 2 
f--

Time/Level Time/Level 
f--

Time/Level Time/Level 

MatCon binder level in tank 

Time/Rate Time/Rate Time/Rate Time/Rate 
MatCon binder flow rate to mixer *Note 
3 

Time/Temp Time/Temp 

Time Time 

Time/Level Time/Level 

Time/Rate Time/Rate 

*Note 1: An armored thermometer of adequate range shall be fixed in the MatCon binder feed line near the charging 
valve. Temperature range should be between __ and __ degrees F.(temperature range determined during 
mix design) 
*Note 2: A valve shall be placed in the supply line to the mixer for sampling 
*Note 3: Satisfactory means, by weighing or metering, shall be provided to obtain the proper amount of MatCon 
binder in the mix. Means shall be provided for checking the flow rate of MatCon binder into the mixer. 
The MatCon binder may also be proportioned by a device which sprays the binder into the mixer using six (6) or 
more nozzles. In this case, the proportion or weight of MatCon binder material for each batch will be determined 
incorporating a positive rotating meter which is calibrated in pounds. The metering device shall have an established 
background and the approval of the Engineer. 

Percent Anti-strip additive used __ % 

Inspector's Notes: 

QC Technician: 
Print Name 

Firm: 

Form 5 - MatCon Binder 
MatCon Construction Quality Control 
CONFIDENTIAL - NOT FOR PUBLICA T/ON, 
CIRCULATION OR DUPLICATION 

Brand Type 

Signature 

Wilder Representative: 
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HMAF - Scales and Weights 
Activity 

Inspect scale bunkers and 
platforms (*Note 1) 

Test Batching scales 
(*Notes 2&3) 

Test Platform scales 

r-- (*Notes 2&3) 

HMA Facility - Scales and Weights 
MatCon Construction Quality Control 

Job: 
Time Time Time Time 

Time/Wt Time/Wt Time/Wt Time/Wt 

Time/Wt Time/Wt Time/Wt Time/Wt 

Time Time Time Time 
Inspect Platform scale load ticket 

(*Note 3) 

Date 
Time Time 

Time/Wt Time/Wt 

Time/Wt Time/Wt 

Time Time 

r- If commercial platform scale is 
Contractor to provide load tickets in accordance with *Note 3. See also Note 2 

used r--
Tare weight 1 Tare weight 2 r--

Tare weight of haul vehicle 
(Twice Daily) Truck# Weight Time Weight Truck# Time 

f--

f--
! 

' 
1-

t-- t---

*Note 1: Bunkers and platforms will be kept clear of accumulated material/debris that may cause errors 
*Note 2: At each batching and platform scale location, the contractor shall have available not less than 10 
standard 50-pound weights or other approved equipment for scale calibration and testing. All scales shall be 
calibrated and certified per applicable state department of transportation requirements. 

For batching scales, An agent of the scale manufacturer shall test and service any scale before its use at any 
new site and then at 6 month intervals. At the Engineer's request, the contractor will test the scale using 
available, approved weight standards or other equipment while the inspector observes. 

For platform scales, before use and then at 6 month intervals, the scale will be tested with at least 10,000 lbs. 
by an agent of it's manufacturer. The contractor will provide the Engineer with a copy of all final test results. (If a 
commercial platform scale is used, all test requirements apply and the contractor shall provide the scale 
operator with approved load tickets and the Material Receiver with legible, duplicate copies. The Engineer will 
also have guaranteed permission to observe the weighing and to check and compile the daily scale weight 
record.) 
*Note 3: Each weigh or load ticket shall contain gross, net, and tare weight and will identify the weighed material. 
A tare weight of each hauling vehicle shall be taken at least twice per day. 
Inspector's Notes: 

QC Technician: 
Print Name 

Firm: 

Form 6 - Scales and Weights 
MatCon Construction Quality Control 
CONFIDENTIAL - NOT FOR PUBLICATION, 
CIRCULA T/ON OR DUPL/CA T/ON 

Signature 

Wilder Representative: 
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Date: 
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NOTE: 

HMA Facility Monitoring Information and Test Data 

MatCon Construction Quality Control 

This form to be provided by the HMA Facility that will manufacture 
MatConHMA. 

Form 7 - MatCon HMA Facility Monitoring 
CONFIDENTIAL INFORMATION 

Wilder Construction Company 
September 2000 
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122 
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Total Lbs. 

Total Tons 

!General Notes I Comments: 

[ac Technician: 
Print Name 

Firm: 

!Attached: Truck Weigh Tickets 
[Attached: Map I Site Plan 

Form 8 - MatCon HMA Tracking Form 
MatCon Construction Quality Control 
CONFIDENTIAL -NOT FOR PUBLICATION, 
CIRCULATION OR DUPLICATION 

MatCon HMA Delivery Tracking Form 
MatCon Construction Quality Control 

I 

I 

I 
I I 
I 

I 

! 

Date: 
Signature 

Wilder Representative: 

pg. __ of __ 

Date:. ________________ __ 
Job· 

T 
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MatCon Daily Density Summary Report 
MatCon Construction Quality Control 

j 

Average 

Date: ________ _ 
Job: _______ _ 

______________ Date: ____ _ 

Print Name Signature 

Calibration (per instrument manufacturer) data 

Form 9 • Field Density Summary 
MatCon Construction Quality Control 
CONFIDENTIAL- NOT FOR PUBLICATION, 
CIRCULATION OR DUPL/CA TION 
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MatCon Panel Placement and Compaction 
MatCon Construction Quality Control 

Panel Placement and Compaction Job: Date: 
Activity Time/Width/Thickness Time/Width/Thickness Time/Width/Thickness Time/Width/Thickness 

Verify panel is within I I 
I 

specifications (*Note 1 ) 
Time/Results Time/Results Time/Results Time/Results 

Verify uniform and thorough 
compaction (*Note 2) 

I 

Panel/Time/Density Panel/Time/Density Panel/Time/Density Panel/Time/Density 

Field density of compacted 
panel (*Note 3) 

I 

Time/Results Time/Results Time/Results Time/Results 

Inspect cold joints (if any) 

I 
I 

-- (*Note 4) I 

*Note 1: Unless otherwise directed by WILDER or specified in the plans, the nominal compacted depth of dense or open 
graded MatCon shall be four (4) inches. The panel width shall be as specified in the plans or approved by Wilder. 
*Note 2: The compacted course shall be smooth, in conformance with the line, grade, and cross-section shown in the 
plans or as directed by Wilder, and free of irregularities. Roller compaction shall prevent thinning near panel edges. 
*Note 3: The field density of the compacted MatCon shall be measured using a nuclear gage in accordance with ASTM 
D2950. The nuclear density shall be within specifications as directed by Wilder. Air void percentage shall be three (3) 
percent or less, or as approved by Wilder. 
*Note 4: Cold joints are to be avoided by keeping paving panels short enough so that the start of a new panel is placed 
against a joint that is still hot and not yet compacted. At the end of a work shift or when a break in paving activity is 
anticipated, the cold joint shall be configured, constructedand finished as directed by Wilder or as specified in the plans. 
All cold joints shall be located on the site lay-out plan with coordinates identified for future identification. Cold joint cross-
section sketch shall be orovided below. 
Inspector Notes: 

QC Technician: 
Print Name Signature 

Firm: Wilder Representative: 

Form 10- Panel Placement and Compaction 
MatCon Construction Quality Control 
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MatCon® Cap Operation and Maintenance Plan 
For Installation of an Impermeable MatCon® 
Modified Asphalt Cap at Los Alamos National 

Laboratory Airport Landfill 

Prepared by: 

Wilder Construction Company 
1525 East Marine View Drive 

Everett, W A 98221 

Aprill5, 2006 

WILDER 
WILDER CONSTRUCTION COMPANY 

"This data, furnished in connection with this submittal, shall not be disclosed outside the Client and shall not be 
duplicated, used, or disclosed in whole or in part for any purpose other than to evaluate or implement this MatCon 
Operation and Maintenance Plan. The Client shall have a right to duplicate, use, or disclose this data to the extent 
provided in the contract. This restriction does not apply to the Client for its submittal of this document to the regulatory 
agency(ies) for their evaluation, but does apply to the regulatory agency(ies) as related to their duplication, disclosure and 
use of the data. The data subject to this restriction is contained on all sheets of this submittal." 

Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this document. 
© 2006 Wilder Construction Company 



CONTENTS 

1. PURPOSE AND SCOPE ................................................................................................................... 4 

2. STANDARD SITE OPERATION AND OPERATIONAL LIMITATIONS .................................... 4 

2.1 Loading .................................................................................................................................. 4 

2.2 Chemical Resistance .............................................................................................................. 4 

2.3 General Guidelines for Operations ........................................................................................ 4 

2.3.1 Acceptable Operations and Surface Traffic ........................................................ 5 

2.4 Typically Proposed Operations ............................................................................................. 6 

3. VISUAL INSPECTION AND EVALUATION ................................................................................. 6 

3.1 Inspection and Evaluation Schedule ...................................................................................... 6 

3.2 Inspection Requirements ....................................................................................................... 7 

3.3 Inspection Procedures ............................................................................................................ 8 

3.4 Types of Distress ................................................................................................................... 8 

3.5 Hydraulic Conductivity Monitoring .................................................................................... 11 

3.6 Overall Assessment of Performance .................................................................................... 11 

4. RECOMMENDED MAINTENANCE AND REPAIR PROCEDURES ......................................... 11 

4.1 Crack Sealing ...................................................................................................................... 12 

4.2 Fog Seal ............................................................................................................................... 13 

4.3 Patching and Overlay .......................................................................................................... 13 

4.4 Traffic Control striping ........................................................................................................ 14 

4.5 Sealing to Concrete Slabs and Structures ............................................................................ 15 

4.6 Sealing Penetrations ............................................................................................................ 15 

Attachment A-Load Equivalency Factors 

Attachment B-Forms 

Sample MatCon Operation and Maintenance Plan 
LANL Airport Landfill 

2 Wilder Construction Company 
April15, 2006 

Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this document. 
© 2006 Wilder Construction Company 



FIGURES 

1. Cross Section of Crack Sealing ...................................................................................................... 16 

2. Typical Patching Configurations ................................................................................................... 16 

3. Shallow Patch to Repair Surface Defect. ....................................................................................... 17 

4. Full Depth Patch to Repair Crack .................................................................................................. 17 

Sa. Sealing the edge of MatCon HMA placed against existing concrete structure .............................. 18 

Sb. Sealing the edge of MatCon HMA placed in a "step" in the concrete structure ............................ 18 

6. Sealing Full-Depth Penetration in a MatCon Cap ......................................................................... 19 

MatCon Operation and Maintenance Plan 
LANL Airport Landfill 

3 Wilder Construction Company 
April 15, 2006 

Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this document. 
© 2006 Wilder Construction Company 



1. PURPOSE AND SCOPE 

The primary purpose of this document is to provide guidelines for the ongoing operation and maintenance 
of the MatCon® cap at the Los Alamos Airport Landfill. The operation and maintenance requirements 
are necessary to prolong the integrity and performance of the installation and assure that any failure or 
potential failure of the low permeability barrier system is discovered and repaired. As a secondary 
objective, this plan outlines operations and maintenance requirements that are necessary to the care and 
use of the MatCon cap as a surface suitable for light aircraft taxi, parking, vehicle traffic, materials 
storage, and various staging activities. 

2. STANDARD SITE OPERATION AND OPERATIONAL LIMITATIONS 

The site shall be operated such that its use does not conflict with the essential purpose of the cap. 
"Normal use" of a MatCon cap is defined in the first order as a RCRA cap with a low hydraulic 
conductivity coefficient of <1.0 x 10-8 em/sec. Second order use permits controlled light aircraft taxi and 
parking, vehicular traffic and parking, storage of equipment and materials, placement of light structures 
such as aircraft hangars as well as recreation and additional cover materials such as soil and vegetation. It 
is essential that those who manage, direct, utilize, or actually perform work on the surface during ongoing 
facility operations and those who may plan and/or implement future modified uses for the site realize that 
the primary intended use of the MatCon cap is as a long-term barrier and containment system of low 
permeability to environmental contaminants beneath the surface. It is, therefore, paramount that all 
current and future use of the installation be carefully considered and controlled so as to not penetrate, 
gouge, or otherwise inflict damage to the surface of the system, either mechanically, statically, or 
chemically. Penetrations may be made for site improvement such as anchor points, building tie-downs, 
utility poles and bollards if the penetrations are designed to prevent water build-up around the penetration 
and sealed as specified in this document. Specific precautionary considerations are as follows: 

2.1 Loading 

The MatCon cap surface is readily resistant to normal operations of rubber-tired vehicles and some 
heavier equipment. Care should be taken to avoid unnecessary point loads, gouging, or otherwise 
penetrating the surface with standing or moving loads. 

2.2 Chemical Resistance 

Although the MatCon Hot Mix asphalt (HMA) material is resistant to most chemicals, it is not immune to 
damage caused by petroleum solvents, such as gasoline, diesel fuel, lube oils, transmission fluid, or 
hydraulic fluid, etc. When inadvertent spills occur, they must be immediately blotted using industrial 
absorbents and then water flushed and vacuumed to remove any standing fluids. This cleaning should 
take place as soon as possible to minimize any damage to the MatCon cap. It is recognized that a minor 
spill may occur over a weekend or other non-work period and may not be discovered for up to several 
days, however in no cases shall the spill be allowed to remain uncleaned longer than 24 hours after 
discovery. 

2.3 General Guidelines for Operations 

Wilder Construction Company provides the following acceptable and unacceptable operational uses for 
MatCon cap installations. If unacceptable operations are conducted on the MatCon surface, such action 
will nullify the warranty in entirety. 
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2.3.1 Acceptable Operations and Surface Traffic 

• Automobiles 

• Light aircraft 

• Trucks and other vehicles of legal highway loading (not requiring special permits) such as 18-wheel 
semi truck/trailer, and fuel trucks. 

• Repeated loading (accumulated) traffic ofup to 500,000 ESALs (See: Section B.4). 

• Pneumatic tired loaders, fork lifts, stackers, etc., with tire-to- MatCon HMA contact pressures of less 
than 100 psi* 

• Single layer or stacked, empty or loaded ship containers with flat bottoms that impart combined 
contact pressures to the MatCon capof less than 100 psi 

• Storage of "dry" materials such as sand and gravel directly on the MatCon cap 

• Storage of other materials if on wood pallets and contact pressure is less than 100 psi 

• Light buildings with spread footings 

The following OPERATIONS may be detrimental and need to be reviewed with Wilder 

• Vehicles with greater than legal highway loading 

• Studded or other cold weather traction tires/devices of all types 

• Vehicles, loaders, forklifts, stackers, etc. with hard tires imparting contact pressure greater than 100 psi 

• Steel (lugged, crawler-type) tracked vehicles (with rubber pads may be acceptable) 

• Ship containers or equipment with foot pads, stacking pegs/lugs, rails or other protrusions that come 
in contact with the MatCon surface 

• Excessive point loads and impact loads such as from dropping comers of portable storage containers, 
heavy equipment bucket teeth, etc. 

• Any load imparting contact pressure in excess of lOOpsi 

• Excessive heavy traffic concentrated in a narrow path (pathways can be varied, however) 

• Long-standing water (ponding) 

• Liquid chemicals (solvents) stored or spilled directly on the MatCon cap. This would include the 
fueling of aircraft parked on the MatCon surface. Such fueling operations would be best done at a 
less critical location. 

• General abuse caused by scraping and gouging with heavy equipment buckets and other equipment. 

MatCon Operation and Maintenance Plan 5 Wilder Construction Company 
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*NOTE: Tire air pressure (psig) is usually less than the tire-to-MatCon HMA contact pressure of 100 
psi because of the stiffening effect of truck tire sidewalls. Light aircraft tires generally do not have this 
characteristic and the tire pressure is equal to the contact pressure. 

2.4 Typically Proposed Operations 

In addition to light aircraft, vehicles and aircraft hangars, operations on this site may include parking of 
automobiles, semi-trailers, light traffic, light industrial operations, and storage uses. If the loads are 
expected to be heavy, there should not be excessive repetitions. Because this use has the potential to 
inflict damage on the cap surface, precautions should be taken to reduce the opportunity for damage. 
Rutting or depressions resulting from concentrated heavy use is beyond the MatCon cap's warranty, but 
such damage can be readily repaired in accordance with the requirements in this plan. Note that such 
damage may not in itself reduce the permeability of the MatCon surface. It is suggested that a sacrificial 
layer of high quality conventional asphalt pavement applied directly on the MatCon surface be utilized 
wherever heavy or excessive use is expected or where operations may damage the surface. 

Although the MatCon cap is designed primarily for environmental containment, the surface will carry 
considerable repetitions of highway-type vehicles. The MatCon cap is warranted for up to 500,000 
18,000 lb. Equivalent Single Axle Loads (ESALs) before requiring structural repair and/or overlay 
consideration within the warranty period. The accumulated number of ESALs over a given surface area 
or access driveway can be calculated from the data in Table A-1 (Attachment A) similar to the following 
example: 

Example: A fully loaded panel truck with a single front axle (10,000 lb.) and a tandem rear axle 
(40,000 lb.). 

Front axle Load equivalency factor (from Table 1) 
Rear axle Load equivalency factor (from Table 1) 
Number of 18,000 lb. ESAL per operation 

0.0877 
2.0800 
2.1677. 

This vehicle entering and leaving each day for 5 days per week over the same surface area results in 
(2.1677 ESALs x 2 passes x 5 days/week x 52 days per year) 1,127 ESALs per year on that particular 
surface area. Note that the heaviest traffic will usually be the driveway entrance to the site. 

An assessment of the affect on the MatCon cap of any proposed changes in the use of the facility shall be 
made prior to implementing such changes. Heavy and/or prolonged use of the facility in concentrated 
areas, or changes in use of the facility should also trigger interim or more frequent inspections and 
evaluations. 

An inspection of all affected areas of the cap shall also be performed at any time a site incident, activity, 
or atypical weather event may have caused reason to suspect potential damage to the MatCon system. 

3. VISUAL INSPECTION AND EVALUATION 

3.1 Inspection and Evaluation Schedule 

The inspection process is a key part of evaluating and maintaining the MatCon cap's performance. When 
the MatCon cap is exposed, it is relatively easy to make required routine and regular inspections. There 
will be three types of inspections as follows: 
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a. Annual. Wilder Construction Company will perform a thorough evaluation at the conclusion of 
construction, and again at each 1-Year anniversary of construction thereafter during the 5-year 
warranty period. Similar annual inspections, providing a detailed assessment of the MatCon cap, 
shall be conducted by the owner/operator at one-year intervals thereafter. Any inspections 
performed at times corresponding to any regulatory agency planned reviews should be coordinated 
with and accomplished prior to or as part of this annual review. The owner, U.S. EPA and/or state 
or local regulators can be alerted at least 30 days prior to all annual inspections, to allow them for 
their participation, should they so choose. 

b. Quarterly. The owner/operator shall make routine and regular inspections monthly during the 
design life. 

c. Special. Interim inspections shall be made of all affected areas of the cap, at any time a site 
incident, activity, or atypical weather event may have caused reason to suspect potential damage to 
the MatCon system. Such inspections shall also be made if there are changes in use ofthe facility 
or if the site is subject to heavy and/or prolonged use in concentrated areas. 

Since Wilder Construction, designed the MatCon hot mix asphalt, provided the binder material and 
quality assurance during construction and has warranty responsibilities, they shall be afforded an 
opportunity to participate in all inspections during the warranty period. In addition, Wilder may request 
the results of any inspections made by the owner/operator during the warranty period. Wilder reserves 
the right to make more frequent inspections to facilitate proper operation and maintenance, as it feels 
necessary. 

3.2 Inspection Requirements 

A visual inspection will require a careful walking of the entire surface and careful documentation of any 
notable features and surface uses. Although the distress types to be considered, (as noted in Section C.4, 
below), are most important, the inspection record shall also include the following information: 

• Name, position and employer of inspector(s) 

• Date, time, and weather conditions at time of inspection. 

• Carefully prepared scale map of the facility such as an as-built drawing, to note location and type of 
any distress, and/or activity (storage, new structures, etc.) using GPS coordinates. 

• Description of use since last inspection and comments on any planned changes 

• Photographs, including overall views showing current use and condition as well as close-up views of 
any distress such as cracking, ponding, and referenced to any descriptive notes. 

• Vital information such as when the cap was constructed, the contractor, previous maintenance, or etc. 

• Location and extent of any areas not inspected due to temporary storage items obscuring visibility. 

• Location and condition of any penetrations such as tie-downs and the condition of the mastic seal 
material, including the possible need to re-seal. 
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3.3 Inspection Procedures 

Inspector(s) shall review as-built drawings and previous MatCon cap inspection reports prior to the 
inspection to familiarize themselves with the purpose and current status of the cap. The inspection will 
require a carefully planned walking inspection of the entire cap surface. All notable features shall be 
carefully documented in the report, on the data form (Attachment B) and on the site drawing. Any 
accumulated sediment and /or vegetation discovered on the surface shall be removed. Any contact 
between the MatCon cap and concrete or any other non-MatCon materials shall be inspected for 
separation or cracking, 

A standardized procedure shall be used for the inspection by trained professionals so that results can be 
compared consistently to previous inspections. The standardized procedure for both monthly and annual 
inspections shall utilize the "MatCon Cap Monthly Inspection Report" form attached as Attachment B. 

At the time of construction, Wilder will instruct the owner/operator of the site in the techniques and 
reporting operations when they make the "as-built" evaluation. The monthly report requires only 
observations of operations and any observed distress and noting their location using GPS co-ordinates. If 
distress such as a crack is observed, only the reporting of it is required by the owner/operator of the site, 
without interpreting the cause and/or mitigation, unless the cause of the distress is actually known. 
Wilder may follow up with a more detailed evaluation as needed either at the time of the next annual 
inspection or immediately if warranted by the situation. Such reports and associated communications 
shall become part of the performance record. Suspected warranty problems or defects should be reported 
within 48 hours of discovery. Since many such problems or defects may be discovered during an 
inspection, an annual, monthly or special inspection report that indicates a problem or defect that may be 
a potential warranty issue shall be considered acceptable warranty notification. 

3.4 Types of Distress 

There are several types of distress that may affect the MatCon surface that may be observed during 
inspections. The following discussion is intended to provide a general understanding of the types and 
causes of possible MatCon material deterioration with use and time. It is important, if observed, that they 
are noted in the monthly and/or annual inspection. An experienced pavement engineer can often 
determine the cause of distress through analysis of the nature, location, type, and severity of the observed 
distress, and thus determine the best repair solution. 

In order to ascertain responsibility for maintenance or repair under Wilder's warranty, it is helpful to 
classify the distress types as to their origin and probable cause. 

Distress to the MatCon cap that is covered by warranty. 

• Excessive weathering or disintegration 

• Thermal cracking (non load-associated) 

• Fatigue cracking (load-associated), if it occurs prior to the 500,000 ESAL limitation within the 
warranty period and is not related to underlying materials. 
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Distress to the MatCon cap that is not covered by warranty. 

• Abrasions, scuffing, or surface wear caused by equipment use. 

• Settlement, subsidence, ponding of water caused by changing of underlying materials. 

• Deformation or rutting caused by localized traffic or storage loading. 

• Fatigue cracking (load-associated), unless it occurs prior to the 500,000 ESAL limitation within the 
warranty period and is not related to underlying materials. 

The terminology used in environmental cap and cover facilities is different from that utilized to describe 
work, storage, traffic and other pavement surfaces. A clear understanding of the terms used in this plan is 
essential its proper implementation. The following is, therefore, established: 

• Remedy Failure. The condition where the entire MatCon cap no longer performs as a RCRA cap 
under the first order use of the site. It is unlikely that this condition could exist as a MatCon cap can 
always be repaired. 

• Secondary Failure. The condition where the entire site no longer performs as a suitable work 
surface under the second order use ofthe site. 

• Distress. An impact to an area of the MatCon cap that may require repair, replacement, or other 
corrective actions so that either the primary or secondary uses of the site are continued. 

• Localized Distress. A state of distress present with certain definable surface areas of the MatCon cap 
that compromises permeability, and thus the first order of use as a RCRA cap, and is beyond routine 
maintenance repairs requiring corrective fog sealing, patching, overlay, and/or subgrade or base 
repair. Localized failures can be repaired, replaced, or managed to allow both first and second order 
use. 

Distress mechanisms such as thermal cracking are readily apparent when they occur. But other forms of 
distress such as weathering or disintegration can affect permeability, but are less obvious and some 
regular sampling and testing is required. Most distress can be managed through maintenance and repair 
actions so that impermeability is maintained. Most distress that may recur is likely to be localized, e.g., a 
soft spot in the underlying soil causes a crack. Another example would be fatigue cracking in the 
driveway, where truck traffic is focused. These and even occasional thermal cracks are localized 
"distress" rather than failure. Remedy failure would imply the need to replace or overlay the entire 
MatCon cap, and would be highly unlikely under any circumstances. 

The following discussion is a general overview and description of distress types and can be used in 
conjunction with the inspections made monthly. 

• Surface deterioration. Weathering, abrasion, scuffing, raveling, or surface wear that might be 
attributed to either environmental exposure or possible traffic. Comparison to unexposed or 
untrafficked areas during the inspections is helpful. If weathering is noted, consider the possible need 
for a restorative fog seal. 
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• Settlement, subsidence, ponding of water. These situations are most likely caused by changing 
conditions of the underlying soil or waste rather than the MatCon cap. Localized differential 
settlement may cause some cracking, while widespread subsidence or consolidation most likely will 
not. Ponding of water may need to be corrected by overlaying to change the surface grade. Note the 
location and extent as well as depth. Spray paint demarcation on the MatCon surface will facilitate 
future inspections and spot relocation. 

• Deformation or rutting. If heavy use such as equipment storage or truck traffic or parking has 
caused deformation, this should be noted separately from that caused by general settlement or 
consolidation. For example, repeated passes of heavy trucks may cause broad localized deformation 
that, in turn, results in cracking of the MatCon surface. Any distress will need to be repaired, but 
assessment of the cause and appropriate corrective measures are important to future performance. 
Minor deformation without cracking is tolerable and to be expected. 

• Cracking. The two main types of cracking that may be observed are fatigue (caused by repeated 
heavy loads or "load-associated") or thermal (caused by low temperature and temperature fluctuations 
or "non load-associated"). 

Although it is possible to get fatigue failure on a MatCon cap serving as a RCRA cap, it may also be 
an indication of abuse of the intended use. Fatigue or "alligator" cracking may be associated with 
repeated deflections under truck traffic. 

Thermal cracking is of most concern in broad expanses of asphalt pavements. Wide changes in air 
temperature, both long term (summer vs. winter), or short term (diurnal) are detrimental to the 
integrity of these facilities. As the temperature decreases, asphalt cools and wants to shrink, but is 
restrained by friction at the interface between the asphalt and underlying base material, and tensile 
stress builds up. If the temperature changes slowly, there is time for stress to be relieved in the 
asphalt binder (called stress relaxation), since it is viscoelastic. But if the change is rapid, such as 
overnight, there may not be time for stress to relax and it builds to a level that exceeds the strength, 
hence a crack. 

The design and materials used in MatCon HMA reduce the tendency to crack compared to 
conventional or standard asphalt. MatCon HMA is stronger and more elastomeric (stretches further 
without breaking). However, extreme situations may still cause cracking, such as thermal stress in 
combination (additive) with differential settlement. Often in conventional asphalts, thermal cracks do 
not penetrate a full4-in. thickness, but start on the surface and progress only a short distance into the 
mat, then stop. Full depth cracking in the MatCon cap, if encountered, will need to be repaired, while 
surface checking may be corrected by a seal coat. Note the length (on map), depth, and width of 
cracks so that an estimate of required repairs may be made without re-surveying them. 

• Performance of prior repairs. If present, a careful look at previously repaired cracks, core holes, 
sealing around pipes, foundations, patches, etc., needs to be made to assess how well they are doing. 
Any gaps or cracks caused by shrinkage or loss of adhesion should be noted, and close-up 
photographs taken so that comparison can be made to previous inspections. These MatCon cap 
repairs are made with modified binders, and paved or placed hot, so some shrinkage may occur and 
will need to be assessed to determine if follow-up repair is needed. Under no circumstances should 
the MatCon cap be repaired using conventional hot-mix asphalt or conventional asphalt binder. Use 
ofMatCon hot-mix or binder is always preferred as that is the material that produces the 
impermeability and flexural properties. 
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3.5 Hydraulic Conductivity Monitoring 

Wilder may collect two (2) core samples during each annual inspection of the MatCon cap during the five 
(5) year material warranty, with the first set obtained immediately upon installation of the MatCon cap, 
and the remaining four sets collected annually thereafter. Samples will be analyzed for hydraulic 
conductivity by a reputable laboratory in accordance with ASTM 05084, Standard Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous Materials using Flexible Wall Permeameter. 
This will continue at annual inspections thereafter. 

The two core samples will be taken from locations that appear to be representative of the site. The need 
to minimize perforations of the MatCon surface to maintain integrity is essential to long-term 
performance. Therefore, core sampling should be confined to a non-critical area, outside of traffic zones, 
whenever possible. Backfilled core holes may become a point of stress concentrations under loading. 

Ifthe tests on the core samples show the coefficient of permeability to be less than 1xl0-8 em/sec, no 
action would be required. If the test results show that the permeability is greater than 1x10-8 em/sec, or if 
the trend from past tests show increasing permeability with time, Wilder may elect to fog seal the area as 
a preventative measure. It is difficult to predict the scenarios that may occur in future years. But if the 
core sample testing shows marginal permeability results or there is concern because of adverse testing to 
define the extent and severity of increased permeability, Wilder may elect to perform additional sampling 
and testing to define the extent and severity of increased permeability. At Wilder's option, all of the 
MatCon surface or only selected areas may receive a fog seal to reduce the permeability, while still 
meeting the warranted performance. Increased permeability can also be addressed by implementing 
changes in the surface operations and maintenance. This same procedure is required for the time period 
beyond Wilder's warranty as part of this maintenance plan. Wilder reserves the right to analyze the core 
samples for other test parameters at its discretion. All permeability data will be presented in the annual 
inspection report. 

3.6 Overall Assessment of Performance 

The inspection report shall summarize the general condition of the MatCon cap by checking the 
appropriate rating on the MatCon Cap Monthly Inspection Report form included as Attachment B. 
Annual inspections shall also provide a narrative discussion that includes the inspector's reasoning and 
any special conditions not already covered. Most important - the report shall make recommendations as 
to what to do and when. Photographs and the site drawing shall be attached. Finally, the inspector shall 
discuss the evaluation and recommendations with the owner or operations manager before leaving the 
site. A copy of all monthly reports shall be sent to Wilder Construction Company. Additional copies 
shall be maintained by the OWNER, the ENGINEER, and/or sent to the applicable regulatory agency as 
required. Upon review of the report, and in conjunction with the OWNER/Operator, Wilder shall make 
recommendations as to the determination and timing of any required corrective action( s ). 

4. RECOMMENDED MAINTENANCE AND REPAIR PROCEDURES 

All deficiencies identified in the inspection report shall be corrected or repaired in accordance with this 
plan. Once these corrections or deficiencies are complete a Corrective Action Report shall be prepared 
documenting the repair activities. A copy of this report shall be sent to Wilder Construction Company, the 
OWNER, the manager of the facilities operations, and the applicable regulatory agency as required. 
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4.1 Crack Sealing 

Any crack that is at least one inch deep shall be routed out rather than sawed or cut because better control 
can be achieved. A cross-section configuration as shown in Figure 1 is recommended because it provides 
both a reservoir for sealant and additional sealing at the lips of the crack. A vertical-spindle router is least 
damaging and most maneuverable to follow random cracking. Rotary-impact routers may be more 
productive, but also tend to cause more damage along the edges. 

Following routing, air blasting is required to remove dust, debris, and any loosened fragments. Hot air 
blasting with a compressed-air lance or heat lance is required to help remove any moisture and it aids in 
improving the bonding of hot-applied sealant. The sealant shall be applied immediately following hot air 
blasting. 

Hot-applied thermoplastic crack sealer can be applied using an asphalt distributor, but it is much better to 
use an asphalt kettle/melter. Modified asphalt material must be heated to a higher temperature than can 
be achieved and maintained with a distributor. Application can be done using a dish-shaped attachment at 
the end of the crack filling wand for one- step application. However, to assure that the crack and routed 
reservoir are uniformly filled, it may be best to use two steps: first fill the crack with the application wand 
and immediately shape the top using a 'U' -shaped industrial squeegee. Blotting with sand is probably 
not required with modified asphalt and since it is unlikely to be trafficked, as in a highway. The selection 
of type and grade of material will be approved by Wilder Construction to assure compatibility with the 
MatCon surface. 

Contact the manufacturer Wilder Construction Company, 1525 East Marine View Drive, Everett, W A 
98221, phone (800) 3 77-0954 for acceptable crack sealers. 

A few days following crack sealing, the work should be inspected and any defects re-sealed. 

Routine crack sealing of occasional or sporadic cracking will be adequate to maintain the MatCon cap's 
primary function as a low permeability RCRA cap. A few days following crack sealing, the project 
should be inspected and any imperfections touched up. Previously sealed cracks will be inspected on a 
monthly schedule, and re-sealed as necessary. It is unlikely that cracking would extend over a wide area 
or the entire project, and is more likely to be localized. However, if non load-associated cracking 
increases with time, consideration should be given to alternative repairs. For example, if cracking caused 
by differential settlement or thermal conditions extends or increases such that crack spacing is less than 5 
feet within the localized area, consideration should be given to patching or overlaying that area. The 
decision is one of economics, since both repair methods will maintain low permeability. Crack sealing is 
a low cost option, so more extensive repairs will need to be carefully considered before a decision is made 
to replace or overlay the MatCon cap. 

Regardless of cost considerations, the accumulation of a total 100 linear feet of cracks that are repaired by 
sealing within a 320 sq.ft. area, shall trigger either of the following actions: 

1. Exclude and isolate the repaired area from any surface traffic, use or loading, by means of 
permanent fences or barriers; or 

2. Remove the distressed area and replace with new MatCon HMA using proper cold joint methods. 
Such replacement may also require underlying base course material removal and reconstruction 
prior to reinstallation of MatCon HMA. 
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With either alternative, the MatCon cap's low permeability and performance as a RCRA cap will be 
maintained. The presence of I 00 linear feet of cracks within the 320 sq.ft. of the MatCon cap does not 
constitute a failure as a RCRA cap, however, it does establish a limit for the use of the cap as a work, 
storage, or traffic area, unless it is replaced. 

The 100 linear feet limit of repaired cracks is based upon the size of the unaffected MatCon cap areas and 
their collective stability within the area when subjected to a surface load. The 320 square feet surface 
area is consistent with the dimensions of an eight (8) feet wide by forty ( 40) feet long semi-truck and 
trailer, or ship container. Even if properly repaired cracks exceed the 100 linear feet per 320 sq. ft. surface 
area limit, the repaired MatCon cap will still serve the primary intended purpose as a RCRA cap. 
However, subsequent surface use and loading may further distress the area beyond cost beneficial and 
effective repair. 

4.2 Fog Seal 

A fog seal is a uniformly sprayed application of a specially prepared modified-asphalt emulsion. It is 
applied with a distributor for most areas and for close quarters or adjacent to structures, pipes, etc., a 
wand with a single spray nozzle is best used. 

Cleaning prior to seal coating can generally be accomplished using a power broom and/or truck mounted 
vacuum cleaner to remove dirt and loose debris. In some instances, water jets may be required to loosen 
dirt or mud that is adhered to the MatCon surface. 

The surface must be dry and above 60°F at the time of application. Warm weather is required for the 
emulsion to 'break' and cure properly. Application rate should be approximately 0.50 gallon per square 
yard. The actual rate may be adjusted and fine-tuned at the beginning of the project to account for 
surface texture and curing rate. The selection of type and grade of material will be approved by Wilder 
Construction to assure compatibility with the MatCon surface. 

For this site, Wilder Construction Company must be consulted prior to the selection and application of 
any fog seal material. Site and weather conditions at the time of application will dictate the sealant to be 
utilized. 

Wilder Construction Company 
1525 East Marine View Drive, Everett, W A 98221 
Contact: Mr. Jerry Thayer, MatCon Program Manager 
Telephone: (425) 551-3100 

4.3 Patching and Overlay 

In some instances, a large crack or depressed area may need to be patched using MatCon material or other 
Wilder approved material. Patches may range from a few square yards to much larger areas. These 
materials and construction procedures will follow the same high standards and protocols required for the 
original MatCon cap installation. 

An advantage of patching a MatCon cap is that, in most instances, the original MatCon surface will not be 
cut out and removed. Rather, the patch, or overlay, can be shaped to cover the crack and tapered at the 
edges to provide a smooth transition. An example is shown in Figure 2. A patch can also be used to 
correct the grade and drainage of the surface (ponding, for example) when localized subsidence has 
changed the profile. Any cracks will be sealed prior to patching. Thickness of the overlay may be 
variable, but in critical areas should not be less than four (4) inches. Multiple overlays (layered) may be 
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required to correct extreme settlement. All edges, tapers, and surfaces of the patch should be fog sealed at 
the time of construction. 

For areas that are cracked and no differential settlement has occurred, crack repair may require more 
elaborate procedures as shown in Figures 3 and 4. Shallow cracks or gouges can be repaired after milling 
out about I inch as shown in Figure 3. If a crack extends through the entire MatCon surface, then all the 
material adjacent to the crack should be removed by sawing. A multi stage operation providing a step 
configuration, such as a MatCon cap cold joint, is preferred. 

For areas such as driveways or aisles where heavy traffic is concentrated, fatigue cracking may occur and 
will require special repair techniques. Fatigue or alligator cracking of the MatCon cap is caused by 
repeated flexure of the mat. The material can accommodate accumulated repetitions whether they are 
caused by excessive wheel loading, or by soft underlying foundation materials; but it does not know the 
source. A typical area of fatigue distress would be a driveway 10 feet wide, with 5% of the area (i.e., 
wheel paths) exhibiting alligator cracking. 

A wheel path exhibiting fatigue cracking is often accompanied by a depression, or rut, within the wheel 
path. By definition, if the maximum depression (measured with a straight edge across the wheel path) is 
less than lf4 inch, the fatigue cracking is caused by loading alone. If the depression (rut) is greater than lf4 
inch, the cracking is also caused by repeated strain, but in tum, higher strain is induced because of soft or 
consolidating underlying foundation materials. 

Any fatigue cracking discovered during an annual (or monthly) inspection and evaluation must be 
repaired, following the method for patching. If the accompanying rut or depression is greater than lf4 inch 
deep, it is caused by changing foundation materials, and is not covered by warranty. If the rut or 
depression is less than lf4 inch deep, it is more likely caused by traffic loading and falls under the 500,000 
ESAL limitation. And accounting is made of all vehicular traffic using the "traffic path or pattern" by 
mutual agreement between the operator/owner of the Los Alamos Airport Cap. If at any time during the 
warranty period the cumulative ESALs have exceeded 500,000, the repair is not covered by the warranty. 
Corrective action following repair would include review and modifications to surface use operations. 
Subgrade failure distress mechanisms (e.g., upheaval, settlement, etc.) that impact the MatCon cap's 
integrity must be mitigated and repaired prior to any MatCon HMA replacement. 

The selection of type and grade of material will be approved by Wilder Construction to assure 
compatibility with the MatCon surface. If the approved material(s) are unavailable, contact the 
manufacturer Wilder Construction 1525 East Marine View Drive, Everett, WA 98221, phone (800) 377-
0954 for acceptable substitutes and the EPA for approval. 

4.4 Traffic Control striping 

The basic concept is to reduce the reflectance or albedo of the stripe to a value near that of the MatCon 
surface itself. The reason for this is that the MatCon HMA expands and contracts at a different rate under 
the stripe because of different reflectance during hot sunny days and cool nights. The result may be 
surface cracking along the edge of the stripe due to this repeated heating and cooling. One may observe 
this phenomenon yourself at crosswalks, etc. 

Ideally, Wilder would like a black colored stripe (similar to that often used on portland cement concrete). 
This will work after a year or so when the surface has turned gray, providing sufficient contrast for 
parking delineation. But since newly paved surfaces will still be black, a higher contrast stripe is 
required. Conventional striping paint materials will suffice, with the following comments and 
recommendations: 
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1. Paint should be water-based so that it can be thinned or reduced with water. This will eliminate the 
solvents used in other types, and will reduce any possible damage to the MatCon Binder. An 
example would be Fast Drying Water Reducible Acrylic, available from LaFarge Road Marking 
(www.lafargeroadmarking.com). But there are others on the market that will be familiar to the 
local paint applicators. 

2. Yellow or white color is acceptable. Some other color such as green or blue is also ok. 

3. Reduce the paint with water sufficiently to reduce the coverage to no more than one-third of what 
is normally used. This thinned paint should be applied at the same forward speed of the striping 
machine as is normally used, in order to achieve the lighter coverage. When painters use this 
procedure, the tendency is to slow down to apply more paint so that it looks like what they are 
accustomed to doing. 

4. The idea is to reduce the density of color to less than one-third that of a solid stripe. The result will 
be stripes that look like they have been down for two or three years instead of new, but will still 
serve to provide guidance to drivers. 

4.5 Sealing to Concrete Slabs and Structures 

A seal is required at joints where the MatCon HMA abuts concrete structures. Typically, the concrete 
slab should be in place prior to paving with MatCon HMA. The exposed concrete slab edge should be 
coated with a heavy asphalt tack coat or MatCon Mastic (a highly modified, hot-applied asphalt based 
sealer provided by Wilder Construction Company). The MatCon HMA paving operation should be 
completed within 24 hours of coating the edge. After the paving operation is completed, the surface joint 
is further sealed with another coat at the joint line as in a fillet. 

Two common options to seal are (a) straight abutment, and (b) step design. Figure SA shows the details 
of the abutment with a concrete structure such as a foundation or slab, and should be prepared with mastic 
as described above. Figure 5B shows an option where an exceptionally good seal is needed, such as in a 
pond that will hold standing water. The foundation or wall is designed with a step, so that the MatCon 
HMA has a larger area of contact as well as a direct bearing on the concrete step, decreasing the 
likelihood for leakage. 

4.6 Sealing Penetrations 

Penetrations are often needed to add features such as fence posts light standards or tie-downs. It is 
advantageous to pave the entire site prior to installing penetrations whenever possible, because the 
density, voids, and permeability are better controlled. Penetrations can be saw-cut or core-drilled, 
resulting in smooth sides. Jack hammering is not recommended. The hole should be about l-inch 
oversized ( 1/2-in minimum space for penetration of sealant) and hot MatCon Mastic applied in the 
resulting void. Assure full penetration to seal the opening around the feature. After cooling, the mastic 
should be topped up as shown in Figure 6 in the form of a "fillet" to assure a tight seal and to prevent 
water from standing at the joint. 
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0.5" TO 0.75" 

RESERVOIR lo.5" To o.75" 

FIGURE 1: CROSS SECTION OF 
CRACK SEALING GENERALLY CALLED A 
STANDARD RECESSED BAND-AID 

Not to scale 

Figure 1. Cross Section of Crack Sealing. 

