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CERTIFICATION OF EXPEDIENT AIRFIELD DAMAGE REPAIR TECHNIQUES

PROJECT TEST PLAN

February FY04

DESCRIPTION:

The U.S. Army Engineer Research and Development Center (ERDC) was tasked by the U.S. Air Force to evaluate existing expedient airfield damage repair (ADR) kits for use with the C-17 aircraft.  Since the majority of the repair kits were developed for smaller aircraft and employ 1970’s era technologies, a second tasking is to evaluate new technologies for upgrading the performance characteristics of the expedient ADR kits and reducing their logistical footprint once the existing ADR kits have been tested.  Typically, an expedient ADR kit is used to repair craters for the purpose of restoring the airfield’s operational capability for a minimum of 100 passes of the relevant aircraft.  Existing expedient repair kits have not been certified for use with the C-17 aircraft due to concerns regarding the capability of existing systems to withstand the higher gross load of the C-17 and the high shear forces of the aircraft during braking.  The increased gross load and wheel loads of the aircraft could result in the structural failure of the existing repair kits, the failure of the connection systems, and the failure of the anchoring systems.  The high shear forces associated with stopping the C-17 on a minimum operating strip could result in the formation of a bow wave, the failure of connection systems, the failure of anchoring systems, and potential damage to the aircraft and personnel.  These concerns have resulted in the inability to land the C-17 aircraft on some contingency facilities. 

OBJECTIVE:

The objective of this effort is to evaluate the ability of existing expedient ADR kits to sustain C-17 aircraft operations while exploring the opportunity to improve critical components of each repair kit should the schedule and funding permit further testing.  The ultimate objective is to certify expedient repair methods for use with the C-17 aircraft in order to provide a critical deployment enabler to the warfighter.

SCOPE:

The scope of this project includes evaluating the existing expedient repair kits used by each service under controlled traffic conditions to determine each system’s ability to support the gross load of the C-17 and resist the shear forces of the C-17 during braking upon landings.  In addition, new technologies for enhancing the quality of the crater repair and reducing the logistical footprint will be evaluated during the test program as allowed by schedule and costs.  The following tests will be completed to accomplish the objectives of this effort:

a. Conduct rolling-wheel C-17 load cart testing on crater repairs to evaluate the ability to sustain the gross weight of a set of six bogies of the C-17.

b. Conduct locked-wheel single-wheel C-17 load cart testing to evaluate the stability of the connections between mat panels and the elastomer hinge of the FFM.  These tests may also be used to evaluate the anchor bolts of the FOD covers.

c. Conduct shear testing of FOD cover anchor bolts by using an instrumented drawbar to determine shear strength.  A vertical pull test will also be used to evaluate the pullout resistance of existing anchor bolts and new technologies for anchoring the FOD cover to the existing pavement surface.

d. Conduct C-17 live-flight tests on all systems that successfully demonstrate adequate bearing capacity and shear strength during controlled tests.  Aircraft testing will be used to demonstrate operational capability and establish certification of each successful expedient ADR technique.

Each of these tasks is described in the following text.

ADR KITS:

Currently, there are three different expedient ADR kits employed by the Air Force, Army, Navy, and Marine Corps for crater repair.  The Air Force currently uses both the crushed stone and sand-grid crater repair methods surfaced with an FFM FOD cover.  The Army uses either the sand-grid expedient repair method or cement stabilized backfill surfaced with an FRP FOD cover.  The Navy and Marine Corps are currently evaluating their expedient repair requirements, but have identified an AM2 repair as their only existing method at this time.  Table 1 lists the major components of the expedient ADR kits required to support this test plan. AFCESA will procure each kit for evaluation.

	
	
	
	
	

	
	Table 1.  ADR Kit Component Requirements
	

	
	Component
	Vendor
	Quantity
	

	
	
	
	
	

	
	Folded-Fiberglass Matting (FFM)
	Rapid Mat LLC and RRR, Inc.
	4 Sets
	

	
	Aluminum AM2 Matting
	ALFAB, Inc.
	1 Set
	

	
	Fiberglass-Reinforced Polyester (FRP)
	GFI, Inc./Tankinetics No Response
	2 Sets
	

	
	New Multi-Purpose Fiberglass Mat (5-Ply)
	GFI, Inc.
	50
	

	
	AC/PCC Anchor Bolts
	Fastenall
	200 Each
	

	
	New Anchor Bolts
	Fastenall
	200
	

	
	Sand Grid
	Presto Products, Inc.
	64 Sections
	

	
	Geotextiles and Geogrids
	Tensar/BP AMOCO
	2 Rolls Each
	

	
	Crushed Limestone
	MMC, Inc.
	440 stons
	

	
	Coarse Sand
	MMC, Inc.
	2450 yd3
	

	
	C-17 Wheels and Tires
	AMC?
	8 Tires/Wheels
	

	
	Miscellaneous Supplies
	Various Vendors
	--
	

	
	 1Highlighted items are optional based upon completion of existing kit certification.
	