TAPERED PATCH TO 
COVER SURFACE CRACK 

ORIGINAL 

Not to scale 

CRACKS 

AREA OF DIFFERENTIAL 
SETTLEMENT 

FIGURE 2: TYPICAL PATCHING 
CONFIGURATIONS 

Figure 2. Typical Patching Configurations. 
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ALL SURFACE JOINTS SEALED 

4" MATCON 

l 
FIGURE 3: SHALLOW PATCH TO REPAIR SURFACE DEFECT. 
MILL OUT AREA TO BE PATCHED TO A DEPTH NOT TO 
EXCEED 1". INLAY WITH HIGH QUALITY MATCON MIXTURE 
AFTER APPLYING HEAVY TACK COAT. SEAL ALL EDGES. 

Figure 3. Shallow Patch to Repair Surface Defect. 

ALL SURFACE JOINTS SAWED FACE, TACKED 

TACK COAT 

FULL DEPTH SAWED 
OPTION TO REPAIR 

CRACK 

FIGURE 4: FULL DEPTH PATCH TO REPAIR CRACK. REMOVE 
MATCON BY SAWING OR MILLING IN SEVERAL PASSES TO 
MINIMIZE DAMAGE TO ADJACENT MATCON. TACK COAT ALL 
SURFACES. PLACE MATCON PATCH MIXTURE IN TWO LIFTS -
BOTTOM LIFT PLACED, THEN IMMEDIATELY FOLLOWED BY TOP 
LIFT AND COMPACTED. SEAL ALL EDGES. 

Figure 4. Full Depth Patch to Repair Crack. 
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Typical 
concrete 
foundation 

{
Final fillet seal using hot MatCon 
Mastic 

{

Concrete surface to be coated with tack 
or hot MatCon Mastic prior to instaling 
MatCon HMA against concrete. 

,,,,,,,,,,,,,,,, .. ,,,,, .... ,,,,,,, ..... ,,,,,,,,,,,,, ...... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,. 
Base course 

4" MatCon HMA 

Figure 5a. Sealing the edge of MatCon HMA placed against existing concrete 
stmcture. Concrete shouuld be dry and clean before applying tack or MatCon 
Mastic. Compaction equipment should "pinch" the MatCon HMA against concrete 
stmcture as tight as conditions will allow. Final seal should be a "fillet" ofMatCon 
Mastic in the comer of intersection as shown. 

Typical 
concrete 
foundation 

I 
Step Design 

{
Final fillet seal using hot MatCon 
Mastic 

{

Concrete surface to be coated with tack or hot 
MatCon Mastic prior to instaling MatCon 
HMA against concrete. 

I 4" MatCon HMA 

'";"'"''''""''";;;;;;;;;;;;;;;;;;J ----
Base course 

Figure 5b. Sealing the edge of MatCon HMA placed in a "step" in the concrete 
stmcture. This design provides a larger surface area for sealing and seating the 
MatCon HMA. See Fi2:ure 5.a. for additional notes. 
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J 
I "' ____ , __ , __________ __. 

•'-"'""'''''''''''''''''''' .. .......................... ,,,,,,,,,,,,,,,, .. 

as concrete 
tie-down or 
light pole. 

{
Final fillet seal using 
hot MatCon Mastic 

{

Minimum Yl-in space 
filled with hot MatCon 
Mastic. 

14" MatCon 

r HMA 

....................... -. ................ ,,,,,,, .... ,,,,,,,,,, .. . ...................... ,,,,,,,,,,,,,,,,, .. 

Figure 6. Sealing Full-Depth Penetration in a MatCon Cap. Remove MatCon HMA by 
sawing or core drilling. A! ow space for hot MatCon Mastic sealant of at least Yl-in. Apply 
hot MatCon Mastic using a me iter and hot lance normally used to fill cracks (See Fig I). 
When the mastic has cooled "top up" around the edges by applying a "fillet" of hot mastic. 
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Attachment A 
Load Equivalency Factors 

Sample MatCon Operation and Maintenance Plan 
LANL Airport Landfill 

20 Wilder Construction Company 
April 15, 2006 

Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this document. 
© 2006 Wilder Construction Company 



Table A-1. Load Equivalency Factors. 

Gross Axle Loed 
Loed Equivalency 

Gross Axle Load Loed Equivalency 
Factors Facton 

kN lb 
Single Tandem 

kN lb 
Single Tandem 

Axles Axles Axles Axles 

4.46 1,000 0.00002 182.5 41,000 23.27 2.29 
as 2.000 0.00018 187.0 42.000 25.84 2.51 

13.35 3,000 0.00072 191.3 43,000 28.22 2.75 
17.8 4,000 0.00209 195.7 44,000 31.00 3.00 
22.25 5,000 0.00500 200.0 45,000 34.00 3.27 
28.7 6,000 0.01043 204.5 46.000 37.24 3.55 
31.15 7,000 0.0196 209.0 47,000 40.74 3.85 
35.6 8,000 0.0343 213.5 48,000 44.50 4.17 
40.0 9,000 0.0562 218.0 49,000 48.54 4.51 
44.6 10,000 0.0877 0.00688 222.4 50,000 52.88 4.86 
4a9 11,000 0.1311 0.01008 226.8 61,000 5.23 
53.4 12.000 0.189 0.0144 231.3 62,000 6.63 
57.8 13,000 0.284 0.0199 235.7 53,000 6.04 
62.3 14,000 0.360 0.0270 240.2 54,000 6.47 
88.7 15,000 0.478 0.0360 244.6 55,000 6.93 
71.2 16,000 0.623 0.0472 249.0 56,000 7.41 
75.8 17,000 0.796 0.0608 253.6 57,000 7.92 
80.0 18,000 1.000 0.0773 258.0 58,000 8.45 
84.6 19,000 1.24 0.0971 262.5 59,000 9.01 
89.0 20,000 1.51 0.1206 267.0 60,000 9.59 
93.4 21.000 1.83 0.148 271.3 61,000 10.20 
97.8 22.000 2.18 0.180 275.8 62,000 10.84 

102.3 23,000 2.58 0.217 280.2 63,000 11.52 
106.8 24,000 3.03 0.260 284.5 64,000 12.22 
111.2 25,000 3.53 0.308 289.0 65,000 12.96 
115.6 28,000 4.09 0.364 293.6 88,000 13.73 
120.0 27,000 4.71 0.428 298.0 67,000 14.s4 
124.5 28,000 6.39 0.495 302.5 68,000 15.38 
129.0 29.000 6.14 0.572 307.0 69,000 16.26 
133.5 30,000 6.97 0.658 311.5 70,000 17.19 
13ao 31,000 7.88 0.753 316.0 71,000 18.16 
142.3 32,000 8.88 0.857 320.0 72,000 19.16 
146.8 33,000 9.98 0.971 325.0 73,000 20.22 
151.2 34,000 11.18 1.095 329.0 74,000 21.32 
155.7 35,000 12.50 1.23 333.5 75,000 22.47 
160.0 36,000 13.93 1.38 338.0 76,000 23.66 

"164.5 37,000 15.50 1.53 342.5 77,000 24.91 
169.0 38,000 17.20 1.70 347.0 78,000 26.22 
173.5 39,000 19.06 1.89 351.5 79,000 27.58 
178.0 40,000 21.08 2.08 356.0 80,000 28.99 

*From AASHTO Interim Guide for Dtlllgn of Pavement Structures, 1972, AmllriCMr Assocmtion of State Hlgh-y 
lind Tumpomtlon Officials, Wlllhington, D.C. 1974,· Flexible Pavement. 

Note: kN conWJrtlld to IIJ 11rt1 within 0.1 percent of lb shown. 
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ATTACHMENT B t~~ILDErt 
Wilder Construction Company 

WILDER CONSTRUCTION COMPANY 

Page_of __ 

MatCon® Cap Inspection Report! ...J Monthly ...J Annual No.: ____ _ 

Project Name: Los Alamos Airport Landfill Number: ____________ _ 

Location: Los Alamos Airport, Los Alamos, New Mexico Date Constructed: _________ _ 

Name of Inspector (s."-':'-_________________ Position: ____________ _ 

Date of Inspection,_: _____ _ Time: ____ S,tart ________ Stop: 

Weather Conditions: --------------------------------
Discussion: (Include purpose, scope, and any features or conditions specific to this inspection) 

Infonnation to be provided for each section of MatCon surface. Divide entire project into areas of different use, location, etc. and 
note or sketch them on attached site map. Note location of observed distress, attached photographs, or other features on the site 
map. Use additional sheets as needed. 

Section No. 

Determine 
logically 
different areas 
based on use, 
location etc. 
and assign a 
number on the 
sitemap. Use 
GPS to define 
areas 

Site Use 

Describe 
Current use of 
each section. 

Note any 
changes since 
last report 

0. 
I. 
2. 
3. 
4. 

Observed Distress2 

None 5. 
Alligator Cracking 6. 
Block or Thermal Cracking 
Depression or Settlement 7. 
Standing Water 

Rutting 
Raveling/Weathering/ 
Surface Blemish 
Hydrocarbon/Chemical Spill 

For each section indicate: ...J Type of distress 
...J Locate distress on site map 
...J Provide GPS coordinates 
...J Attach Photo if appropriate 
...J Provide additional description I dimension 

GPS Location: Long.: _____ Lat.: _____ Alt.: ____ _ 

Observed Distress: -----
Dimension: Length: _____ Width: _____ Depth: ___ _ 

Notes: 

1 Submit report to Wilder Construction Company. 
2 Refer to Operations and Maintenance Manual for information on distress. 
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Section No. Site Use 

GPS Location: Long. 

Observed Distress: 

Dimension: Length 

Notes: 

GPS Location: Long. 

Observed Distress: 

Dimension: Length 

Notes: 

3 Refer to Operations and Maintenance Manual for information on distress. 

Sample MatCon Operation and Maintenance Plan 
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24 

Page_of __ 

Observed Distress3 

Lat. 

Width 

Lat. 

Width 

Alt. 

Depth: 

Alt. 

Depth: 

Wilder Construction Company 
April 15, 2006 
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Summary Sheet 

Condition of MatCon Cap: 

u Excellent- No maintenance required. 

u Good- Some minor wear or distress, but fully serviceable. 

u Fair- Will need some minor maintenance during next year. 

u Poor- Needs maintenance as recommended below. 

Narrative: 

Action Taken: u None Required 
u Contacted Wilder Construction Co. 
u Corrective action initiated I implemented 
u Result of action attached 
u Report sent to Wilder Construction Co. 

Page __ of __ 

u Needs Attention 

Inspector Name: Signature: _____________ Date: _______ _ 
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· ., Technologies, Inc. 

Michael Bolender 
North Wind, Inc. 
1425 Higham Street 
Idaho Falls, Idaho 83402 

Subject: 

Dear Michael, 

Los Alamos Site Office TA-73 Airport Landfills 
Mechanically Stabilized Earth wall systems 
Los Alamos, NM 
TET Project No. 006602 

5883 Glenridge Drive 
Suite 200 

Atlanta, GA 30328 
Tel. 404•250•1290 
Fax.404•250•9185 

May 24,2006 

Tensar Earth Technologies, Inc. (TET) is pleased to present you the design for Mechanically 
Stabilized Earth (MSE) wall systems for the LASO TA-73 Airport Landfills project The design 
package including Design Calculations and Construction Drawings is enclosed. 

The enclosed design has been performed under direct supervision of Brendan Sheppard in the 
absence of our New Mexico registered Professional Engineer (the EOR), who is currently out of 
the country. Mr. Sheppard is registered Professional Engineer in the state of Georgia and 
several other jurisdictions but is not currently registered in New Mexico. Prior to construction, 
this design will be reviewed and signed and sealed by the EOR. Any modifications that the 
EOR may require would be resubmitted for approval. However, we believe that any 
modifications are likely to be minor and would be noted clearly on the plans at the time of 
submittal in order to expedite the review process. In the interim, we ask that you accept this 
design and submit it for approval prior to the EOR's review. We currently anticipate that you will 
be able to receive signed and sealed drawings on May 31, 2006. 

We appreciate the opportunity to work with you and look forward to help make this project 
successful for all parties. If you have any questions pertaining to this design, feel free to contact 
us at (404) 250-1290. 

Sincerely, 

Tensar Earth Technologies, Inc. 

~~ 
Weslie Ross 
Staff Engineer 

Encl: Construction Drawings 
Design Calculations 

~ 
Brendan Sheppard, PE 
Manager-Engineering Operations 
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DESIGN ASSUMPTIONS 

Project Name: Date: 5/24/06 

Project Number 

LASO TA-73 Airport Landfills 
Los Alamos County, NM 
006602 Engineer: CLC 

THE FOLLOWING ASSUMPTIONS HAVE BEEN ADOPTED BY TET FOR THE PURPOSE OF 
DEVELOPING A FINAL DESIGN. ALL ASSUMPTIONS MUST BE VERIFIED BY OTHERS PRIOR TO 
CONSTRUCTION. 

1. Design Methodology 

In general accordance with AASHTO Standard Specifications for Highway Bridges 2002 

2. S ·1 P rf 01 rope Jes 

Friction Angle Cohesion 
Soils Unit Weight y, PCF ¢l, degrees PSF 

Reinforced Soil 130 32 0 

Retained Soil 100 35.5 0 

Foundation Soil 130 32 4000 

NOTE: ALL SOIL PROPERTIES MUST BE VERIFIED BY A GEOTECHNICAL ENGINEER 
PRIOR TO CONSTRUCTION. 

3. Geometry 

• Generallnformation 
• Three Mechanically Stabilized Earth (MSE) walls with the following geometry: 

I Maximum 
Walls Length, ft ! Design ftHeight, Top & Toe slope 

I I 

I 
4:1Top Slope Wa112 I 347.0 I 26.5 

Level Toe slope 

Wall3 I 56.5 I 6.0 I 
4:1 Top Slope 

I Level Toe slop_e 

Wall4 I 50.0 I 7.0 I 4:1 Top Slope 

--- i Level Toe sloQe 

2 



o MSE Walls are superimposed at the following stations: 

o Wall 2 and Wall 4: 
• Wall2 from Sta. 1+00.0 to Sta. 1+35.7 and Wa!l4 from Sta. 1+00.0 to 

1+50.0 

o Wall 2 and Wall 3: 
• Wall2 from Sta. 4+00.7 to Sta. 4+47.0 Wall 3 from Sta. 1+00.0 to Sta. 

1+34 

4. Facing 

SierraScape galvanized baskets with stone facing and a setback of 1.5" to achieve 1 H: 12V 
face batter. 

5. Loading 

Traffic Loading 
Design Seismic Acceleration 

6. Geogrid Reinforcement 

Creep Limited 
Strength, Reduction Factor 

Type Lbslft RF1c/RFo 

UX1400MSE 2170 1.10/1.0 

UX1500MSE 3255 1.10/1.0 

UX160MSE 4308 1.10/1.0 

Soil-geogrid interaction coefficient 
Percent coverage of geogrid 
Design life 

7. Stability Analysis 

Internal Stability 
Minimum factor of safety for geogrid pullout 
Minimum factor of safety for geogrid strength 
Minimum factor of safety for direct sliding at geogrid 
Minimum factor of safety for connection 

External Stability 
Minimum factor of safety for direct sliding at base 
Maximum eccentricity, e/L 

= 250 psf 
= 0.262 g 

Working Strength, Lbslft 

1973 

2959 

3917 

= 0.8 
=94% 
= 75 years 

Static 

;::: 1.5 
= 1.5 
= 1.5 
= 1.5 

Static 
= 1.5 
= 1/6 

NOTE: Global stability is beyond the scope of this design. 

3 

Static 

= 1.1 
= 1.1 
;::: 1.1 
= 1.1 

= 1.1 
= 1/3 

,~.,J 

"-,~,,J 



8. Maximum Applied Bearing Pressure = 3915 psf (Static) 

= 6056 psf (Seismic) 

9. Hydraulic Conditions 

Groundwater/phreatic surfaces were not considered in this design. Water surfaces 
assumed to be sufficiently below the base of the MSE walls as not influence the internal 
and external stability of the MSE walls. 

10. Notes 

A. The design presented herein is based on the information provided to T ensar Earth 
Technologies, Inc. Tensar Earth Technologies, Inc. accepts no liability for the 
information or verification of information. 

B. The owner or owner's representative is responsible to review and verify the design 
parameters prior to construction. 

C. Tensar Earth Technologies, Inc. assumes no liability for interpretation of subsurface 
conditions, suitability of soil design parameters, and subsurface groundwater 
conditions. 

D. Evaluation of foundation bearing capacity and global stability are the responsibility of 
the owner or owner's representative. Tensar Earth Technologies, Inc., accepts no 
responsibility or liability for the evaluation of global stability and foundation bearing 
capacity. 

E. Total and differential settlement and their effects on this system are the responsibility 
of the owner or owner's representative. Tensar Earth Technologies, Inc. accepts no 
responsibility or liability for the evaluation of settlements. 

F. Flood conditions and rapid drawdown have not been considered in the design. 

11. References 

For references see Section 9.0on sheet 2 of 11, Construction Requirements, of the 
construction drawings. 

4 



MSEW -- Mechanically Stabilized Earth Walls LASO T A-73 Airport Landfills 
Present Dilleffimc:: \Vc:d May 24 19:53:29 2006 k.:\ d\006602\Final\Design\Design without Wall 1\W.l~lla.nd.Wall::! 26.5' E...X.BEN 

;~--SI_E_R.RASCA.PE~ 
~ .JII RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 
Station Number: 

Description: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 
1+35.7-4+00.7 

Wall2_DH=26.5'_EXTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-!290 
Fax#: (404) 250-9!85 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\D06602\Final\Design\Design without Wall 1\ Wall! an ..... 
..... ndWall2 26.5' EX.BEN 

Original date and time of creating thls file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of a SIMPLE STRUCTURE 
using GEOGRlD as reinforcing material. 

"-UW1CwY-•t ... J.Iw~-••uu,." ••'"uv'-"~"'~·-1•-..~" ••~~ 

I LASO T A-73 Airport Landfills 
Co~~righ~ '?. 199~-2005 ~AMA Engir;e~ring, .~~~· 5 
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MSEW ··Mechanically Stabilized Earth Walls LASO T A-73 Airport Landfills 
Pre:sern OiJ!e!Timc:: \Vc:d M:ty 24 19:53:30 :2{)06 k:\ d\00660:!\final\Design\De-:sign wi1hauc W:JIJ l\W~llland\V<~U:! 26.5' E..X.BEN 

\.--1~ .. \I•\...-IHtl[•~..-l~ .. li;"'>"-H"U.O, ........ >)I.l~lW>.....,.O .. t~t"'>....,_.l~ .. U:WI..-f,~ll"'!>,._l~"~'y'-)O"~"''......,U"l,('¥\~I"IH"'~""""')GU!IW\..--II•Clfw\-Ul\l( ... _l....-I'~~"'~-U.Ut;"'\-lt~>.,-~Jll~I..-III..II(•"'\:_JO.I;'-I\.,_JI_.... 

SOIL DATA 

RErNFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

130.0 lb/ft J 

32.0 ° 

100.0 lb/ft J 

35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y <ouiv. 130.0 lb/ft' 
Equivalent internal angle of friction, $cq~iv. 32.0 ° 
Equivalent cohesion, c cquiv. 4000.0 lb/ft z 

Water table does not affect bearing capacity 

LATERAL EAR Til PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 61.00° (see Fig. 28 in DEMO 82). 
Ka (external stability) = 0.2866 {if batter is less than 10°, Ka is calculated from eq. !6. Otherwise, eq. 17 is utilized) 

BEARING CAP A CITY 

Bearing capacity coefficients (calculated by MSEW): Nc ""35.49 N y= 30.21 

SEISMICITY 

Maximum ground acceleration coefficient, u. o "" 0.131 
Kae ( a;> 0) = 0.4015 Kae ( O.o"' 0) = 0.2486 !::,. Kae = 0.1529 (see eq. 37 in DEMO 82) 
Seismic soi!-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73 Airport Landfills 
Copyright 'e 1998-2005 ADAtv!A Engineering, Inc. 6 
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MSEW ~-Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
P....,ent Oat<:Frime: Wed May 24 19:5):30 ~006 k:l_d\!l06602\Fill:li1Designl0esign "ithout Woiii\WaJI1andWaii~_26.S'_EX.BcN 

\..._l,.,~,,_l_uln.,~-H.,~'"'.._H.,U"'~ .. -uuu.,•..-li...:E...-~......,..,,.,.utw_\,._11 .. U""'.,_',...,_.,..,,._,~..,I~ ... ...-,, .. ,1c"'~-~~•·t~~..-tt~HI"''......,.h",r'"''.,_l,.tU~'-'~"'~1·•"-ln•tr.o•.......,Ju.n,-..~.-n""("'l-l~t..ott,., ......... u .. ,('W\-II~ 

INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult f!b/ft l 
Durability reduction factor, RFd 
Installation-damage reduction factor, RFid 
Creep reduction factor, RFc 
Fs-overa!l for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a. 

p 

Geogrid Geogrid 
tvye #1 tvQe #2 

3974.1 4796.3 
1.00 1.00 
l.!O 1.10 
2.34 2.21 
N/A NIA 
0.940 0.940 

26.56 26.56 
0.80·tar.j> O.SO·ta~ 
l.O 1.0 

Geogrid Geogrid Geogrid 
tvQe #3 tvQe #4 tvQe #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 !.10 1.10 
2.40 2.29 2.22 
N/A N/A NIA 
0.940 0.940 0.940 

26.56 26.56 26.56 
O.SO·ta~ 0.80·tan:jl 0.80·tan.jl 
1.0 !.0 1.0 

Variation of Lateral Earth Pressure Coefficient With Depth 

z K/Ka 

Oft 1.00 
3.3 ft 1.00 
6.6 ft 1.00 
9.8 ft !.00 
13.1 ft 1.00 
16.4 ft l.OO 
19.7 ft 1.00 

LASO TA-73 Airport Landfills 
Copyright() 1998-2005 ADA.t\1A Engineering, Inc. 
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE) 

Design height, Hd 

Batter, ro 
Backslope, p 
Backslope rise 

26.50 [ft] 

4.8 fdegl 
14.0 fdeg] 
20.0 [ft] 

{ Embedded depth is E = 1.50 ft, and height above top of tinished 
bottom grade isH= 25.00 ft} 

Broken back equivalent angle, I= 14.04° (see Fig. 25 in DE:tv!O 82) 
/ 

UNIFORM SURCHARGE 
Uniformly distributed dead load is D.O [lb/ft 1

] 

OTHER EXTERNAL LOAD(S) 
[S I] Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 [lb/ft 11. 

Footing width, b=l50.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft]@ depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0246810[ft] 

LASO TA-73 Airport Landfills Page 4 of 5 
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ANALYSIS: CALCULATED FACTORS (Static conditions) tJ\~ 
Bearing capacity, Fs = 4JM'5: Meyerhof stress= 3860 lb/fP. 

~-l~ 
-_,I 

Foundation Interface: Direct slidine:. Fs = 3.969. Eccentricitv. elL= 0.0135. Fs-overtuming = 7.96 
I 

I 
I 

I Product 

I 

I GEOGRID CONNECTION I Geogrid Fs-overall Fs-overall Pullout Direct Eccentricity 

!# Elevation Length Type I r connection f geogrid 1 strength resistance sliding e/L I name 
[ft] [ft] '"' i strength] strength) Fs Fs I Tt 

1 
Fs 

0.00 24.00 4 4.77 4.32 4.321 95.511 3.223 O.Ol35 UX l600MSE-SS 
2 1.50 24.00 4 2.48 2.25 2.249 47.088 3.364 0.0086 UX1600MSE-SS 
3 3.00 24.00 4 2.62 2.38 2.380 46.569 3.519 0.0038 UX1600MSE-SS 
4 4.50 24.00 3 1.62 t.91 1.909 45.510 3.687 -0.0008 UX1500MSE-SS 
5 6.00 24.00 3 1.72 2.03 2.034 44.310 3.871 -0.0053 UX 1500MSE-SS 
6 7.50 24.00 3 1.85 2.!8 2.177 43.149 4.074 -0.0096 UX1500MSE-SS 
7 9.00 24.00 3 1.97 2.34 2.342 42.013 4.299 -0.0139 UX 1500MSE-SS 
8 i0.50 24.00 3 2.03 ? --. __ ).) 2.534 40.886 4.548 -0.0!82 UX1500MSE-SS 
9 12.00 24.00 3 2.09 2.76 2.760 39.818 4.826 -0.0225 UX1500MSE-SS 
10 13.50 24.00 3 2.17 3.03 3.030 38.799 5.138 -0.0270 UX1500MSE-SS 
ll 15.00 24.00 3 2.27 3.36 3.359 37.824 5.490 -0.0318 UXI500MSE-SS 
12 16.50 24.00 3 2.39 3.77 3.768 36.959 5.889 -0.0371 UXJSOOMSE-SS 
13 18.00 24.00 3 2.55 4.29 4.290 36.221 6.342 -0.0431 UX1500MSE-SS 
14 19.50 24.00 3 2.75 4.98 4.981 35.646 6.859 -0.0504 UX 1500MSE-SS 
15 21.00 24.00 3 3.04 5.94 5.936 35.389 7.446 -0.0597 UX1500MSE-SS 
16 22.50 24.00 3 3.45 7.35 7.346 35.636 8.102 -0.0726 UX lSOOMSE-SS 
17 24.00 24.00 3 4.13 9.63 9.632 36.831 8.799 -0.0920 UX!500MSE-SS 
18 25.50 24.00 3 4.83 12.46 12.456 35.937 9.422 -0.1257 UX1500MSE-SS 

ANALYSIS: CALCULATED FACTORS (Seismic conditions) rJ[ P\ 
Bearing capacity, Fs ~..}836, Meyerhof stress= 4673 lb/tF. 

Foundation Interface: Direct slidin!!. Fs = 2.180. Eccentricitv. e/L = 0.0928. Fs-overtuming = 3.72 

GEOGRID CONNECTION ! 
Fs-overall Fs-overall I Geogrid Pullout Direct Eccentricity Product 

OJ Elevation Length Type r connection fgeogrid I strength resistance sliding elL name ,. 
[ft] [ft] .u strength] strength} 1 Fs Fs Fs " 

1 0.00 24.00 4 3.72 55. 6 1.770 0.0928 UX1600MSE-SS 
2 1.50 . 24.00 4 2. 2.08 ~ .774 1.866 0.0789 UX1600MSE-SS 
3 3.00 24.00 4 2.20 2.20 31.297 1.972 0.0658 UX1600MSE-SS 
4 .4.50 24.00 3 1.51 1.76 30.446 2.091 0.0534 UXlSOOMSE-SS 
5 6.00 24.00 3 . 1.61 .88 29.493 2.225 0.0416 UX1500MSE-SS 
6 7.50 24.00 3 1.72 2. 3 28.554 2.376 0.0305 UXlSOOMSE-SS. 
7 9.00 24.00 3 1.83 2.15 __ }48 27.618 2.549 0.0199 UX l500MSE-SS 
8 10.50 24.00 3 1.88 2.32 2.316 26.672 2.748 0.0099 UX1500MSE-SS 
9 12.00 24.00 3 1.95 2.5! 2.511 25.743 2.980 0.0004 UX!SOOMSE-SS 
10 13.50 24.00 3 2.02 2.7. 744 24.819 3.253 -0.0087 UX1500MSE-SS 
11 15.00 24.00 3 2.11 ".02 3. . 23.889 3.577 -0.0176 UXISOOMSE-SS 
12 16.50 24.00 3 2.22 3.37 3.36 22.980 3.970 -0.0265 UX!500MSE-SS 
13 18.00 24.00 3 2.37 3.80 3.797 22.082 4.451 -0.0355 UXISOOMSE-SS 
14 19.50 24.00 3 2.55 4.35 4.353 1.187 5.050 -0.0453 UX1500MSE-SS 
15 21.00 24.00 3 2.8 5.10 5.102 2 . 29 5.807 -0.0567 UX!SOOMSE·SS 
16 22.50 24.00 3 ~ . 7 6.16 6.161 19.5 6.769 -0.0710 UXISOOMSE-SS 
17 24.00 24.00 3 3.75 7.77 7.775 18.728 7.956 -0.0915 UX 1500MSE-SS 
!8 25.50 24.00 3 4.34 9.64 

N fAJ43 
16.9! I 9.193 -0.1257 UX.l500MSE-SS 

>{' ~1;{, wJ-cnaJ. smbili~ ~-61~ ,) 
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AASHTO DESIGN METI-IOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 
Station Number: 

Description: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 
1+35.7-4+00.7 

Wa112_DH=26.5'_INTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: {404) 250-9185 
E-Mail: ccampbel!@tensarcorp.com 

Original file path and name: k:\_d\D06602\Final\Design\Design without Walll\Walllan ..... 
..... ndWall2 26.5' IN.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of a SIMPLE STRUCTURE 
using GEOGRID as reinforcing material. 
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SOIL DATA 

REINFORCED SOlL 
Unit weight, y 
Design value of internal angle of friction, ~ 

RET AfNED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

130.0 lb/ft J 

32.0 ° 

100.0 lblft 3 

35.5 ° 

FOUNDATION SOIL (Considered as an equivalent unifonn soil) 
Equivalent unit weight, y •au;,. 130.0 lb/ft 3 

Equivalent internal angle of friction, ~cqu;,_ 32.0 ° 
Equivalent cohesion, c cquiv. 4000.0 lb/ft 1 

Water table does not affect bearing capacity 

LATERAL EARTH PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (ifbatter is less than !0°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 61 .ooo (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (if batter is less than !0°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAP A CITY 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.2! 

SEISMICITY 

Maximum ground acceleration coefficient, a o = 0.262 
Kae ( a;> 0) == 0.6339 Kae ( a 0= 0) = 0.2486 6 Kae = 0.3853 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73Airport Landfills 
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INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ft 1 
Durability reduction factor, Rfd 
Installation-damage reduction factor, Rfid 
Creep reduction factor, Rfc 
Fs-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a 

p 

Geogrid Geogrid 
tvge #1 tvge #2 

3974.1 4796.3 
1.00 1.00 
l.lO l.JO 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar4 0.80·t~ 
1.0 1.0 

Geogrid Geogrid Geogrid 
tvQe #3 tvQe #4 tv12e #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 1.10 1.!0 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
O.SO·tanj> 0.80·tanj> 0.80·tanj> 
1.0 1.0 1.0 

----
/ 

Variation of Lateral Earth Pressure Coefficient With Depth 

z 
Oft 

3.3 ft 
6.6 ft 
9.8 ft 
13.1 ft 
16.4 ft 
19.7 ft 

KiKa 

l.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

K/Ka 
0.0 1.0 2.0 3.0 

0 --··-- --·--·-· _____ ... _~ 
z [ft]6 6-·--~ ... -i .. -·- -- --·-·-·--· 

. 

9.8 
i 16:-· ·---- --.. r·--

-- ------· --··. T .. 
76 II - ·c-----.-... ~1--_-+1----~--J 
32.8 
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INPUT DATA: Facia and Connection (according to revised Demo 82) 
(Analysis) 

FACIA type: Facing enabling frictional connection of reinforcement (e.g., modular concrete blocks, gabions) 
Depth/height of block is 1.48/1.48 fl. Horizontal distance to Center of Gravity of block is 0.74 ft. 
Average unit weight of block is Yr = J 14.58lb/ft' 

Z/Hd 

0.00 
0.25 
0.50 
0.75 
1.00 

Geogrid Type#! 
cr {ll CRult 121 

0.0 1.00 

Geogrid Type# pl 
cr CRcr 
0.0 0.!5 
480.3 0.20 
1200.9 0.27 
2399.6 0.39 

To-static I Tmax 
or To-seismic I Tmd 

1.00 
1.00 
l.OO 
1.00 
l.OO 

Geogrid Type #2 
cr CRult 
0.0 1.00 

Geogrid Type #2 
G CRcr 

0.0 0.15 
480.3 0.20 
1200.9 0.27 
2399.6 0.39 

Geogrid Type #3 
cr CRu!t 
0.0 1.00 

Geogrid Type #3 
(j CRcr 
0.0 0.!5 
599.4 0.21 
1800.3 0.33 
3600.5 0.5! 

Topofw<lll 

Z/Hd~-~~~----' : .: __ 1 

::~ ____ ; -- -:-- ··----~----; --

!.00 0.90 0.80 0.70 0.60 0.50 
To-static I Tmax or To-seismic I Tmd 

Geogrid Type #4 Geogrid Type #5 
cr CRult cr CRult 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Geogrid Type #4 Geogrid Type #5 
cr CRcr cr CRcr 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Ol cr ""Confining stress in between stacked blocks [lblft 2
] 

m CRult = Tc-ult J Tult 
{J) CRcr = Tcre I Tult 

In seismic analysis, long term strength is reduced to I 00% of its static value. 

D A T A (for connection only) 

Product Name 
Connection strength reduction factor, Rfd 
Creep reduction factor, Rfc 

LASO TA-73 Airport Landfills 
Copyright © !998-:WOS ADAMA Engineering, Inc. 
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·Type #I Type#2 Type #3 Type#4 Type #5 

UXllOOMSE.. UXI400MSE .. UX1500MSE .. UX1600MSE .. UX!700MSE .. 
LIO l.JO 1.10 1.10 L!O 
N/A NIA NIA N/A N/A 
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INPUT DATA: Geometry and Surcharge loads (of a SUvfPLE STRUCTURE) 

Design height, Hd 

Batter, w 
Backslope, !) 
Backslope rise 

26.50 [ft] 

4.8 fdegl 
14.0 fdeg] 
20.0 [ft] 

{ Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH= 25.00 ft} 

Broken back equivalent angle, I= !4.04° (see Fig. 25 in DEMO 82) 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft 2

] 

OTHER EXTERNAL LOAD(S) 
[Sl] Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 flb/ft 21. 

Footing width, b=l50.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft] @depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 I O(ft] 

LASO TA-73 Airport Landfills Page 5 of 6 · 
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ANALYSIS: CALCULATED FACTORS (Static conditions) ~\f.\ 
Bearing capacity, Fs =.4<f.42, Meyerhofstress = 3970 lb/ft2• 

Foundation Interface: Direct slid in!!. Fs -= 3.3 15. Eccentricity. e/L "' 0.0392. Fs-overtuming = 5.54 

I I 
I Geogrid 

I 

GEOGRID 
I 

CONNECTION I 

Fs-overall Fs-overall Pullout Direct Eccentricity Product 
J.l Elevation Length Type fconnection fgeogrid I strength resistance sliding e/L name ,. 

[ft] [ft] JJ strength} strength] Fs Fs Fs ,. 

0.00 19.00 4 4.77 4.32 4.321 73.047 2.692 0.0392 UX 1600MSE-SS 
2 1.50 !9.00 4 2.48 2.25 2.249 35.960 2.818 0.0317 UX l600MSE-SS 
3 3.00 19.00 4 2.62 2.38 2.380 35.356 2.957 0.0246 UX1600MSE-SS 
4 4.50 19.00 3 1.62 1.91 1.909 34.220 3.110 0.0!79 UX1500MSE-SS 
5 6.00 19.00 3 1.72 2.03 2.034 32.954 3.278 O.Oll5 UXISOOMSE-SS 
6 7.50 19.00 3 1.85 2.18 2.177 31.677 3.466 0.0054 UX1500MSE-SS 
7 9.00 19.00 3 1.97 2.34 2.342 30.428 3.675 -0.0005 UXlSOOMSE-SS 
8 10.50 !9.00 3 2.03 2.53 2.534 29.190 3.909 -0.0061 UX 1500MSE-SS 
9 12.00 19.00 3 2.09 2.76 2.760 27.948 4.174 -0.0116 UX 1500MSE-SS 
10 !3.50 19.00 3 2.17 3.03 3.030 26.745 4.476 -0.0170 UX 1500MSE-SS 
11 15.00 19.00 3 2.27 3.36 3.359 25.566 4.821 -0.0225 UX l500MSE-SS 
12 16.50 19.00 3 2.39 3.77 3.768 24.402 5.221 -0.0282 UX 1500MSE-SS 
13 !8.00 19.00 3 2.55 4.29 4.290 23.307 5.687 -0.0344 UX 1500MSE-SS 
14 19.50 !9.00 3 2.75 4.98 4.981 22.284 6.233 -0.04!6 UX1500MSE-SS 
15 21.00 !9.00 3 3.04 5.94 5.936 2!.353 6.878 -0.0507 UX 1500MSE-SS 
16 22.50 19.00 3 3.45 7.35 7.346 20.639 7.634 -0.0631 UX l500MSE-SS 
17 24.00 19.00 3 4.13 9.63 9.632 20.302 8.492 -0.0824 UX1500MSE-SS 
18 25.50 19.00 3 4.83 12.46 12.456 18.548 9.330 -0.1181 UX 1500MSE-SS 

~~ ~ 
ANALYSIS: CALCULATED FACT~~eismic con~ti~) ~ ~~~ 

~ .!> ea "ng capacity, Fs = ru§2 e frhof stress= 9~2• 
Foundation Interface: Direct slidin!!. Fs =I~ Eccentricitv. e/L = O.~Fs-overtumin~Z ~~--r{A 
I l ! 

GEOGRID CONNECTION I Fs-overall · Fs-overall Geogrid Pullout Direct Eccentricity Product 
.u Elevation Length Type I r connection f geogrid strength resistance sliding elL name tt 

[ft] [ftJ ... 
l strength} strength] Fs Fs Fs f1' 

l 0.00 19.00 4 2.76 3.28 3.282 33.873 .986 UX !600MSE-SS 
2 1.50 19.00 4 !.82 1.94 1.941 21.099 042 UX l600MSE-SS 
3 3.00 19.00 4 1.92 2.05 2.049 20.649 I. 6 UX1600MSE-SS 
4 4.50 19.00 3 !.43 1.65 1.650 19.884 1.1 UX1500MSE-SS 
5 6.00 !9.00 3 1.52 1.75 1.753 19.038 1.26 UX1500MSE-SS 
6 7.50 19.00 3 !.62 1.87 1.870 18.18! 1.355 UX l500MSE-SS 
7 9.00 19.00 3 !.73 2.00 2.004 17.334 1.465 UX1500MSE-SS 
8 10.50 19.00 3 1.78 2.16 2.159 16.486 1.594 UX1500MSE-SS 
9 12.00 19.00 3 1.84 2.34 2.340 15.627 1.748 UX l500MSE-SS 
10 13.50 19.00 3 1.92 2.55 2.554 14.777 1.934 UX1500MSE-SS 
11 15.00 !9.00 3 2.01 2.81 2.810 13.925 2.163 UXl500MSE-SS 
12 16.50 !9.00 3 2.12 3.12 3.124 13.060 2.452 UX l500MSE-SS 
13 18.00 19.00 3 2.25 3.52 3.517 12.203 2.82 UX1500MSE-SS 
14 19.50 !9.00 3 2.43 4.02 4.023 11.343 3.3 8 UXI500MSE-SS 
15 21.00 19.00 3 2.68 4.70 4.699 10.465 4. 27 UX1500MSE-SS 
16 22.50 19.00 3 3.03 5.65 5.647 9.590 -.045 UX 1500MSE-SS 
17 24.00 19.00 3 3.58 7.08 7.076 8.700 .577 UX1500MSE-SS 
18 25.50 19.00 3 4.15 8.75 8.746 7.353 UX l500MSE-SS 
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AASHTO DESIGN METHOD 
LASO TA-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 

Station Number: Wall2_ 4+00.7-4+21.3/ Wall3_1+00.0-1+09.7 

Description: 

Tiered wa!L.Wall2_DH=22.0' and Wall 3_DH=6', 10' offset_ EXTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: ( 404) 250-1290 
Fax#: (404) 250-9185 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\D06602\Finai\Design\Design without Wall! \Wall2an ..... 
..... ndWall3 22-6' EX.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
ofSUPERlMPOSED WALL 
using GEOGRlD as reinforcing material. 
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SOil. DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

RETAINED SOlL 
Unit weight, y 
Design value of internal angle of friction, ~ 

130.0 lb/ft J 

32.0 ° 

100.0 lb/ft J 

35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y eouiv. 130.0 lb/ft 3 

Equivalent internal angle of friction, $equiv. 32.0 o 

Equivalent cohesion, c equiv. 4000.0 lb/ft 1 

Water table does not affect bearing capacity 

LATERAL EARTII PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than !0°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 61.00° (see Fig. 28 in DEMO 82). 
Ka (eKternal stability)= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAPACITY 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.21 

SEISMICITY 

Maximum ground acceleration coefficient, a o = 0.!31 
Kae ( ao> 0) = 0.4492 Kae ( et.o= 0) = 0.2866 il Kae = 0.1625 (see eq. 37 in DEMO 82) 
Seismic soi!-geogrid friction coefficient, F* is 80.0% of its specified static value. 
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INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult [lb/ftl 
Durability reduction factor, RFd 
Installation-damage reduction factor, RFid 
Creep reduction factor, RFc 
Fs-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soi1 interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, Ct. 

p 

Geogrid Geogrid 
tv:Qe #I tyge #2 

3974.1 4796.3 
l.OO 1.00 
l.IO 1.10 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar~ 0.80·tanj> 
1.0 1.0 

Variation of Lateral Earth Pressure Coeffi.~ient With Depth 

z KIKa 0.0 

Geogrid Geogrid Geogrid 
tvQe #3 tvge #4 tvQe #5 

7811.2 9866.7 11990.8 
!.00 1.00 1.00 
1.10 1.10 l.IO 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tanj> 0.80·tar¢ 0.80·tan:j! 
1.0 1.0 1.0 

1.0 
KIKa 

2.0 3.0 

Oft 
3.3 ft 
6.6 ft 
9.8 ft 
13.1 ft 
16.4 ft 
19.7 ft 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0 ~·-·---· ___ I -----~-
Z (ft] ___ ·--- ___ _!__ ____ . ____ _ 

6.6 

.. __ J ____ ··_ ---. 
--· --- ---1-- ·-·--------

9.8 

--· 

16:--
I , 

26.1~ ~---~-~ ~~-c=----~J 
32.8 
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INPUT DATA: Geometry and Surcharge loads (ofSUPERllYIPOSED wall) 

Design height, Hd 

Batter, (J) 

Backslope, ~ 
Backslope rise 

28.00 [ft) 

0.0 fdegl 
14.0 fdeg] 
20.0 [ftJ 

{ Embedded depth is E = !.50 ft, and height above top of finished 
bottom grade isH= 26.50 ft, where Hl = 6.00 and H2 = 20.50) 

Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

Offset of upper segment from lower one, Offset= i 0.0 ft, Blackslope2 = 0.0 deg. and Backs lope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Unifonnly distributed dead load is 0.0 [lb/ft 2] 

OTHER EXTERNAL LOAD(S) 
[S 1 J Strip Load, Qv-d"" 0.0 and Qv-1 = 250.0 flb/ft zl. 

Footing width, b='l50.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft]@ depth ofO.O [ftJ below soil surface. 

ANALYZED REINFORCE:MENT LAYOUT: 

SCALE: 

0 2 4 6 8 1 O(ftJ 
C:___l 
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ANALYSIS: CALCULATED FACTORS (Static conditions) ~\ ~ 
Bearing capacity, Fs "'4~, Meyerhof stress= 3915 lb/ft'. 

Foundation Interface: Direct sliding, Fs ""2.943. Eccentricitv. e/L = 0.0646. Fs-overtuming = 4.s·I-
I GEOGR!D CONNECTION I I 

I 
Fs-overall Fs-overall Geogrid Pullout Direct Eccentricity I Product 

1 

# Elel~lion Le[~)h T?e ~~~:~Jion ~fr:~:] 
1 

st~~gth re~i:tance sli#!ng e/L I name 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

0.00 
[.50 
3.00 
4.50 
5.00 
7.50 
9.00 
10.50 
12.00 
13.50 
15.00 
16.00 
17.50 
19.00 

15 20.50 
16 22.00 
17 23.50 
18 25.00 
19 26.50 

17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
8.00 
8.00 
8.00 
8.00 

4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
2 
2 
2 
2 

4.74 4.09 4.086 65.346 2.389 0.0646 
2.42 2.12 2.123 30.596 2.485 0.0527 
2.51 2.24 2.239 28.923 2.587 0.0410 
1.50 1.79 1.789 27.253 2.699 0.0294 
!.52 1.90 1.898 25.586 2.819 0.0178 
1.53 2.02 2.023 23.923 2.950 0.0062 
1.55 2.16 2.!64 22.264 3.092 -0.0057 
1.57 2.33 2.327 20.611 3.246 -0.0180 
1.60 2.52 2.516 18.964 3.411 -0.0312 
1.63 2.74 2.739 17.326 3.587 -0.0456 
1.98 3.58 3.576 !8.688 3.771 -0.0622 
2.04 3.89 3.888 17.707 3.894 -0.0751 
1.73 3.58 3.584 13.029 4.066 -0.0989 
1.79 4.05 4.054 11.448 4.196 -0.1322 
3.81 4.28 4.278 6.836 4.209 -0.1852 
3.73 7.67 7.666 17.577 4.278 0.0016 
2.00 4.45 4.453 6.561 5.067 -0.0149 
2.33 5.68 5.679 4.645 6.198 -0.0340 
2.14 5.77 5.771 1.886 7.871 -0.0643 

I I I . / ./ 

UX 1600MSE-SS 
UX 1600MSE-SS 
UX1600MSE-SS 
UX!500MSE-SS 
UXI500MSE-SS 
UXI500MSE-SS 
UX 1500MSE-SS 
UX1500MSE-SS 
UXI500MSE-SS 
UX1500MSE-SS 
UX 1500MSE-SS 
UX 1500MSE-SS 
UX l500MSE-SS 
UX 1500MSE-SS 
UXI600MSE-SS 
UX 1400MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UXI400MSE-SS 

ANALYSIS: CALCULATED FACTORS (Seismic conditions) I ~\..f\" 
Bearing capacity, Fs -=~9, Meyerhofstress = 6056\b/ft'. 

Foundation Interface: Direct sliding Fs"' 1.561. Eccentricitv. e/L = O.'J 135. Fs-overtuming = 2.03 

I 
GEOGRID CONNECTION I 

Fs-overall Fs-overall Geogrid Pullout 

I
. tl Elevation Length Type f connection r geogrid I strength resistance 

[ft] [ft] # strength] strength] Fs Fs 

0.00 
2 1.50 
3 3.00 
4 4.50 
5 6.00 
6 7.50 
7 9.00 
8 10.50 
9 12.00 
10 13.50 
11 15.00 
12 16.00 
13 17.50 
14 19.00 
15 20.50 
16 22.00 
17 23.50 
18 25.00 
19 26.50 

17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
8.00 
8.00 
8.00 
8.00 

4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
2 
2 
2 
2 

3.47 
05 

2. 
1.41 
1.43 
1.45 
1.47 
1.50 
!.52 
1.56 
1.88 
1.95 
1.67 
1.74 
3.38 
3.38 
1. 
_.23 
2.07 

3.52 
1.97 
2.07 
1.66 
1.77 
1.88 

-· I 
2.1 
2.34 
2.55 
3.2 
.6 
.33 

3.77 
4.05 
6.33 
4.03 
5.11 

\J\J\'1 

3.523 
1.967 
2.075 
1.663 
1.765 
1. 
.012 

2.163 
2.339 
2.545 

.280 
3. "61 
3.3 
3.767 
4.053 
6.331 
4.030 
5.109 
5.292 

:! J« I 1'1\-{,(11£(..( 5+ Cl0i fl~ !f.l"{)\f>rS 

3 57 
.725 

19.591 
18.458 
17.328 
16.200 
15.G75 
13.954 
12.838 
11.727 
12.286 
11.604 
8.813 
7.741 
4.852 

.592 

. 61 
2.9 
1.257 

Direct 
sliding 

Fs 

1.268 
1.336 
1.413 
1.501 
1.601 
1.718 
2.175 
2.345 
2.542 
2.770 
3.033 
3.229 
3.549 
3.870 
4.092 
2.439 
3.082 
4.173 
6.305 

/ 

Eccentricity 
elL 

0.2135 
0.1828 
0.1533 
0.1249 
0.0976 
0.0713 
0.0222 
0.0036 
-0.0150 
-0.0341 
-0.0546 
-0.0696 
-0.0960 
-0.1310 
-0.1849 
0.0410 
0.0070 
-0.0245 
-0.0620 

/ 

I 

l
\ Product 

name 

UX1600MSE-SS 
UX1600MSE-SS 
UX1600MSE-SS 
UXI500MSE-SS 
UX !500MSE-SS 
UX1500MSE-SS 
UX ISOOMSE-SS 
UX:l500MSE-SS 
UX 1500MSE-SS 
UX1500MSE-SS 
UX1500MSE-SS 
UXISOOMSE-SS 
UX1500MSE-SS 
UX 1500MSE-SS 
UX1600MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UX!400MSE-SS 
UX1400MSE-SS 
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MSEW -·Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Present Dote/Time: Wed Moy 24 19:56:!! 2006 k:l_d\006602\FinoliD<sign\Desi&n without Walll\Woll2nndW>lll_22·6'JN.BEN 

;~·-·s·I-E-RRASCAPE; 
...... _j/1 RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Prqiect Number: 
Client: 
Designer: 

LASO T A -73 Airport Landfills 
DD6602 
Slaton Bros SW 
CLC 

Station Number: Wall 2 _ 4+00. 7 -4+21.3/ Wall 3 _I +00.0-1 +09.7 

Description: 

Tiered wall...Wall2_DH'-"22.0' and Wall3_DH==6', to' offset_INTERNAL 

Company's information: 

Name: Tensar Earth Technologies, rnc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: {404) 250-1290 
Fax#: {404) 250-9185 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\D06602\Final\Design\Design without Wall!\Wall2an ..... 
..... ndWall3 22-6' fN.BEN 

Original date and time ofcreati.ngthis file: - - May 22,2006 

PROGRAM MODE: ANALYSIS 
of SUPERiMPOSED WALL 
using GEOGRlD as reinforcing material. 

I 

L 
,) 
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SOIL DATA 

REINFORCED SQ[L 
Unit weight, y 
Design value of internal angle of friction, $ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

130.0 lb/ft 3 

32.0 ° 

I 00.0 lb/ft 3 

35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y eauiv. 130.0 lb/ft 3 

Equivalent internal angle of friction, $equiv. 32.0 ° / 
Equivale:nt cohesion, c <quiv. 4000.0 lb/ft 1 

/ 

Water table does not affect bearing capacity 

LATERAL EARTH PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 61.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAP ACIIT 

Bearing capacity coefficients (calculated by MSEW): Nc"' 35.49 NY"" 30.21 

SEISMICIIT 

Maximum ground acceleration coefficient, a o = 0.262 / 
Kae ( a,;> 0) = 0.6986 Kae ( ao= 0) = 0.2866 6 Kae = 0.4120 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASOTA· 73 Airport Liliidfills Page 2 of 6 
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INPtiT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ftl 
Durability reduction factor, RFd 
Installation-damage reduction factor, Rfid 
Creep reduction factor, RFc 
F s-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a 

p 

Geogrid Geogrid 
tv2e #l tvge #2 

3974.1 4796.3 
1.00 1.00 
l.lO 1.10 
2.34 2.21 
N/A NIA 
0.940 0.940 

26.56 26.56 
0.80·tar:$ 0.80·tan4> 
1.0 l.O 

Geogrid Geogrid Geogrid 
tvge #3 tvQe #4 tvQe #5 

78 I 1.2 9866.7 11990.8 
1.00 1.00 1.00 
LIO l.lO I.IO 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tan4> 0.80·tanp 0.80-tanjl 
1.0 !.0 1.0 

_,.;-

Variation of Lateral Earth Pressure Coefficient With Depth 

z 
on 

3.3 ft 
6.6 ft 
9.8 ft 
!3.1 ft 
16.4 ft 
19.7 ft 

K/Ka 

1.00 
!.00 
!.00 
!.00 
!.00 
!.DO 
!.00 

KIKa 
0.0 1.0 2.0 3.0 

0 --11---+i ________ __ 
z (ft) =~..:.-______ _;_~--

6.6 I -·- ·- . ~- --·--r~~----- -
9.sc----- I ---
16. ?-~~~---- ~ ! -------------
26.,_ ___ -1---~-------1 

32.8 

LASO T A· 73 Airport Landfills 
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INPUT DATA: Facia and Connection (according to revised Demo 82) 
(Analysis) 

FACIA type: Facing enabling frictional connection of reinforcement (e.g., modular concrete blocks, gabions) 
Depth/height of block is 1.48/1.48 11. Horizontal distance to Center of Gravity of block is 0.74 ft. 
Average unit weight of block is Yr = l 14.58 lb/ft 3 

Z/Hd To-static I Tmax Top ofwOlll 

0.00 
0.25 
0.50 
0.75 
1.00 

or To-seismic I Tmd 

1.00 
1.00 
1.00 
l.OO 
1.00 

ZIHd 

~:~~ ~----------,--- ---- ~ - n n -1 
1.00 l-...---'--------'-------'-----'-----.:...-

Geogrid Type # 1 Geogrid Type #2 Geogrid Type #3 
cr O> CRult (2> cr CRult cr CRult 

0.0 1.00 0.0 1.00 0.0 !.00 

Geogrid Type #P> Geogrid Type #2 Geogrid Type #3 
cr CRcr cr CRcr cr CRcr 

0.0 0.!5 0.0 0.15 0.0 0.15 
480.3 0.20 480.3 0.20 599.4 0.21 
1200.9 0.27 1200.9 0.27 1800.3 0.33 
2399.6 0.39 2399.6 0.39 3600.5 0.51 

Ol cr =Confining stress in between stacked blocks [lblft ~) 
(2l CRult = Tc-ult I Tult 
(JJ CRcr = Tcr~ I TuJt 

1.00 0.90 0.80 0.70 0.60 
To-static I Tmax or To-seismic I Tmd 

Geogrid Type #4 Geogrid Type #5 
cr CRult cr CRult 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Geogrid Type #4 Geogrid Type #5 
G CRcr cr CRcr 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

In seismic analysis, long term strength is reduced to 100% of its static value. 

D A T A (for connection only) Type #I Type#2 Type #3 Type#4 Type #5 

0.50 

Product Name UXllOOMSE.. UXI400MSE .. UX1500MSE .. UXI600MSE .. UX1700MSE .. 
Connection strength reduction factor, RFd 
Creep reduction factor, RFc 

LASO TA-73 Airport Landfills 

1.10 1.10 1.10 1.10 l.lO 
N/A N/A NIA NIA NIA 
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INPUT DATA: Geometry and Surcharge loads (of SUPERIMPOSED wall) 

Design height, Hd 

Batter, w 
Backslope, !3 
Backslope rise 

28.00 [ft) 

0.0 fdeg1 
14.0 fdeg] 
20.0 [ft] 

"' { Embedded depth is E == 1.50 ft, and height above top of finished 
bottom grade isH"" 26.50 ft, where HI== 6.00 and H2 = 20.50} 

_./' 

/Broken back equivalent angle, I"" 14.04° (see Fig. 25 in DEMO 82) 

Offset of upper segment from lower one, Offset= 10.0 ft, B!ackslope2 = 0.0 deg. and Backslope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft 0

] 

OTHER EXTERNAL LOAD(S) / 
[SIJ Strip Load, Qv-d =- 0.0 and Qv-1 = 250.0 flb/ft "l. 

Footing width, b="l50.0 (ft]. Distance of center of footing from wall face, d = 155.0 [ft]@ depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 !O[ft] 

LASO TA-73 Airport Landfills 
Copyright© 1998-2005 ADAMA Engineering, Inc . 
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ANALYSIS: CALCULATED FACTORS (Statiooonditioo• l 2\ j\ 
Bearing capacity, Fs · 3.69, Meyerhof stress= 3915 lb/fF. 

Foundation Interface: Direct sliding, Fs = 2.943. Eccentricitv. elL= 0.0646. Fs-overtuming = 4.51 

I GEOGRID 
I 

CONNECTION I Goo.,.;d 

i 

I I Fs-overall Fs-overall Pullout Direct Eccentricity I Product ... Elevation Length Type I r connection r geogrid strength resistance sliding elL l name I 
tr l [ft] [ft] .u strength] strength] 1 Fs Fs Fs ,.,. 

I 

0.00 !7.00 4 4.74 4.09 4.086 65.346 2.389 0.0646 UX1600MSE-SS 
2 1.50 17.00 4 2.42 2.12 2.123 30.596 2.485 0.0527 UX 1600MSE-SS 
3 3.00 17.00 4 2.51 2.24 2.239 28.923 2.587 0.0410 UX 1600MSE-SS 
4 4.50 17.00 3 1.50 l.79 1.789 27.253 2.699 0.0294 UX1500MSE-SS 
5 6.00 17.00 3 !.52 1.90 1.898 25.586 2.819 0.0178 UX1500MSE-SS 
6 7.50 17.00 3 1.53 2.02 2.023 23.923 2.950 0.0062 UX 1500MSE-SS 
7 9.00 17.00 3 1.55 2.16 2.164 22.264 3.092 -0.0057 UX1500MSE-SS 
8 10.50 17.00 3 1.57 2.33 2.327 20.611 3.246 -0.0180 UXl500MSE-SS 
9 12.00 17.00 3 1.60 2.52 2.516 18.964 3.411 -0.0312 UX 1500MSE-SS 
10 13.50 17.00 3 1.63 2.74 2.739 17.326 3.587 -0.0456 UX 1500MSE-SS 
II 15.00 17.00 3 1.98 3.58 3.576 !8.688 3.771 -0.0622 UX 1500MSE-SS 
12 16.00 17.00 3 2.04 3.89 3.888 17.707 3.894 -0.0751 UX !500MSE-SS 
13 17.50 17.00 3 1.73 3.58 3.584 13.029 4.066 -0.0989 UX1500MSE-SS 
14 19.00 17.00 3 1.79 4.05 4.054 11.448 4.196 -0.1322 UX 1500MSE-SS 
15 20.50 17.00 4 3.81 4.28 4.278 6.836 4.209 -0.1852 UX1600MSE-SS 
16 22.00 8.00 2 3.73 7.67 7.666 17.577 4.278 0.0016 UX1400MSE-SS 
17 23.50 8.00 2 2.00 4.45 4.453 6.561 5.067 -0.0149 UX1400MSE-SS 
18 25.00 8.00 2 2.33 5.68 5.679 4.645 6.198 -0.0340 UXI400MSE-SS 
19 26.50 8.00 2 2.!4 5.77 5.771 1.886 7.871 -0.0643 UXI400MSE-SS 

ANALYSIS: CALCULATED FACT{W-~ (Seismic co11dil:ffins) 
~\1 '-"1.:. t· \r''.Be9fing capacity, Fs = 11.~3, !eyerhofstrcss = 13309lb/fP. 

Foundation Interface: Direct sliding. Fs "'.A103. Eccentricitv e! = 038'18. Fs-overtuming = LJ1 ~ ~ 

I GEOGRID I CONNECTION ' 

I 
JJ 1 Fs-oiterall Fs-overall Geogrid Pullout Direct Eccentricity 1\ Product 
r1' Elevation Length Type I r connection r geogrid strength resistance sliding e/L name 

[ft) [ft] # strength) strength] Fs Fs Fs 

0.00 17.00 4 2.85 3.17 3.172 31.490 UXI600MSE-SS 
2 !.50 17.00 4 1.82 1.86 1.858 18.458 UX 1600MSE-SS 
3 3.00 17.00 4 1.89 1.96 1.959 17.447 UX 1600MSE-SS 
4 4.50 !7.00 3 1.35 1.57 1.575 16.438 .2254 UX1500MSE-SS 
5 6.00 17.00 3 !.37 1.67 1.671 15.430 0.1830 UX1500MSE-SS 
6 7.50 17.00 3 1.39 1.78 1.780 14.425 0.1425 UXI500MSE-SS 
7 9.00 17.00 3 1.41 1.90 1.905 !3.423 0.0502 UX1500MSE-SS 
8 10.50 17.00 3 1.44 2.05 2.048 12.424 0.0254 UX1500MSE-SS 
9 12.00 17.00 3 1.47 2.21 2.214 11.429 0.0014 UX1500MSE-SS 
10 13.50 17.00 3 1.50 2.41 2.409 10.439 -0.0224 UX1500MSE-SS 
11 15.00 17.00 3 1.81 3.08 3.076 10.750 -0.0467 UX 1500MSE-SS 
12 16.00 17.00 3 1.88 3.34 3.336 10.135 -0.0638 UX 1500MSE-SS 
13 17.50 17.00 3 1.63 3.15 3.152 7.842 -0.0928 UX1500MSE-SS 
14 19.00 17.00 3 1.69 3.56 3.564 6.887 0.1296 UX1500MSE-SS 
15 20.50 17.00 4 3.10 3.89 3.889 4.449 - .1846 UX1600MSE-SS 
16 22.00 8.00 2 3.15 5.56 5.555 7.645 0. 815 UX 1400MSE-SS 
17 23.50 8.00 2 1.85 3.75 3.745 3.702 0. 99 UXI400MSE-SS 
18 25.00 8.00 2 2.15 4.73 4.729 2.574 -0.0 43 UX 1400MSE-SS 
19 26.50 8.00 2 2.02 4.96 4.962 1.109 -0.05 5 UX1400MSE-SS 

./ 
../ 

/ / ~ \:k'f . 
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::~ 51ERRA5CAPE® 
...... jiJ RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Prqject Number: 
Client: 
Designer: 

LASO TA-73 Airport Landfllls 
006602 
Slaton Bros SW 
CLC 

Station Number: Wall2_ 4+2 !.3-4+47.0/ Wall3 1 +09.7-1 +39.8 

Description: 

Tiered walt...Wali2_DH=l6.0' and Wall3_DH=6', 10' offset_EXTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: (404) 250-9185 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\006602\Final\Design\Design without Wall l\Wall2an ..... 
..... ndWall3 16-6' EX.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of SUPERIMPOSED WALL 
using GEOGIUD as reinforcing material. 
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SOIL DATA 

REL\!FORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, 4> 

130.0 lb/ft) 
32.0 ° 

I 00.0 lb/ft' 
35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y e<~uiv. 130.0 lb/ft 3 

Equivalent internal angle of friction, $equiv. 32.0 ° 
Equivalent cohesion, c equiv. 4000.0 lb/ft ~ 

Water table does not affect bearing capacity 

LATERAL EARTII PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 6!.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAP A CITY 

Bearing capacity coefficients (calculated by MSEW); Nc = 35.49 N y= 30.21 

SEIS:tvfiCITY 

Maximum ground acceleration coefficient, a o "' 0.131 
Kae ( a 0> 0) = 0.4492 Kae ( U 0"' 0) = 0.2866 il Kae = 0.1625 (see eq. 3 7 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73 Airport Landfills 
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INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ftl 
Durability reduction factor, RFd 
installation-damage reduction factor, Rfid 
Creep reduction factor, Rfc 
F s-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a. 

p 

Geogrid Geogrid 
tvQe #! tvQe #2 

3974.1 4796.3 
l.OO 1.00 
!.10 1.10 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar.~ O.SO·tan.P 
1.0 l.O 

Geogrid Geogrid Geogrid 
tvne #3 tvi:e #4 tvge #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
!.10 1.10 1.10 
2.40 2.29 2.22 
N/A NIA NIA 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tani> 0.80·tan:jl 0.80·tan.jl 
!.0 1.0 l.O 

/ 
/ 

Variation of Lateral Earth Pressure Coefficient With Depth 
../ 

z 
Oft 

3.3 ft 
6.6 ft 
9.8 ft 
13.1 ft 
I 6.4 ft 
19.7 ft 

K/Ka 

!.00 
l.OO 
1.00 
l.OO 
1.00 
1.00 
1.00 

LASO T A-73 Airport L~ndfills 
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KIKa 
0.0 1.0 2.0 3.0 

0 1----~r-----------1 
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1--------·-- ·--L-------1 

9.8 ! --- i -.-
16. --· -· - -- __ T _________ _ 

~-· -·· .. -·- -----~- ----~~+- -~~-----

7 r-------- r--------i· 
-6. r----- ; 

32.8 
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INPUT DATA: Geometry and Surcharge loads (of SUPERIMPOSED wall) 

Design height, Hd 22.00 (ft] { Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH= 20.50 ft, where HI = 6.00 and H2 = !4.50 } 

Batter, ro 0.0 fdeg] -Backs! ope, ~ 14.0 fdeg] 
Backslope rise 20.0 [ft] Broken back equivalent angle, 1 = 14.04° (see Fig. 25 in DEMO 82) -
Offset of upper segment from lower one, Offset= 10.0 ft, Blackslope2 = 0.0 deg. and Backslope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft "] 

OTHER EXTERNAL LOAD(S) 
[Sl) Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 flb/ft "]. 

Footing width, b=-150.0 (ft]. Distance of center of footing from wall face, d = 155.0 [ft] @depth of 0.0 [ ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 10 [ft] 

LASO T A-73 Airport Landfills Page 4 of 5 
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ANAL YSJS' CALCULATED FACTORS (Static con<litions) go !'< 
Bearing capacity, Fs"" 5 . 0, Meyerhof stress= 2832lb/fr1• 

Foundation Interface: Direct slid in!!. Fs = 2.720. Eccentricitv. e/L = 0.0746. Fs-overtumin!! = . 17 

I GEOGRID 

I 
CONNECTION I Geogrid 

I 
I 

Fs-overall Fs-overall Pullout Direct Eccentricity I Product 
I# Elevation Length Type 

' 
r connection r geogrid I strength resistance sliding elL name 

[fr] [fr] 
.., 

I strength] strength] j Fs Fs Fs I " 

0.00 13.00 3 3.35 4.19 4.186 52.770 2.209 0.0746 UX1500MSE-SS 
2 !.50 13.00 3 1.67 2.20 2.205 24.255 2.308 0.0586 UX 1500MSE-SS 
3 3.00 13.00 3 1.70 2.37 2.374 22.580 2.415 0.0429 UX 1500MSE-SS 
4 4.50 !3.00 3 1.74 2.57 2.571 20.891 2.529 0.0271 UX1500MSE-SS 
5 6.00 13.00 3 1.78 2.80 2.804 19.203 2.648 0.0111 UX1500MSE-SS 
6 7.50 13.00 3 1.83 3.08 3.084 17.517 2.771 -0.0058 UX!SOOMSE-SS 
7 9.00 13.00 3 1.89 3.42 3.425 !5.833 2.890 -0.0243 UXI500MSE-SS 
8 10.50 13.00 3 1.97 3.85 3.851 14.153 2.992 -0.0461 UX lSOOMSE-SS 
9 12.00 13.00 3 2.07 4.40 4.398 12.477 3.047 -0.0746 UX1500MSE-SS 
!0 13.50 13.00 3 2.20 5.!3 5.127 10.808 2.989 -0.1182 UX 1500MSE-SS 
11 15.00 13.00 3 1.90 4.90 4.903 7.301 2.664 -0.2053 UX 1500MSE-SS 
12 16.00 8.00 2 3.99 8.20 8.199 25.911 4.278 0.0016 UX1400MSE-SS 
13 17.50 8.00 2 2.!7 4.82 4.817 10.230 5.067 -0.0149 UX1400MSE-SS 
14 19.00 8.00 2 2.58 6.28 6.284 7.864 6.198 -0.0340 UX1400MSE·SS 
15 20.50 8.00 2 2.51 6.76 6.765 3.676 7.871 -0.0643 UX1400MSE-SS 

ANALYSIS: CALCULATED FACTORS (Seismic conditions) ~\f' 
Bearing capacity, Fs "";<r.'!7, Meyerhofstress ""43241b/fP. 

Foundation Interface: Direct sliding, Fs = !.493. Eccentricitv. e/L"' 0.2160. Fs-overtumim~ = 2.01 

GEOGRID CONNECTION I 
Fs-overall Fs-ovcrall . Geogrid Pullout 

JJ 
fT 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
!5 

Elevation Length Type 
[ftJ [fr] # 

0.00 13.00 3 
1.50 13.00 3 
3.00 13.00 3 
4.50 13.00 3 
6.00 13.00 3 
7.50 13.00 3 
9.00 13.00 3 
10.50 13.00 3 
12.00 13.00 3 
13.50 13.00 3 
15.00 !3.00 3 
16.00 8.00 2 
17.50 8.00 2 
19.00 8.00 2 
20.50 8.00 2 

LASO T A-73 Airport Landfills 

[connection fgeogrid I strength resistance 
strength] strength] 

1 
Fs Fs 

3? :>9 
6.987 

15.807 
14.618 
13.430 
12.243 

3.23 11.057 
3.63 9.874 
4.1 8.694 

. 3 7.518 
4.67 5.206 
6.63 .621 
4.28 6. 0 
5.50 4.77 
5.96 2.269 

0l/\~ 

Direct 
sliding 

Fs 

1.212 
1.297 
L650 
1.774 
1.916 
2.078 
2.260 
2.458 
2.651 
2.771 
2.6!7 
2.439 
3.082 
4.173 
6.305 

Eccentricity 
e/L 

0.2160 
0.1745 
0.0931 
0.0663 
0.0406 
0.0154 
-0.0!01 
-0.0375 
-0.0701 
-0.1165 
-0.2051 
0.0410 
0.0070 
-0.0245 
-0.0620 

I 
I Product I name 

UXI 500MSE-SS 
UX1500MSE-SS 
UX lSOOMSE-SS 
UX1500MSE-SS 
UX1500MSE-SS 
UX1500MSE-SS 
UX!500MSE-SS 
UX 1500MSE-SS 
UX!SOOMSE-SS 
UXISOOMSE-SS 
UXI500MSE-SS 
UX 1400MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
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;~~'-5·1-ER'RA-SCA.PE~ 
..... _"j/11 RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 

Station Number: Wall2~ 4+2 1 .3-4+47.0/ Wa113_J-t-09.7-1+39.8 

Description: 

Tiered wal!...Wali2_DH=l6.0' and Wali3_DH=6', 10' offset_ INTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: (404) 250-9!85 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\006602\Final\Design\Design without Wall l\Wall2an ..... 
..... ndWa113 16-6' IN.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
ofSUPERIMPOSED WALL 
using GEOGRID as reinforcing material. 
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SOIL DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

RET AfNED SOlL 
Unit weight, y 
Design value of internal angle of friction, lj> 

130.0 lb/ft 3 

32.0 ° 

100.0 lb/ft) 
35.5 ° 

FOUNDATION SOIL (Considered as an equivalent unifonn soil) 
Equivalent unit weight, y eauiv. !30.0 lb/ft' 
Equivalent internal angle of friction, $cquiv. 32.0 ° 
Equivalent cohesion, c equiv. 4000.0 lb/ft 2 

Water table does not affect bearing capacity 

LATERAL EARTH PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10", Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, \jl"' 6!.00° (see Fig. 28 in DEMO 82). 
Ka (external stability}= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAPACITY 

Bearing capacity coefficients {calculated by MSEW): Nc = 35.49 N y=30.21 

SEISMICITY 

Maximum ground acceleration coefficient, o. o = 0.262 
Kae ( o.o> 0) = 0.6986 Kae ( o.o= 0) = 0.2866 !}. Kae = 0.4120 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73 Airport Landfills 
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INPUTDATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ftl 
Durability reduction factor, RFd 
Installation-damage reduction factor, RFid 
Creep reduction factor, RFc 
Fs-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a 

p 

Geogrid Geogrid 
tvge #I tvQe #2 

3974.1 4796.3 
1.00 1.00 
1.10 l.IO 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar:~ 0.80·tanj> 
1.0 1.0 

..,.... 

Geogrid Geogrid Geogrid 
tvge #3 tvge #4 tv:Qe #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 1.10 1.10 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tan~ 0.80·tan~ 0.80·tan:jl 
1.0 1.0 1.0 

/ 

Variation of Lateral Earth Pressure Coefficient With Depth 

z KIKa 0.0 1.0 
KIKa 

2.0 3.0 

Oft 1.00 
3.3 ft 1.00 
6.6 ft 1.00 
9.8 ft 1.00 
l3.1 ft 1.00 
16.4 ft 1.00 
19.7 ft 1.00 

LASO TA-73 Airport Landfills 

0 1--~~--------
z [ft] -· -···-- - -- .. ··~ ___ , __ ..... 

6.6 __ . __ L 
i 

9.8-----· .. ~--==----_----· 

16 .. - ---···- -::]-·--·-.=:.::.=:. 
-·-----

261 - . --· ----- .. - -·- .. 
32.8 
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INPUT DATA: Facia and Connection (according to revised Demo 82) 
(Analysis) 

FACIA type: Facing enabling frictional connection of reinforcement (e.g., modular concrete blocks, gab ions) 
Depth/height of block is 1.48/1.48 ft. Horizontal distance to Center of Gravity of block is 0. 74ft. 
Average unit weight of block is Yr = 114.58 lblft' 

ZIHd 

0.00 
0.25 
0.50 
0.75 
1.00 

Geogrid Type #I 
cr <ll CRult <2> 

0.0 1.00 

Geogrid Type #Pi 
(J CRcr 

0.0 0.15 
480.3 0.20. 
1200.9 0.27 
2399.6 0.39 

To-static I Tmax 
or To-seismic I Tmd 

1.00 
1.00 
1.00 
1.00 
1.00 

Geogrid Type #2 
cr CRult 

0.0 l.OO 

Geogrid Type #2 
() CRcr 

0.0 0.15 
480.3 0.20 
1200.9 0.27 
2399.6 0.39 

Top of wall 

Zl Hd 0.00 

0.25 -· i 
0.50 1----+~---.;------7----+1--1 

0.75 -·-···· ·-t ---~ ----·"· . ! +--
1.00 ,___ __ .;___. __ .:..._ ___ __,_ __ _..!.,---.J 

1.00 0.90 0.80 0.70 0.60 0.50 
To-static I Tmax or To-seismic I Tmd 

Geogrid Type #3 Geogrid Type #4 Geogrid Type #5 
cr CRult cr CRult cr CRult 

0.0 1.00 0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Geogrid Type #3 Geogrid Type #4 Geogrid Type #5 
(J CRcr a CRcr a CRcr 
0.0 0.15 0.0 0.38 0.0 0.38 
599.4 0.21 1200.9 0.44 1200.9 0.44 
1800.3 0.33 2999.0 0.53 3600.5 0.56 
3600.5 0.51 6000.1 0.68 7198.9 0.74 

<t> a =Confining stress in between stacked blocks [lblfi 2] 

<2J CRult = Tc-ult I Tult 
<
3> CRcr = Tcre I Tult 

In seismic analysis, long term strength is reduced to 100% of its static value. 

D A T A (for connection only) 

Product Name 
Connection strength reduction factor, RFd 
Creep reduction factor, RFc 

Type #I Type#2 Type #3 Type#4 Type #5 

UXllOOMSE .. UX!400MSE .. UXl500MSE .. UX!600MSE .. UXl700MSE .. 
1.10 1.!0 1.10 1.10 l.IO 
NIA N/A N/A N/A NIA 

LASO TA-73 Airpon Landfills Page 4 of 6 
Copyright '0 1998-2005 ADAMA Engineering, Inc. 3 5 License number MSEW-301064 

hm"\'"13' ""'"J' ·~wce• '"'?C!' '"H'f'J'W '"' .. £T M 'Wf""PM'T"tO 'oi:oY'''i'' ''"W!J · ,., .... ') Ye'''--p '""'Td)c ·~·'""!:OC'Tif?) 'T'PP "'"Tl'fHft'"M'f'X'""E*'"Ii"[jl'e!Cif.l''~Pl'. ,u .. p- ,. 



MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
P=on! D3lefl"imo: Wed May 24 19:57:]4 2006 k:l_<fiDD6602\Fioa!\DosiGn1Design wi!houl \YoU l\Wal!2and\Voll3_16·6'_rN.BEN 

\-lHIU!'"'>-UlO\('!\..-)~"'!.IW\w_U .. U""~-~·WUW\,._U~I<("'''"-lQ .. lt'<f_\,._UUil.,.~...,._Jt~W'..-I~Ol\t""\,_;ntU"\'"-~~·nt'O'\...-J".(~W\_.oi1U1t'W\-IfUI(•\_.o.I.\I~\,._IU<Uw•-l~ .... l'lf\-l70\IU.,.\.....,.ItUU"''r-UUU.'.It~..-H-

INPUT DATA: Geometry and Surcharge loads (ofSUPERJMPOSED wall) 

Design height, Hd 

Batter, ro 
Backslope, ~ 
Backslope rise 

22.00 [ft] 

0.0 fdegl 
14.0 fdeg] 
20.0 [ft] 

{ Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH= 20.50 ft, where HI = 6.00 and H2 = 14.50} 

/ 
/ Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

Offset of upper segment from lower one, Offset= 10.0 ft, Blackslope2 = 0.0 deg. and Backs! ope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft 2

] 

OTHER EXTERNAL LOAD(S) 
[S I] Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 flb/ft '1. 

Footing width, b=l50.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft)@ depth ofO.O [ft) Qelow soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 10 [ft] 
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ANALYSIS: CALCULATED FACTORS (Static conditions) -~ \ft :) 
Bearing capacity, Fs ""~0, Meyerhof stress"" 2832 lb/ft>. 

Foundation Interface: Direct slidin~t. Fs ""2.720. Eccentricitv. e/L = 0.0746. Fs-overtuming = 4.17 

I GEOGRID I CONNECTION I 
; Fs-overall Fs-overall Geogrid Pullout Direct Eccentricity I Product 

I 
# Elevation Length Type I fconnection fgeogrid strFe

5
ngth resistance sliFd

5
ing e/L I name 

[ft] [ft] # strength] strength) Fs 

2 
3 
4 
5 
6 
7 
8 
9 

0.00 
!.50 
3.00 
4.50 
6.00 
7.50 
9.00 
10.50 
12.00 

10 13.50 
11 15.00 
12 16.00 
13 17.50 
14 19.00 
15 20.50 

13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
8.00 
8.00 
8.00 
8.00 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 

3.35 4.19 4.186 52.770 2.209 
1.67 2.20 2.205 24.255 2.308 
1.70 2.37 2.374 22.580 2.415 
1.74 2.57 2.571 20.891 2.529 
1.78 2.80 2.804 19.203 2.648 
1.83 3.08 3.084 17.517 2.771 
1.89 3.42 3.425 15.833 2.890 
1.97 3.85 3.851 14.153 2.992 
2.07 4.40 4.398 12.477 3.047 
2.20 5.13 5.127 10.808 2.989 
1.90 4.90 4.903 7.30 I 2.664 
3.99 8.20 8.199 25.911 4.278 
2.17 4.82 4.817 10.230 5.067 
2.58 . 6.28 6.284 7.864 6.198 
2.51 6.76 6.765 3.676 7.871 

0.0746 
0.0586 
0.0429 
0.0271 
0.0 lll 
-0.0058 
-0.0243 
-0.0461 
-0.0746 
-0.1182 
-0.2053 
0.0016 
-0.0149 
·0.0340 
-0.0643 

UX1500MSE-SS 
UX1500MSE-SS 
UX 1500MSE-SS 
UX1500MSE-SS 
UX1500MSE-SS 
UX1500MSE-SS 
UX1SOOMSE-SS 
UX I SOOMSE-SS 
UX1500MSE-SS 
UX!500MSE-SS 
UXI500MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UX 1400MSE-SS 
UX 1400MSE-SS 

./ / / / -
ANALYSIS: CALCULATED FACT~ (Seismic conklfi1ns) AF ' "-

~ 1 ... \lB~ring capacity, Fs = 1~ e erhof stress= 9387 lb/ft". 
Foundation Interface: Direct slidin2. Fs = l .0~ ccentricitv. e/L = O.:M'40. Fs-overtuming = i2f 1t 

II GEOGRID I co NECTION I 

I 
F s-overall Fs-overall 1 Geogrid Pullout 

. # Elevation Length Type r connection h;eogrid I' strength resistance 
j [ft] [ftJ # I strength} strength) , Fs Fs 

1 0.00 13.00 3 2.85 3.44 3.440 27.774 
2 1.50 13.00 3 !.55 1.99 1.992 15.445 .., 

3.00 13.00 3 1.58 2.14 2.144 14.368 .) 

4 4.50 13.00 3 1.62 2.32 2.321 13.284 
5 6.00 13.00 3 1.67 2.53 2.531 12.200 
6 7.50 13.00 3 1.72 2.78 2.782 ll.t17 
7 9.00 13.00 3 1.78 3.09 3.088 10.036 
8 10.50 13.00 3 1.86 3.47 3.469 8.956 
9 12.00 13.00 3 1.96 3.96 3.958 7.879 
10 13.50 13.00 3 2.10 4.61 4.608 6.807 
11 15.00 13.00 

.., 
1.84 4.49 4.492 4.789 .) 

12 16:oo 8.00 2 3.30 5.75 5.752 10.685 
13 17.50 8.00 2 1.97 3.94 3.936 5.475 
14 19.00 8.00 2 2.33 4.99 4.995 4.005 
15 20.50 8.00 2 2.30 5.45 5.449 1.918 

I I 
./ ,/ 

;! SJ1 (1-··kYf\CLl ~+ift;j 1~1 a.x0lif>tj 
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Direct 
sliding 

Fs 

0.841 
905 

I. 64 
l.3 

.1.511 
1.671 
1.864 
2.093 
2.352 
2.585 
2.573 
1.717 
2.22 

Eccentricity 
e/L 

I 

i 
! Product 

I name 

UX1500MSE-SS 
UX1500MSE-SS 
UX 1500MSE-SS 

. UX l SOOMSE-SS 
UX 1500MSE-SS 
UX1500MSE-SS 
UXISOOMSE-SS 
UX 1500MSE-SS 
UX l500MSE-SS 
UX1500MSE-SS 
UX ISOOMSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UX1400MSE-SS 
UX l400MSE-SS 
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;~~··siE-RRASCA·P·E-~ 
...... J RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO T A-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 
Station Number: 

Description: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 
1+39.8-1+56.5 / 

Wall3_DH=6'_EXTERNAL ./ 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404)250-1290 
Fax#: (404) 250-9185 
E-Mail: ccampbell@tensarcorp.corn 

Original file path and name: k:\_ d\006602\Final\Design\Design without Wall I\ Wall3 _ 6 ..... 
.•.•. 11 !\Wall3 6' EX.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of a SIMPLE STRUCTURE 
using GEOGRlD as reinforcing material. 

•·-~ ... u: .. , ••LtJ••~ u ..... _.,.~_, ... u...,, .. _HoWI( ... ~..-l•~o~u.w~,_,.~u,.w•.-J•""'l••-fto.cu-.~ .. ._Jo .. u.,., 
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SOIL DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, ~ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

130.0 lb/ft J 

32.0 ° 

100.0 lb/ft J 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y cuuiv. !30.0 lb/ft' 
Equivalent internal angle of friction, $equiv. 32.0 ° 
Equivalent cohesion, c equiv. 4000.0 lb/ft 1 

Water table does not affect bearing capacity 

LATERAL EARTH PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w= 61.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (ifbatter is less than 10°, Ka is calculated from eq. 16. Othenvise, eq. 17 is utilized) 

BEARING CAPACITY 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.21 

SEISMICITY 

Ma.ximum ground acceleration coefficient, a o = 0. 13 I 
Kae ( a;> 0) = 0.40 15 Kae ( a.= 0) = 0.2486 6. Kae = 0.1529 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73 Airport Landfills 
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INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ftl 
Durability reduction factor, RFd 
Installation-damage reduction factor, RFid 
Creep reduction factor, RFc 
Fs-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a. 

p 

Geogrid Geogrid 
tv12e #I tvQe #7 

3974.1 4796.3 
1.00 !.00 
1.10 t.!O 
2.34 2.21 
N/A NIA 
0.940 0.940 

26.56 26.56 
0.80·tar.<jl 0.80·tanj> 
1.0 1.0 

Geogrid Geogrid Geogrid 
tvQe #3 tvQe #4 tvQe #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 1.10 1.10 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tanj> 0.80·tan:j> 0.80·tanj> 
1.0 1.0 1.0 

Variation of Lateral Earth Pressure Coefficient With Depth 

z 
Oft 

3.3 ft 
6.6 ft 
9.8 ft 
13.1 ft 
16.4 ft 
19.7 ft 

KIKa 

1.00 
1.00 
1.00 
l.OO 
1.00 
1.00 
l.OO 

0.0 1.0 
K/Ka 

2.0 3.0 
o I z [ft] · ________ : __ .·---- ·-

6.6 _________ --- ___ l .... -··-
---1,.-------+1 ---·····---

9.8 ~ 

····~----L __ _ 
16. 

26. l-----1----·----------

32.8 
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE) 

Design height, Hd 

Batter, ro 
Backslope, l3 
Backslope rise 

6.00 [ft] 

4.8 fdegl 
14.0 rcteg] 
20.0 [ft) 

{Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH = 4.50 ft } 

Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft 1

] 

OTHER EXTERNAL LOAD(S) 
[Sl] Strip Load, Qv-d = 0.0 and Qv-l = 250.0 flb/ft 21. 

Footing width, b=150.0 [ft). Distance of center of footing from wall face, d = 155.0 [ft]@ depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 (ft} 
r---------------~ 

LASO TA-73 Airport Landfills 
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ANALYSIS: CALCULATED FACTORS (Static conditions) _1~ 
Bearing capacity, Fs = I;o.98, Meyerhof stress= 920 lb/W 

Foundation Interface· Direct sliding Fs = 5 199 Eccentricitv e/L = 0 0 P5 Fs-overtumina = 13 99 - - . -

I 

I 
.... 
rr 

GEOGRID 

Elevation 
[ft] 

0.00 
2 1.50 
3 3.00 
4 4.50 

Length Type 
[ftJ 

8.00 
8.00 
8.00 
8.00 

.1.1 ,.,. 

2 
2 
2 
2 

I CONNECTION 
Fs-overall 
r connection 
strength] 

4.90 
2.77 
3.61 
4.64 

---

Fs-overall 
fgeogrid 
strength] 

10.07 
6.16 
8.78 
12.51 

Geogrid 
strength 

Fs 

10.066 
6.160 
8.781 
12.505 

Pullout 
resistance 

Fs 

35.495 
16.258 
15.677 
13.244 

Direct 
sliding 

Fs 

4.222 
5.030 
6.184 
7.876 

i I 
I 

Eccentricity I Product 
e/L name 

-0.0125 UXI400MSE-SS 
-0.0255 UX I 400MSE-SS 
-0.0410 UX1400MSE-SS 
-0.0678 UX l400MSE-SS 

/ / / t. 
ANALYSIS: CALCULATED FACTORS (Seismic conditions) rJ. , 

Bearing capacity, Fs = ~ , Meyerhof stress= 950 lb/ft1. 
Foundation Interface: Direct slidine. Fs = 3.065. Eccentricitv. elL= 0.0234. Fs-overtumine = 7.39 

I GEOGRID CONNECTION II 

Fs-overall Fs-overall Geogrid Pullout 
JJ 
rr Elevation Length Type 

[ft] [ft] # 

0.00 
2 1.50 
3 3.00 
4 4.50 

8.00 
8.00 
8.00 
8.00 

LASO TA-73 Airport Landfills 

2 
2 
2 
2 

Copyright 'J;J 1998-2005 ADAMA Engineering, Inc. 

[connection fgeogrid I strength resistance 
strength] strength] 

1 
Fs Fs 

~\f\* 

21.2!3 
10.940 
10.088 
8.093 

')fzubdi+j OYd ~~ 

42 
~~Jio!t!T'' ··wn·h ···..-a'e , .. ,.~,· • ~U'-e .L¥1"C3're•····r··• '''~>·w'w:n· 

Direct 
sliding 

Fs · 

2.489 
3.157 
4.279 
6.423 

/ 

Eccentricity 
elL 

0.0234 
-0.0057 
-0.0325 
-0.0658 

/ 

I 
j Product 

I name 

UX!400MSE-SS 
UX!400MSE-SS 
UX l400MSE-SS 
UX!400MSE-SS 
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::~ SIERRASCAPE® 
~ .:JI RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO TA-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 
Station Number: 

Description: 

LASO TA-73 Airport Landfills 
D06602 
Slaton Bros SW 
CLC 
1+39.8-1 +56.5 

Wall3_DH=6'_INTERNAL 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: (404) 250-9185 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\006602\Final\Design\Design without Walll\Wal\3_6 ..... 
..... !1 1\ Wall3 6' IN.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of a SIMPLE STRUCTURE 
using GEOGRID as reinforcing materiaL 

~ .. _,.,..R: .. ,.,_, • ..,., .. ~,_I~o.n.t•l•-awu;'"'' 1•t.<IP"~"-'"...._z.,....,_,, .. IZ•\.-J•wu.wv..-ltUitW> 
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SOIL DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, ¢ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, ¢ 

130.0 lb/ft ' 
32.0 ° 

100.0 lb/ft 3 

35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 
Equivalent unit weight, y cauiv. 130.0 lb/ft' /' 
Equivalent internal angle of friction, ¢equiv. 32.0 ° 
Equivalent cohesion, c cquiv. 4000.0 lb/ft 2 

Water table does not affect bearing capacity 

LATERAL EARTH PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (ifbatter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, \If= 61.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAPACITY 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.21 

SEISMICITY 

Maximum ground acceleration coefficient, a o = 0.262 / 
Kae ( a.,> 0) =- 0.6339 Kae ( ao"" 0) = 0.2486 /::,. Kae = 0.3853 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 
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MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Prc:s~nt Oatcfl"lm<:: Wed Mily 14 .20:00:}) 2006 k:\_d\D06602\Finni\Oesign\Dcsig.n without WilU i\WallJ_6'_lN.BEN 

>.--)11.l1r,lll-11U1t'O'\,._)~_ .. I~..,,--It~t1Z~~-~'~"''"'"-'e"'\t"''-'~'-'U.,.!..-ItUlt"'•--••••H\o\.-JI"''1t>l'l*-l~\11t'W\-H~!UW~..-l,~!'1~~~---!~'-U'I\....-)•"U"'',.._J,.,~tw'o_,.._t,•Ht~'~l'!-'~rw .. _l.3 .. 1l~'-11N~..,, .. _IJ\<lt'"'•,_1~._ 

INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ft1 
Durability reduction factor, Rfd 
Installation-damage reduction factor, Rfid 
Creep reduction factor, Rfc 
Fs-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a. 

p 

Geogrid Geogrid 
tvQe #1 tvge #2 

3974.1 4796.3 
1.00 1.00 
l.lO 1.10 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar.$ 0.80·tanj> 
1.0 1.0 

Geogrid Geogrid Geogrid 
tvQe #3 tvQe #4 tvne #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 1.10 1.10 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tanj> 0.80·t~ 0.80·tanj> 
1.0 1.0 1.0 

/ / 

Variation ofLateral Earth Pressure Coefficient With Depth 

z 
Oft 

3.3 ft 
6.6 ft 
9.8 ft 
13.1 ft 
16.4 ft 
19.7 ft 

K/Ka 

1.00 
1.00 
\.00 
1.00 
1.00 
1.00 
1.00 

0.0 1.0 1 
K/Ka __ o 3.0 

o I 

z [ft] 6.6~=-·=-~--= ~F=-::- ·_ ---:---
~ 

32.8 
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MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Pres::nt O:l.tc!Time: Wed 1\f;~.y 2* 20:00:331006 k:\_d\006602\fir.~I\Oesign\Oesign withoul \Vrrlli\Wnll3_6'_CN.BEN 

,.......,lt'>lt'*'~.._, ... n~~<>""""'• .. ~oC"oJ••-•~'"'u .. ~-·~~~u...-~-~~ ... ~•· .. ,..-J; .. u::~ot•..-J=un\Jt•-...touu...,.,,._,,,,u-o:'-..-'t"H.,._~..._,~"''It""~-.l'"u'"'.,._'~"ll"-"'~'~~tllt'.,._'l'!U .. ,_,t .. U.,.,...,...,,.,,~,.,,,_k""L('"',.._I~"''"'\,._.~•W'lt•l,_,._ 

INPUT DATA: Facia and Connection (according to revised Demo 82) 
(Analysis) 

FACIA type: Facing enabling frictional connection of reinforcement (e.g., modular concrete blocks, gab ions) 
Depth/height of block is 1.48/1.48 ft. Horizontal distance to Center of Gravity of block is 0. 74 ft. 
Average 'Jnit weight of block is Yr = 114.58 lb/ft 1 

Z/Hd 

0.00 
0.25 
0.50 
0.75 
1.00 

Geogrid Type # 1 
cr (IJ CRult 111 

0.0 1.00 

Geogrid Type # Jll 

cr CRcr 

0.0 0.15 
480.3 0.20 
1200.9 0.27 
2399.6 0.39 

To-static I Tma-'< 
or To-seismic I Tmd 

1.00 
1.00 
1.00 
1.00 
1.00 

Geogrid Type #2 
cr CRult 

0.0 1.00 

Geogrid Type #2 
cr CRcr 

0.0 0.15 
480.3 0.20 
1200.9 0.27 
2399.6 0.39 

Geogrid Type #3 
cr CRult 

0.0 1.00 

Geogrid Type #3 
(J CRcr 

0.0 0.15 
599.4 0.21 
1800.3 0.33 
3600.5 0.51 

(ll cr = Confining stress in bet\veen stacked blocks [lb/ft 2] 

(2l CRult"' Tc-ult I Tult 
(J) CRcr = Tcre I Tu1t 

Top of""" 

Z/Hd 0.00 I 
0.25 ! i 
0.50 1-----c'·-----7-------+, ---+! --

1 1 0.75 -~-----------· ------, ___ r-_ 
1.00 "------'----'------'-----l..--.--'-----1 

1.00 0.90 0.80 0.70 0.60 0.50 
To-static I Tmax or To-seismic I Trod 

Geogrid Type #4 Geogrid Type #5 
cr CRult cr CRult 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Geogrid Type #4 Geogrid Type #5 
cr CRcr (J CRcr 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 36005 0.56' 
6000.1 0.68 7198.9 0.74 

In seismic analysis, long term strength .is reduced to 100% of its static value. 

D A T A (for connection only) 

Product Name 
Connection strength reduction factor, RFd 
Creep reduction factor, RFc 

LASO TA-73 Airport Landfills 
Copyright:{:) 1998-2005 ADAMA Engineering, lnc. 

Type#! Type #2 Type #3 Type#4 Type #5 

UXllOOMSE .. UX1400MSE .. UX1500MSE .. UX1600MSE .. UX1700MSE .. 
1.10 1.10 1.10 1.10 1.10 
N/A N/A NIA NIA NIA 
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MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Prc3<nt Datc!Timc: Wed Mny 24 20:00:33 2006 k:l_d\D06602\Finai1Design\Design without Waii11Waii3_6'_IN.BEN 

~...._ .... u,.,_,~...,'IJ:'0~.,_,11.t!f.,._~.._1~v1t"'~...--•J•ouw~ .. -~~utt"'•~I~Lil~•-..t•..,u:•~--·~•nt"''"-''.,",..,.._,,_":~..,,--·''"H""~""!"""!~.,U:"':;~I•~r .. ,,.._,.wu·.,,.._,.,.nc••.._ID\IU'"''-''""(w•.--l~,.,N,.,._J;•~(w,,_,~...,\['O~-~'-

INPUT DATA: Geometry and Surcharge loads (of a Sllv1PLE STRUCTIJRE) 

Design height, Hd 

Batter, (J) 

Backslope, 13 
Backslope rise 

6.00 [ftJ { Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade is H"' 4.50 ft } 

4.8 fdeg1 
14.0 fdeg] / 
20.0 [ftJ / Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 (lb/.ft 1] 

OTHER EXTERNAL LOAD(S) 
[S l] Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 [lb/ft 11. 

Footing width, b=!50.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ftJ@ depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

6 [ft] 
c===:::==::===::::::J 
0 2 4 

LASO TA-73 Airport Landfills 
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MSEW .. Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Pn:scnt Dnt01Timc: Wed Mny 24 20:00:JJ 2006 k:l_d\D06602\fiMIIDcsigniDcsign without Wnlii\WaiiJ_6'_JN.8EN 

\,.._f_l_.,lt...,,..,...t~"''"'''"'""'~UII'*'.._l,.,u.,.,,._.,,..,!.( ... ,..-.~w~tw>..-IHII.(~'~'u'!.C"''~•~uu· .. ,~p.,.!t•,,.,.._,.utt~~~· .. lt'-"'.~l~"lr"A>..--I~"Il"''~'• .. ~t"'',.._'n•~·..,•-•~I.U{"IO't..-n..,t("4'...-l~"'u·,.,.,._,4'-'1t'O'I..-Il•o'['lo'l•-•s-

ANALYSIS: CALCULATED FACTORS (Static conditions) ~w-
Bearing capacity, Fs == 17. .98, Meyerhof stress= 920 lb/ft~. 

Foundation Interface: Direct slid in!!. Fs = 5.199. EccentricitY. elL= -0.0125. Fs-overturnin!l = 3.99 

I GEOGRID CONNECTION I 
I 

Fs-overall Fs-overall Geogrid Pullout Direct Eccentricity 

1

! Product 
# Elevation Length Type [connection fgeogrid strength resistance sliding elL name 

I [ft] [ft] # strength] strength] Fs Fs Fs I 

0.00 8.00 2 4.90 10.07 10.066 35.495 4.222 -0.0125 UX1400MSE-SS 
2 t.50 8.00 2 2.77 6.16 6.160 16.258 5.030 -0.0255 UX 1400MSE-SS 
3 3.00 8.00 2 3.61 8.78 8.781 15.677 6.184 -0.0410 UX1400MSE-SS 
4 4.50 8.00 2 4.64 12.51 12.505 13.244 7.876 -0.0678 UX l400MSE-SS - - c-· - ~ <"" 

ANALYSIS: CALCULATED F~~y(:f..S (Seismic co\t~ns) r ~ing capacity, Fs = 14f~\; ~yerhofstress = !044lblft2
• 

_.--
Foundation Interface: Direct sliding. Fs = 21 8. Eccentricitv. e = 0..9 02, Fs-overturning ,_.(.§ fl 
I GEOGRID C dN N E C T I 0 N 

Fs-overall Fs-overall Geogrid Pullout Direct Eccentricity Product 
"' Elevation Length Type r connection fgeogrid strength resistance sliding elL name rr 

[ft] [ft] # strength) strength] Fs Fs Fs 

0.00 8.00 2 4.32 7.89 7.889 17.637 UX1400MSE-SS 
2 !.50 8.00 2 2.59 5.34 5.338 9.704 UX1400MSE-SS 
3 3.00 8.00 2 3.33 7.33 7.328 8.721 UXI400MSE-SS 
4 4.50 8.00 2 4.24 9.99 9.988 6.805 UX 1400MSE-SS 

---
__..-- ...--

~~~ ---
~ w tyJmVl S'fob ~~~ OvrtLUj6 
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AASHTO DESIGN METHOD 
LASO TA-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 

LASO T A -73 Airport Land fi lis 
D06602 
Slaton Bros SW 
CLC 

Station Number: Wal\2_1+00.0-1+35.7/ Wall4_1+00.0-1+50.0 

Description: 

Tiered wall... WaH 2_DH;:J6.0' and Wall4 _DH=7', 10' offset_EXTERNAL / 

Company's information: 

Name: Tensar Earth Technologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: (404) 250-9185 
E"Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\006602\Finai\Design\Design without Wall l\Wall2an ..... 
..... andWall4 16' EX.BEN 

Original date and time of creating this file: - May 22, 2006 

PROGRAM MODE: ANALYSIS 
of SUPERIMPOSED WALL 
using GEOGRID as reinforcing material. 

') 
r~· 

~·-=·c;;:,":;;;)C .• ;::, = ... :;;; ... :;-;c.=··"""";:-; •• -::::_:-;; .. ~~ ..... ::::._::-;,-;;;.,.,;;;,.-;::,_=-;,;;;;'";r.;".;;-:, = .. ~~~-;::.= .. ;;;;.,,.-:.,::::_:-;;,:;;;~,.., .. ::::_::-;,;:;"";;;;.-;::, =-;,:;-;;,.:;;;,..;;-: •• =_';';;.,.:;;;""';';''-=""""·~-·= .. ;;;;='-·::::,,_::-;,-;;;,.;;;;".~' = ... ;;;: ... ;:: .. -= .. :;t;.,.;;-;.,-;;:_::-;;,;:;; ... ,, .... ::::_::-;,;:;, ... -. .... _=-;,;;;;,.,.;;:;.~. ;:,;;;,.;;;;,.:-;:,_::::;;-,. -l 

I LASO TA-73 Airport Landfills 
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MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Pt'1:.!ient DolleffJmc:; W~d M.1y 24 JO:Ot:JJ. :!:006 k;\ d\006602\finai'Design\Desi~ wi1hou1 Watl l\Wall2<~I~dWal! .t 16' EX. BEN 

~-~~ltll"':~,._or.lt:..(""~.._J.\I~M\..._I~UJ(\o\,._)~.Ut>o'~,.._1~UlL~·-·,UI!W>_I,N\lWl.._lt .. ~~W~-~~\IU"''..,._)~Oil~:<'.,._l~\0:~ 10 ,_ 11 ..,){"''-j>lt:l;'\_.-~I~[WO.,_J~ .. n"'\,.._)I•Ut"''-l~\l:!.r"".'..._I~U\("\~J~IJtl ... \~~=·•uii••r-IO-

SOIL DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, ¢ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

130.0 lb/ft 3 

32.0 ° 

I 00.0 lb/ft 3 

"""- .. 0 .:J).) 

FOUNDATION SOIL (Considered as an equivalent uniform soil) 

/ 

Equivalent unit weight, Yeauiv. 130.0 lb/ft 3 
/ 

Equivalent internal angle of friction, QJ"'!uiv. 32.0 ° 
Equivalent cohesion, c equiv. 4000.0 lb/ft ' 

Water table does not affect bearing capacity 

LATERAL EARTII PRESSURE COEFFICIENTS 

Ka (internal stability)= 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, 111= 6!.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAP ACIIT 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.21 

SEISMICITY 

Maximum ground acceleration coefficient, a o "' 0.131 ,--
Kae ( a;> 0) = 0.4492 Kae ( ao= 0) = 0.2866 Ll Kae = 0.1625 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 

LASO TA-73 Airport Landfills 
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MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Pr<sonl D:n.:!Time: Wed May 24 20:01:3! 2006 k:l.d\D06602\Finai\Desi;n\Oosi(;ll wi1nou1 Waiii\Wolll:uld\Vaii4_16'_E.X.BEN 

l..-ltUU:"''~JtU~IW>-...J~ .. !I'•\.......,.U'4("!\..-I'f"'tt'IO'\.,_Jolo .. ~·II\......,I'"!:.1WI..-Jtllt( ... '..-lll.tl.l:"'',.._'lt.l}f"!~..-lni~W'- 1 ur;•l">"'-U.,I~'oOI'~lUinWI,._JtU\t,..~r""'!l~•~!..!:"'>-lt"t~'III'I'.-J'HI.(>tr\"-J~ .. IIW•...-~-t"'!J:'!>->_I~I("'>..-- 11_ 

INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flb/ftl 
Durability reduction factor, Rfd 
Installation-damage reduction factor, Rfid 
Creep reduction factor, RFc 
F s-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a. 

p 

Geogrid Geogrid 
tvQe #I tvge #2 

3974.1 4796.3 
1.00 1.00 
1.10 1.10 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar.$ 0.80·tanjl 
\.0 1.0 

Geogrid Geogrid Geogrid 
tvge #3 tvQe #4 tvge #5 

7811.2 9866.7 11990.8 
1.00 1.00 1.00 
1.10 1.10 1.10 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·tanjl 0.80·ta~ 0.80·ta~ 
1.0 1.0 1.0 

Variation of Lateral Earth Pressure Coefficient With DePth 

z K/Ka 0.0 1.0 
KIKa 

2.0 3.0 

Oft 1.00 0 i 
3.3 ft 1.00 
6.6 ft 1.00 z [ft] 6.6 ~~-~-::-:: - :~:~F:--=- -·-=: 
9.8 ft 1.00 
13.1 ft 1.00 9.8 
!6.4 ft 1.00 -----·· ·-·- --·-·--- -
19.7 ft 1.00 16. - -----1---·-·-·,---. 

i 

26.1f-_-... ---l---~---. -.. -. ___ -_-_ -. ......, ... 
32.8 

LASO T A-73 Airport Landfills 
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MSEW -- Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Prell!n1 Date/Time: Thu May 25 10~30:55 2006 Kl d\D06602\Fincl\Design\Design "iL~oul Wall I\W:!l12>ndWaJI4 16' EJUlEN 

IILI~MI\'.._!,M~n'~· UV~('OiV_.,.IIIoll!"''" ll ... :'t'"ll.' ,., .. ~., ltU'if'!'l 11 ... !TVV I: .. U'W\. l!ll~f'O."\.......,),U';.Tl'V......,Illf"'..,..,..,.._l~U'ITWV ,, ... ~r;:·:;:;....l~~t'V., UU!!"!!'Y 1lrfl'\. ....... pV':1'"0o'~.-JI""'['U\' t•Uth'V ji.,l,.v., II 

INPUT DATA: Geometry and Surcharge loads (of SUPERIMPOSED wall) 

Design height, Hd { Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH"" 21.50 ft, where Hl = 7.00 and H2 = 14.50 } 

Batter, ro 
Backslope, 13 
Backs lope rise 

23.00 [ft] 

0.0 fdegl 
14.0 fdeg} 
20.0 [ft] Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

Offset of upper segment from lower one, Offset= 10.0 ft, Blackslope2 = 0.0 de g. and Backslope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft l] 

OTHER EXTERNAL LOAD(S) 
[S 1] Strip Load, Qv-d = 0.0 and Qv-l -= 250.0 flb/ft 'l. 

Footing width, b-=150.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft]@ depth ofO.O [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 I 0 [ft] 
j .• ·•, .. ··-··.- -:j 

LASO TA-73 Airport Landfills 
Copyright 0 1998-2005 ADAMA Engineering, Inc. 
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MSEW --Mechanically Stabilized Earth Walls LASO T A-73 Airport Landfills 
Present Dau::/Time: Wtd Mi.1Y 2-..10:0!:3~ 2006 k:\_d\D0660l\Fin;l\Design\Dcsign \Vilhout Walll\Wall~andWill14_l6'_EX.SEN 

~,._,,..,~,.~,_~.1"'U••-•a.,u-..•.--•••nl"''-•ouu·.o~...-l•"'~,..,.,._,.,"tt"'\..-l~.,u .. ,.,.._,~,t'..l..,,..-, ... ~\'-',..,_'o''U,.,...-IHilt"''-)'""'u••.-t~Wlt'oW_~~!' ... H'"'."!-J"w'~,.,.._, ... ,:,.,,..-uult"'\•-)~"'1t"'',.._la••H"''~'·-"uw.!~l?-

ANALYSIS: CALCULATED FACTORS (Static conditions) ~\ \>:'" ""''') 
Bearing capacity, Fs = ~ Meyerhof stress= 2897 lb/ft~. 

...... ,! 

Foundation Interface: Direct slidinl!. Fs = 2.637. Eccentricitv. e/L == 0.0723 Fs-overtuming = 4.06 
I 

OEOGRID I CONNECTION I I 
I 

Fs-overall Fs-overall IGeog,id Pullout Direct Eccentricity I Product u Elevation Length Type r connection r geogrid strength resistance sliding elL name :T 

[ftJ [ft] ... strength) strength] 
1 

Fs Fs Fs ,. 
J 

0.00 13.50 3 3.22 4.02 4.023 55.132 2.141 0.0723 UX1500MSE-SS 
2 1.50 13.50 3 1.60 2.11 2.114 25.433 2.228 0.0560 UX1500MSE-SS 
3 3.00 13.50 3 1.63 2.27 2.270 23.741 2.321 0.0398 UX1500MSE-SS 
4 4.50 13.50 3 1.66 2.45 2.449 22.066 2.418 0.0234 UXI500MSE-SS 
5 6.00 13.50 3 1.69 2.66 2.660 20.378 2.518 0.0065 UX 1500MSE-SS 
6 7.50 13.50 3 1.73 2.91 2.910 18.692 2.618 -0.0115 UX1500MSE-SS 
7 9.00 13.50 3 1.77 3.21 3.212 17.024 2.711 -0.0314 UX 1500MSE-SS 
8 10.50 13.50 3 1.83 3.58 3.584 15.345 2.786 -0.0550 UX l500MSE-SS 
9 12.00 13.50 3 1.91 4.05 4.053 13.672 2.819 -0.0856 UX1500MSE-SS 
10 13.50 13.50 3 2.00 4.66 4.664 12.022 2.762 -0.1308 UX l500MSE-SS 
II 15.00 13.50 3 1.69 4.37 4.368 8.249 2.508 -0.2141 UX!SOOMSE-SS 
12 16.00 8.00 2 3.66 7.17 7.167 26.437 3.875 0.0126 UX l400MSE-SS 
13 17.50 8.00 2 1.95 4.12 4.120 10.697 4.512 -0.0038 UX1400MSE-SS 
14 19.00 8.00 2 2.25 5.15 5.148 8.589 5.397 -0.0208 UX1400MSE-SS 
15 20.50 8.00 2 2.73 6.86 6.859 6.211 6.685 -0.0420 UX 1400MSE-SS 
16 22.00 8.00 2 3.29 9.19 9.187 2.827 8.559 -0.0821 UX1400MSE-SS 

ANALYSIS: CALCULATED FACTORS (Seismic conditions) .,_) \~ 
Bearing capacity, Fs = ~!eyerhof stress= 4462 lb/ft2 • 

Foundation Interface: Direct slidinR, Fs = 1.457. Eccentricitv. e/L = 0.2169. Fs-ovcrtuming = 1.98 

GEOGRID I CONNECTION ! 
I Product 

; 

Fs-overal\ Fs-overall I Geogrid Pullout Direct Eccentricity 
.Ll Elevation Length Type r connection r geogrid I strength resistance sliding e!L ! name ,. 

[ft] [ftJ " strength) strength] 
1 

F s Fs Fs ,. 

I 0.00 13.50 3 2. 4 3.60 34.475 1.183 0.2169 UX 1500MSE-SS 
2 1.50 13.50 3 1.5 2.00 17.8~ 1.261 0.1755 UX 1500MSE-SS 
3 3.00 13.50 3 1.56 2.15 16 7 1.351 0.1358 UX 1500MSE-SS 
4 4.50 13.50 3 1.59 .32 5.504 1.756 0.0583 UXI500MSE-SS 
5 6.00 13.50 3 1.63 2. 14.311 \.885 0.0327 UX1500MSE-SS 
6 7.50 13.50. 3 1.67 2.75 13.119 2.030 0.0072 UX lSOOMSE-SS 
7 9~00 .. 13.50 3 1,72 3.03 11.941 2.190 . -0.0190 UX1500MSE-SS 
8 10.50 13.50 3 1.78 3.38 10.754 2.357 -0.0476 UX1500MSE-SS 
9 12.00 13.50 3 1.85 3.83 9.571 2.512 -0.0818 UXISOOMSE-SS 
10 13.50 13.50 3 \.95 4.40 8.405 2.599 -0.1294 UX 1500MSE-SS 
11 15.00 13.50 3 1.66 4.1 5.9!0 2.474 -0.2139 UX1500MSE-SS 
12 16.00 8.00 2 3.32 . 7 14.664 2.142 0.0665 UX1400MSE-SS 
13 17.50 8.00 2 1.86 3.73. . 70 2.621 0.0292 UX1400MSE-SS 
14 19.00 8.00 2 2.14 4.62 5.4 ~ 3.378 -0.0036 UX1400MSE-SS 
15 20.50 8.00 2 2.5 6.06 3.84 4.720 -0.0355 UX!400MSE-SS 
16 22.00 8.00 2 7.99 1.699 7.441 -0.0812 UX 1400MSE-SS 

}l\t1 
~ 

1,- ,, .. ,t .. ~•-)1 .. 11'.ol'..-1t..U•• JO•nc ... ~..-lt">I.U'f' I~>Ut•>..-ltU',,"'> lt""\Z"''...-~'"IJ[W\..--IO"U'">-J•odt._,_._, ... lt•I•-Jt..U .. ~ IIW\J:W\-I~u!~·"-'•~..,, .. -~1'"'\.l: . .,.,.....,.lf .. lf"'"..,...lt...U:••...-I•"It"'~ lt\lll'"''..-11 

LASO T A-73 Airport Landfills Page 5 of 5 
Copyright 0 1998-2005 ADA.tv[A Engineering, Inc. 53 License number MSEW-301064 

~rr•·v'r=· •um· .... -.uwuwu 1"'PRI'su'"w•.p· '"¥WH "'nttil.l uwxoe ·~ .. ·rr· ·-mw '-w·-c· ····r··u ··•··w· nr·y;.--.;,;.,•nJ• 'i11' •• ,. M"'rT?Y•~--·-·ce:· ··r·qo BAN,. e''\ITt'' , .. 



MSEW --Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Present D>~dTimo: Wed M•y 2~ 20:02:15 2006 k:l d\D066021Finai\Design\Desisn without W•IIJ\Wall21llldWall4 16' TN.BEN 
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:~ 51ERRA5CAPE® 
~ :II RETAINING WALL SYSTEMS 

AASHTO DESIGN METHOD 
LASO TA-73 Airport Landfills 

PROJECT IDENTIFICATION 

Title: 
Project Number: 
Client: 
Designer: 

LASO TA-73 Airport Landfills 
006602 
Slaton Bros SW 
CLC 

Station Number: Wall2_1+00.0-!+35.7/ Wall4_1+00.0-1+50.0 

Description: 

Tiered wall...Wall2_DH=l6.0' and Wall4 _DH=7', 10' offset_INTERNAL 

Company's information: 

Name: Tensar Earth Teclmologies, Inc. 
Street: 5883 Glenridge Drive 

Suite 200 
Atlanta, GA 30328 

Telephone#: (404) 250-1290 
Fax#: (404)250-9185 
E-Mail: ccampbell@tensarcorp.com 

Original file path and name: k:\_d\006602\Final\Design\Design without Wall l\Wall2an ..... 
..... 2andWall4 16' IN.BEN 

Original date and time of creating this file: - - May 22, 2006 

PROGRAM MODE: ANALYSIS. 
of SUPERIMPOSED WALL 
using GC:OGRID as reinforcing materiaL 
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SOIL DATA 

REINFORCED SOIL 
Unit weight, y 
Design value of internal angle of friction, $ 

RETAINED SOIL 
Unit weight, y 
Design value of internal angle of friction, ~ 

130.0 lb/ft l 
32.0 ° 

I 00.0 lb/ft' 
35.5 ° 

FOUNDATION SOIL (Considered as an equivalent uniform soil) / 
Equivalent unit weight, y eouiv. 130.0 lb/ft 3 

Equivalent internal angle of friction, ~"luiv. 32.0 a 

Equivalent cohesion, c equiv. 4000.0 lb/ft 2 

Water table does not affect bearing capacity 

LATERAL EARTII PRESSURE COEFFICIENTS 

/ 

Ka (internal stability)== 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized) 
Inclination of internal slip plane, w~ 61.00° (see Fig. 28 in DEMO 82). 
Ka (external stability)= 0.2866 (ifbatter is1ess than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized) 

BEARING CAP A CITY 

Bearing capacity coefficients (calculated by MSEW): Nc = 35.49 N y= 30.21 

SEISMICTIY 
/ 

Maximum ground acceleration coefficient, a. o = 0.262 
Kae (a,> 0) == 0.6986 Kae ( o.o= 0) == 0.2866 ~ Kae"" 0.4120 (see eq. 37 in DEMO 82) 
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value. 
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Copyright oC 1998-2005 ADAMA Engineering, Inc. 55 License number MSEW-301064 
~'Iota ··wn·,.,.,~,.?rm'·"rr1' ....••. ,, roa;cK!' ···;a· "lUiill'#' .. '"m' ,,,..,, .. .,.,.,.,, ......... ,... ··w···· ··wgs·e ,.,,.,.,, '1'1'?' ........ ,. ''''"'K'ttH'' 

,,~e1 1\ 

'<,~ll/1 



MSEW ··Mechanically Stabilized Earth Walls LASO TA-73 Airport Landfills 
Pr~ern D;lte/Time: We:d May 2-' 20:02:16 2006 k:\_d\006602\Final\Dcsign\Design v•ithoul WoH I\\VJ.lJ2;md\VaH-1_16'JN.BEN 

·-uLf1t"•-••"'O{'"'"-'n'U"W~....-J;UK>!•.._~,.,n·.o~,.._,.~u· ... ~ .. .-J3U',tw1,._.1u.(~(..,,.,_,u.:u,..,.._,., .. ,~ .. , __ ,3\JUw\,._,,.,u,..,_,~..,u"''...._'.!'"~'--'~unw\......,.., • ..,\r"''_._'owu: ..... _,~wlC'.e'.._'Q"'1.t'!'•-••utl"",~..-•o<.tU.,.,...,_, 1_ 

INPUT DATA: Geogrids 
(Analysis) 

DATA 

Tult flbfftl 
Durability reduction factor, RFd 
Installation-damage reduction factor, Rfid 
Creep reduction factor, Rfc 
F s-overall for strength 
Coverage ratio, Rc 

Friction angle along geogrid-soil interface, 
Pullout resistance factor, F* 
Scale-effect correction factor, a 

p 

Geogrid Geogrid 
tvQe #I tvQe #2 

3974.1 4796.3 
1.00 1.00 
1.10 1.10 
2.34 2.21 
N/A N/A 
0.940 0.940 

26.56 26.56 
0.80·tar,ljl 0.80·ta~ 
1.0 l.O 

-

Geogrid Geogrid Geogrid 
tvge #3 tvQe #4 tv:ge #5 

7811.2 9866.7 11990.8 
!.00 1.00 1.00 
1.10 1.10 l.lO 
2.40 2.29 2.22 
N/A N/A N/A 
0.940 0.940 0.940 

26.56 26.56 26.56 
0.80·ta~ 0.80·tan~ 0.80·ta~ 
1.0 1.0 l.O 

/ 

Variation of Lateral Earth Pressure Coefficient With Depth 

z 
Oft 

3.3 ft 
6.6 ft 
9.8 ft 
13. I ft 
!6.4 ft 
19.7 ft 

KIKa 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

LASO T A-73 Airport Landfills 
Copyright It! 1998-2005 ADAMA Engineering, Inc. 

KIKa 
0.0 ]~ 2~ 3~ 

0 i 
z [ftJ _______ =-=r==--~~---

6.6 : 
- ·- I __ -_---

9.8 
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INPUT DATA: Facia and Connection (according to revised Demo 82) 
(Analysis) 

FACIA type: Facing enabling frictional connection of reinforcement (e.g., modular concrete blocks, gab ions) 
Depth/height ofblock is 1.4811.48 ft. Horizontal distance to Center of Gravity of block is 0.74 ft. 
Average unit weight of block is Yr == 114.58 lblft' 

ZIHd To-static I Tmax 
or To-seismic I Tmd Z/Hd 0.00 

0.25 

Top of wall 

I 
. 1 .. ---

0.00 
0.25 
0.50 
0.75 
LOO 

!.00 
1.00 
1.00 
1.00 
1.00 

~:~~ ______ _t ____ ~~,-----~-t----f--· 
1.00 I i i I I 

1 . 

Geogrid Type # 1 Geogrid Type #2 Geogrid Type #3 
a (l) CRult 12) a CRult a CRult 

0.0 1.00 0.0 1.00 0.0 1.00 

Geogrid Type #P) Geogrid Type #2 Geogrid Type #3 
a CRcr a CRcr a CRcr 

0.0 0.15 0.0 0.15 0.0 0.15 
480.3 0.20 480.3 0.20 599.4 0.21 
1200.9 0.27 1200.9 0.27 1800.3 0.33 
2399.6 0.39 2399.6 0.39 3600.5 0.51 

OJ cr = Confming stress in between stacked blocks [lblft '] 
(
2l CRult = Tc-ult I Tult 

Pl CRcr = Tcre I Tult 

1.00 0.90 0.80 0. 70 0.60 
To-static I Tmax. or To-seismic I Tmd 

Geogrid Type #4 Geogrid Type #5 
a CRu1t a CRult 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

Geogrid Type #4 Geogrid Type #5 
a CRcr cr CRcr 

0.0 0.38 0.0 0.38 
1200.9 0.44 1200.9 0.44 
2999.0 0.53 3600.5 0.56 
6000.1 0.68 7198.9 0.74 

In seismic analysis, long tenn strength is reduced to 100% of its static value. 

D. A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5 

0.50 

Product Name UX1100MSE.. UXI400MSE .. UX1500MSE .. UX1600MSE .. UX1700MSE .. 
Connection strength reduction factor, RFd 
Creep reduction factor, RFc 

1.10 1.10 1.10 1.10 1.10 
NIA NIA N/A N/A N/A 

.----· 
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INPUT DATA: Geometry and Surcharge loads (of SUPERIMPOSED wall) 

Design height, Hd 23.00 [ft] (Embedded depth is E = 1.50 ft, and height above top of finished 
bottom grade isH= 21.50 ft, where HI= 7.00 and H2 = 14.50} 

Batter, w 0.0 fdegl 
Backs lope. 13 14.0 fdeg] 
Backslope rise 20.0 [ft] Broken back equivalent angle, I= 14.04° (see Fig. 25 in DEMO 82) 

Offset of upper segment from lower one, Offset= 10.0 ft,. Blackslope2 = 0.0 deg. and Backslope rise, S2 = 0.0 ft. 

UNIFORM SURCHARGE 
Uniformly distributed dead load is 0.0 [lb/ft 2

] 

OTHER EXTERNAL LOAD{S) 
[S l] Strip Load, Qv-d = 0.0 and Qv-1 = 250.0 flb/ft 2l 

-'" 
/' 

Footing width, b= 150.0 [ft]. Distance of center of footing from wall face, d = 155.0 [ft] @ depth of 0.0 [ft] below soil surface. 

ANALYZED REINFORCEMENT LAYOUT: 

SCALE: 

0 2 4 6 8 I 0 [ft] 
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ANALYSIS: CALCULATED FACTORS (Static conditions) jt .' ·-") 
"",i 

Bearing capacity, Fs = - .84, Meyerhof stress"' 2897 lb/ft". 
Foundation Interface: Direct sliding, Fs"" 2.637, Eccentricitv. elL= 0.0723, Fs-overtuming = 4.06 

I GEOGRID I CONNECTION 
! Geogrid I Fs-overall Fs-overall Pullout Direct Eccentricity Product 

I # 
Elevation Length Type r connection fgeogrid i strength resistance sliding e/L name 

[ft] [ft) .u strength] strength] I Fs Fs Fs rr 
I 

0.00 13.50 3 ~ ..,.., 
.), __ 4.02 4.023 55.132 2.141 0.0723 UX 1500MSE-SS 

2 l.50 13.50 3 1.60 2.11 2.114 25.433 2.228 0.0560 UX1500MSE-SS 
3 3.00 !3.50 3 1.63 2.27 2.270 23.741 2.321 0.0398 UX1500MSE-SS 
4 4.50 13.50 3 1.66 2.45 2.449 22.066 2.418 0.0234 UX1500MSE-SS 
5 6.00 13.50 3 1.69 2.66 2.660 20.378 2.518 0.0065 UX1500MSE-SS 
6 7.50 13.50 3 1.73 2.91 2.910 18.692 2.618 -O.Olt5 UX1500MSE-SS 
7 9.00 13.50 3 1.77 3.21 3.212 17.024 2.711 -0.0314 UX1500MSE-SS 
8 10.50 13.50 3 1.83 3.58 3.584 15.345 2.786 -0.0550 UX1500MSE-SS 
9 12.00 13.50 3 1.91 4.05 4.053 13.672 2.819 -0.0856 UXISOOMSE-SS 
10 13.50 13.50 3 2.00 4.66 4.664 12.022 2.762 -0.1308 UXISOOMSE-SS 
11 15.00 13.50 3 1.69 4.37 4.368 8.249 2.508 -0.2141 UXISOOMSE-SS 
12 16.00 8.00 2 3.66 7.17 7.167 26.437 3.875 0.0126 UX1400MSE-SS 
13 17.50 8.00 2 1.95 4.12 4.120 10.697 4.512 -0.0038 UXI400MSE-SS 
14 19.00 8.00 2 2.25 5.15 5.148 8.589 5.397 -0.0208 UXl400MSE-SS 
15 20.50 8.00 2 2.73 6.86 6.859 6.211 6.685 -0.0420 UX1400MSE-SS 
16 22.00 8.00 2 3.29 9.19 9.187 2.827 8.559 -0.0821 UX1400MSE-SS 

ANALYSIS: CALCULATED F AC~ (Seismic condi~l tl \).; 
N ~ ~~earJng capacity, Fs = )43, \_Y'tfhof stress"' 10032 lb/ft2

. 

Foundation Interface: Direct sliding Fs = Ul'l2. Eccentricitv. elL= 0 . .690. Fs-overtuming = 1.2J:V'r1-

I I \ 

I Product 

'"'''!~!, GEOGRID CONNECTION 

I • I Fs-overall Fs-overall Geogrid Pullout Direct Eccentricity ""-A'' 
Elevation Length Type I r connection f geogrid strength resistance sliding elL I name 

[ft] [ft] JJ I strength) strength] Fs Fs Fs ff 

1 0.00 13.50 3 2.76 3.33 3.326 29.341 822 0 690 UX 1500MSE-SS 
2 1.50 13.50 3 1.49 1.92 1.916 16.300 0. 1 .3040 UXISOOMSE-SS 
3 3.00 13.50 3 1.52 2.06 2.056 15.208 0.95 0.2420 UX1500MSE-SS 
4 4.50 13.50 3 !.55 2.22 2.218 . 14.125 1.387 0.0928 UX1500MSE-SS 
5 6.00 13.50 3 !.58 2.41 2.408 13.035 1.515 0.0587 UX1500MSE~SS 
6 7.50 13.50 3 1.63 2.63 2.633 11.945 1.666 0.0259 UX1500MSE-SS 
7 9.00 .13.50 3 1.68 2.91 2.905 10.867 1.844 -0.0064 UX 1500MSE-SS 
8 10.50 13.50 3 1.74 3.24 3.239 9.782 . 2.04 •. 0398 UX1500MSE~ss 

9 !2.00 13.50 3 1.81 3.66 3.661 8.700 2.2 -0. 778 UX 1500MSE-SS 
10 13.50 13.50 3 1.91 4.21 4.208 7.633 .2. 57 -0.1 79 UXl500MSE-SS 
11 15.00 13.50 3 1.64 4.02 4.017 5.454 .442 -0.21 7 UXI500MSE-SS 
12 16.00 8.00 2 3.09 5.27 5.268 11.772 .492 0.1212 UX1400MSE-SS 
13 17.50 8.00 2 l.80 3.47 3.475 6.068 1.858 0.0633 UX l400MSE-SS 
14 19.00 8.00 2 2.06 4.27 4.272 4.728 2.467 O.Oi46 X1400MSE-SS 
15 20.50 8.00 2 2.49 5.54 5.543 3.259 3.654 -0.0284 1400MSE-SS 
16 22.00 8.00 '2 3.00 7.23 7.234 1.417 6.583 -0.0800 u 1400MSE-SS 
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This manual for the SierraScape~· Retaining Wall System from Tensar 

Earth Technologies (TET) is provided as a guideline for construction 

and quality control of the installation. This manual shall be provided 

to the Owner's Engineer, the construction quality assurance inspector, 

and the Contractor. 

1. Responsibilities for 
Construction Compliance 

The Contractor must provide 
for construction of the wall in 
accordance with the contract 
documents, plans, and specifications. 
The Contractor is also responsible 
for the verification of line, grade, 
and other physical features. 

The TET technical representative 
may assist the Contractor and the 
inspection staff with the procedures 
within this manual and the 
contract plans, documents, and 
specifications. The representative 
may be on site at the start of 
construction and thereafter only 
as requested or necessary. 

The TET technical representative is 
not authorized to countermand 
any details or instructions herein or 
on the approved construction 
drawings without the express 
written agreement of the Engineer. 
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Tensar Uniaxial (UXJ Geogrid. 

2. Materials and Handling 

MATERIALS SUPPLIED 

Tensar Uniaxial (UX) and Biaxial 
(BX} Reinforcement Geogrids 

Non-woven needle punched 
geotextile or Turf Reinforcement 
Mat (TRM) from TET (depending 
on facing option) 

SierraScape Facing Elements 

Support Struts 

SierraScape Connection Rods 

HANDLING WALL MATERIAlS 

Tensar Geogrids are shipped 
in roll form. The Contractor is 
responsible for off-loading the 
rolls. Standard roll sizes of the UX 
Geogrids are 4.36 feet wide x 200 
or 250 feet long and weigh between 
75 and 180 pounds. The rolls 
should be color coded by the 
Contractor on their edges, according 
to type, prior to the removal of the 
labels. The standard roll size for 
BX11 00 Geogrid is 1 0 and 13 feet 
wide x 246 feet long, while the 
standard roll size for BX1200 is 
10 and 13 feet wide x 165 feet long. 



Preparing the 5ubgrade. 

The SierraScape facing units are 
typically packaged SO to a bundle. 
The support struts and SierraScape 
connection rods are boxed loose. 
All materials are to be off-loaded 
by the Contractor. 

It is the Contractor's responsibility 
to verify the quantities shipped and 
the condition of the materials. 

Geotextile and TRM are shipped in 
roll form and are to be off-loaded 
by the Contractor. The standard 
roll sizes are 15 feet wide by 
300 feet long and 6. 7 feet wide 
by 150 feet long, respectively. 

If certifications are required by the 
contract documents, they will be 
supplied along with the material 
that is shipped. It is the Contractor's 
responsibility to ensure that the 
Engineer is provided this information. 

The Contractor is allowed one 
hour to off-load the facing units, 
geogrid, and accessories. 

CONTRAGOR SUPPLIED MATERIALS 

Reinforced, select, or plantable fill 

Cable ties or tie wire 

Utility saw 

Alignment system materials (laser, 
stringline, etc.) 

Side cut shears 

4-foot level 

All labor, equipment, and supervision 
necessary to perform the total wall 
construction. 

3. Preparatory Work for 
Wall Construction 

Verify the condition, approval, and 
receipt of the SierraScape facing 
units, connection rods, support 
struts, Tensar Geogrid, and fill 
materials. Materials should arrive 
in good condition. TET will not 
replace materials that have been 
accepted by the Contractor. 

Prepare subgrade by excavating to 
the plan elevation and horizontally 
to the design geogrid lengths. It is 
the Contractor's responsibility to 
verify that insitu conditions are as 
shown on the design plans prior 
to beginning construction. If site 
conditions vary from the plans, 
the wall may require redesign. 
In this case, the Engineer must be 
notified by the Contractor prior 
to proceeding with the SierraScape 
Wall construction. 

The subgrade shall be approved 
before proceeding with the wall 
construction. Any soils found 
unsuitable by the Engineer shall 
be treated in a manner approved 
by the Engineer. 

Grade and proof roll subgrade. 

SIERAASCA?E 
FACING UNIT 

SierraScape Facing Detail (stone-filled face!. 
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Checking setback and wall alignment. 

Placing_the geogrid over the connection loops 
of the facing element. 
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4. Wall Construction 

Install offset stringline, story pole, 
or other control for the purpose of 
checking wall alignment. 

Pre-cut the geogrid and geotextile 
to the lengths stated on the Plans. 

Install the facing elements on level 
grade. Butt facing elements end-to
end with the extended horizontal 
wires on one unit overlapping the 
adjacent unit. Note: the elements 
may move forward during backfill 
placement and compaction. Set the 
first few courses 7 to 2 inches 
behind the face control line. Adjust 
setback of upper courses based on 
observed movements. 

Attach the end vertical wires of 
adjacent elements with cable ties 
or tie wires to maintain alignment 
and contain fill. 

Two strips of Tensar UX Geogrid 
shall be attached to each facing 
element. The geogrid shall not 
overlap adjacent facing elements. 
The two outer ribs of the left 
geogrid shall be placed between 
the outer two wires on the left side 
of the facing element. The outer 
ribs of the other geogrid shall be 
positioned between outer wires on 
the right side of the facing element. 
Two geogrid ribs shall be positioned 
between each pair of wires. As 
shown in the photo (to the right), 
the transverse bar of the UX 
Geogrid will have to be cut in 
places to position pairs of ribs 
between pairs of wires. Cuts shall 
be made only at apertures between 
wire pairs. Note: The transverse 
bar may need to be cut in a few 
more places to allow contact 
between the geogrid and the 
connection loops. 

Thread the connection rod through 
the connection loop over the ribs 
of the Tensar UX Geogrid. 

Inserting the SierraScape connection rod. 

When geogrid aperwres do not perfectly 
align with the SierraScape "loops", cut the 
geogrid at the transverse bar that does not 
bear on a connection loop. 
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Installing support struts at 
both ends of the SierraScape 
facing unit. 
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Wall Construction Continued ... 

Place face backing as specified where 
face fill is finer than 2- to 4-inch 
stone. Where 1- to 2-inch stone face 
fill is specified, use BX11 00 or 
BX1120 Geogrid to retain the stone. 
Where finer grained fill is specified, 
use a TRM or geotextile, The face· · 
backing will be 2 feet wide to cover 
the face and extend 6 inches under 
the fill. It may be connected to the 
top with clips, ties, or the diagonal 
struts discussed below. 

Connect the top and back horizontal 
wires of the facing elements with 
diagonal stiffening struts spaced at 
approximately 16-inch spacing. One 
strut should be positioned between 
the two end wires to support the 
joint between facing units. 

In preparation for fill placement, pull 
the UX Geogrid toward the reinforced 
backfill zone so that it is tight against 
the connection. Maintain alignment of 
the facing elements by standing on 
them. Place the first 9-inch lift of 
backfill on top of the geogrid, while 
maintaining an open zone at the facing 
element for the stone facing. The fill 
should be placed near the face of the 
wall first and then proceed toward the 
tails of the geogrid. This will promote 
further tensioning of the geogrid. 

After the backfill is placed on the 
geogrid, roll the pre-cut geotextile 
along the front edge of the backfill (if 
required). A tab of at least 6 inches 
of geotextile is required to extend 
under the stone facing. 

Facing fill material should be instafled 
· in 9-inch loose lifts unless the plans 

Placing backfill over the geotextile separator. 

require smaller lifts. To provide a level 
~urface for the next facing element, it 
IS optional to use a thin layer of well
graded aggregate at the top of the 
basket. 

A vibratory plate tamper is recommended 
for compacting facing and reinforced 
fill materials within 3 feet of the wall 
face or as the plans require. Note: 
Good compaction at the wall face will 
minimize "pillowing" of the lower 
facing units as the wall construction 
proceeds. 

Conventional rolled compaction 
equipment may be used to compact 
reinforced fill beyond the 3-foot 
face zone to 95% of MSHTO-T99 
maximum dry density or as otherwise 
specified. The thickness of compacted 
lift shall be no more than 9 inches. 

Alignment adjustments will be 
required as the type of fill, the 
moisture content, equipment, and 
wall height will effect the amount 
of movement of an individual 
facing element. Note: The facing 
elements may not move uniformly. 
Subsequent rows of facing elements 
can be set with a relative setback 
based upon observed movements. 
The Contractor should check facing 
alignment as every course of elements 
is placed. To correct alignment, a 2-inch 
maximum overhang is permitted. 

At the end of each day, the Contractor 
must ensure that the reinforced 
backfill is graded to drain away from 
the face of the wall. Berms and/or 
ditches must also be in place and 

. functioning to prevent the entrance of 
runoff into the wall c01istruction site. 
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Compacting the reinforced backfi/J. 



5. Definitions 

Contract Document: 
The Agreement between the Owner 
and the Contractor including conditions 
of the contract drawings, specifications, 
and the provisions of the Agreement 
between the Contractor and the · 
Supplier of the SierraScape System. 
These documents shall also include 
addenda and other modifications 
issued prior to the execution of 
the Contract. 

Geotextile: 
A non-woven, needle punched fabric 
used for separation and filtration. 

Inspector: 
The Authorized Representative 
assigned to see that the workmanship 
and materials are in accordance with 
the terms of the Contract. 

Plans: 
The part of the Contract documents 
consisting of the approved plans, 
profiles, typical cross sections, working 
drawings and supplemental drawings, 
or exact reproduction thereof, which 
shows the location, character, details, 
and dimensions of the Work to be 
performed. 

Reinforced Fill: 
The fill material that interacts with 
the geogrid reinforcement to create a 
mechanically stabilized earth mass. 
Its limits extend from the back of the 
facing elements to the tails of the soil 
reinforcement or as stated on the Plans. 

Setback (Batter); 
The rearward offset from the vertical plane 
between two vertically adjacent courses. 

SierraScape Connection Rods: 
Mechanical connection devices made of 
high-density polyethylene with fiberglass 
inclusions to positively connect the · 
geogrid to the SierraScape facing elements. 

SierraScape Facing Elements: 
Wire-formed baskets that provide 
facial stability during placement and 
compaction of the fill material; the 
internally braced elements simplify 
facing alignment 

Support Struts: 
Wire-formed braces designed to stiffen 
the SierraScape facing elements and 
maintain facing alignment. 

Specification: 
A description of the quality and quantity 
of the materials and workmanship 
that will be required of the Contractor 
in the execution of the Work under 
the Contract between the Owner and 
the Contractor. 

Tensar Geogrids: 
Polymeric grids formed by a regular 
network of integrally connected tensile 
elements with apertures of sufficient 
size to allow interlocking with surrounding 
soil, rock, or earth and functioning 
primarily as reinforcement. 

Em 
Tensar0 

Tensar Earth 
Technologies, Inc. 

5883 Glenridge Drive, Suite 200 
Atlanta, GA 30328 

www.tensarcorp.com 

Tensar Earth Technologies is your single

source for the SierraScape System. To find 

out how we can help you simplify your next 

wall construction project, call 800-TENSAR-1, 

e-mail info@tensarcorp.com, or visit 

www.tensarcorp.com. 

C200J. Tonsar Earth Technologies. Inc. TENSAR and SIERRASCAPE arc "'gistercd trndemarl<s. 
Certain lorelgn trad<Jmark rights also exist. Tho product} and/or app!icatklns illustrated herein ate 
covered .lrf one or moro ollhe following U.S. patents: 4590029, 4743466. 5595460. 5632571. The 
informauon contained hcre1n has been carefully compiled by Tensar Earth Technologies, Inc. and 
~o \he bos1 or Its knowl~dg~ aCCtJratety ~epresents Tcnsar product U!i9ln the applications which aro 
11lustr.J!ed. Flnal do:onrunat1on or \ho su•tahitity at any lnlormatlon or material !or tho usa 
conlcmpb.tod and 1ts mann~r cf use Is tho solo responsibility at tho usor. Printed in tho USA. 
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Tcnsar 

Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 

Atlanta, Georgia 30328·5363 
Phone: (800) 836-7271 

\vw1Y.Iimsarcorp. com 

Product Specification 
Tensar Structural Geogrid 

UX1000HS Structural Geogrid 

!I UX11 OOHS Structural Geogrid 

ia - UX1400HS Structural Geogrid 

a UX1500HS Structural Geogrid 

UX1600HS Structural G'eogrid 

a UX1700HS Structural Geogrid 

UX1800HS Structural Geogrid 

Tensat Earth Technolog,es, lflc. warrants that <Jt \tie ume a! delivery the 
geogrid furnished hereunder sh<:~:ll tie of the qua\lty and speclflcaucn stated 
herein. II the geogrid does not meel the specificatiMs on this page and 
Tensar Is notified prior to instanatlon, Tensar will rep!ilce the geogtid at no 
cost to tne custcmer 

This product specification supersedes all prior specifications for the product described 
above and is not applicable to any products shipped prior to August 1, 2005 
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Tcnsar 

Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 

Atlanta, Georgia 30328-5363 
Phone: (800) 836-7271 

WH-'lV. tensarcarp. com 

Product Specification -Structural Geogrid UX1400HS 

Tensar Earth Technologies, Inc. reserves the right to change its product specifications at any time. It is the responsrbility of the specifier and purchaser to 
ensure that product specifications used for design and procurement purposes are current and consistent with the products used In each instance. Please 
contact Tensar Earth Technologies, Inc. at 800.836-7271 far assistance 

Product Type: 
Polymer: 
Load Transfer Mechanism: 

Integrally Fanned Structural Geogrid 
High Density Polyethylene 
Positive Mechanical interlock 

Recommended Applications: Sierra System (Reinforced Slopes), Prism System (Embankments}, Temporary Walls 

Product Properties 

Index Properties 

• Tensile Strength@ 5% Strain2 

• Ultimate Tensile Strength2 

• Junction Strength3 

• Flexural Stiffness
4 

Durability 

• Resistance to long Term Degradation5 

• Resistance to UV Degradation6 

Load Capacity 

• Maximum Allowable (Design) Strength7 

Recommended Allowable Strength Reduction Factors7 

• Minimum Reduction Factor for Installation Damage (RF10)8 

• Minimum Reduction Factor for Creep (RFcR) 

• Minimum Reduction Factor for Durability (RFo) 

Dimensions and Delivery 

Units 

kN/m (lblft) 

kN/m (lb/ft) 

kN/m (lblft) 

mg-cm 

% 

% 

kN/m (lblft) 

MD Values1 

31 (2,130) 

70 (4,800) 

66 (4,520) 

730,000 

100 

95 

30.2 (2,070) 

1.05 

2.21 

1.00 

The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 1.33 
meters (4.36 feet) in width and 76.2 meters (250.0 feet) in length. A typical truckload quantity is 432 rolls. 

Notes: 
1 .. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM 04759. Brief descriptions of 

test procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. . . 

2. True resistance to elongation when initially subjected to a load measured via ASTM 06637 without deforming test materials under load before 
measuring such resistance or employing "secant" or ''offset" tangent methods of measurement so as to overstate tensile properties. 

3. Load transfer capability determined in accordance with GRI-GG2-87. 
4. Resistance to bending force determined in accordance with ASTM 05732-95, using specimen dimensions of 864 millimeters in length by one 

aperture in width. 
5. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 9090 

immersion testing. 
6. Resistance to loss of load capacity or structural integrity when subjected to 500 hours of ultraviolet light and aggressive weathering in 

accordance with ASTM 04355. 
7. Reduction factors are used to calculate the geogrid strength available for resisting force in long-term load bearing applications. Allowable 

Strength (Trulow) is determined by reducing the ultimate tensile strength {Tun) by reduction factors for installation damage (RF10), creep (RFcR) and 
chemical/biological durability (RFo"' RFco·RFso) per GRI-GG4 [fa~~tm = Tu1/(RFio-RFcR·RFo)J. Recommended minimum.reduction factors are 
based on product-specific testing. Project specifications. standard public agency specifications and/or design code requirements may require 
higher reduction factors. It is the responsibility of the designer to ensure that appropriate reduction factors are applied. Contact Tensar 
Earth Technologies, Inc. for further recommendations. 

8. Minimum value is based on Installation Damage Testing in Sand. Silt, and Clay soils. Coarser soils require increased RF1o values. 

Tensar Earth Tec:hnologies, Inc. warrants that at the time cf deh11ery the 
geogrid furnished hereunder shall be of the quality and spec:ficat.ion stated 
herein. II the: ge:ogrid does not meet U1e .specin~tions .on this page and 
Tensar is nobfied prior to insta\!atlon, Tensar will reptace the Gleo.grid at no 
CO:st to the customer. 

This product specification supersedes all prior specifications for the product described 
above and is not applicable to any products shipped prior to August 1, 2005 
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Tcnsar 

Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 

Atlanta, Georgia 30328-5363 
Phone: (BOO) 836-7271 

w1vw.ten.sarcorp.com 

Product Specification -Structural Geogrid UX1500HS 

Tensar Earth Technologies, Inc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser to 
ensure that product specifications used for design and procurement purposes are current and consistent with the products used in each instance. Please 
contact Tensar Earth Technologies, Inc. at 800-836-7271.for assistance 

Product Type: 
Polymer: 
Load Transfer Mechanism: 

Integrally Formed Structural Geogrid 
High Density Polyethylene 
Positive Mechanical Interlock 

Recommended Applications: Sierra System (Reinforced Slopes), Prism System (Embankments), Temporary Walls 

Product Properties 

Index Properties 

• Tensile Strength@ 5% Strain2 

• Ultimate Tensile Strength2 

• Junction Strength
3 

• Flexural Stiffness4 

Durability 

~ Resistance to Long Term Degradation5 

• Resistance to UV Degradation6 

Load Capacity 

• Maximum Allowable (Design) Strength7 

Recommended Allowable Strength Reduction Factors7 

• Minimum Reduction Factor for Installation Damage (RF10)
6 

• Minimum Reduction Factor for Creep (RFcR) 

• Minimum Reduction Factor for Durability (RFo) 

Dimensions and Delivery 

Units 

kN/m {lb/ft) 

kN/m (lb/ft) 

kN/m (lblft) 

mg-cm 

% 

% 

kN/m (lblft} 

MD Values1 

52 (3,560) 

114 {7,810) 

105 (7,200) 

5,100,000 

100 

95 

45.2 (3,100) 

1.05 

2.40 

1.00 

The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 1.33 
meters (4.36 feet) in width and 61.0 meters (200.0 feet) in length. A typical truckload quantity is 324 rolls. 

Notes:· 
1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM 04759. Brief descriptions of 

test procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. 

2. True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materials under load before 
measuring such resistance or employing "secant" or "offset" tangent methods of measurement so as to overstate tensile properties. 

3. Load transfer capability determined in accordance with GRI-GG2-B7. 
4. Resistance to bending force determined in accordance with ASTM 05732-95, using specimen dimensions of 864 millimeters in length by one 

aperture in width. 
5. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 9090 

immersion testing. 
6. Resistance to loss of load capacity or structural integrity when subjected to 500 hours of ultraviolet llght and aggressive weathering in 

accordance with ASTM 04355. 
7. Reduction factors are used to calculate the geogrid strength available for resisting force in long-term load bearing applications. Allowable 

Strength (Tonowl is determined by reducing the ultimate tensile strength (Tult) by reduction factors for installation damage (RF1o), creep (RFcR) and 
chemical/biological durability (RF0 = RFco·RFeo) per GRI-GG4 [Tallow= fui1/{RF1o·F:lFcR·RFo)J. Recommended minimum ~eduction factors are 
based on product-specific testing. Project specifications, standard public agency specifications and/or design code requirements may require 
higher reduction factors. It is the responsibility of the designer to ensure that appropriate reduction factors are applied. Contact Tensar 
Earth Technologies, Inc. for further recommendations. 

B. Minimum value is based on Installation Damage Testing in Sand, Silt, and Clay soils. Coarser soils require increased RF1o values. 

Tensar Earth Technologies. Inc.. warrants that 31 lhe time of delivery the 
geogrld furnished hereunder shall be or the quality and specification staled 
herein. !r the geogrid does not meet l.he s.pecifiea.tians on this page and 
Tensar is notified prior to jn~tatlaticn, Tensar w1U replace the g:eogrid at no 
cost to the r-45tomer. 

This product specification supersedes all prior specifications for the product described 
above and is not applicable to any products shipped prior to August 1, 2005 
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Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 

Atlanta, Georgia 30328-5363 
Phone: (800)836-7271 

ww'lv.tensarcorp. com 

Product Spacification M Structural Geogrid UX1600HS 

Tensar Earth Technologies, Inc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser to 
ensure that product specifications used for design and procurement purposes are current and consistent with the products used in each instance. Please 
contact Tensar Earth Technologies, Inc. at 800-836-7271 for assistance 

Product Type: 
Polymer: 
Load Transfer Mechanism: 

Integrally Formed Structural Geogrid 
High Density Polyethylene 
Positive Mechanical Interlock 

Recommended Applications: Sierra System (Reinforced Slopes), Prism System (Embankments), Temporary Walls 

Product Properties 

Index Properties 

• Tensile Strength @ 5% Strain2 

• Ultimate Tensile Strength2 

• Junction Strength3 

• Flexural Stiffness4 

Durability 

• Resistance to Long Term Degradation5 

Units 

kNim (lblft} 

kN/m (lblft} 

kN/m (lblft) 

mg-cm 

% 

% 

MDValues1 

58 (3,980} 

144 (9,870} 

135 (9,250} 

6,000,000 

100 

95 • Resistance to UV Degradation6 

Load Capacity 
---.~~~im_u_m~A-IIo_w_a_b_l_e-(D_e_s-ig_n_)_S_tr_e_n-gt-h~7 ---------------------------k-N-/m--(-lb-lft_) _______________ 5_9_.9_(_4_,1_1_0_) ____ __ 

Recommended Allowable Strength Reduction Factors7 

• Minimum Reduction Factor for Installation Damage (RF10)8 

• Minimum Reduction Factor for Creep (RFcR} 

• Minimum Reduction Factor for Durability (RFo) 

Dimensions and Delivery 

1.05 

2.29 

1.00 

The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 1.33 
meters (4.36 feet) in width and 61.0 meters (200.0 feet} in length. A typical truckload quantity is 216 rolls. 

Notes: 
1. Unless indicated ofheiWise, values shown are minimum average· roll values determined in accordance with ASTM D4759. Brief descriptions of 

test procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. · 

2. True resistance to elongation when initially subjected to a load measured via ASTM 06637 without deforming test materials under load before 
measuring such resistance or employing "secant" or "offset" tangent methods of measurement so as to overstate tensile properties. 

3. Load transfer capability determined in accordance with GRI-GG2-87. 
4. Resistance to bending force determined in accordance with ASTM 05732-95, using specimen dimensions of 864 millimeters in length by one 

aperture in width. 
5. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 9090 

immersion testing. 
6. Resistance to loss of load capacity or structural integrity when subjected to ·sao hours of ultraviolet light and aggressive weathering in 

accordance with ASTM 04355. 
7. Reduction factors are used to calculate the geogrid strength available for resisting force in long-term load bearing applications. Allowable 

Strength (Tollaw) is determined by reducing the ultimate tensile strength (Tun} by reduction factors for installation damage (RF1o}. creep (RFcR) and 
chemical/biological durability (RFo = RFco·RFeo) per GRI-GG4 rrauow = Tu111(RF1o·RFcR·RFo)). Recommended minimum reduction factors are 
based on product-specific testing. Project specifications, standard public agency specifications and/or design code requirements may require 
higher reduction factors. It is the responsibility of the designer to ensure that appropriate reduction factors are applied. Contact Tensar 
Earth Technologies, Inc. for further recommendations. . 

8. Minimum value is based on Installation Damage Testing in Sand, Silt, and Clay soils. Coarser soils require Increased RF1o values. 

Tensar Earth Tethno!ogies. lnc. wnrrants that at tha time ol delivery the 
geogrid furnished hereunder shan be of the quality and specification stJted 
herein. If the geogrid does not meet the specifications on this page and 
Tensar is nollfied prior to ir.~!allation, Tcns<Jr wHI replace the geogrid ut no 
cost to tne customer. 

This product specification supersedes all prior specifications for the product described 
above and is not applicable to any products shipped prior to August 1, 2005 
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r.lhTERIAl 

3ACr.FILLS01L5 

i'!EIIIFO'iCtD S!.CKFLL ~.'Ai:ORIAL SPECIFI::O SEU/.'1 Sh,:.,LL 3:. Otl-SITE 
SOiLS Or<. SCLECT i'.R::::E DR.~nm;G 3;.CKi'ILL RC:!II~ORCED SACr\i'IL~ 
!,~;, Ti::RI;.~s S!1~LL 5E ;.P"RO :::CJ 3¥ 0'.',1ER Oi< O'MI!:?. S .'!:O?PES:OIJT ~ T 1: 
,t,ND SH.!..Ll MEET TrlE ST.REtlGTri REQUIRt::,I:.Tfi5 .:..S DEFilli:O l:l SECIIO:: 
7.0. Tii:O R~ltJf'ORCED EACKriLL /,\;. TERI.:.L S:l,'..lL ~.IEET T;,E FOLLO'o'IIIIG 
GR,;Q.;TIO.'I 

$1;1,1;312; 
2' 

t;o ~ 

t:o ~0 

:1o200 

PER•:;r:T P~SSWG 

HiE ?ORiiQ:l OC THE r<.::tOIFQRCEO 5!CKFI~L l.t;..T<:RIO:,l f'ASSt!IG ThE No ~~ 
SIE'JE SH;;~l HAVE A LiQU:iJ Ll/.\ii Lt:SS iHA/140 Ai;O A PL:..SiiCITY ~~~DEX 
LESS THAN 6. REINFORCED iF.Ci\FILL /.~.!oTEFii.;L SHALL 3E CU..SSir'IEO FER 
iME UiW=,ED SOIL CLASSI~,c,;TION SY5ii:/.', .:.5 LO":i ?L;.STIC'.t'r' Oi<. ilOil· 
FL-'SiiC SOI~S 

R:;:,:iFORCED BACKFILL ;:.t:o RET:.INED SOIUFILL J.1AiERi.I.LS S-l.;LL 3E i'R!::': 
OFE:XCESS ~.\QISTURE. ROOiS. \,tuCK. S:JO SilO':/. ;:;wz.Et: LUI.\?5 
Oi<.GMliC MATTER OR DiCIER DELETERIOUS /,!A iERI.:.Ls. ALL ROCK 
PARTICLES MID k..:.RO E..:.RTrl CLODS SH..:.LL aE U:SS THA:I THREE INCHES 101 
TriE LONGEST OIMHISIOH REit,"FORCEO s.~cr<.-lll ~.1..:. TEKI.:.ts '.'JHICrl DO 
llOi I.'.EEi THIS CRriERI;. Sli.!,ll S: CotiSIDE'<E:) U:ISUiit..BLE :.-110 Srl,;~L 3E 
MEI,IO'JEO 

GEOGRID MEIIIFORCEI.IEIH Sn.:.Lc BE iENS;.R UNIAXIALGE:OGRIOS 
!.\:.-t:uf:.-CIURED aY lt-.t "iEtiS.:.R CORFQR:.,i,OOI. l.'.ORRO :1. GEORGIA 

GECTEXiiL: FABRIC SH.t.LL 6E AAS-JTO f,I20B CL.:.SS 3 GEOtEX!IlE 

TH£ wr.:...L i' ACit>G ShAL'- SE G!l VAtliZ.ED 1 .8CfXt2 61' 10.1<a~· 9 ~ 0.243"~1 
,'/ELDED '.VIRE FOF!t.IS \'liRE fO'"·~ G.:OI.IETRY Sh.:.L! .. 3E AS DEV,ILED Ill 
THE COIISTRUCiiON DRA".'iltiGS 

TjiC-It>lpLREQUIR;r.Ftn<: 

THE O'.'lllER OR O','INER"S REPRESE/HJ. Tl'lE SnALl "IE RIFT THAi 
REitiFORCEG a,;CI\FILL 1.~,:. TERIAL MEETS TH:: G.'\..:.o,:. TIOil .;t;O OTh::OR 
RECLJIREI.'ENi5 OF SECTION 1 1 PRIOR iO Pi'o:OCEEDIIIG 'o'.'ITH 
COIISTRUCTIO/: 

F::::IOR TO CO/lSTRUCTIOtl Oi' ThE TEilS.;R REltiFORCEO ,'o'hll THE 
C:JIIi.'lACiOR SMALL CLEAR AIW GRUB THt: REINFORCED 9.:.CK:ILL ZOI:E 
.:..R;:t, REMO'/itiG iOPSOIL. BRUSH. SOD OR OTHER ORGAtliC OR 
DELETERIOUS t,lATERI,I,L. MIY LJ!JSUITAELE SO'LS SH!LL3EOVE?. 
EXC..:.v:.TEll. REPL;.CED .:..110 C01.'P,1.,CiED m7'"l E:.CKFILL /,!,!,iERIAL TO 
PROJECT SPEC!;ICATIOI:S OR;,:;, OTHERf','ISE DIRECTED 6Y Trl!: O'MIER OR 
O.'."iJER S REPRES.EtH:.H!E 

FOUNDATIOI: SHALLCE PREPAR:':D ,;s Pi:R PRC:ECT SPECIFIC:..TIQ/:S ihE 
O~'.'NER OR OWNi:R"S. REFRESEIH,!,TI'IE ShALL COiifiRM THAT ThE SliE HAS 
BEEN PROPERLY PR!:PARED .:..t:D THE DESIGII ?.;R;,t,'HERS Ill S::'Ci10i17 D 
,I,RE ;.pPRO?RihTE PRIOR TO FILL PLACE1.1E/H 

FiLL SHALL SE PU,\:Eil Ill MOfiiZOI•iAL LMERS iiOT EXC~EDIIJG 10 IIICMES 
IN UtKOMPACTED THICI\NESS FOR hEA·/Y CO~.~PhC"TIO~l ECJUIP1.1Et1T FOR 
ZONES WH:':~E C01.1?-'ICTION IS ACCOMPLISHED "o':liH HAND·OF£Rt. TEO 
EOUIPI.\HH. FILL SH,I,LL BE "LAC::O iN riCRIZQ:Ji;,l LA'rE.'!S t~OT EXCEED•.'IG 
a I:JcnES Ill UIICOI.lPACTED HiiC.-<NESS ONL"f Hr.tJC.QPERATED EOLJIPMEI:i 
SH,I,LLBE ALLOWED '.'.'liHitl irlREE fEEl 0.~ T."""i~ BAC~ FAC~ OF ~'IJ.LL 

fll~ !.t.:..IER!~LS St-ALL BE PLACED fR01.1 iHE B>-CK OF i"Hi; ".'.'i;LOED 'Oi<F.E 
r'ORMS TOW.:..J=tOS i"Hi: i:NDS OF TkE GEOGRID TO ENSURE FURTHER 

FILL SHALL BE COl.' PACT EO t-S S?:'CIFIED 3Y PROJ::CT SPECIFIC:..TIOt~S OR 
iO.; :,l<lli!,liH.l Oi= S::i''. Of ThE ),IA.X:•t.IU~I DRY 'J:'tlSIT¥ AS O:'T:'iU.!It:ED 1~1 
..:.CCORDt..~KE ",','iT11 AASHTO T-99!Si..;/IO.~P.D ~ROCIORJ . .:-T A MOISTURE 
CO:iiEIIT :10GRE4TER Tri,I,N :2 P::RCE~H..:.GE i'OitliS '."1::1 A~iD tW LESS 
ThA/11 PERCE/HAG:: i'CW:T DRY OF OPT1~.1U~~ 

TESTI~lG ),'::;T -OOS ~tJD FREC UENCY. ;,::1:: "IE?.I?iCA IIO:l 0.~ J.!.lo J:Oil<;,. 
S?ECifiCATIO/IS SP.ALlBE Tr:E RES?OilSJ31~1iY OF THi: 0'.'1/li;?: OR 
0':.'!--IERS R:EFRESHJi;,TJVE 
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CONSTRUCTION REQUIREMENTS FOR PLACEMENT OF TENSAR GEOGRIDS AND 
BACKFILL SOILS FOR TENSAR SIERRASCAPE REINFORCED RETAINING WALLS 

'O,E:.LC::CJ ~·;IS:': F . .:.C,NG Srl,I,LL 5:0: ERECTED ;..::D :.\.:.ltli . .:.ltJ::O DLJRiiiG 
CQ),S7RLJCI0'l TC- irlE B.:. TiER AS SH0\'0!1 011 irlE D.~;.w.t:GS I:ICI'.'IOUA~ 
tiiRi: ~oR~.! O.:F"CR~.II,IiO/:S SHALL 3E LI!.!ITED 10 251NCHES AT TriE TOP 
;..::o;.., 5'JLGE 0~ 2 itJCHES. !,1-:;ASUREO FROIJ 1HC. 3;o.sE OF TriE ;;1R;: FORI.' 
irlE COtnRJ.CTOR SH,I,LL ?RO'/:Oi: ALIGII:,\EIH CCtli"!OL FOR. E..;C;, COURS'.: 
C~ ."."ElD:'iJ ,".'I.~E FOR I.'S .:.NQ 1.\;.,<;E .:.LIGIHJEI, T CORRECTIOriS AS 
11ECESS;:..f<Y 

:F E!ICESSI"IE o::FOR!.I.:.. i'O~~ OCCURS .:..S Ot:FI:E;:I ~y 3ECTI01l 2 8 
COI.I?.:.CIIO:I PROC~DU."i::S 5.'10ULD :ii: :.~OOI,:IEO TO i'RO~IDE I.IAXI~.·u:: 
.:,: LO".'/.;ELE COI,'?.:.CTIOil A i iCE ",','.;LL ;:=!.CE ALSO. :..ODIH~I/..:.L SiRU'3 
:.· .• ~T ;t: RtQLJI?.EDiO SWFEll hiE '."11?.\:. F..:.CE 

,',ELCED O.'IF:E FORI.~S Sd~Ll6:0 lllS:AlLED US!:JG THE CORRECT .:..i;GLE 
5ri0.",'!1 O;l TM<; DR..;'.'IIIIGS i;iE Er<CS Of TdE onRE FOR:.~:, Sn.:,LL BE 
O'd:::RL.:-??':.0 2.~ lnCHE.S ;:..rl(} ihE ;; IRE. FOi<.l.' lCIHTS SH.:.LL BE ST..;GGi:i<.EO 
.'::fiTIC.:.~L \ AllY ?ROTRUDit:G \'II":ES Sh;~L 5E SEll! OR CJT OFF 

;.. CCIPLEIE 5~1 0~ .:.~F?.OVED COIISTRUCTIO'I QR,I,\'.'It/GS ,l,/lD COrnJ'i.;CO 
S?ECII'IC,I,i!OtiS SH:.-LL 8:: ON·SI"i:: ~~ ;..Ll ili.IES OURIIJG COHSTRtJCIIOI/ 
Oi- 7hC EI:S.:.R REI;.=OR:EO RET;..I:/1:/G \",/-Ll 

"iEi,S.;Rt:;~I.DF'...~.~Ic£1H 

iE11S.:R GOOGR<D s;-.;:..LL :OE PLACi:D ,;i iME LCc;,TIOilS AND ElE'IAi"IOiiS 
Sh::'Nt, Ct; IHEO?.;:..\'o'IIIGS 

;::e:S;..R GEOGRID LEtiGihS SM.:..~L EE ;,s sr::;·;::, 01> iM~ COIISTRUCTIOt; 
oR.;\'/11/GS TEIJS.;R GEOGRJD LE/IGiHS ARi: 1.1i":J.SURED FROM THE 
COt::IECTIOII LOOP EXiEND!/IG 10 ihi; T !IL Or' TME GEOGRIDS 
F.E.t,;:ORCi:.JFILLZC:JELEt.GTH (3,!,SEo'OIOid\IS/,IEASUREOi'iWI.I H-:E 
i'.'<OilT i'ACE Oi' iM<' 0/:.LL EXH:t:DihCl TO TME T,;IL OF THE G.EOGRICIS 

T~~;S.:..R GEOGRID RE:/lFORCE!.1E:IT SH,.:.,LL BE COI;TitlUOJS THROUGHOUT 
7HEIR El.tBEDI,\:':IJTLEIIGTH(S) 

TR:.CKEO COOlSit<UCTIOil EOUIP/.!Erli SHALL liCIT BE O?ERAiEO DIRECTll 
CN THE GEOGRID ;...1.\IWI.!UM B,.:.,Cr\~ILL TrliCKIIESS OF 6 IIJCHES IS 
REQUIRED FOR OPERA liON OF TRJ.CKE!J VEHiCLES OV~R THE GEOGRIO 
TURNING Of TR:.::.<ED 'fi:HICLES SrlOULD r\EPi TO;:.. ~.WOII.lUI,! TO PRE VEt, T 
7RL.CI\S FRO!A OiS?LACI:1G HiE FIL~ At:OrOR ThE GEOGRIO 

i\l!5BER-Ti.'<EO 'IEhiCLES l.l,; Y p;.ss O';ER Tr1E GEOGR:D REit-ifO."!CEf.!i:lli 
.!I SlC'."I SPEEDS LESS TkMI 10 f,'Prl SUDDE116RA~I/IG ArlO SHA.RP 
TUR!If/ll:i ShALL EEA•IOtDED 

TEiiSJ..R Ulii:.>-:J..LGEOG.'!IDS SHAlL5ECUT ::.::x_o TO THE CROSS·/,I.:..C,l[:IE 
DIRECTIO!l3.;R. i.-lEGEOGR:D3rlAlL3E PLACED SUCh T!-i:.TidE 
C:JW:i:CTI0/1 LOOPS P.:..SS irlROUGH !Hi: LO/:G ;.xiS Oi' r,.;E ,I,PERTURES 
,y,:.Crlll,i: DIR.i:C:TIOil) ';;IT!-:(;;£ CQ,·a.::;cT:C."I ?.00 ihRE;.D;::D iMROUGH 
i;-iE COm;ECTIOM :...oOFS am OVER irlE LOt~G .:.xiS Of THE ;,PERTURES 
ii:t~SAR U/li.:.XIAL GEOGRID SH.:..LL BE ROLLED OUT '.'llt'1 THE !,t:.Cf·n:::; 
OIR.i:CitO:lPi:RPEI;DICULAR TO ikE ,·, . .;LLF:.CE 

;.. !.IIN:/,\U1.! OF J II:Ci"1ES OF ~Ill 1.\;:..0ERIAL SHALL SE REOUI'\ED SET'.";EEII 
LAYERS 0~ UIIIAXI.:,L G::OGRID!;;. UIILESS OTHER\'IISi: SriOW!I 

Cf'MJ•3ES TO GEOGRICI C,I,YOUTOR Plt.Cn':ili 

~.0 CHMIGES TO THE Er<s.;R GEOGR.D L.:.YOUT.I/iCLUDI!IG BJT IIG-i 
Ll/,1!1::0 TO. LEIIGTH Qi::JGR•D IYPE. OR ELE'iAliJ/J SH~LL bE l.lJ.02: 
.",lit-:Ou< Trl:: DPR.:.ss . .'IRITTEfl CO!~SEt;T or TEtiSAR ;:;:..;;.TH 
T;:Ci-:IIOLOGIES ltlC 

-JR!i.'l"G" 

;..T TH.': EI:O OF E~Crl ;,QRKD..:.Y. BACf..Fill SLJRCACE SM.;LL a:: GR'-.0~0 
.:.:1:r i'R:::.' THE ,'.'ALL r.:,c;;. :.\1/."IJ,"JI.I OF 2 Pi:R::E::i SLD?E ~1:0;, 
TE~.IPORAR~ SOIL 6ERU S/-';LL 6t COiiSiRUCTEO r:E.:.=<. '-lE ::.:.Ll CREST TO 
??,::'IE/:1 Su.'!F;.C"E •::~ TER i<.U:iOFi= FRO!.' O'.'ER"'iOPfi\IG iHE V:.:..tl 

;.o TdE E/lO Or EACii ,':ORKDM. BACKFILL SiJRF;.CE SHALl. BE COM?.;::;TED 
.'.'IT '"I.; S~.lOOi\1 'OihEEL ROLLER TO l.llti<~.11Z:: POtiDIIOG OF 1'/;,TER ;.1,0 
SAiUR:.TJOtiOFirlE BACKFILL 

TH::O EtiGIII:OEf'W:G. DESIGN, AIIALYSIS O::o.:.llltl:; .;JW MIHGAiiOt; OF BOTrl 
3U'lF;,c:: DR;.I1;.-\GE .!1:0 ;;;:_;:p.;GE Of ClR.OUIID'."/.:. TER SH..:.LL SEidE 
RES?O:ISIBILiiY OF IH:O :)'.".'~::OM 0"( 0"011/::;R·s KE?R~S:rn ATI'/E 
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50 
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j2j 

n 
7.32 

so 

0.1 

81 

Fi:MI,It-NEJit SUKF.:.CE "."J!iER i)I"/ERSI0/1 SHA~l BE R;:GUI'lEP ;:..rE) 
FM0<•J..Ji:L.J !II <r1; U."/N:.""< 0:<1 \JMI::R. S REPRESi;l<f:.TI'JE. 

Trl::: iEN5..:.'< .'\EIHFORCED ',·~;..lL HA:l &0::::011 D:OSIGtiEO ON T,E ..:.SSU\,1?11011 
Trl,!, i i~E REI'IFORCED g;,c.;.~JLL I.:I,T;:RIAl SkALl BE FRE:: Oi'" 
SUBSURFAC<: DR.;lt:AG:: OF OIAiER (Si:EP.:.G::). FERI.i.:..ti:J, T SU3SLiRFAC:: 
\';;:, TER {S::r:F.:.Gi:) C:O!..Li:·:TID~I AiJD DI/ERS:ON SkALL EE irlE 
RE:.~01iSIB.IliiY 00: TrE O'.'i:IER OR O'.'ili'irrs REPRESE/li,:.:I'/E 

C.:.RE SH.:,ll <>E i"t-i'Et; /lOT TO C:O:H;..fAI/iATE TH~ GEQTEXiiLE ;::.!.5RIC ,"IIi:' 
FltJ;:.G.R.:.I."Ii;O SOILS 0'\ Oiri::R D.::t.EiERiOUS /.~,; ii;RI.:..lS 

~.IEi'"iOO OF P.;YI.'E'H 

SEE co:nR;.cr DOCUI.'.Et:IS 

OESISI1 ?.;R.:..•.!:;TERS 

DESIGU OF 1,.;::; REII,~O?.CED SOl~ STRUCTURE IS S:.SED ON THE 
fOLLO'.'I'oHG P.:-?..'-.!.'."E~ERS 

EFFECT!'.'= EFfECTI'.'E~ 

R::l.'l.-ORCED 5 . .;Co\FIL~ 
R::T;..,t!EOSOIL 
FOUIIO.;i"!Qtl SOt. 

F.;CiQRSOF SAFt.Tt 

1: IT:: R: ~ ;.,~ S T,; a,L li"r" 

FR<CII0/1 ..:.I.GLE CQ'1;:~10fl lli.!Q..:ii 

355" 
32' 

~ ~ 
1,!/!ll'.lUI.! F.:.CTOR C·r' S.:.F;:TY fOR GEOGRIO Si."i:NGTh 
t.:IN1!.11J,'.1 F.:.CiOR Of S.:.FETY FOR GEOGRID PULLOUT 
Ml'li'~UM F . .;CTOR C.~ S..:.FETY FOR CO.'INECTION 
SOIL·G::.OGRID I::':E.RACH~IlCOEFi=<CIEI:T 

•15 •11 
~ I 5 • l 1 

"';:;RCENT COVERAGE OF GEOG'!!D 
!JESIGilliFE 

EXTE~.'O;,~ ST..;BiliTY 
t.ill:1!,1ut.l FACTO-" OF S.:.F~-:-y ~OR SLID</l3,; T a:.SE 
1.1A:>-I.'.~U!,I fACTOR. OF S.;Fe:TY FOR ::CC~'ITRICITY. o•L 

G<.OE;.LSiA51l'TY 

•15 
"oa 
•94'; 
~ 75 ~EARS 

=15 •11 
~ 1•3 

GLOB.:.l S7;.6:LITY ,:.~0 fOUt:C:.TIO!! SE,.:.,Cl.IIJG OF..:.CiiY .:.RE THE 
RESFONS!BILIT'r OF ihE 0'.".'1/ER. OR o·;n,ER S REPRESEiiiAii'/E TEIIS.!R 
e;.Ri'i TECHI:OLOGIES l!lC.J..CCE:>iS 1.0 LI!,EILITY CR RESFONSIB!~ITY FOR 
GLOB:.L ST !Bil!TY OR FOUiiDhTIOii 5E,1,fW:G CAP:.CJT• 

LQ;,OitlGS 
iR.;.FF<C SURC;,.:..RGE 
SEISMIC ;:..cc::L.:i'\;TIOII COEFFICI~Jli 

HYDR.OST,.:.,TiC DESIG/1 

:250;:si 
•02t>2g 

CROU:W'Oil- I :OR!? Hi\ E.~ i~C ARE SURr::.CES lWi COIISIJERi:D Ill iME •'I ALL 
DESIGN. I'IAiER SURf!C~ IS .:.ssu:~:;:D TO SE SUi'"FICI~NTLY BELO','J 30TiQ!.! 
OF \'I.:.LL .:.S /JOT TO l:tFL'JEIIC;: <I:TERtt.:.L ~1:0 EXTE.'!/I.:.L ST ;:..BIL!TY 

M,I,XIMU~: ,;pfLIEO 5Et.Rii~G ?RESSURE (STAi<C) "'3~15 os! 

s:o::;:;,:;L PRO'II.SIOIJS 

IHE OESIGil PRESEI,ii:D H;:R.:I!IIS 3.:.5:0:0 ON SOIL P;,?,;,l.~i;iERS 
FOUtiD.:.TIO:I COiiD<TIO/iS GROU:W".'.'A TER CONDtiiOtiS :..t:D LOADIIJGS 
STATED !II SECTIOII70 

•;;;:..L~ ::LEVhTIOil .'IE"l;S ;110 LOC,I,TIQIOS. !.//0 GE:OI,!i;TRY OF :OX!SIIIlG 
STRUCTURES MUST 3E VE.::li.-IED BY iHE OWI!ER OR 0\'lliER S 
REPii.ESEtiT..:.ii'IE PRIO'l. TO CO/ISTRUCTIO:I 

i"Et.SAR E.:.RTh i;:CH//OLOGI£5 HiC ;,SSUI.~ES :to LIA9iLITY FOR 
I:ITER?Ri:T;..TIOti OR '.'ERIFJCt.HJ/1 OF SU3SURf;..CE COiiDiiiOflS. FOR 
SUITABILIH OF SCIL DESIGt: .~.!ru..t.IETEMS OR FOR 11/T.ERPR;;:T.;ri::Jil OF 
SU5SURF:.C::GROLJriO",'/AiERC011DITIOIIS 

~~~~~~~~ REVISIONS\ ISSUE ~~ 
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''"'~ 0:, •.:: ::. ::-=: ::: :::::::;:: :-:;:""':-:::::::-:-;, 7: ;;:: ,,; ;:;t;~;:v .. .,,~~r: r=ur:. 
RE'/IE'.'I!IlC .:..;m "."ERIFYIIIG ih:.T THE ACTU..:.L SITE CO/,\)I~:OCIS AND 
?AR.!,I.'i:T!:RS ;..;<.:; .;s. Oi:SCR:5ED HERE Iii ?RICR TO ,;110 DURII~G 
COilSiRUCiiOil TCIE 0.':1/ER OR 0'.'/NER S i'IE?RESE1, iJ,ll'/0:: S>-l~LL :>:: 011· 
SITE TO :..SSL'RE CO,.ST;;UCTIOI: IS IN ACCORD.:.I~CE \',ITH TrlESE 1WTE5 
.:..:m ORA.",'II,GS .:..tH; PiE COIITR.~CT PL.:..r/S .:.t.O SFECI~ICt..i",OI:S. ikE 
CCtliR;.CTOR Srl.:..LL FOlLO\',' TH~ INSTRUCTIONS PROVIDED 11: iHE .',ELOED 
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~ REINfORCED 
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1. SEE SIERRASCAP~FACING UNIT DETAIL fOR FACING W.TERW.. 
AND DIMENSIONS. 

2. ALL FACING UNITS SHALL BE GALVANIZED PER ASTM A 123 
AflER FABRICATION. 

3. OPTIONAL - AlliiN LAYER (2" MIN.) OF RNER STONE (1/4"-1} MAY BE PLACED 
AT THE TOP OF EACH UNIT TO PROVIDE A L..EVEl. SURFACE FOR THE UNIT ABOVE. 

SIERRASCAPE® FACING DETAIL 
NOT TO SCALE 

HTO 1.4288 CL6SS 3 GEOTEXT1LE 

r TENSAR STRUCTURAL GEOGRID 

,....__, REINFORCED vm-z..... 

1. SET TOPMOST S!ERRASCAPE FACING UNIT INSIDE 
FACING UNIT BELOW TO FOI..lOW GRADE. 

2. HORIZONTAL WIRES OF TOPMOST FACING UNIT 
MAY BE CUT TO ALLOW INSTAllATION OF STRlJTS 
ON FACING UNIT BELOW. 

NESTED BASKET DETAIL 
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SIERRASCAPE® FACING UNIT 
NOT TO SCALE 

--006602 ..... 
00660210.0WG 
----.;;o;;;-

5/24/05 

LASO TA-73 AIRPORT LANDFILLS 
J} 

... 
AS SHOWJ< -· ClC ..... 

KJI( 

n_,v 

W.O. NO. 13104.002.001.7000 

LOS ALAMOS COUNTY, 

TYPICAL 
DETAILS 

NEW MEXICO 

Sheet Number 

10 OF 11 



HORIZOtffAL WIRES ON VERTICAL 
SIERRASCAPE~ FACING UNIT 

1Hf---FR0tff FACE OF WAU 

HORIZONTAL WIRES ALONG BOTTOM 
OF SIERRASCAPEI FACING UNIT 

SIERRASCAPE' OUTSIDE CORNER UNIT 
NOT TO SCALE 

SLOPED FILL AT TYPICAL 

SIERRASCAPE
41

FACING UNIT SIERRASCAPE.FACING UNIT 

PLAN VIEW 
CONNECTION ROD 1illiES: 

CUT GEOGRIO TRANSVERSE BAR 
AT APERTURES BE1WEEN WIRE 
PAIRS TO ALLOW CONTACT 
BETWEEN GEOGRID AND 

1. SEE SIERRASCAPE FACING UNIT DETAIL FOR 
FACING MATERIALS AND DIMENSIONS. 

2. lWO ROLLS OF UNIAXIAL GEOGRID SHALL BE 
PLACED ON EACH SIERRASCAPE FACING UNIT 
WITH TWO GEOGRJO RIBS BETWEEN EACH PAIR 
OF WIRE CONNECTION LOOPS. 

TOP OF SIERRASCAPE~4 wm GRADE CIWIGES 

r • ----_ ------ j-j-~24" (MIN.) / ____ [_ 1.::~~~·~.-~~t.:·-._ 6~~rir~~E~NfT Q[l,6JL ----.--'-~~- II '------1 _2__ 

LOOPS (MAXIMUM OF 5 CUTS 
PER ROLL WIDTH OF GEOGRID) 

EXTENDED HORIZONTAL WIRES ON ONE 
FACING UNIT OVERLAP THE HORIZONTAL 
WIRES OF THE ADJACENT UNIT 

3. DURING INSTAllATION BUTT VERTICAL WIRE 
OF ADJACENT FACING UNITS TO PROVIDE 
2.4" OVERLAP OF HORIZONTAL WIRES. 

...l r 
\_ SiERRASCAPE FACING UNIT 

= 1. SEE SIERRASCA?E~ FACING UNIT DETAIL FOR FACING 
MATERLALS AND DIMENSIONS. 

2. USE SIERRASCAP£3. FACING UNIT TO FABRICATE CONTINUOUS 
CORNER. PROVIDE 24• (MIN.) OF SIERRASCAPE:. FACING UNIT 
IN BOTH DIRECTlONS /JS t.IEASURED FROM THE CORNER 
BEND. 

3. INSTALL ADJACENT SIERRASCAPEZ FACING UNITS TO PROVIDE 
4 • OVERLAP Of HORIZONTAL WIRES. 

TOP OF SIERRASCAPE' WALL. FINISHING DETAIL 
NOT TO SCALE 

~2006.TD'CSAA~~tlt. 

TYPICAL S!ERRASCAPE® GEOGRID COVERAGE 

~ SIIERRASCAPE 
;;:--:=- RETAINING WALL SYSTEMS 

Em Tensor Earth Technologies, Inc: 
5883 Glenridge Drive, Suite 200 
Atlanta, Georgia 30328 

Tensar (404J 25o-129o 

NOT TO SCALE 

REVISIONS \ ISSUE 
5/24/0£ \ ISSUED FOR R£l'lEW ' ... ~_.:-.. 

CUT OPENING IN GEOGR!D A MAX. OF 2" 
LARGER THAN VERTICAL STRUCTURES 

GEOGRID PENETRATION 
NOT TO SCALE 

~INIMUM 3" OF SOIL 
BETWEEN OVERlAPPING 
lAYERS OF GEOGRID\~ 

·~·i>< 

GEOGRID PLACEMENT ON CURVES 
NOT TO SCALE 

--006602 ..... 
00660211.DWG 

LASO TA-73 AIRPORT LANDFILLS 

-=-5/24/0£ 

'"" >S SHOIII< -· CI.C -· KJK 

~;'l 

W.O. NO. 13104.002.001.7000 

LOS ALAMOS COUNTY, 
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~HSS 6" • 6" I '-~ND\IALL CClUHNS 

HSS 4' ,. <I" 
PART[TJ(JN COLUMNS 

r'UP - MQH(NT ARYl 

1 
rUOVN _ HOt€ NT ARYl 

UP - DDVN • STOP 

TTPICAL £.U:;CTim:At. LAYOUT 

tt!Uil!l!. 

~ 
_I 

~ 

29 GA. n.t.L !-EIGHT 
GAL VALLIHE PARTITJON-
SH((TS, ONE SIOC ONLY 

~ 

I 

~ 

V6 OOUBL( 

-0.-------------- ooo•cocuHNS~ -------

1
24 vm.t PUSHBUTTON 

STATICfl 

.,...------- ...... , ~~T~-~-~p~ 

p$:&------- -~--~~~~(~~~~----"' .. _& 1-3060 ----------- --------- -~--------------------r Jr I 
1-----------45'-lr 45'-0" 45'-0'---------~----------415'-ll'" ~ 2.2'-6"-----j-
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~ 

TOP RUBBER ASTRAGAL-, 

I 

BOTTOt II!UIBER ASTR~j 
<8) 3060 \J'HIT£. 'LUSH STEO.. 
WAU< lnlOR Vll'lt £-A-T, JNC_ 
STANGARD SOI..AG£ LOCKS£T 

C1 
L (8) .t.t'-6" • H'-0' CLEAR 

IDJR OPtNING 

FLOOR PLAN 

.26 GA. GALVALUt£ IU:Dr PAII£t.S l 

C1 
FRONT SIDEIJALL ELEVATION 
<REAR S!DEVALL ELEVATION S!M[LARJ 

81-I'Dl.lt IIIJI:RS SKrJN 

ur OVE:RHP.NG 26 UA. RAK£. TRIHl 

12 -----,I IN~N~SIT~l 

I 
16'-6• 

-

ALL CIJIIC(PTS, DE.SIGN LAYOUT PLANS. DE:TA!LS AHD 
ARRANGEMENTS INDICATED BY THIS DRA'VING ARE 
Tt-l( PROPERTY OF' ERECT-A-TUB£. INCCRPCRATED. 

111111111 
tl 

JAA 

L u GA. W'All PANELS GRAD£ TO Sl.D'( .... ,.,.:J 
F'ROM 81-ftJ..lt DOOR THR(:SHCJ...D 

R.H. ENDIJALL ELEVATION 
<L.H. END\IALL ELEVATION SJM[LAR) 

c;j 

GENERAL NOTES 

1. ALL PRIMARY AND SECONDARY STE:EL TO BE RE:D P~IMED. 
<INTENDED FOR Si-IORT TERM EXPOSURE ()NL Y> 

2. LOCKSETS TO BE ~scHLA(j[". KEYED DIFFERENTLY AND MASTE:R K(Y(D. 

3. ROOF OVERHANG TO 8( 10" fROH STE(l LJNE. 

il. EXTERIOR \/ALL PAN£LS. AND TRlH COLORS TO BE DETERMINED BY OW'NER. 

5. \IALK DOOR IN Bl-fOLD DOORS. SIDE AND END 'JAl.LS WH(R£ APPLICABLE. 
TO BE FLUSH AND \IHITE IN COLOR. <PER HANISACTURERS STANDARD> 

6. BI-fDLD DOOR PUSH BUTTON OPERATORS: HDM£NTARY PRESSURE "DOOR OOIJW 
& 'DOOR UP'. 

7. BI-FOLD DOOR ECUIPP£0 \liTH MANUAL CAMLOCKS 

111111111 

L2fl GA. VAlL PANELS 

COPYRIGHT -- TH(Y \l(li!( CREATED AS INSTRUMENTS or SERVICE 
fOR lH( SPEClrJC PROJECT AND SHAlL NOT BE USED 
OR IO!(PIO!CDUCED 'VITHOUT THE EXPRESS \IRITTEN 
CONS(NT or tR(CT-A-TUBE. INCDRPORAT(D. 

I 
16'-6' 

I 

j_ I 

8 I ........ ,__ 

z. 

DETAIL DRA\JtNG XEY 

~
DETAIL 

UMBER 

5 
rROM TO 
SHCET N[J. SHEET NO. 
<TH!S SH((T) (0ETA[l SHQ\.IN) 

ER:~LEE~ 
701 'JEST PARK STR(E;T 
HARVARD IL 60033-GtOO 

IFriC£: 81!5-943-40~1. 
r AX 81'5·9•3-7756 

'f;)+-

r= J 
LOS ALAMOS, NM 

8 UNIT N60-45 

(FLOOR PLAN AND ELEVATIONS ) 

101'1 --
S021So:i 

- 2-15-2005 1 OF 3 
-"'CRL - ..... 

'L! 



(i) 19 0) 0 G) @ A 
"-' = = = '-"J '"" = 

' @ @ @ e -5 @ @ @\ e 

O lli'll ii'·6' ~ 45'·0" ------- -45'-IY -,.;;.,:: ;:,· --- <15'•0' 45'·0"------l 
I ~za·-"' c.r-r I ai?'·•· z.!"~a· ~-·· cz--ft' 22"-4' .tc·-•·---1 

\9 ~., .. - ·r-~- =--=------F--------~E-------F~ ------·-r-- ··--~-l r·-- ~E F-----

$1..0Pt L I I I I 

D-l1'·l\-fi1•J'--l-u··T i .N' i 11-T--!---u··l' i .... ,. i 11•]'--l-11·T i IV2'::.~·· i II'·T-+-11·3' i ,,._.. ~~--- .... ,. 

~~~~,-~-~-~-i,~---~-~+,-~-~-~-1,~-~-~-~+,-~---~-i,~ ~-~-~+,-~-~-~-1,~-~-~--~~~~ ® 

r-~ I : : L<v<c i i i ~vtc i i ~_j 
1 1 i i i i 1 i i i 

w-e-; 
,.. ... I ~ 

B •G •G •G •G •G •G 

1 
•G •G 'G 

.--n·-:r 22"-6' u·-J"~ll--3" 22"·6' 11'·3"----j-11-l'" 22'-6' u·-J" u·-:r za--&· Lr·:r----j-n'-3· w-:r 21.-o-1 I I I I I [ 0 o 0 

, I I I 

k.~ I 1 {8) f"Lto SIXICCT .ZQB8'j I I ~~~ 

® A _______ EL. ______ JJL _______ EL. _______ nL_ =·~: ~~~ ~_!_ _____ .in _______ EL--_____ JJ' ____ c 

~I 
,.,..,. ., .. ,. I ,...,. ..,..,. I ..--r ,...,. I ., .. ,. ,,._,.~ ~~""" 

1-· ------·<;·-·- . <15'-t"' • <15'•1' • 4'!i'-ll"' - ac!'-6"---t· 

''"'~· 1~=========================~-:;:-;;:;;-.i?OC''-6';-;:;:;;;;===========================::J 'ua--
L 2GJ'-r ruT TO E1JT CF CIJNCJI(Tt 

--c[KR(TC U(£ 

w6c:IL~ -LINE:~ 

I tT , ... r 
IAst"f'L"•rE ~~· _j 

~~~L I 61~l' 

: ~,-J 
L I 

IAUPL.illftU.36> 

l<'l.•6·· 
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a 
a 
s 
& 

' 
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••.-rt~+lr.!'" vt"~~-.,~.~~ DETAIL ·r· I 1-+· ~ 
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COLUMN REACTIONS 

+ DETAIL T DETAIL ·A1· COLUMN Vdawn Vup •Hx •Hy DESCRIPTION 

DETAIL ·o· CONCRETE NOTES 

I. ALL EXTERIOR PIERS TO 8£ AT THE SAME ELEVATIOO 
ALL INTERICR PIERS TO EIC 1 liZ" HIGHER THAN EXTERIOR 
PIERS TO ACCOttlDAT( SLIFE IN HANGAR fLOOR. 

a. CONCR(T( C.S. TO BE 3QOO P.S.I. MINIHUH AT AGE Z8 DAYS. 

DETAIL ·B· DETAIL ·G· 3. ANCHOR 101.. T REQuiREMENTS (4) 3/4" DIA. ASTH A307 OR A:J6 EACH PIER, 
>J!TH 1-112" HINIHUH EXPOSURE. ANCHOR BOI..TS BY OTHERS. 

ll£TAIL 

. ., .. w.r~·."~ 
~ .. ····=- JmJr 

. . t.-z-

DETAil ·A· 

" 4 CO.UW\1 
1./l' "6" •• ,. 
lAS£ PLATt~) 

DETAIL ·n· 

I 
~~ 

~Tslll:<E'I 

I • V2' 

--CDNCitETE tDGt t.IHt ___j 

~. fLOOR SOCKETS TO BE SET IN CONCRETE AND AT SAHE ELEVATION 
AS TOP Or EXTERIOR COL~N PIERS. 

5. NO SHEET NOTCH AT BI-F'OLD DOCJi! THRESH[LDS. 

6. rt.OOR SL0P£D AS SHCIJN, I L/2" lN 21'-0' IJ(NGBAYS 
AND I l/2" IN tl'-3" ENDBAYS. 

7. CONCRETE. GROUT. ANCHOR BOt. TS. AND ~y EMBEDDED ITEMS. OTHER 
THAN F'LOOR SOCKETS. n.JRNISJ.E:D 8Y OTHERS. 

8. ANCHOR Bl:l.. T DIAM(T£RS \/ERE DETERHINED BY ALLO'JABL£ S.-£AA 
AND TENSJ[JI4 PER AISC SPECifiCATIONS <Fy • 36 KSI> OR A307. 
ANCHOR BOLT LENGTH AND M(THQD CF TRANSf"ERRlNCi F'ORCES F'ROM 
ANCI-Oi' BOLT TO fOOTINGS ARE TO BE 0[T(RHINED BY OTHERS. 

9. f'OUNDATION MUST Bt: SQUARE AND SMOOTH. ANCHOR BOLTS MUST BE 
ACCURATELY PLACED AS SHQ\IN ON THIS DRA'J!NG OR STEEL 'Jlll 
NOT rn. 

DETAIL •E!' f' DETAIL ·w 
ffi fH ::; V6"'-""':l'~ ·~ 1./2" "" •• '1.17 

IASI:"-.AT[<A36l~ IAS£PUI.T[<AJ6J •n·,.,.,.,.,i!. I l 

-h h 
__! ••n- , .... e-

.. a>.,... l_ ' ' ±Jv• 
---CO<R(t( tDGC LIN( 

ALL CONCEPTS, D(SJ(jN LAYOUT PLANS. DETAILS AND 
ARRANGEMENTS JNDJCAT(D BY THIS I!RAIJlNG ARE 

d:lll. ·_:.: lOLlS 

. 
SI-E:ET frCTCH II.IZ"j 

~
'"""" 

I I I 
'.'"1C!1J. . .. , .... """ SI-E:.CT ~TCH---==:;:--- ·. • · , 

.IR'r.-..... ; .··~.~.: :_.~ 
THE PROPERTY or ERECT-A-TUBE. INCORPORATED. 

CCPYRic.Hl -- TH(Y \/ERE CREATED AS INSTRUf1(NTS or SERVICE 
fOR THE SPEClrJC PROJECT AND SHALL NOT 8( USED 
OR REPRODUC£0 WITHOUT Tl-£ £XPRCSS \iRJTTEN 
CONSENT Of" ERECT-A-TUB(. INCORPORAT(D. 

. . 
SECTION ·K· 

. . -
.. ~· ... ~· ~ ~ .. 

SECTION 'L' 

,,.. DIA. I~ ASTM A307- , 
OR AJEo rl LtNGTH TQ 1£: 

OCT(RHIN(D BY 
-ftl.NDAT!ON 

[Milt€[]<! 

ANCHOR BOLT 

B.I.B.J9.C.I,C.19 
B.2.B.IB,C.2.C.t8 
B.4.8.6,B.8,BJO,B.I2, 

B.l~,B.l6, 

C .•• C.G.C.8.C.JO.C.l2, 
C.l4,C.16 

A.l.D.l9 

A.3.D.17 

A.7,A.Il.A.IS. 
D.S.D.9.D.!J 

A.!9,D.! 

FS 

~ 

1.> ALL REACTlONS ARE IN KfPS 
2.> Vup, Hx. AND Hy ARE DUE TO \JlND LOAD. 
3.> ALL HORlZONTAL REACTIONS CAN ACT POSIT! 
4.) ALL COLUMN BASE PLATES ARE D(S1GNED fOI 

F'OR THIS COMPLI£.S VlTH TH( OSHA R£.GULA 
ERECTION. 

ENDVALL COLUMNS 
rtRST INTERIOR COLUMNS 

INTERIOR COLUMNS 

CORNER COLUMNS 
SINCLE D[!JR COLUMNS 
DOUBLE DOOR COLUMNS 

CORN(R/DCOR COLUMNS 

FLOOR SOlKETS 

/( CR NEGATiVE DIRECTUN 
! F"OUR 3/~'" OIA. .ANCHCR BOLTS, 
IONS ll' MARCH 2003 FOR STEEL 

.l 

.l 
":L ~/"'-

v V''i'"" .C...( 

EFE~LEEt 
701 \lEST PARIC STREET 
1-!ARVARD ll 60033-GIOO 

CJ"rtC£ 815-'.:143-4091 
FAX 815-943-77~6 

('" l 
---
LOS ALAMOS, NM 

8 UNIT N60-45 

( ANCHOR BOLT LAYOUT ) 
w._ -S02ISOS 

- 2-tS-2005 2 OF 3 
_.,CRL 

-NON( .... 



All CCNC(PTS, O(SJCiN t.ATOUT PLANS. OCTAILS AND 
ARRANCi£HENTS INDlCATED BY THIS DRAIJING AR£ 
THE PROPERTY or ERECT·A-TUBE. tNCIJRt>CRATEO. 

COPYRIGHT -- THEY \I(R( CREATED AS JNSTRUH(NTS OF' SERVICE 
fOR TH( SP(C lfiC PROJECT AND SHALl t.(]T 8£ USED 
OR REPRODUCE:D \IITIOJT THE: EXPRESS \IRlTTEN 
CONSENT or (R(CT-A-TUBE. INC~ORATED. 
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-7~ .,d- 'LI 

,, -., 

ER:!;r~u:Et 
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OF'F'ICE 815-9 .. 3-•~t 
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Nested Tee Hangar Job Pack 
Job Data Worksheet 

Enter values in red only on Job Data Worksheet only. 

Job No. E-BID 

Customer To: 
Address: 

City, State, Zip Code: Los Alamos, NM 
Customer Contact: 

Phone No: 
Fax No: 
CeiJ No: 
Email: 

Model N60-45 

Slope of Gable Roof System 

Roof Pitch 

Quantity of Units 

Eave Height 
Width 
length 

Blfold Width 
Sidewall 

SL • CL WF Column 
Trans. Wingbay: CL- CL 
Trans. Tailbav CL ..CL 

long. Full Tailbay CL • CL 
Long. HalfTailbav Cl· CL 

Peak Height 

Ground Snow Load Per Map 
Reducible 

Importance Factor 
Exposure Factor 

Heated Building Year Round 
Roof Uve Load 

Dead load 
Collateral Load 
Additional Load 

Total Roof Load 

x/12 

1.00 

8 

Decimals of a 
Foot 

16.500 
60.000 

202.500 
45.000 
22.500 
0.250 
21.000 
18.000 
22.500 
11.250 
19.000 

FALSE 

NO 

FALSE 

Roof Pitch 
Degrees 

4.76 

Ce 
Ct 

Secant 

1.00347 

30.00 psf 
1.00 
1.00 
1.00 
1.20 

36.00 psf 
3.00 psf 
0.00 psf 
0.00 psf 

39.00ipsf 

Entry Date: 2/14/2006 

Ship To: Los Alamos, NM 
Address: 

City, State, Zip Code: Los Alamos, NM 
Jobsite Contact: 

Phone No: 
Fax No: 
Cell No: 
Email: 



Erect-A-Tube, Inc. 
Nei..Struct Engineering 

Project: 
Location: 
Units: 
Model Size 
Design Code: 

Structure Calculations 

E-8/D 
Los Alamos, NM 
8 
N6o-45 
IBC2003 

Wind Analysis: 1609.6 Simplified Provisions For Low-Rise Bldgs. 
Eave Height= 16.50 ft. 

Roof Pilc!F 1.00 TO 12 in. 
Bullding Width= 

BuDding Length= 

RoofAnglr

Mean Roof Height= 

60.00 ft. 

202.50 ft. 
5 d&g. 

11-75 ft. 

1.) Determine wind speed and exposure catagory 
V3s= 90.00 mph Fig. 1609 ... 

Exposure Calagory= C Sec. 1609.4 

2.) Determine if "simplified Provisionsw applies: 

BY: 
Date: 
Sheet: 

ENK 
14-Feb-06 

17.75 less than Least horizontal dimension= 60.00 ft. ...•• if yes then cont. 

5 !ass than 30 deg. . ... .If yes than conl 

3.) Determine horizontal loads for MWFRS 
Horizontal Loads-Transverse Direction. .. 

End Zone of wall projecliotl" 12.8 ptf 

End Zone of roof projection= 0.0 psf 

Inferior Zone of wall projection= 8.5 psf 

Interior Zona of roof projection= 0.0 psf 

Horizontal Loads-Longitudinal Diraction ... 

End Zone of wail projection= 12.8 psf 

End Zone or roof projectiOn= 0.0 psf 
Interior Zone of wall projection= 

Interior Zone of roof projection= 

8.5 

G.D 
psf 

psf 

4.) Determine vertical loads for MWFRS 
Vertical Loads-Transverse Direction. .. 

End Zone of windward roof= -15.4 psf 

End zone of leeward roof= -8.8 psf 

Interior Zone of windward roof= ·1G.7 psf 

Interior Zone of leeward roof= -6.8 psf 

Vertical Loads-Longitudinal Diraction ... 

End Zone of windward roof: -15.4 psf 

End Zone of leeward roof= -8.8 psf 

Interior Zone of Windward roof= -10.7 psf 

Interior Zone of leeward roof= -6.8 psf 

Table 1609.6.2.1(1) 

Note: ... (-) wall pressures are taken as zero 

Note: ... {-) roof pressures are taken as zero 

Table 1609.6.2.1(1) 

REF TABLE 

HPA 

HPB 

HPA 

HPB 

VPE 

VPF 

VPG 

VPH 

VPE 

VPF 

VPG 

VPH 



5.) Detennine height and exposure adjustment 
adjustment= 1.28 Table 1609.6.2.1(4) 

6.) Adjusted horizonatalloads ... [FINAL PRESSURES] 

Horizontal L08ds-Transverse Direetlon.51 
lpst End Zone of wall projectiorr=l · 16.4 

End Zone of roof projection= o.o psf 

Interior Zone of wall projection" 10.9 psf 

lnterlor Zone of roof projection= o.o psf 

Horizontal Loads-Longlludina/ Direction •.• 

End Zone of wall projection= 16.4 psf 

End Zone of roof projection<> 0.0 psf 

Interior Zone of well projection<> 10.9 psf 

Interior Zone of roof projection= 0.0 psf 

7.) Adjusted vertical loads ... 
Vertical Loads-Transwrsa Direction ... 

End Zone of windward roof.=l ·19.7 lpsf 
End Zone of leeward roof= -11.3 psf 

Interior Zone of windward roof.= -13.7 psf 

Interior Zone of leeward roof.= -8.7 psf 

Vertical Loads-Longitudinal Dii'BCtion ... 

End Zone of windward roof.= -19.7 psf 

End Zone of leeward roof= ·11.3 psf 

Interior Zone of windward roof= -13.7 psf 

Interior Zone of leeward roof= -8.7 psf 

8.) End Zone Calculation ... 
•a• is lessor of: 6.00 ft. OR 6.60 ft. 

but not less than: 2.40 fl OR 3 ft. 

t; •a"= 6.00 ft. 

End Zone Width<> 12.00 ft. 



Erect-A-Tube, tnc. 
Nei·Struct Engineering 

Project: 
Job Number: 
Units: 
Model Size 
Design Code: 

Bui£ditJ.g_lnformatig,n 
Live load= 

Deed Load>= 
wnl Roof Pressure= 

Wfndwatd Wall Pressure= 
Leeward wau PresStlre= 

Distance Grid A to B= 
Distance Glil1 B to C• 
Distance Grid C to o .. 

Grid Number Separation= 
Eave Height= 
Peak Height= 

Door Truss Weight= 
Truss Weight per Column= 

Endwan Column Loadings ••• 
W(LL+Ol)= 
W(WL.OL)= 

EndweD Columns {Vdown)= 
EndwaU Columns (Vup)= 

Eave (\'down)= 
Eave (\'up)= 

Firat tnterlot Column Loadings ... 
W(Ll+OL)= 
W(Wl-OL)= 

Flrnt Interior Columns {Vdown)'o 
First Interior Columns {Vup}= 

Eave (Vdownp 
Eave{Vupp 

Interior Column loadings ••• 
W(LL+OL)= 
W(WL-OL)= 

Interior Columns {Vdown)= 
Interior Columns (Vup)= 

Eave {Vdown)= 
Eave {Vup)= 

Comer ColumM .•• 
V(down)= 

V(up)-

Single Door Columns ••• 
V(downp 

V(UP)" 

Double Door Columns.-
V(down)= 

V(upp 

Corner Poor Columnsm 
V(down)= 

V(up)= 

Longitudinal Bracing Pre:nures ... 
Trib.Ama= 

Hx"' 
upflft= 

Structure Calculations 

D.Jan-00 
E·BID 
8 
N6fi-45 
IBC 2003 

36.00 psf 
3.00 psi 

19.74 psf WWRoofPres 
14.41 psf 
O.OD psi 
21.0 It 
18.0 It 
21.0 It 
11.25 It 
16.50 It 
19.00 It 

50 #1ft 
1.13 kips 

0.219 kilt 
0.694 kilt 
4.28 kips 
1.84 kips 
2.30 kips 

0.99 kips 

0.658 kilt 
0.181 klfl 
12.83 kip$ 

3.53 kipS 

8.91 kips 
1.90 kip$ 

O.a78 kilt 
0.241 kilt 
17.11 klps 
4,70 klps 

9.21 ~ips 

2.53 kips 

5.76 kips 
1.94 kips 

12.67 kips 
3.46 kips 

18.43 kip$ 

5.06 kips 

9.6 kips 

ao kips 

266.25 sq.Jl 
4.37 kips 

3.20 kips 

13.72 psf 

BY: 
Date: 
Sheet: 

ENK 
14-Feb-06 



lateral Btacing Pressures •.• 

s 

Trib.Area= 

Hy= 
Uplift= 

ummary of Building Reactions·-··· 

Key Description 

EC Endwall Columns 

FIC Ftrst Interior Columns 

JC Interior Columns 

cc Com.er Columns 

SDC Single Door Columns 

DDC ~uble Ooor Columns 

GDC Corner Ooor Columns 

FS Floor Sockets 

185.63 
3.05 
2.79 

Vdown 

4.28 

12.tl3 
17.11 
5.76 
13.79 

20.S8 
10.68 
N/A 

sq.ft. 
kips 
kips 

Vup 

1.84 
6.32 
7.49 
1.94 
3..48 
5.06 
2.!18 
N/A 

Note: Any values le$s than 1 kip, u~ 1 klp. 

I t:J r ._' 

Hx Hy 
2.64 1.00 
4.37 3.05 
4.37 3.05 
1.42 1.52 
1.00 3.05 
1.00 3.05 

1.42 1.52 
NJA 3.05 



Customer Name: 

ERECT-A-TUBE, INC. 
701 W. PARK STREET P.O. BOX 100 

HARVARD. ILliNOIS 60033-0100 
815-943-4091 FAX 815·943-7756 

Project Name: Los Alamos, NM 
Project Location: Los Alamos, NM 

Date: 2/14/2006 
Job No: E·BID 
Model: 8 Unit N60-45 

Dim. Feet Description IBC2003 Model Building Code I 
A 45.00 BifoldWidth 30.00 psf Ground Snow Load Per Map 
B 22.60 Sidewall Lenath 1.00 Reducible 
c 203.00 Sidewall Sl- SL 1.00 Importance Factor I 
D 21.00 Trans. Wing bay CL- CL 1.00 Exposure Factor Ce 
E 18.00 Trans. Tailbay Cl-CL 1.20 Unheated Buildill(l Ct 
F 60.50 Endwall Width SL • Sl 36.00 psf Roof uve LOS(! 

16.50 Eave Height 3.00 psf Dead Load 
1:12 Roof Pitch 0.00 psf Collateral Load 

I Wind Speed 90 mph, 3 second gust 0.00 psf Additional Load 
I Exposure c 39.00 psf Total Roof Load 

.. " 

[ 

~ , I 

r-
l 

r.../1 .. 

cc ~ anc FS y DDC FS y DllC 1'$ Ycnc 

EC PIC IC IC IC IC IC Fit: EC . 
Et: 1'/C IC IC IC IC IC f'j(; EC . 

·~- ... L f-1/2.8j__8 B_L11>B-' 

•I·H)t 

coo.< FS 
IWC .< FS 

OllC .< !;()C cc 
ps 

~ 

I I ·=f .. ... .. ,.. 
c 

I gut to out of concrete foun~ation 61.083 fl by 203.58~ ft. 

'ld' Re Summary of Bur .ng acttons-..• 
Key Description Vdown Vup Hx Hy 
EC EndwaU Columns 4.28 1.84 2.64 1.00 
FIC First Interior Columns 12.83 6.32 4.37 3.05 
IC Interior Columns 17.11 7.49 4.37. 3.05 
cc Comer Columns 5.76 1.94 1.42 1.52 
soc Single Door Columns 13.79 3.48 1.00 3.05 
DOC Double Door Columns 20.68 5.06 1.00 3.05 
CDC . Corner Door Columns 10.68 2.98 1.42 1.52 
FS Aoor Sockets N/A N/A N/A 3.05 

General Notes 
1. All reaction values are In kips. 
2. Any values less than a kip, use 1 kip. 
3. Vup, Hx and Hy are due to wind load. 
4. All horizontal reactions can act positive or negative direction. 
5. All column base plates are design for four 3/4" diameter anchor bolts, for this complies with 

the OSHA Regulations of March 2003 for steel erection. 
6. All anchor bolts not provided by Erect-a~ Tube, Inc. 
7. Floor sockets are an embedment supplied by Erect-A-Tube, Inc. 
8. Concrete C.S. to be 3,000 p.s.i. minimum at age 30 days. Refer to bid specifications. 
9. This data sheet is for estimating purposes only. No1 for construction or final design. It shall 

be the project AlE or general contractor to confirm with local building offical for the loading for 
the proposed hangar facUlty. 

10 The six unit layout is for Ulustration only. 

34 
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TASK DESCRIPTION Elastic Settlement Evaluation ( 100% Design Submittal) TASK NO. 7000 

PREPARED BY _aA~.H~run~uLr ______ __ DEPT 1495 DATE 4/10/06 

MA'rH CHECK BY.~Ce.:..·.!='Th""Jrm~a~n ____ _ DATE 4/19/06 

METHOD REV. BY ~B~.K=e~sh~ia=n~------ DEPT 1495 DATE 4/19/06 

BACKGROUND 

As part of the closure of the Los Alamos Airport Landfill existing waste will be relocated from the east 
and north slopes and placed on the flat top area of the landfill. The relocated waste will be placed in a 
controlled manner, i.e., placed in thin lifts and compacted using dozers, rollers, etc. In order to facilitate 
the expansion of the airport an asphalt and concrete cap will be il}stalled on the flat top area. The asphalt 
cap will extend over most of the flat top area. The concrete cap will be limited to the footprint of the six 
proposed airplane hangars. A review of the original· settlement calculations by NMED precipitated 
concerns with settlement due to loading imposed by the concrete foundation slabs, asphalt cap and 
aircraft. NMED also requested clarification on comments contained in the original calculation pertaining 
to elastic settlement. 

Calculations have been completed to address the potential elastic settlement of the concrete pad, asphalt, 
aggregate and relocated cover soil/waste due to aircraft loadings. Additional calculations have been 
completed to evaluate the elastic settlement of the undisturbed waste as a result of placing fill material 
(relocated cover soil/waste) and hangar loading. 

ANALYSIS 

At this time the concrete foundation pad design has not been finalized. Preliminary calculations suggest 
that the majority of the slab will be no more than 6 inches thick. The slab may be thickened at column 
locations. The anticipated concrete foundation slab and the proposed asphalt cap cross-sections are 
shown on Figure 1. The properties of the materials shown in Figure 1 are summarized in Table 1. 

Table 1 
Typical Material Properties 

Material Thickness Unit Weight i Modulus of Poisson's Internal 

l (feet) (pcf) t Elasticity Ratio Friction 
(psf) Angle (0

) ! 
Concrete I 0.5 150 449,570,675 0.2 50 
Asphalt 0.33 140 228,800,000 0.35 40 
Aggregate 0.5 130 186,000 0.3 l 37.4 

1 Relocated I 

I 0.5 (min) I 125 144,000 0.4 34 I waste/soil I 
ria 
~\\N-;wc I IE:\G\Shared\LANL\REDESIGMHang<:r Dcsign\EiastJc Settlemcnt.f.-l-l-06.doc 
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TASK DESCRIPTION Elastic Settlement Evaluation (100% Design Submittal) TASK NO . .lQQQ 

PREPARED BY ~A~.H~ru~n~u~r ____ __ DEPT 1495 DATE 4/10/06 

MATH CHECK BY .. _,C=.-"Do=nn=a,.,n_,__ ___ _ DEPT 1495 DATE 4/19/06 

METHOD REV. BY ~B::_. !.>K""'es~·h""ia!!.!n~--- DEPT 1495 DATE 4/19/06 

Based on current and anticipated airport usage, aircraft that will be stored at the airport will be limited to 
small single and twin-engine aircraft. For purposes of these analyses the specification of a Piper Aztec 
twin-engine aircraft will be utilized. The relevant aircraft specifications are summarized in Table 2. 

Table 2 
Aircraft Specifications 

',. 

Gross weight 5,200 lbs 
Number of front wheels 1 
Tire pressure ' 27 psi 
Number of rear wheels 2 
Tire pressure 45 psi 

The elastic settlement of the capping materials listed in Table 1 was evaluated using the following 
equation. 

where: 

M! = (~az- v~ (~ax+ ~ay )) H 

Es 

AH =estimated settlement (feet) 
Acrz = change in vertical stress (psf) 
Acrx = Acry =change in horizontal stress (pst) 

Acrx = Acry = ~ * Acrz 
Ko =at-rest earth pressure coefficient= 1-sin <1> 

<!> = intemal friction angle of compressible layer 
H =thickness of compressible layer (feet) 
Us = Poisson's ratio 
Es = modulus of elasticity (psf) 

The unit weights and thicknesses of the materials listed in Table 1 were used to generate the loads used 
in the calculations. The weight of the aircraft was conservatively assumed to be distributed between only 
the two rear tires. The following equations were used to detennine the effective circular area 
circumscribed by the aircraft tires and the stress imposed by the aircraft load at various depths below the 
ground surface. 

~ 
~\\Nswc 1\ENCi\Shar~d\LANL\REDESIGN\Hanger Design\Elastic Settkment4-14-06.cloc 
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TASK DESCRIPTION Elastic Settlement Evaluation (I 00% Design Submittal) 

PREPARED BY ~A~.t~w~n~ur~----- DEPT 1495 

t·:ll:\.TH CHECK BY._,C='·-"'Do'-"'m.!..!-!-'>m,_,n~---- DEPT 1495 
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where: 

where: 

a, ~p=n 
ar =radius of contact of the tire (inches) 
P =weight per tire (lbs) 
p =tire inflation pressure (psi) 

3 
7 

q 1- . 

(bz+ zzj_%) 

O'z = stress at depth z below the ground surface (psi) 
q =tire inflation pressure (psi) 
z =depth below ground surface (inches) 
b = ar =radius of contact of the tire (inches) 

TASK NO. 7000 

DATE 4/10/06 

DATE 4/19 I 06 

DATE 4/19/06 

For ease of computation, the calculations were input to a spreadsheet. The stress attenuation spreadsheet 
is presented as Attachment 1. The ground contact stress, which was equal to the tire inflation pressure, 
was attenuated to the mid-height of each sublayer for the purpose of completing the calculations. 
Sublayers were developed by dividing the subsurface materials into sublayers of equal thickness. 
(Introducing sublayers increased the precision of the analyses.) The stress at the mid-height of each 
sublaycr beneath both the concrete and asphalt areas is presented in Attachment 1. 

The settlement t:alculation spreadsheets are presented as Atlachments 2 and 3 for the cap cross-sections 
shown in Figure 1. The analyses were completed assuming various thickness of relocated cover 
soil/waste for both cross-sections. Based on Drawing 2001, the thickness of relocated waste and interim 
cover soil could vary between 0.3 and 7.4 feet. The change in deformation with thickness of relocated 
interim cover soil/waste is shown on Figure 2 for both concrete and asphalt caps. 
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In addition to evaluating impacts of aircraft loading on the deformation of the asphalt and concrete cap 
sections and underlying fill materials, an analysis was completed to assess the magnitude of settlement 
anticipated under the hangar slabs. The magnitude of settlement was estimated using two procedures; the 
Gibson and Lo Model and the Power Creep Law due to the load imposed by the hangar slab and 
structure as well as the fill materials (aggregate and relocated interim cover soil and waste). Both models 
allow the calculation of elastic (immediate) settlement and secondary compression. Only the Gibson and 
Lo Model allows the two components of settlement (elastic and secondary compression) to be estimated 
separately. 

where: 

where: 

Gibson and Lo Model 
S(t)= H ~cr [a+ b(l- exp[- (A/b) t])] 

S(t) = settlement at any time. feet. 
H = initial thickness of compressible layer, feet. 
~cr =change in overburden stress acting on the compressible layer (kPa). 
a :::: elastic settlement parameter, (1/k:Pa). 
b =secondary compression parameter, ( 1/kPa). 
A.fb =rate of secondary compression, (1/day) 

Power Creep Law 

S(t)= H ~am (t/trr 

S(t) =settlement at any time, feet. 
H = initial thickness of compressible layer, feet. 
~cr =change in overburden stress acting on the compressible layer (kPa). 
m =reference compressibility, ( 1/kPa). 
n = rate of compression 
t == time, days. 
tr ==reference time, I day. 

The procedures followed to estimate settlement of the site due to the load induced by placing fill and 
constructing the hangars were based the methodology developed by Edil, et al, see Appendix 1. Edil et al 
evaluated four landfills and developed settlement parameters for use in the models listed above. The four 
sites exhibited different characteristics. Site A contained fresh refuse with areas of no filling, limited 

~ 
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filling and active filling. Site B contained both old refuse with no filling and fresh refuse with active 
filling. Site C consisted of old refuse that was relocated and compacted. SiteD consisted of experimental 
cells and an area of old refuse on which a surcharge load was placed. Sites A, B and C were located in 
southeastern Wisconsin, southern Michigan and western Connecticut, respectively. The location of Site 
D was not disclosed. The location of the sites from which the data were obtained is relevant to the 
analysis with respect to magnitude of secondary compressio:ri. The amount of moisture within a waste 
mass impacts the rate and degree of degradation and so precipitation at the subject sites, among other 
factors, would have impacted the magnitude of secondary compression. State precipitation data for the 
three identified sites as well as for New Mexico are listed in Table 3. As can be seen, precipitation in 
New Mexico is significantly less than precipitation in any of the other states. Precipitation in Los 
Alamos is less than half that reported for Site C, which most closely represents site conditions. 

·site 

A 
B 
c .. 

---
Los Alamos0 J 

I 
I 

Table 3 
Annual Rainfall 

State 

... 
Wisconsin 
Michigan 
Connecticut 
New Mexico 
New Mexico 

Source: The World Almanac 1988 

Annual Rainfall 
(inches) 

30.89 
32.23 
44.39 
8.91 
18.7 

(I) Data obtained from http://spectre.nmsu.edu/county_docs/LA_Climatology 

Based on the descriptions of the sites, Site A, which contained fresh waste was eliminated from 
consideration. Site B was also eliminated as it contained both old and fresh waste. Site C or D, which 
both contained old waste were determined to more appropriate as they more closely represented the 
conditions at the Los Alamos landfill. The Los Alamos landfill operated from about I 943 until 1973, a 
period of 30 years. From the time it opened until 1965 the waste was burned at the edge of the landfill 
and then pushed into the landfill by heavy equipment. Intentional burning ceased in 1965 and the landfill 
was operated as a conventional disposal facility until 1973. The landfill has been inactive for a period of 
over 30 years. Based on the description of the landfill and considering its age, it is reasonable to assume 
the properties for either Site C or D for the analysis. Given the age of the landfill, it has likely settled 
under its self-weight and so could be considered to be in a somewhat compact state. 

fi8 
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Two components of settlement can occur within a soil mass; load induced void ratio reduce settlement 
(elastic or immediate settlement) and secondary compression which occurs as a result of biological 
decay of waste. Given the age of the landfill and the climatic conditions, it is reasonable to assume that 
secondary compression of the waste is essentially complete. The dry climate and the existing soil cap 
have limited the amount of water available to cause biological decay in the past. There is no evidence of 
leachate seeping from any location around the landfill nor has leachate been detected in any monitoring 
wells. The new asphalt and concrete cap will further limit the amount of water that will be available to 
promote biological decay. Therefore, secondary compression, while estimated, was reasonably assumed 
to be complete. 

To reinforce the assumption with respect to secondary compression, results of CPT borings completed 
through the landfill indicated the majority of the material encountered classified in Zone 6 or higher. The 
classification ratings for Zones 1 through 12 are sununarized in Table 4. 

Table 4 
Soil Behavior Type Zone Number Classification 

Zone Description 
1 Sensitive fine grained 
2 Organic material 
3 Clay 
4 Silty clay 
5 Clayey silt 
6 Silty sand 
7 Sand with some silt 
8 Fine sand 

-----·~- ~~·"-~~~-~~~--"-~-

9 Sand 
10 Gravelly sand 

' 11 Very stiff fine grained 
12 Sand to clayey sand 

While the CPT data suggest the materials exhibit predominantly granular signatures, it must be 
acknowledged that the correlations used to establish the zones are based on soil data and not waste or 
debris. Nonetheless, it is reasonable to assume that the results of the CPT borings completed through the 
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landfill provide a reasonable approximation as to the expected behavior of the materials. Assuming the 
materials exhibit the properties of granular soils as suggested by CPT results, the premise that elasticity 
settlement theory is applicable is reasonable and therefore secondary compression is not a significant 
concern. 

The thickness of fill and the thickness of undisturbed waste are presented on Figure 3. Settlement 
potential of the undisturbed waste based on the two models described above is presented in Attachment 
4. 

RESULTS 

The estimated elastic settlement of the concrete pad, aggregate base and 1/2-foot of relocated interim 
cover soil due to the load imposed by the aircraft \Vas calculated to be 0.069 inches. 

The estimated elastic settlement of the asphalt pavement, aggregate base and 1/2-foot of relocated 
interim cover soil due to the load imposed by the aircraft was calculated to be 0.084 inches. 

The analyses completed for various thicknesses of relocated waste and interim cover soil for both cross
sections indicated that deformation increased as the thickness of relocated waste and interim cover soil 
increased. This is expected behavior. Under the maximum anticipated thickness of relocated interim 
cover soil/waste the anticipated settlement is expected to be less than 0.3 inches. 

The magnitude of elastic settlement expected in the existing, undisturbed waste was estimated to range 
between 0.03 to 1.61 inches based on Site C parameters or 0.08 and 4.85 inches based on Site D 
parameters. The results are summarized in Attachment 5. 

The combined magnitude of total elastic settlement (compression of the concrete hangar slabs, fill 
materials and undisturbed waste) was estimated to range between 0.21 and 5.08 inches. The calculated 
settlements at the two ends and in the center of each hangar are shown on Figure 4. The figure depicts 
settlements assuming both Site C and Site D parameters. 

The difference in predicted settlement under the concrete slab and asphalt cap, given the same 
subsurface conditions are negligible . 
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CONCLUSIONS 

Based on a qualitative review of the available site data, namely CPT logs, precipitation records, and 
descriptions of site operations, it was concluded that settlement of the site will be primarily due to elastic 
behavior of the materials. The majority of the anticipated settlement is expected to occur during 
construction as the relocated waste and interim cover soil mat~rials are placed and soon thereafter. The 
majority of the settlement will be from the deformation of the tmdisturbed waste with minimal additional 
settlement from the deformation of the relocated materials, which will be compacted, the aggregate or 
the concrete and asphalt. Since most of the settlement will occur during and soon after placement of the 
relocated materials, minimal long-term settlement is expected after installation of the concrete and 
asphalt caps. A significant potion of the anticipated settlement is expected to occur within several weeks 
to a few months after placement of the fill materials. 

The analyses assume instantaneous placement of the load (fill materials, aggregate, etc.). However, the 
load will be placed over a period of w~eks or fllOnths. Since the full load will not and cannot be placed 
instantaneously the full magnitude of elastic settlement will not be realized until after placement of all 
materials. This is not of significant concem expect within the footprint of Hangar 6 where the 
differential settlement across the slab may be as much as 3.5 inches. This magnitude of differential 
settlement could negatively impact the integrity of the concrete slab and it is therefore recommended that 
Hangar 6 be eliminated. The footprint of the proposed Hangar 6 should instead be capped with 
MatConn.', which is a much more flexible than concrete. 

Construction of the hangar slabs, which will like be installed prior to the MatConTM pavement, should 
start at the western end of the site and proceed in an easterly direction. This will maximize the time 
available for the east end of the site, where the waste thickness is greatest, to settle under the load 
imposed by the relocated fill materials. 

Because the intent of the design is to construct the cover system to lines and grades rather than to 
specific elevations, settlement that occurs during construction will not impact planned activities. The 
intent is to relocate all excavated waste and place a minimum of 6 inches of interim cover soil over the 
relocated waste. The site will be graded as excavation progresses to ensure the minimum slope 
requirement is achieved. Post-construction settlement is anticipated to be minimal and will be addressed 
as part of O&M activities. 

In order to quantify the magnitude of settlement it is recommended that at the start of construction 
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settlement plates be installed at select locations in order to monitor the response of the landfill to the 
placement of fill materials. These settlement plates should be set on or close to the existing ground 
smface and should be monitored at least weekly during active filling. The ground surface elevation 
adjacent to the settlement plates should also be recorded as part of the monitoring. The settlement plates 
may be abandoned prior to the installation of MatCon TM with prior approval of the engineer. 
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Attachment 1 
STRESS ATTENUATION • TWIN ENGINE PLANE 

Equipment Piper Aztec, twin-engine 
Unladen weight: lbs 
GVW: 5,200 lbs 
Tire size: 
Tire width: inches 
Tire pressure psi rear 
As:Hane load is trcuvdi.~rreJ evc.,nl.v hetweert 2 reur tires. 
No loa.d translerred to front tire 

................... ! ................. ~ ........... l:!!.'.'~~~~~----·····--····----·----1_.;~~~~----·····--
' i Front ; Rear i Front i Rear 

fh.:~n~;;~:p;;~:~i~·:·:-r::·:··7o~::::::t::::)ii~::::::t:::::::<i~::·:::r::ir~;~::: 
~-ei_W.~t(-~~-~<: .. \!_b_sL__ ... l ....... .Q ....... j ........ () ........ ; ........ () __ ..... ; .... ~:~()_(l __ 
No. of tires/axle i 2 ; 2 ; 2 ; 2 
:w~-igi;iii:i·£;;·("ibs}""··--··r·······o·--····T····--·a····----r···--···o-····---r·2i«i .. 

I a, ~ 
Radius of Contact <iJ 0.00 0.00 j 0.00 . i. -1.29 

6" Concrete P~d 
3 I 0.25 Mid-height of<:oncretc I .?.f..:?J.;?_ 

::::=?=::::r='5[~=- Mid-height of a<>gregate I 171 Vi 
1--::'157--j--1 ~~;..:·c;,2.;:5~fM:-:,:.:i.:;d'-;-lC::1C:.:"i-"g':;_;h:..l ;_o~f-=. 5:;:-'..:c:.:D:..;'>..:"C;_f.,::S.;::O.;.:il'--+1 _:7Jf.r±: 
l---2~47---~l'-2~.~00~·~+~~1~i.:;d:.:-h;::e:.:~~":.:ht;_;_o~f.:;2~'~e(.;::>':..'e:.:r~'..::·o:.:i7I __ +' .32~!-
1--·;.;.36:':---i---3:,.;."""00.,.--fN'"'t'-'i'"'d""'-i""le'"'i=glh_t -'-o-::-f-:4

7
' .:..co.:..v_e.;cr_s...;· o;;..:i':-l ___ -+i__!_l?"~--

1--4,;8;_;._· -t-..:,4;..;.00,..:;;--fM:,...:,;:id-7-:-':h;;..:e""ig"'ff.:.;lt...;o:..:f,.;():,..,..:c-'"'o..;.ve.:.;r;...s;;..:·o:..:i;-l --+1 76.8 
(iQ 5.00 Mid~height of 8' cover soil --49.~1--

6()()() 

.. ! ........ _L___ __ ................. l. .... ··---- ..... L 

5000 

--_··:·~:·-;:;:::.·._-.::..:;---

-lt--{:l)!l'('r-.=::tr:! 

STRESS ATTENUATION vs. DEPTH 

4(XKi 

Stress (pst) 

3()00 2001) HH)() 

"""7::!::~-~~:l_~~;o--______ _ 
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Attachment 2 
Elastic Settlement of Concrete Hangar Slab 

ESTIMATION OF SETILEMJi:NT DUE TO ELASTIC SE'l'lLEMR"'IT Of.' GRANULAR FOCNDATION SOILS lJNDER A 
NON.CIRClJLAR FOlJ!I;1lATION 

I Mi ~ ("-u, - v, (tw·, + """,)) H I 
L E, 

Case La}er Description 
M<o:.~-l<tOl<lht oi ~=wm .i\0,,(, 1IH)J v, K., .1.o-x ,\()" H.a>n<ll.u N~,.-.:r..~_ 0 E, "-H 

(ft) (pst) W'f) (OS f) (f¢<'t) blov.vft fp>f) (feet) (inch) 

A 
Col'lCll:te 0.25 5,297.0 0.3 023 1239.3 1239.3 0.5 50 50.0 449,570.675 0.00 0.000 

0.000 
Concrete 0.25 5.33•l.5 0.3 0.23 1248.0 1248.0 0.5 50 50.0 449.570.6 75 0.00 0.000 

B 2 Arutre~ate 0.75 1.820.1 0.3 0.39 715.6 715.6 0.5 25 37.4 186,000 0.00 0.045 
0.045 

l Concrete 0.25 5,334.5 0.2 0.23 1248.0 1248.0 0.5 50 50.0 449570,675 0.00 0.000 

c 2 Aggrep;at< 0.75 !.852.6 0.3 0.39 728.4 728.4 0.5 25 37.4 186,000 0.00 0.046 
Cover Soil (0.:5') 1.25 8913 0.4 0.44 393.2 393.2 0.5 18 34.0 144,000 0.00 0.024 

0.070 
Concrete 0.25 5.334.5 0.2 t't23 !248.0 1248.0 0.5 50 50.0 449,570.675 0.00 0.000 

D 
Aggregate 0.75 1.852.6 0.3 0.39 728.4 728.4 0.5 25 .l7..1 186,000 0.00 0.046 

Cover Soil (2') 2.0 563.4 0.4 0.44 248.6 248~ 18 34.0 144,000 O.ot 0.06! 
0.1011 

I Concrete 0.15 5,334.5 0.2 0.23 1248.0 '1248.0 ().5 50 50.0 449.570,675 0.00 0.000 

E 
2 Aggregare 0.75 L852.6 0.3 0.39 728.4. 728.4 0.5 25 37.4 186,000 0.00 0.046 
3 Cover Soil (4') 4.0 528.0 0.4 0.44 23L9- 232.9 4· 18 J-+.0 144,000 0.01 0.114 

0.161} 
Concrete 0.25 5,334.5 0.2 0.23 1248.0 1248.0 0.5 50 50.0 H9,570.675 0.00 0.000 

F 
Ag,.regate 0.75 1.852.6 0.3 03') 728.4 728.4 0.5 25 37.4 186,()00 0.00 0.046 

Cover Soil (6') 4.0 591.8 0.4 0.44 ~611 261.1 18 34.0 1·~4.000 0.02 0.191 
0.237 

l Coocre-te 0.25 5.334.5 0.2 0.23 t248J] 1248.0 0.5 50 50.0 449,570,675 0.00 0.000 

G 
2 Aggrega<e 0.75 1.852.6 0.3' 0.39 728.4 ?~~A 05 25 37.4 186,000 0.00 1).1)46 

,, Cover St)ll (8') -+.0 6R9 .. l OA (J..\4 .'04.1 304.1 8 18 3'1.0 144,(~)1) 0.02 0.297 
0.3~3 

~a .. applini = att~nuated lvad of arrcrafl. plu:-; weight of cunat:t~. phJ~ \~dght of aggregate plu,.;, v..elght of relCX'ated SL"Jil/vvaste 

- the sctre~s :\hould ~ uttenuatcd to the mJd,.hdght of the layer of Jnrcre~t 
Hwanu:~r= estimated thickne~~ of granular material ns a futK~tion of fO()ting \\ tdth 

Etasti~.· Modulus a~ a funcion of N fto-m Tabfe5-5, p.26 "Fouhti._·uion Ailoly:,.i\ and Dc..,!gn", -lrh cd .. by J.~. Dow!es 
I~<' ~ ,f2iJN :lsl 

E, ~ 51.000 If) - .:::on..:rett: 

F--; = 300t:(;\l"+b)i50"'l000 m p..,f hJr :-,Jlt:y -;a.nd. aggregatt: and co\·er ~o1l 

Erect· A· Tube 8 unit ~6045 hangar 

Column Vdown 
Name Number (kip,) 

EC' 4 4.28 17.12 
flC 4 12.83 5 i.32 
IC 10 17.11 171.1 
cc 2 5.76 11.52 

SDC 2 13.79 27.58 
DOC 4 20.68 82.72 
CDC 2 IO.o8 21.36 

FS 6 0 0 
Total 382.72 

Hangar Dimensions 
Wtdth ~ o I .I ft 

Length= 20J.6 ft 
Th!Lknt:\~:::: (j 5 ft 

Art>-<1 ~ 11A.~~ ft.:' 

\lise. Data 
(t>rh.:re£c ~ 150 pcf 

Slab weight = ()32.6t.Jt) lbs 
C..}ntact Srrt.'.":.~ = lOll p<f 
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Case 

A 

B 

c 

D 

E 

F 

G 

Attachment 3 
Elastic Settlement of Asphalt Cap 

Description 
~hJ~lMghl of ~5I'Jllltn .:lal .. ,pphw v, !(_, :\cr, c\a, H\1r~:~u'Jl011" N<lvtr<UX $ E. Layer 

(ft) (psf) (Qsfl (psf) (feet) blowslft (p>;f) 

I Asphalt O.l7 6.014.1 0.35 0.36 2148.3 2!48.3 0.333 50 40.0 28.800.000 

I A>phalt 0.25 6.037.5 0.35 0.36 2156.7 2156.7 0.333 50 40.0 28.800,000 

2 ;\ggrepte 11.58 2,541.5 0.3 0.39 999.) 999.2 0.5 25 37A 186,000 

t Asphalt 0.25 6,037.5 0.35 0.36 2!56.7 2156.7 0.333 50 40.0 28,800,000 

2 Aggregate 0.58 2,606.5 0.3 0.39 1024.8 1024.8 0.5 25 37A 186.000 

3 Cover Soil (0.5') !.08 782.9 0.4 0.44 345.4 345.4 0.5 18 34.0 144.000 

l Asphalt 0.25 6.037.5 0.35 0.36 2156.7 2156.7 0.333 50 40.0 28.800.000 
2 Ag:erecate 0.58 2,606.5 0.3 0.39 1024.8 1024.8 0.5 25 37.4 186,000 

3 Cover Soil (2') 1.83 589.1 0.4 0.44 259.9 259.9 2 18 34.0 144,000 

I Asphalt 0.25 6,037.5 0.35 0.36 2156.7 2156.7 0.333 50 40.0 28,800,000 

2 A••rcgate 0.58 2,606.5 0.3 0.39 1024.8 1024.8 0.5 25 37.4 186,000 

3 Cnvcr Soil (4') -too 515.7 0.4 0.44 227.5 227.5 4 18 34.0 144,000 

1 A>phalt 0.25 6,037.5 0.35 0.36 2156.7 2156.7. 0 333 50 40.0 28,800,000 

2 Aggregate 0.58 2.606.5 0.3 0.39 1024.8 1024.8 0.5 25 37.4 186,000 

3 Cover Soil ( 6') 4.00 570.2 0.4 0.44 25!.6 251.6 6 18 34.0 144,000 

I A"J'halt 0.25 6,037.5 0.35 0.36 2156.7 2156.7 0.33:) 50 40.0 28,800.000 
2 Aggregate 0.58 2,606.5 0.3 0.39 1024.8 1024.8 0.5 25 37.4 186.000 

3 Cover Soil (8') 4.00 664.4 0.4 0..14 293.1 293.1 8 IS 34.0 144.000 

. \a: . .-~:>plil'\1--::: load of proposed structure or load on individual footing- rhe srress should b ... ~ attenuated l0 the mid~ height of the layer of mtere~t 

Hgr.J!wl.:.r = e~tirnaled thicJ...n~:s~ of granular material a~ a function of fooling \VHJth 

Elastic Modulus us a funcion of N from Tablc5-5, p,26 'Towidatio!J Analy~i; and Design", 4th ed .. by J.E. Bowles 

E, = 28.800.0(10 p>f -asphalt 

E, = 300*1N+6)/50'-1000 in psf for silty sand- aggregate anJ cover soil 

N ::::: blow counts 

aH 
(feet) !inch) 
0.00 0.001 

0.001 
0.00 0.001 
0.01 0.063 

1).063 
0.00 0.001 
o.or 0.064 
0.00 0.021 

0.086 

0.00 0.001 
O.QJ 0.064 
0.01 0.064 

0.128 
0.00 0.001 
0.01 0.064 
0.01 0.111 

0.176 
0.00 0.001 
0.01 0.064 
0.02 0.184 

0.249 
0.00 0.001 
0.01 0.064 
o.m 0.287 

0.351 
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Attachment 4 

Elastic Settlement of Undisturbed Waste 

(iib>on and Lo (Site C Connecticut) Gibson and lll (SireD- unknown) 

1-'"--"<llion 

Sou ret' 

Ha!!Jl"r 1 
Nonh 
ICeoter 
South 
Hangar 2 
Nonh 
Cenfcr 

Somh 
Hangar 3 

\Va:o,ft.• 

thickJleS"r 

<f<cet) 

heurt· 

!0 
10 

14 
20 
10 

hll tltiCkilt'>.'l ''" iJl'l) 
tleel) 

Dwg. 2001 

.l.5 ()(>{) 

4 6f·,::L5 
4.R 76S5 

6 918.5 
55 856 
2_8 5185 

I 

;.ttys) 

t25years) 

9125 
9125 

9125 

9125 
9125 
9125 

b A 
(1/kPa) 1 !ikPat ( 1/day) 

5.'l(JE-05! ~.0\E-041 1.11 E-03 
5 90F-05!4.00lF.-04I l.liE-03 
5. 90Fr05 I 4.03E-04( !.II E-03 

5.90E-D514.03E-041 I.IIE-03 
5.90£-051 4.0:lE-041 l.llE-03 
5.90E-05! 4.0.lE-041 1.11 E-0.1 

llH 
(inches) 

d:;~qk <~nlv I plu:-. ~«'nndary 

0]1 1.ol 
0.23 1.78 
0.03 0.20 

0.44 3.42 
0.58 4.55 
0.18 1.38 

a 
( 1/kPa) (ilkPa) 

;.. 
(!/day) 

1.78E-04 I 3.00E-03 I 2 i>JE-03 
1.78E-04! 3JlOE-03! 2.63f>03 
1.78E-04 I 3.00F-031 2 .631:'r03 

1.78E-04! .HJOE..O.JI ;f.63E-03 
1 78E-04! {00E..031 !.i\:lJ;,-03 
1. 78E:{l4l 3.ooE.O:\T 263l"i'tB 

North I 25 I 4.! I 6RI I 9125 I5.90E-05I4.03E-04(1.11b-03l 0.58 I 4.52 ftl.71lE-0413.00E..Q3 2.63E-0.3 
Ct'Illl:f I 25 I .l.6 I 6185 I 9125 I5.90FAl5I4.03E-04l l.!IE-03 I 0.52 I 4.! J IL78E-04 LJ,()OE-03 2.63E-03 
South 25 0.5 231 9125 5.90E-05 4.03E-04 1.11&03 0.20 1.53 L78E-04 3:00E-03 2.63E-03 

4H 
(indtes) 

ef~t:ti..: l)nl>" J pJm, se\.-"imdart• 

062 1!()7 
0.68 12.21 

0.08 140 

1.32 23.48 
1.75 31.26 
0.53 9.47 

1.74 31.09 
1.58 28.24 
0.59 10.55 

Power Creep Law (Site C) PowerCrecpl.aw (Site D) 

ml 11 IL\Himln IL\H 1 1/kPal (tr = l day) (inches) 0/kPal (tr = l day) (inches) 

3.09E-05 0.367 3.04 I6.04E-051 0 582 42.28 
3.lJ9E-05 0.367 3.36 l6.tl4E-05I 0.582 46.64 

HJ9E-05 0367 0.39 B 6.04E·05I (J.582 5.36 

3.09E-O:> 0.367 6.4!> I6.04E-051 0.582 89.72 
3.0%-05 0.367 8.59 I6.04E-05l 0.582 119.45 
3.09E-05 0.367 2.60 I6.04E-il51 0 582 36.18 

3.09E-05 0.367 8.55 6.04E-05 0.582 118.79 
3.09E-05 0.367 7.76 6.04Fr05 0.582 107.89 

3.fJ9E-05 0.367 2.90 604E-05 0.582 40.29 
Hangar4 1 1 
North n J.S 6435 9125 5.90Fr05 4.03E-G4 l.llfr03 0.59 4.62 L78E-04 3.(1(JE-03I2.63E-G31 1.78 I 31.73 I309E-05I 0367 I 8.72 I6.04E-05( 0.582 I 121.2:l I 
Cemer .lO -' 5435 9125 5.90E-05 4.0:JE-04 1.11E-03 055 -U3 L78E-04 3.00E-03j2.63E-031 1.67 1 29.78 (3.09E-05I 0.367 1 8.19 lo.O-lE-051 0582 1 113.761 
Sl>utll 30 l.5 356 9125 5.90E-05 4.03E-04 !.11E-03 0.36 2.84 · 1.7SE-04 3:00E-03I2.6.lE-031 1.09 1 19.50 i.l.O<JE-051 0.367 1 5.36 lo.04E-051 0.582 1 74.52 
Hungar5 
N(mh 32 2.8 
Center 42 H 
South 40 l.S 
Ha~~r6 
North 42 6.X 
Ce-ntC"r 53 5.8 
Soulh 45 1J 

51~5 

o-B.5 
.lYl.5 

1018.5 
R9.t5 
.n1 

a\'erngt• 

9125 
9125 
9125 

9125 
9125 
9125 

5.90E-05l4.03E-041 1.11&03 
5.90fAl5 I4JJW-041 1.1lE-03 
5.90E-05(4.0<E-041 1.J H:CQ3 

5. 90E-05l4 03E-041T.H f.-03 
5.90E-05I 4.03E-NI U!E-03 
5.90E-051 4.03E-H4( LITE-OJ 

Site C values 
a (! /l;Pa) b ( 1 /kl'a) ).. (]I day) 
!.OOE-04 4.701.:-04 9.70E-04 
I 30E-05 .<.SO!c-04 8.401::-04 
1.20E-04 4.-'0F.-04 1.20E-03 
5.201::-05 2.501:'-04 1.40E-O.l 
lJ)()E-05 5.-RIE-04 8.40E-04 
4.90E-05 .UOE-04 1.40E-03 
5.9()E-05 4.03E-04 I.llE-03 

\\'a.<.ti.:' t!H~,.:km·~:>-. ""...::\timatcd rJJi.:h.nt.~:-,s of wa .... w ha ... ~d on isopach map presented Ill the VCM Pian 

0.56 
fJ 92 

0 53 

1.45 
1.6! 
0.50 

Fill tltl..::km·s"' ~fill required to <.11..:hleve :-~ubgradt.• elevation. Values estimated by vjsualmspcction of Drawing 2001 

4.4! 
7JR 
4.1~. 

l!..io 
12.58 
:196 

1.78E-0411.00Ht3l 2.63E-03 
1.78E-04 I "l.{)(JE-O.ll 2.63E-03 
I. 78E-(l4! 3 OOE-03 I 2.63£-03 

1.78&0413 OOE-031 2.63Fr03 
1.78E-04 I 3 OOE-03 I 2.63&03 
l.78E-04l 3.{)(JE-03I 2.63Fr03 

Sire D values 
a (1/kPa) b 0/kPa) A( 1/day) 

7.50b-05 !.90E-03 4.00F-03 
8 llOE-05 4. 90L-0) l. 90&03 
3 80E-04 2.20E-03 2.00E-03 

l.?SE-04 3.00£-IB 2.63£..03 

!.70 
2.77 

1.61 

4.3g 

4.85 
1.53 

l>a (psi)= weight of hangar structure and >lab (10<'; P'f) plu' the weight of aggre~me (l25 pcf• .5ft) plu' the weight of till ha.>ed ou a unit weight of 125 pcf at varying thicknesse> . 

• 1\Nswc l IENG\Shared\LANL\REDESiGN\1-langcr Design\Eiastic Scnlcment4-l4-0o.doc 

30.30 
49.36 
28.74 

78.12 

86.4~ 

27.20 

3.09E-051 0.367 
3.09E-0.5! 0367 
3.09E-05 I 0.367 

3.09E-05I 0367 
3.09E-05! 031>7 
3.09E-05I 0367 

Site C values 

Ill 

o.4SI-~05 0.264 
l.JOE-05 0.409 
.\ 14E-05 0.304 
2. 75E-05 0..114 
l.40E-05 0.4fl5 
1.67t:C05 0.443 
3.09E-05 0367 

8.33 
13.57 
7.90 

21.48 

2.1.77 
7.48 

6.Q4E-051 0582 115.77 
6.04E-05 I 0.582 188.57 
6.04E-05l 0.582 109.82 

6.04E-051 0.582 298.47 
6.04E-05l 0.582 330.41 
6.04E-<l5l 0.582 103.93 

Site D values 
rn n 

4.69FA5 0.593 
4.8.\E-05 0.666 
8.57!'/05 0.486 

6.04E-05 5.82E..OJ 



Attachment 5 
Total Anticipated Settlement of Hangar Slabs 

Waste thickness Fill thickness Llli 
Location 

(feet) (feet) 
.1-cr (psf) 

(inches) 

VCMP!an ·-r:oncrct'e" :· ""Wast"e- ·- • 'T~r';j ·-~-Waste· -· T'o"tai • • 

Source Figure Dwg. 2001 hangar & fill I (Site C) (Site C) I (Site D) (Site D) 

Han2ar 1 (see Fig. 2) I I 
North 10 3.5 606 0.14 I 0.21 0.35 I 0.62 0.76 
Center lO 4 668.5 0.16 I 0.23 0.39 I 0.68 0.85 
South 1 4.8 768.5 0.19 i 0.03 0.22 . 0.08 0.27 I 

Hangar 2 • I 

North 14 6 918.5 0.24 • 0.44 0.68 • 1.32 1.56 
Center 20 5.5 856 0.22 : 0.58 0.80 : 1.75 1.97 
South 10 2.8 518.5 0.12 ! 0.18 0.30 I 0.53 0.65 
Hangar3 1: I 
North 25 4.1 681 0.16 I 0.58 0.74 I 1.74 1.91 
Center 25 3.6 618.5 0.15 I 0.52 0.67 I 1.58 1.73 
South 25 0.5 231 0.07 i 0.20 0.27 i 0.59 0.66 
Hangar4 . . 
North 27 3.8 643.5 {>.!5 . 0.59 0.74 I 1.78 !.93 
Center 30 3 543.5 0.13 : 0.55 0.68 . 1.67 uso 
South 30 1.5 356 0.09 ! 0.36 0.45 ! 1.09 1.19 
HangarS I I 
Nmth 32 :2.8 518.5 0.12 I 0.56 0.69 I 1.70 1.82 
Center 42 3.8 643.5 0.15 i 0.92 1.07 i 2.77 2.92 
South 40 1.8 393.5 0.10 I 0.53 0.63 i 1.61 1.71 .I 
Hangar6 . . 
North 42 6.8 1018.5 0.28 • 1.45 !.73 . 4.38 4.66 

Center 53 5.8 893.5 0.23 : 1.61 1.84 • 4.85 5.08 
South 45 1.3 331 0.09 ! 0.50 0.59 ! 1.53 1.61 

e\\Nsw<.: 1\ENG\Shared\LANL\REDESIGN\Hanger Design\Elastic Settkment4-1-Pl6.Joc 
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Figure 1 

Cross-section of Hangar Slab and Asphalt Cap 
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2#C CONiiNUOu~; 

Typical Hangar Slab 

j 

VAF'OR BARRiE!\ (l':'F'.) 

~" AGCI<E:Ct1 f IJ;\SL C\IIJH~;t 

(lYf') 

U~:c,r !NC /Fd. LClC;\ TED 
iN I Ll<ilv1 COVI.J~ M;\ ·, Ef~IAL 

WOVFN GtOTLXTli 

Typical MatConTM Pavement 
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Figure 2 

DEFORMATION vs DEPTH OF RELOCATED 
COVER SOIL/WASTE 

Settlement of concrete slab or asphalt cap, 
aggregate and relocated soiVwaste only. Does not 
include settlement of undisturbed waste. 
See Attachments 2 and 3. 

-~~r 

0.00 \--·--·····---~------, --·-·------- ·-·--····r--

0 1 2 3 4 5 
Depth of Relocated Co~oer Soil/Waste (feet) 

0\\Nswc I \ENG\Sharcd\LANL\REDES !GNIHanger Design\Eiastic Sclllement4- l4-06.doc 
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1 CJN'RA27CR AC:::ESS TQ T'lE ""ROJfCT '>tiT S f'<'JI.I ROUTE NMSR 5:J2. 6. T :~ P_ll.l\ aELCW JEPIC'""S [XCA\IATICr-. ;)R FiU REC:U;R!.=.:D F~OM [:>:'15-:lNG GRADES TO ~E FLEVATlONS OF -:1-'E 
80TTM ')~ CA.P >V>-IIC''! !S frl[ TOP OF Tl""[ :::XSTI~G/RELOC.A1FD NTERIU CO.JER UAi'IRlAL 

J 
t 
'( 

~ 

I 
'cJ 

THE NATi...'RAL GR..\OES :)F t<E Oc<:G,~A;_ HANG.N·:; \,'AIIF"Y PRIM TO BEG!NMNG Of WASTE DlsPOS~l. ARE NCT 
SHOWN ON THtS DRA'MNG. 'HE CRADING PLAN SI-C"'"!'. i'"CR T:'-1( EAST SLOPE 'MLL BE R£1115£0 .l.S NEEDE:l lF 
'.A 71v'E GROUN) IS E'COUN'"EREC DUK!N·S O"CA'v"- 7:CN SLOPES ON WASTE 'MU BE CCNSP.L.CIT: ;.s St-G-'iiN. 
~o"NEVER SLCPES G" .i~.jADY! GROUI\C. IF E~CO'.JN'"ER::C, Ill!:..~ BE ASSESSED BY ;"HE ENGINER f-·'<D IAA'f tOE. 
STEEPER 7HAN '.';HOWN. NAT,\'£ ::.:OCK W ... _ "CT BE EX"'ENSNEU EXCAVATED AU. R~VfSED ·:;Rt.Dt:~ WILL BE 
"E\~EWED 3Y -,.:: ENGINEER 

TI--E ::<Yo. iRACiOR 51-< ALL PJRNISH AN '"'TER.I;I SUR'."EY :JF fr-1£ SURFACE OF NATIVE SO\L EYPC:St:C f'S /.. 
.'?t.sU~T GF WASTE iXCA\'Af;QN nWM 1l--lE Eoi.ST S:...JPE FOR REVIEW BY THE Et-.G;NEER. THE SUR\•Ev SnALL 
"'C~ ... ~E ;-.,E E.XP.)S£0 N,!TIVE S:):L SURFI"CE, lYE EY.CAJAT£0 ,.,ASIT SURF A~. AND THE .,NJIS--:-~RBE~ NAT'v'( 
SJic. ACR:::SS -HE fAST Sl0~E JF <HE ~At<.H.-·L:_ 

T-'E CCN><ACOR 51-ALL "OT 0-'<~·ERjPc,RC!-!ASE S70RMWATER INlETS 1 -ro 13 AND MA'-lhOL:: 1 "-.t<:) 
ASSOCIATED PIPE UNTIL NASt. '-!AS aEEN EKCA'IA"""ED fR()M TI-!E SOUTH EAST CORNER :Jf THE _A1>1Dfl:_j_. AN!; 
ThE ENG:~EER .-:AS PE\t:EWEC -,_,E TOPOS"<AP-!IC 5\:R"/C:Y OF THE EXCAVATED S:.JRFA;CE. TriE C0:\ """RAr-T:-JP 
~·UST REC£,\"E ".PPROV~L F;;:)M ~HE ENG NIT~ ::>~:CR TJ OODERtNG,'PURO-JASI">G """HIS MATfR;,:,, 

':CNT~I'CO'< 70 FIElD >'F'i'IFY P'i'ES:O:r>,(f /L :)(A ~01• DISTNG WA TERUNE ,O.NO COQ;<[ii\IA 7E REL~<t.. ~0"1 Nl'ff-' 
:Or-..:GIN[ER AND AIR;;,QRT \JAN;,GER 

"" y 

""'.,. - -s;J 

Thr ::.J~l~/..CTC:R SI"ALl_ REMOVE ALL WAS'""E 1'1 THE I,R[.4 WEST UF TH£ LANDf"tU. CA;:> BEHiEEN f...,f EDGE o;- CAP 
M•J CD.:;[ OF PA\IEIAEN- A"-0 REL.JClliE T WIT..,IN frlE UMil OF I'-ll FiNAL COVER S'"'ST::I.l. All 'HAST( SHI<LL BE 
PE:-Oc.:..-;-(J SUC'-1 ThAT THt: UM~ :.Ji'" W,A.STt. SNALL BE OFF-SG 'HSIDE TroE UMIT Of" ;:--NJ.L CQ'v'ER SYSTDA A 
Mll\JIJJM OISTA\1:::£ OF 1-Fc::~. Ti-"-15 PRE>\ Si-iA...L BE BACf:.FlLLED o\1T-l EXISTlNG/RELOCA.TED INTERIM FILL THE 
CJNTFAC'"OR SI--AL .. PRCTE:T TH EXIS"l~G FJ.'-/:;:V(NT, TREkCH CRA.N AND STORM 5E'•VER JCR!~G Tril$ ACTlVITY. 

8 T'-iE :::J~JT'<ACOfi SHALL ENSJRE T'"A; olJ..L WASTE LO•:ATED CLTSCE OF 'HE FINAL CC';[R SYS'EM INCLUD"NG THE 
AREA A,_Jt.G f-1£ SOUTH SIDE OF ME lANOflL ,5 RE:.DCAITD WiTh!"' THE W~IT Of rtE: mJt-L COVER SYSTEM. ALL 
WASTE SHAL- BE RELOCA"TD SIJC:-. THAT -rt-E U.!IT OF WASTE SI1AL 2E OFf-SET iNSiDE THE LMIT OF FINAL COVER 
5'""53.i >, w~:H.-1!./M CtS7MiCE Of :-FC.OT <\.'JY f.~CA'l.o~,TIO"<S S~YG~.O WE E:DGE OF CA:> Stt<I.LL BE 8ACKF.;..LEO 'MTH 
EXISTING/RELOCATED !NTERM i":ll 

9 THE .::O•-i-:>'1ACT:>R SHALL C.ETERMINE T-IE EXTENT OF FENCE '<ELOCATIDN/REPLA:::EME.NT REO'...·I~D WORK SHALL BE 
CG•)i"G':O.A ED #Th TH~ .."\ Rl-':)1<: 7 M;.N..:...;t:"l 

10 Tl-iE 20NT"IACT·JR SI-1Au .. CGtf11'<l,CUSL'" t.,;QNITOR WAST£ EXCAvAT.ON AND WASTE PLACEV.Et-.T. WASTE PLA::tMCNT 
SHALL BE SEQUE-.CED ""' A MANNER T..f.l.T WILL .-'SSUr<E THt MIN!I.I:.Jil RO:QLHED S...OPES I~<D!CATED ON "1--IIS ORAYilNG 
ARE ACHIEV::::. 3ECALSE f.--tE VO ... I.d.iE OF W~STE TJ 6£ RE:..OC.<\TEO CANNOT BE ACCJRATE.,Y QUAN'lFIED AND 
BECAUSE St:Tl..£MENT IS A:.TICIP<\T[:) TO OCCUR ~·VRI<,jC CONSTR..JCT!ON, THE ELfVATlQ~S SHO'M>l ON Tt1!S DRAWING 
MAY HAvE -o eE A!)JLSTEJ. lriE ~:~IT CF THC: fiNAL COVER SGTEM MAY BE A.00USE:J :"i THE ~ELD CONSISTENT 
Wllri T-1£ LOCV':)N OR REL•)CAT·ON Cf IV,l...STE WI-:H P~I:R APPROitA .. OF THE EI\GINEER. 

"" ...,. OU1l£T 

""""''-~ 

\ 
~EWOVE FENCE DURING r CONSTRUCTION AND ~ 
IN-KJHO. WAlCH lO EX!S11NG 

I 
FE>ICE. sa: HOlE • 

I -- ~~· 

·-Jr~l ~ ~ ~1~~ * ~ ~a~,~ 
EX~NG Jc4>4\2;9~"''"'J' 'I> ' I . 

~.:--"'"""'t;"'""i"'~ ~= l::,',r:40 ~ 74' ~ 4¥ 4¥ 4\ 

"'G"''"' '# U/l "" ,_;, 

'" I '+' "<' 

'" ""' "" "" "" "" '"'~c,>i-~~ 

//;__:__ . ~\ ·•. 

I , \ 
RELOCATED /'" ---~~ ---~-~------

~A~~- I \ 
SEE NOTE 5.-' - ABAHOON AND/OR REWOVE 

> 

WHEN "HEW WATER LfiE IS 
RJNCTIO/'W.. IT REQUIRED '" --~RUNWAY __ _) 

~ 

.. ---
·" .. - .. -

~~~~~~~~.~~==-~r:__ ~--~~~;_~,:::~c~,c_!~:7~~~g~R~
1

~A~~~:~cs .,,. "'~ : '"'" 
"'':" ,;"'"~"-'""''""~" - -~-[ ·-;~-- - -·-· -- l 11/orthWilld \~TEAM-~~"-~~,'-''-~"'!-----~ 
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11 FOR STOR'.-1 5f..l'iEP P._.AN ANO PROFILE, 5£[ DRAWING 2003 

U. ~:.;!<' C.A~ :.:GLLlCPON SYSll:,M PLAN, SEE O~AWNG 2010 

·.3 FOR r--At.GE>< LAYOUT ;oLAN, SC:E DRAWI"G 2024 

I 
I 

u:= 
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PRO?ERTY BCUNCARY 

UMif OF LANDfiLL ""NAL COVER 
SYSTEM 

TOP :)F P'lEPARAT:)RY Si...RFft.CE 

[XISTi"lG GROUND SURFAC( 

PROPOSED SPOT ElEVATION 

FROPOSEP STORt-I SEWFR 

BENCH FLCW DIRE·-:::T.O<,j 

EXISTING fENC:: 

NEW FENCE/RELOCATED EXIST!~G 
FE~KE 

EXISTING St:WER ... NE 

EXISTING WATER ~INE 

.--10--___ WASTE lHICo<NESS 

~ MANGM< NC. 

; 

WAlL 4 

1
- ROLL BENCH TO FORCE 
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I BENCH (2 PU<:ES) 

-·--c;:-~~~ 

ntrU.TCH TO EXlSTlNG 
'FENCE 

-r -=-=-===--

~---------------
I -~-~ 

L REFER TO 
NOTES Z AND 

5:: ::o 

SCAl.E>1"~~C"-:J" 

FIGURE 3 
WASTE AND CUT /FILL THICKNESS 
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APRONI ® S£E DETAIL 
20"'2 21 

SEC[lC>N-OT-
'vf'PE-ArCHANNa 1 

------··SEE 0£TAIL (i\ 
205lliQ22 

\ 
--------

-------
-------=~"'i_Y-<.o= · '-"""-' 
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\.AiNC:.J;~. i (•N,..,. 

Tht. ru-!>:lllth ,f t.~H-.; illlltH:;:t.ig.<tt.illn nf th::: 1~83 slope ~t~~hi.'iity fpil·· 
ur~ 1111t the l(o:ttl~lt-t..:;,J Hilh .. GJ.a~~ J ha~a·rdo:J~ wa$t~ t'e.posit,or~ tea(:h 
':..:~-hhlbl~l lt:~b:o.·ru; . .;,hz,~t t.hlit sa.f~ d~slgn ttrul conH-tructi.on uf 1i~:"d wa~t.£~ 
l ,~ndf 1}1.:·,. ~fht~t~t:! l HG 1 td4t; 

tiJ .Kul!.1"Lt'fl"' Uucf syt.Ll'll.ll;. ..-hh.:h h;w<.~ b;::r~~n dt1vi~t.!d ft~l Lht~· tHifn 

cotat,'\lJlM-iYHt .!im.l ltt.lP.iJVal ot laudf1l! ia~:tch.attl'! 16BY eorJ(8.ft'l UntH 
lrH'tl't'(Jl.L:tH• yitfJ l-ow ~ht'!ar ut.Hmg.th, iUJ.."..lultin~ f1lttiO-n llngluu 
~H~ lO:'Id ./Jiio> !) G\'lg!:M'tli i.}( lft5S. 

1. ~~) :,Jli4~£z· db·t.:ct ~ht~~ar tt•st$ Cit.fl. ha u&f:d to determir~e ~~eli able 
·.,r~iiue-t~ tor iuttH;tuce stt·ength pt'operties. 

i >J lle,,cnu~~ <>l t.l•• variabl.tity ln intertac" srnmst:h• that h 
,_~..~~i()<:·i,.te;.t '..4it:n d~fftt-t:ent ge-Q.-ynt:bo:tic linett' •.:vst.ultl c.apo.t~~nt:s 

.1-;;,i ";¢~~~~p~H·t" F:d ;·le.ys u.s:e.d in eotttpQ-'li te: dPublfl t.h\~r sy~~:t.ema" 
•l,dltW\io ~·;i i:ottH'i.•H;.e :U-tt~ngth shculd be i,l-&t:'-'nu:intii;d bp"(;ifie~J)y 
f 1.1.1 ~~ach p1 u:Sing sa~pi-e:• of the: act.;;a'l mater ial• and 
l~• 1)r\u.-.t-nlt .,r ,. .•. p~-J.i.~Vm.tilt<t, lo-9ding. and wet. tiP:$ c:ondit.ion.fo'.·.·_-

\:-.; Lr cd[tLttLHl~• nnu~lving low shi~Qr- str~ngths 6JI,:u~t~ """5l- :lt4ji" Q<::<:.u.r 
ll~ ltn~1r ·'-'lf""Lt;;.!!!u. t!u.4-~n·diu,.un-s-lunni uffcc-c:tt: QBY b-tt important: 
t:1 ~Vttl~~'"t.itt!-: !'tlahility. 

l-:t~ rn·v lt:apt';t-..ltvl'f filljn~ of.wr:athnLr.o ~hould b~ p1artJ"t~·rl in such a 
1o/4)' kh~l ,,,,, c.d"ti<Mt<t face or of Hat•!! ~ con b" llla.int~int'd ac 
.,lJ tlll""" ""d lao all UU bdghu. Thi$ <.>in be ll<>n~ l>y 
Ull~,·~ur; vr ,~y.'l.:to;milt 1;: tlnaly!Jit·.a ot utaOJi.lity t'cx- different fill 
~~lj{)flh.~:t r it' 

((,) 1./I,U" Uw • .-oncc·~t ""'ttodtd in (!>/ is sin.pla 111 ~>rinciph, it 
'-' >•r<"""" l_v dlfHrult· in d<>tail ""''ing t;o (l) th~ lo.ck of o. 
"'1,11 t~J:t>l (! r.~~tli~ r £d i,>;~d J:t;.e.thod for doi~lt; three .. di.m:en!t ion.,:l 
&t,:&hiJ 1ty ._rnvldy~-lllf-1, and (1} uncert.aintJ.es a.bou.t t.hv gff~ct;s of 
~;-tdhlini~· 1a.Jdh1f,$ c.nt lht-... r:1:.sponse- and stability of lined. land .. 
UlL. llu<), ol 1-hl'»fl I M"MI ""ed turrhar study. 

1\.CKJ;t:>Wl.tlX'MBN'!:i 

Tiw d\~;,lwu;., ~h.tllk CLH·•·mt~-:: K. Chan~ IUch.u:d C. Si•son~ .M.altt'.llitt 
~l,do.·l , MH fh~ hm-t; Cihln~~"' And Pel~ftt• -G~ Nich-ulson o:f tho, University ut 
•. ,~ljFo,n•.:., 1-tt:r}<·,;}t >' Gcot.c~.--:ttnlcAl (;,;r-oup whu ass.ist.e-d in th~~ testJng, 

I(M't,kt.:;,:l·:>, 

it] 

it] 

s,.l, t\ t.. :11 t L;b•d l, J, fC a.nd !>et-~d. h lL. "Slopa.r S! .• ibll ~Vf 
F.li \Hi,' Jn-"hd ... t~f)oi.L!ou l..andt'!ll Unlt a l.~, }lh.r;..se- l>t ... Kttt.lcuurn 
lli I C\•lifomia • li..'WM.•£hnJs;ol l'.•<a:lti!'t<"iEC.. . .\<~SU:.t..l~.I!Ll.ITLJ!L 
y). U!;ivi~rsH.y af r:<-d.itorni&, htic.&l~y CA. July~ lSiaB. Y~ pp. 

tid£ tilt, l',' .i((H>.fiJ~~r~ R. M. and WhiU-J, J' r:,. "I!Xl!{:(r.i:;:~-~~raa: 
L'l l~·~ Jnn Lvd}ii;->t inn ol Sllp~)•il-(; litd.wi..HHl Ge>Offi~-mLr.-·nes, l!~Ol.t!Xlili~S 
.n1tf ~,f~d. 1.11. '' tr;-.{~£LI..HT!.lioi't Jntstrp;~;ttruh'll .. (~:vt(~.rtn~!~~Jl?. 
lk"'-''"'', C<•lvrMl<>, .Jun 20·Z~, 196i>, ;>[•. 191 !VI'>. 
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luncer B. ld111, Valeri J. l<.lnl}uette2 and W1111anllol. wue11ner3 

SETTLEMENT Of MOHlClP~l. REFUSE 

RBFBIUINCBI F.dil, 'l'. 8., Ranquette, V. J. , ami 
Wuellner, w. w., "Settleaent ot Xvnioipal Refu•e,~ 
G$i>otechfiiC!LQl. J!.QJii!.!Lf.illtL::: •. ~~ce. AS'fM 
~~Arvid Landva and G, David Knowles, Eds., 
Alttu;rican S1x:i.cty fot· 'l'et;ting and Materials, 
Philadelphia, 1990. 

AilS TRACT: Refuse settlement In $~1!itary l<mdftlls ts a co~ lex 
process, which is dominated by secondary co~resslon. Two 
mathematical mDclels are ~sed to MQdcl refuse settlement at four 
d!fferent slte$. A data bank of etJplr1cal paralfleters wu obtatnell and 
tbe trends observed. 

KLYit'OROS; refuse, settleliiElnt, settl~nt JOOdel, empirfcal settltl!tcnt 
paNutete~, COI1)ression, nte of cl'lllprnslon, landfill 

l NT ROOl.iCT ION 

Refuse- settlellleflt fn s.anltary lar~dfi lls, though frequently a 
tt·a®lesQlle .af!d unpredictable probl~m1 offers at the $4ilMI tlllle a 
s1gl!1f1c•nt oppQrtunlty to the 1andf111 operator for Increasing the: 
~otent1a1 dl$posat capacity. Altho~h filled to design grades, after 
closure Jandt! U surfaces rapidly settle below the •~roved ffnal 
nrades. litllh! l.hls phc1!QIIIeoon h uode••:otuC~d, a suitable ~1 to 
predict tM$.behavlor has oot been avatlal:lle or gent-rally accepted. 
CoosequenUy, valuAble air sp<1ce (volwue}, previ<>usly appmved by 
regulatnry 4!Jencle~, lllil1 oot be ftAHy used. More accurato predlctloo 
of tl!!:i. liettlelllf:ot lll<lY pemlt a range of opportunft1es 1nclud1ng 
better estllll<ltes of the remalnlno life of ex1st1~g landfills, and 
lwproved p~~lct4blltty of $urflcial refu$e mo~ement and 1t$ lap~t on 
'"~er 1ntegr1ty, futuN: vertical expansions, and ult1~~ate use of the 
h.ndff 11 surf ace. 

The J~ech.anics of cOIIlj)ress.lon of t'efuse are D~any ;md complex. 
Setth~~~ent~thoo curve~ fi'QIIl sa!litary landfills differ fro. those for 
typical clay settll!llltlnt curves; h010ever, they are sial Jar to too5e 
froa organic soils and peats. Thfs psper outltnes an analyst~ 
approach ustng two dtfferent malh~tlcal functions for the reFuse 
settleunt-t1-.e relationship. These rehtionlih1ps, which have 
previously been used to predict peat ~nd soil 5ettlemunt Incorporate 
the '>1onlflc;mt factors conlrolllng refuse sdtlement. 

lpfllft'~sor of C.h\\ 4~ £.ri'f'~fOfUhfJ(lt•l tn.g;l"tt•-e-rifi'l.J. Ordven' t,.- Qf ..:ii-l'MHn~t4wjho-n. 
':'! M".Chon~ WtMQft~dt) 
;-11tr-Ot*cl1rdca1 £r.Qi.r,etr, Warzyr, fr~!Ji~u~~tr)!NJ tat',, !f.ltlii:ior, \J1u:.;.tu;;n 
~Gr<)\.p "atllgtr, CM~tro>tloa Strvlcu. t\ll tngirw.,.iWJ AHut\~1¥>, ~&lhoo, 

~tocnMin 
;>2£, 
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226 GEOTECIINIC."i OF WASU HltS 

The lli.Hhtmatlcal 1110d~h were applied to the settleaent data 
obtained from four different landf111s and the parameters 
characterll1ng the compr~ss1on of refuse were calculated. The 
dep~mdency of the refuse sett-luent parameten on the $tress level 
and the stra1n rate wa$ e~aluated for a range of cond1ttons such as 
age of refuse, act!ve f1lling or post-closure and leachate 
e~tract1oll. The lt!lflted data preclude brOild genel'alfzation of thl" 
roodels for <t variety of condltlons; h0Wf1ver, their versatlllty and 
~tlllty <h" tcol for est1aatrng the s.ettlement of refuse, 
i'!Specjally during <IC:tlve fllllng or po$t-c1osure, are de1110nstrated. 

MWIA!H CS Of RHUS!: Sf. HI HllftH 

Til~ llleCilili11C$ of refuse settlement are many and C~lel!, even 
Iron! :>o tha.n for « soil Oil!! t~> tlle extreme lleterogen~it}' of, and 
large voids present In, tlle ref11se f111. The llhlfn lledlan1sas 
involved 1n refuse lettle~~ent are the following: 

l. Me-chanlc:al {distortion, bending, crushing lind 
reorlenla.tlon; sl111ilar to consolfdat1on of organfc 
~oils}; 

2. 

3. 

Ravellfoq {move.ent of fines Into ldrge voids); 

Pltyslcal-chemh:al change (corroston, oxldat1on and 
combustlon)r and 

4, 6io-chemlfal decoRJposltifrn (fermentation and decay, 
both ae~'blc and anaerobic processes). 

ihc· factor~ affecl.l ng the m.agn1tude of settlement are many and ar~ 
lnfluen..:ed by eilc:h other. These factors fnclude: l) fnfttai 
refu~e density or vo1d rat'fo; :t) content of the dec~uble 
nraterlah in tile refilM!; 3} f111 height; 4) stress. hfUory; 
!>) lea.cllate level .a11d fluctuations thereof; and 6) envfr'OIIIII&ntill 
factors {sue~ as moisture content, temperature and gases present or 
gen&ratt;d withln the landflll). 

lt shcuhl be noted tlut refuse :>ett les s.ubstant1ally both under 
its own self weight dS wail as under the welg~t of a new load (for 
e-:<cllllple, toe placement of J'CW refuse over existing refuse}. A 
factor comp1 lcatlr~ thf' c<~mvutatl<>n C>f stren dlllllfjes due to tllese 
weights Is the Introduction of cover ~ofl to refuse ffll. Tl1e 
ad<iH !on of cover soil makes the measurement atid interpretation t)f 
unlt wetght V<tlues 100re d1fflcult. As a result, two types M 
refuse unH weight <:a'l be deflnedr I) Actual refuse unit weiqht 
(weight of refuse PEr unit volume of refuse); and?.) Effectfve 
refu~c unft weight (weight of refuse plus <:over per un1t volt:me at iandfil!}. [11. 

I 
l 

Sf.TTLEMFNl Of MUNICIPAl WASTE 227 

In themselves, actual refuse unit weights are highly erratic. 
Within a lalldftll, refuse unit we1ghts typically vary fr<llll 5 toll 
kN/cu •· Moisture contents typically ranoe fro• HI to so percenl, 
on 4 percent of dry weight basil [t-3}. 

Settlement of refuse fill h character1sttcally 1rreg!llar. 
Initially, the!"(! h a larg~;~ s~;~ttlement wlth1n one or two months of 
completing con~tru(tion, followed by a substantial amount of 
s~ondary COfiP.-eU1on over .tn extended period of time, The 
.agnitude of settlement decreases over tl.e and w1th increasing 
depth b~low the surface of the ftll. UndEr its own weight, refuse 
sett1e1nent typlcally ranges fr0111 S to 30 percent of the or1i/fna l 
thickness, wtth lliOtt of' the settlement occurring ln the fint year 
or two. 

PRt:VIOUS: AEJUSI: SElTlEMENl STUDIES 

VariQUS methods of analysis and prediction of post·constructton 
refus.e ffll settlement are reported by several inllestfg.ators {2-!i]. 
Settlement due to compress1on of refuse fill under external surface 
load can be plotted fn tems of strain (r~t1o of settlemmt to 
1nltli!l .ffll height) versus the logaritltm of ~ffe<::ttve stress 
(pressure!. S{lltle.ent ma~nltude can be predict~ oased on the 
set~.lement coefficient~ the slope of the stratght line connecting 
two selected stresses t£, 4]. The problems with this l!!t>thod 
indude: 1) for older fills, the 1nlt1al fill helgllt Is usually 
uoknowtl; 2) effective $treu h 1 function of refuse del'ls!ty, whlci'i 
usud 11y cannot be' dttermined accunte ly; ami 3) the str.:tin-1C>g 
stress relatlonflltP 'h. not a str&1ght .. 11ne relaUonsl\lp; thereforr;, 
the utt1ement <:<!l!:f:ftd~:nt, which !s proportional to settlement 
magn1tude, varie~'IIS tlte.str-esses (preHures) w1thln the fill 
change. · 

Another. approach, h to calcuhte settlement Nte as scttlemel\t 
n~gnitude per un1t tlae lntervdl. Yen and Sc~nlon [5] collected 
settlement platform data from severdl landfill sites and calcul~ted 
$l!tt1-nt rate as the ratio of change 111 platform eli!!vation to 
elapsed time between $Urveyli. Since the 5ett11!1lient platform d,ttd 
for these site~ (!OIIered periods of up to nine yean fo'llowlny tile 
end of construct1on, they were able to plot sEttlement r<1te versus 
log tl~~~e and detem1ne the best-fit linear relatlonshtp by the 
leQ$t-square$ method. 

Yen <111d Sconlon compared their data with Sowers• field 
ob">ervc~tlons and ncted t11at the rate of ~ettl emeflt dccrcuses with 
t1me logai'Hi1mfcally [5]. Sowers ootec the t1llM!·dependent 
secondary cC>mpress ton of refu:oe and reported v11 1 ues of the 
coeff1c'fent of secoruiary rompres~ioo, a (based on Buhman's 
definition for sot!~) for some sanitary l~odfills. ~wers noted 
th~t the a values for refuse were comparabl~ to tnose of p~dt and 
organic so11s and dependent on how favorable the cor~1tfons were 
for rleco.positto~ [2, 3]. 
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228 Gt'OTECHNICS Of' WASTE:: FilLS 

PROPOSED R!:rUSf SFTTLEHENT t1QOllS USED 

lhe conventtonal approdch to soil compression requ1res a 
separation of primary Md secondary cotwpresslc»n and treatmer1t nf 
each with different 111athematica 1 expressions. In the long term, 
second<~ry co~ress1or: of refus11 Is larqer than other COII!presslon, 
a ~d 1t 1s often difficult to 11ah a il1 $t 1 nct1on between prH11ary and 
second11ry cmrpresslon. Therefore, a simple rodtl combtnlng ctll 
stages of cornpressiol< Is needed. Two such !I!Qdels are fnvestlgated 
In thls study. 

f.l.!J~illL~!!I:l .J!! J4odtl 

Th<e rheological model Jli'OIXl&ed by G1bscn and lo [6] for the 
1ong-tenu (seccmdary) compression of soils. was found to be rather 
usrful tn predtc.tlny the settlement of peats (7J. Peat, 11ke 
refuse, 1nvn1 ves ~~~ecoani$111S of COillJlresslcn different than those tn 
Inorganic clllys. tkith pedt and refuse have relatively large void 
r,paces that compress qulckly during tnltlal and pr1mary .settle~Mnt, 
but by tar the largest c~resslon Is due to the slow and 
contfntiClus proce-ss of secondary settle~~~ent, ..,here the pcrttde 
structures begins to break down. Encouraged by the sllllpl1cfty an~ 
u~t>fiJlne~s <1f tile rheol<lgic.al model proposed by Gibson and Lo w~ 
decided to ~pply the ~ame rodel to f1eld refuse sett1e!llent records. 

lhls rht>tJlcqlcal model h shown ln Fig. Ia, ana it represents 
the •lveragt compression cnaracter1st1cs in the one-dhoonsional 
compression of the refuse fill shO'tln ln Ftg. lb. The applled 
lncre~nent of stress c<tn he e!tht>r the seH-we!gllt of the refuse or 
it uMy be Imposed o~ the refuse surfdce. 
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When a stress lnc~nt, Aq, acts on the mod~l. the Hookean 
sprlng, wfth a spring constant of a, compre~~es tnstant.neously . 
This h analogous to pr1rtary coq~resslgn, The coq:~resslon of the 
Kelvin element, with a spr1ng (spr1ng constant of b) parallel to a 
duhpot (v1scoslty of ~/b) h retan:led by the Newton1an (1 tnear) 
dashpct. Thls is s1mt1ar to the conttnuQUS process of secondary 
cow)retsfon urnier susL11ned effecthe stress. The sust<~ln!!d lc1t1d 
Is transferred progressively to the Hookean sprtng from tne 
Newtonian dashpot. After a long tIme, (l.e., 1n the secondary 
compresslnn range}. tne full effective str~ss w111 be takt~n by the 
tWQ springs, thu& th~ da~hpot will sustain no load, The 
time-dependent settle~ent can be expressed as: 

S(t:) ~ il e(t) ·HAll {a+ b(l - el<p[ - (~/b) t]} (1) 

where 
S • settl~nt 
H ~ 1nitia1 height of refuse 
f • stratn (s.ettle~tent dlvlded by the 1ilyer thickne~s,l.e., SiH) 

Au " compressive stress 
a~ primary compres$1b1llty parameter 
b c secondary cornpresslb1lfty para~eter 

~/b ~ rate of secondary compression 
t • tl~ s1nce load application 

.J:ower Cr~!~' 

One of the s1~p1est forms of a relation for time-dependent 
deformatfon under constant stress and one that hat been extensively 
used 1n rcpresentfng the transfent creep behavior of IMilY 
engineering ~~Att:rlals h the pcwer creep law. Acco•'t!lng to this 
law, the tlllte·c:lepen:lt;nt settlelllt'nt can be e>;pressed as: 

S (t) = H e.t) • H 6u m(t/tr)n 
where 

m • refer~nce cumpresslblllty 
n ~ rate of co!lllreUlon 

tr • reference t1111C introduced Into the equation to lllilke t Jme 
d1~n5tonless (tf ~ 1 day In this study) 

Other tenns are as rlef ned before. 

fleJ.er:mJn~U2!L.9f MoQ!L~ 

(2) 

An lnter~ctive spread sheet prcgra~ was developed at the 
l>ntverslty of Whconsfn-f!lad1son on a per~on41 comp•Jter !n fittl119 
fqs 1 and z to the scttlellll!nt~tlme rPcords from various fills. !he 
program uses tne method of the ]Qgarithm of ~tr.dn r.1te (1\.e/t.t) 
vers.u~ time in determining the parameters, a, b, and .1- [1, 8} ,md 
the metr.e>d of the logarlthiB of strain (d verstls logarlthlll of tirn'l 
In Lleter'l!dn!ng rarillll('ters • and 11 from the settle~rent-tire record. 
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AcetmHngly, the sett!ement-t\1111! record l1 increllli!nt.altzed 11nd the 
operator choo&es the range o~er which these functions give a linear 
plot. frooJ tnis por!lon of tile plots, model p;1ra~~eters are 
calcuh.t~d. Hie program provides a plot ct the actnl stra1n 
Yersus t1me, along wit~ the calculated strain {from the calculated 
mOilel P<H'i11!111ters) versus t1~~~e so that the q\lalitj' of clirv~·-flttlflg 
can be vlsu<~lly evalud.ted. 

S lT [5 MOI.lU tn 

Data from four dlff~rent exhtlng refu£e f!lh weN'! ;malyud. 
All four of these sites aN! lllln1dpa1 landti lls, It was assumet! 
th<1t the r~fuse In e.od1 of these four sfte~ Is 11bout tl\e :.allle 
COIIIP~tHton. ltle sit<>~ art 1n northan clfmates, thus there Is 
sufficient rainfall to promote the degradation of the refu:.e whtch 
llffecu settlement. T<tble l suntAar1zes the known values of reflls:e 
tnlcitnt>ss, settlement, data collection duration, and refuse 
placement co~dltlons. 

ill..L~ 

lhh rl'fti><: site 1$ In southeaslera lih,onstn. Plitccment of 
the n:fu~e tnl at thh sfte bet~an In the early 1910's. The 
ser.tleJijent data wu collected usfng settlement platforms surveyed 
periodfcall;· frct11 1984 to 1986. The age of the refuse flll ~low 
Hdl platform vdried hut was estimated to bn between 0 to 4 years 
<~~l tn~ t1~ the d.Jtta "''re obtdned. The di!td collection at tills 
~lte continued for approximatel~ 1.a year~. Fur thfs $tudy two 
cateQOrles of lOildlng condtt1ons were consld~red. The flrst 
t:iltei)Or.;· is £<~lied "minimal Hlliog•, lh1s category N!prestnls a 
com:l1t1on of sel.f.1ement under es~ellllally self weight during d<tta 
collection. The second cate.gory h called •act1~e flllf~~g•, stnc-e 
add1tiona I refuse and d<l1ly cower were added during di!til 
co11ect.ion. 1hus, tM second cateqory represents a c:ondlt1on of 
settleflW•lt under ooth ~elf ~telgnt .J.mf the placement of adolt1onal 
f11l ab<lve the piatform<. f9]. The leachate level Wd5 il.lout 7.611 
11bove the b<~se of the l<'lndffll during data c;t>llect1on. liear
Plationns 7 and 9, tilt'!'<' was cccasioMl leach<lte extraction. 

~.1J~ .IS 

Th1s refuse ~ite I> In southern Hichlg<~n. The refuse fill !las 
been placed 1n the ldnoflll stnce 1969, In 1985 an expansion ared 
was construtted on top of the existing tlll. The settlement data 
collection begar~ 1n 19/l:.,, durlnq placement of th<' additional fill 
rn lhe expansfon ared. Again, two d1fferfm; condtt1on~ ulsted 
during this t.z yedr study. The first W<~S the old refuse that was 
already in plau~ below tlte setth!ment platfcl'lll. After the 
pl.Vt>!ll('!1l of new refuse, settlet~ent was ronitort~d <lt varying 
lwritontal dht~nces ot between 50 to 250 fed. ffQIII the f;(pansion 

Reflae 
Placfonn Tl•lcknu• 
~IJOlbcr (ll) 

:mr A 

n.n 
iUH 
9.2$ 
9.84 

1$ ,6.14 
!6 l5.15 
I lt>. til 
lj 14.1~ 

a 36.l$ 
ltl }] .38 
)l 1~.6~ 
a ll .~4 
B n.ob 
14 19.86 
11 ll,Zil 

1
1 f l ~. e-

S·4 !S.l~ 
S·5 15.24 
s ·6 1S~tlf 

SH£ (. 

M·! lG.ll6 
l!4 ·3 Hl.llb 
84-~ ll.58 
84·! 5.49 
&Hi lO,QI> 
&4-1 11.50 

>ITt V 

'.!Pi 
SPZ 
Sl'l 

J.o; 
3.05 
3.05 
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IAII<.l l •·• Rlf\l~t $U TlUkNT DATA 

Jl ... 
iNllNIW.'tlt Tlurat!Oll Pl~<~:>ent 

ill) (y~) C<ndlt ton 

tl. ~( 
o.s~ 
l.ll 
1.19 
0, 31 
0.4! 
I.BY 
1.12 

J.<Q 
7. 99 
l.l;l 
1.~4 
O.J2 
1~62 
l.l~ 

0.09 
(I .. C.l 
;,,94 

0,65 
o.sa 
O.bO 
-:; .. -.n 
0.61 
V .. !iZ 

O.JS 
0,64 
<1.44 

1.6 
1.6 
1.~ 

1.a 
!.~ 
1.3 
1.1 
t .. !J 

1.~ 
l.l 
!.4 
c.l 
1.1 
1-~ 
l.l 

l.l 
l.l 
1.2: 

•.o 
4.0 
4.1 
4.1 
!.9 
J.l 

0.<.1 
0.9 
0.9 

t re'ih R.efu:~~¥: 

rr.$h ~efu~e· 
fr-oth RP.fUSf!'l 
ft·e:il't Ret'u~e; 
t,..,,~ Refu$eo 
fnu,n fte-f~~: 
f•·••h Ref~w: 
fl'\!ith ~fuse: 

fresh kii"fus.e1 
fttt-itl ~e(u!!Ottt 
fresh ~fu~e: 
fre-:.h fh:fu.sc:: 
F>·osh Refu>~: 
Fr_,h Refu><H 
~ re~it-1 ~e-fuse~ 

llu fl!ll"~ 
llu filling 
llu flll!n\1 
~o Clllln~ 
Hlnhoal fll ilng ( lm 
t!l"''"'l ffll !ng < )1'1 
l!l~t .... l fill!ng < 11!1 
IUnl11al f111'.1~l ( lru 

Jell« f1l Hng > h 
Jlctt.·t filll•q < "" 
Ac.th~ ftrl!nq < ''·' 
Art l;r fj\ l!ng < ti~ 
~cti<O f!l11ng) <~·• 

Ac.tln I Ill !"lJ ) "" 
,4ctf~~ ftllhq) )~ 

Old '"'""" ho filling 
Old R•fu>a: llu rt II tnq 
tN!&t< Ref~r Act he f1l ~ hl{l 

Cia Kelu>e: R<loral<rliC""1'-'Cit~ 
Ohl Refuse: ~olout.rttr.,..u:t<<l 
Ohl Rufus~: ll•lorottrl/C.,..~<:te<! 
Ol<J ~efu<e: ~•loutt<i/(~t«l 
Old A•fu•~• St•l(l(al<!d(CQiill<l<!\~ 
Oltl Rdn•~' a•lll<attd/{OIIf!•Ct<td 

Old ~~fu>e. 5ur~M"'l• 
Old Refu••: Sur~ft~"'J• 
Uld A•Juse; Surdlary< 
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.we<~. rne :>econd C•1nd1 tion "'"s the .ret l ve fl 1J liJ9 of ( resh refu~e 
directly above the &ettlC!llent platf~:>1'111 (lOj. 

~JLU 

litis rl'fl•se >Itt> ls Ill wester11 Cormectlcut. A 40 to 50 yo:-ar 
old •town dump• W4S excavAted ~nd ~lOC4ted at a new site. This 
site w.ts 1110nltoN!d for· 5 y~rs.. Tile only settlement that occurr!!d 
w.1s due to tl•c self weight of tiJc <:lllllpacted refu$e [ll]. 

~Jt.e.J} 

Site 0 consisted of (a) e~perl~ntal cells that were 
<:onslructl'd to monitor settlem•wt ar.d (b) ~I! aru of o1ci refuse 
h~low the settlement p1atflH'11\ when an emcank,nent load ~i.IS added. 
The durat1a~ f<w thh st<td,y was l year (l?i. 

MOOfll~G 

lhe scttle""'nt platfo1'111s ""'"" pla<:ed as shown In F1g. 2. nte 
n~fu;,; th1 ckneu. (rfo) h the lnltfal thlckne~s of tile refuse bela.,• 
the ~ett.lf'l!lent ~late. Mdtt1r>nal rofuse was placed abc;¥~ the 
~eltl<.'IIKmt platform (h). The tlllllls O'f placeiiiCr.t ot the addition<~! 
refuse above the ;~lat.fn!"''l< Wt're tJnna11able for the four sites. 1t 
was •s'u""'d that the <tdd!tfona 1 t-efuse abn•e tile platfor·m wu 
placed At tlllle zero, w~en thr. data collection •·as started. The 
<!verage a~pllro stre5~ (Ad) ln the 1ayer of r'efuse below tit'! 
pl,tform was calculat"J as follows: 

Au ' 7h • 1/Z(PJo) - l/2(j+1w-7satHii.f?/Ho1 

where: 

Au ~ a~erage appll~~ $tre~s 
7 " ii'lCi st 11nH ~relght of reful>e 

1sl'l~ • saturated ~nit welght of refuse 
7w • un1t wPl9hl of leachate (water) 
11¢ ~ 1n1tla1 height of refuse below pl<~tform 

h k r.c1ght of refuse above platform 
Hw • h~lgiJi of leac!ldtl!: above b.ue 11MI' 

{3) 

A 1rnlfst cm1t l<lelgH of 10.7 lo:N/IQ3 ~Ill.! a saturatf'd tmlt weight M 
14.6 kN/m3 wl're used In computing tile average applied stress at 
each of tbe sttes. 

lne programs that were used to model the Clb>on and lo roodel 
•wd the power crenp law plothd predicted stfaln ~er$\1$ 1119 time, 
along wltlt the ilClual slratn venus log tiJne for the data that was 
1np~t. Emphas1s was pldc•d on t~e later port1on of tn~ c~rve ln 
t~to taM nf th~ G1bson and Lo model, w!len~ secondary compression 
occ:ur$, and there I$ a COIIstant effective streu. ln th~ ca~e of 
the power creep law, the whole range of the data was considered ln 

SET1U:.MEN1 OF Ml)N!G\f-'At WII.Sll': 23:3 

Se\tlomunt Platform 

I ;l, 

j., 
\ 
I 

t __ mmmmmm~~~~~m 
.,..""""'""''"'"~'"~"~-'~·.-Wb~:;,,...,-t_. ..... _..,,' 
: ;~ ~~:~~~~! ~~;~ 2 ~ ~; ~~~~~~ ~ 1 ~; ~ ~ ~ ~ ~~ 

F1Q<!rl' 2 Typj(:;;l Settlen!'ot Pl~tfrm: 

curve-flttinq.lhe cutYt ffttlny predictions were yen~rdlly 
accurate:, wtth a fl.!if f>XCeptlcms of the e<~rly data not ftttl119 the 
COIII(!Uted cttrvl!, especially for tile Gibson and lo ~l. fig. 3 
shO!in typical curves fitted to the data uslng the two I!Mthod~. 

A few uf the $ctl )eo.ent recor'lJ~ could rwt be an<~lyzed with 
these mode1s. lt ls believed that tnese ~cords vlolatt~ the 
41'i!ilii!Pt1on of (l)nstant stress cbaAge. Overall, the power cr<.>ep l<~w 
gave a better representation of the data In 65% of the CQses tbdn 
the Gfbson ana La model. for the remaining 35% of the c~ses, 1t 
W<l$ CQq>•rible tQ .ttu:Gtbson and Lo lllOdel, except only QM cftse. 
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REftiSE CQMPP.fSSWii MeDEl f>ARAMI' ltRS 

~~~!l!l _ ~ll~Li•L"!9!l_t' l __ f~~t~~ 

Thf' thrr:;:, Clllpl rlca1 p<muncters of tne Gtbson ancJ lo model 
d"rhed fur the four· s1tes ilrP SUIIJllar!url 1n f<Jble 2 a11d p:otted In 
figs. 4, S and &. The cur~es In the&~ figures are trends ~t 
actual rd"t Ions. fly. 4 plots a, the primary cornpresslblllty as " 
function of streH. The amour1t of pri~Mry compression decreases 
wlth an lncrMS<" 1n stress. For tfle 'active• fllllnq ln Site A, a 
h!~!ler v.1lue was ntltalned Indicating more pdnhtry settl~nt was 
o(currln(} during place~~~ent of the fre~h refuse. ln Fig. S the 
~ec011dary l;ompresslb11Hy, b, 1~ shown tl) decrease with t~uect.slnq 
stress. Genenlly_, tfle •.:~ctlve' filling sites show low~r ~unts 
of seo::oilda ry se-t tii!IM!I'It than for the 'Ill n 1111~ I" f1 n 11~ sHes. 1hl ~ 
1 s due to the fact t h.Jt the •act I ~e • fill f ng l;ases w<:re stlll 
e~perlencfn~ ~ubst~nt!~l primary settlemc~l. Undlsturbed old 
refuse frl\lll ~ltes N and C llu a lower secondar:y COIIIf)l'f'SSibllHy 
compared to fre$n refuse or old refuse recently >urcharged (Sjtes A 
and IJ <1nd Plat fon1 S6 from SH~ 6). Tlte r<~te of ,s;econdary 
colllpres~lon, ll/b, il> a function of dverage str.iln -rate I$ 
lll~strated 1n rig. 6. Average strato rate 1s defined as total 
str~1n d1v1ced h.~ d.:~psed t1me dur1ng data collect1on. As 
expec:t~>d, it~ t!H. averd!lt strafn Nte incre~ses, so does tt.1e rate. ()f 
secondary co~pressloa. T~1s behavior was also obse~ed fot peat 
soils (ll a~d indicates that the dashpot is essentfally nonlinear 
In the model. The 1ap11f1(dt1on of th1s Is that the para~ters 
ootafned from a fill must be e~lrdpolat~ w1th care to another fill 
wltll different refU$1' thickness ~nd applied stress even 1( til~ 
composition and lc,~Lfon are siBil&r. !here was not any observable 
effect of leaehate extraction on tqe parameters, pe~~ps because oi 
f r.s l11111ted scope. 
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GEN£RAL NOTES: 

~ 0 0 0 0 0 0 0 0 ® @ ® @ ® @ @ ® @ @ 1. CONTWCfOR SW.U. FIELD VERIFY AL.L DMNS10NS NC1 El..f.VAliONS PRIOR 
TOOOiti«NNlNGWORK. CXlN"I1tiCTtlRStW.LNOTIFYEMGINEERIIIIIEDIATEI..T 
OFN«DISCREP.rrHCIES. 
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I 

202'--f" 

11'-J" 11'-J" 11'-:S" 11'-J" ,,._,. 11'-J" 11'-J" 11'-J" 11'-J" 11'-l" 11'-J" 

@ 
11'-3" 11'-J" 11'-J" 11'-J" 11'-3'" 

r=H:-~NC2024) 

11'-J'" ,,._,. :Z.CONJJW:TORStW.LCOIIIPLTWITHAU.FmEIW.,STA.lENCILOCioi..RUI..£S 
ANO REGIJL.A.l\ONS GCMRMfrG ~ Of WORK. 

l.llliiDISICJir6illtE.~IA'ON~MET1111.8UIUIING'IENOOR 
PltiN1S. CON1lW:rORTOCOOROINAlEWITHNETAL.8UII.DiriG'IEl«<IRTO 
Oll!lfAIH ntrw. CERI"'FC ~!lOR PlaHlS. NOTlfY ENG1H0:1t OF Nl'f OoWIQfS 

-"""'"""""" 
"""""" 1. AU. CONCRETE WORK SHA.I..L BE tl IICCORilNC£ WITH N;t 301 AND 3115 
I.ATEST EDmON. 0 

~ 

~ .. ~.=. ==1: :~=====1=====l: :f===== .. =====l: :f===== =====l: :r===== =====l: :r===== =~===l: :r===== =====l: :r===== =====1: :r===== =====l: :r==%-~, 
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:Z.AU.COHCRETEStW.LHA'IEANINIIriAAICONPftESSM:STRENall10F4000 
PS1 AT .U DATS. 

J. AU. CONCRETE TO COfriTAIH JS DmWHED AIR. 

4.CONCRETET08E'VCUIWITHIMlOIIUNSl..UioiPOF41NCHES. 

I I j ;-r·~- -~1 ~~~~~- -~~~~~~~~- ~ I I 
I I I II I I II I I II I - I I 
I I I II I I II I I I I I - I I 

5. AU. REN'DRCING BAliS SHAL.L ME£T THE ltEQlliRENENTS f1F ASTN A.-a\.5, 
OfW:IE 110. D€TAIUNC SIWJ. CCHfORSII TO 10 31!5, lATEST EDillOfrl. 

IS. AU. REtlf'OACIHG SPUCES StW.L BE IN ACCQitDNrCE WITH 110 3115. 
PLACE IWtS AT CON5TRUCT10H JOINTS AS OETAUD OR SPECIFIC:AI.LT 
A.Pf"RO'o'EOEn"EfrKlllrEDI. 
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\t;j!ICALE: 3{4";.;io:o-

3/4"• K 1'-6" LG. UW> TRAHSFER DOWELS • 1'-6" 
O.C. EPOXY COATED. COAT EXPANSION JOINT EHO WITH 

GRAPHITE LU~. EXPAHSION CAP TO HA~ I" 
lolt4. Cl.EAIJN«:£ POCKET ASSURED 8Y NENfS Of A 

POSm\IE ......... Df.VK:t: 

3/4" EXPAHS!Ofo4 JOINT WITH SELF-EXPAHOING CORK. 
CQHFOINING TO AS1lol 0-I 7!52 lYPE II AS IMNt.lf'ACTIJRED BY 
W.R. NOOOWS CO. OR N'I"RCMD BlUAL EJCI[NO EXPAHSION 
JOINT IMTtRIAI. FOR FUU. OEPll-t OF THICKEN£0 SlM MEAS. 
CUT REINFORCING STEEL 2" SHORT Of JOINT AND AOO 2 LOAD 
TRANSFIR OOWEl..S AT 1110-DEP111 OF THICKDIED stAS.--

1111 1111 1111 
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FOUNDATION PLAN 
SCALE: t/11". t'-o• 

(NP.) 

[ 
.• 

SlAB CONTROL JOINT DETAIL (COJ) 

rllli;F"llUNI».TII)tr(PI.JINIST'I'PICALFORSifm"Al..l.AllONS. 
WE:RTO DIWI'ING 2024FOR lOCATIONS. 
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1--l 

Dl rt.""""" 
J ,. 

____ ... -------
'1.""""" 

TYPICAL ENLARGED PLAN 
AT EXTERIOR COLUMN 

!DlE: 3/4" .. 1'-o" 

I 
_j 

,, ... """"'· .... ,-·Jr7 
ASTlU.307~_j_ 

..>:___jf_ 
!IIII;SEEIIETAI.SUII..DING\'EMX)ft 
DAAMNG FOR L.OCATlONS. 

ANCHOR BOLT DETAIL 
SCAL£: 1' - 1 -u 

' A.HI D.! 

" 
"""" 

7. AU. EXPOSED CCICRETE PNJ SURFACES stW.L BE CURED \JSfoiG A 
"NON-ItESIDI.W.." UQUIO liiEMliiiANE CURING CONPOUHO {l...aN ClJRE 
WN«JFACTUAED Erl' LMI CONSTRUCT10H CHDIICAI.S OR .tf'PftCMD EOLW.). 
AFTtR CURING, IIPP\.Y CHDIICAI. ~ (S£AUtMD 
IIWIJFACruRED 8Y LMI ~ 04DIOLS OR~ EQUIL,) lO 
PNl 9Liti'ACE. DO HOT AI"Pt.Y TO NtW WHICH RECEM: COUJNN IMSE 

"'-'"" 
a. ~3/4"1'104 OWIFEROH AU. EXPOSEO EDGES.. 

e. aJHnW:10R stW.I. SU8NIT RElfrii'ORCirG stm SHOP DRA.MMGS f'Oft 
RE'IIIEWATLEAST10WDRICIHGDAYSPRIORTCFABAICA.llOH. 

10. 1Wt CHAIRS, H1CH OWRS. SUPF'Oin" 11MS ANO AU. OlliER ACCtSSORIES 
SHA.I..LIEPROYIOED .. ACCORIWIC[WITHM:INIOCRSISTAHOo\RCIS. 

11 . AL.L CONCRETE SHALL REX:ElVE A STm. TROWEL FINISH. 

t:z. NOtOft 1101..15 5HAI..l. BE IN ACCOROANCE wmt ASTN A-307. 

1 3. lriOHSHRIHI( GROU1" SHALL HAY[ A NNNUN CONPRESSM: smENGTH OF 

""''"· 
14. ACCO~TE 8ASE COURSE stW..L. COHFOfflll TO NNOOT SPECFICATIONS 
SEC110H 304.21 FOif CLASS I 1W>E COURSE. 

1!5. VN'Off. WARIER SIW..L I!IE a Nl. POLYEnM..O£ Sl-ED ~ WITH 10 
OZ. (NIH.) HOfrflfO'o£M GE0mmL£. EXTEND VN'Off 8MRIER :Z FtET (Wol.) 
IIE'I'1JM)E00EOF~ 

EBECI ~ llJBE fl !!r:.II ~!:ill-!~ I::IA~ 
COL ULtN RfACDPNS ...... ... . .. , .. ~ .. ).00 ,.,, ., . .., '·" """"""""""' . ..., '·" .... 1.4:Z "" CORNER cot..UNNS .... "''' '" ......... ....,_ 

-- .... LOO 3.00 
OOUIILE DOOR COlJMN5 

·~ .. .... .... , ... ....cow .... 

" .. "'' '·" """'SOCKE>S 

1.1Hfl'tiUtCIAllOHHASIIEENDESIGN[l)lJSiriGlHECOI..IJNH 
RUCT10HS INDICATED. IF 11-£ FINAL. COL.\JNH R£ACTIOHS ARE 
DlffEROIT,THEEJriOIEER SHAU. BE HOmED. 

:Z. AL.l.lt(ACTIONS /lifE. .. KPS . 

J. 'Alp. H•AfriD l+y/llf£DIJETOWIHD UWl. 

4. AL.L HORIZONTAL. lii£ACTlONS CAN ACT IH POSITM OR ~1M: -· 5. AU. COUJNN IMS[ 1'\AltS /llf£ CI£SOEO FOif FOl.IR 3/4" OIA. 
ANCHOR BOll'S. TO CONPI...T WITH THE OSW. RECllATlOHS OF 
NARCH 2003 FOR STm. EREC110frl 

SlAB CONSTRUCTION /EXPANSION JOINT DETAil (CJ) ~ 
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