	
	
	
	
	


ROLLING-WHEEL BEARING CAPACITY TESTS:

One of the principal concerns with the existing expedient repair ADR kits is the ability of the repair techniques to successfully support the aircraft load without extensive deformation.  Thus, the load bearing capacity of the crater repair techniques must be evaluated for C-17 aircraft loads.  In terms of load-bearing capacity, the critical condition is when six main gear bogies traverse the repair at the same time; only one-half of the gear will be able traverse a repair at any one time due to a minimum separation distance between bogie sets of 214 in., which places each set of bogies beyond the influence zone of the other.  The C-17 has 6 tires on each half of its main gear, each with a maximum loading of approximately 44.5 kips, and a 6-bogie gross load of 267 kips.  The existing repair techniques were designed to support a maximum gross loading of a C-141, which has a maximum wheel load of 38.8 kips and a maximum gear load of 155 kips on 4 bogies. Thus, there is considerable concern in the ability of existing repair methods to sustain the additional gross loading requirements of the C-17.  

These tests will consist of excavating 7 craters in an existing paved test section on the WES reservation.  Each crater will be excavated using either a wrecking ball or concrete saw to break through the existing surface and a backhoe to excavate the backfill.  Each crater will be 25-ft in diameter and 8-ft in depth.  The crater repairs listed in Table 2 will be completed by ERDC personnel with the assistance of military units as available.  An additional crater each may be provided for an Air Force and an Army unit to demonstrate their repair techniques and equipment for evaluation.  Participation by active units is currently being pursued by ERDC and AFCESA.  Each repair will be evaluated in terms of applied compaction effort, resulting material density, and strength to validate guidance provided in UFC 3-270-07.  The surface roughness of each repair will be measured to ensure that each repair is within the + ¾-in. flush repair tolerance.  Once the craters have been repaired, ERDC will use its multiple-wheel C-17 load cart shown in Photos 1 and 2 to apply a minimum of 100 passes to the repairs.  Traffic will continue until the repairs exceed the +3/4-in. surface roughness criteria or a total of 500 passes of the multiple-wheel load cart is successfully withstood.  The load cart will be loaded to simulate one-half of the C-17’s main gear with a gross load of 267 kips and individual wheel loads of 44.5 kips.  The corresponding tire pressure will be 142 psi.  Surface roughness, permanent deformation, and elastic deformation will be monitored periodically using rod and level measurements.  Pressure cells will be incorporated beneath the repair to provide stress measurements for calculations of repair bearing capacity.  Any and all damage to the repair during trafficking will be thoroughly documented.  

	
	
	
	
	
	

	
	Table 2. Projected Crater Repairs for Bearing Capacity Tests
	

	
	Crater
	
	 
	Load Cart
	

	
	Number
	Repair Description
	Personnel
	Passes
	

	
	1
	Crushed Stone Repair With FFM FOD Cover
	ERDC
	100
	

	
	2
	Sand-Grid Repair With FFM FOD Cover (HE)
	ERDC
	100
	

	
	3
	Sand-Grid Repair With FRP FOD Cover (HE)
	ERDC
	100
	

	
	4
	AM2 Repair
	ERDC
	100
	

	
	5
	U.S. Air Force Repair with FFM FOD Cover (LE) 
	USAF
	100
	

	
	6
	U.S. Army Repair with FRP FOD Cover (LE)
	18th ABC
	100
	

	
	7
	Sand-Grid Repair With Multi-Purpose Mat
	ERDC
	100
	

	
	*All rolling-wheel bearing capacity tests will use cratered AC/PCC surface.
	

	
	
	
	
	
	


LOCKED-WHEEL SHEAR TESTS:

Previous mat testing and flight operations have demonstrated the potential for bow wave formation and failure at the mat panel connectors.  Thus, there is concern that the C-17’s gross weight and high braking forces will exacerbate the formation of bow waves and stress on the joints in the FOD covers, elastomer hinges, and anchor bolts.  The locked-wheel C-17 single-wheel load cart tests will provide an expedient method of evaluating the stability of each repair under a braking tire.  Unfortunately, the single-wheel load cart, Photos 3 and 4, cannot simulate the speed or momentum of the braking action; however, it can simulate the actual magnitude of the wheel load (also critical for momentum and braking), the tire pressure, and the wheel geometry.  Alternative systems including a braking vehicle and NASA’s landing sled can provide higher deceleration rates, but cannot simulate the magnitude of the load, tire pressure, or wheel geometry without substantial monetary investments in equipment modifications.  The loaded C-17 single-wheel load cart will be dragged across the repair with the loaded wheel locked simulating a braking condition.  Each joint, hinge, and bolt will be visually inspected for deformation and damage.  A total of 5 passes of the single-wheel load cart will be made on each repair due to the extreme friction expected and resulting tire wear.    

DRAWBAR PULL AND ANCHOR BOLT PULLOUT TESTS:

Another principle concern with the C-17 operating on craters repaired with existing ADR repair kits is the ability of the anchor bolts to withstand the extreme shear forces generated by the C-17 aircraft.  A drawbar pull test will be performed using sections of the FOD covers and AM2 bolted to both an asphalt concrete (AC) and portland cement concrete (PCC) surface.  The mats will be bolted to the surface using standard anchor bolts and locations.  Additional connector locations will be drilled through the matting edges and used to connect an instrumented drawbar that will be used to measure the resistance (load) required to initiate shearing of the mat, anchor bolt, or pavement surface.  A diagram of the test setup is shown in Figure 1.  The resulting data will be compared to the theoretical shear forces of a landing C-17 to evaluate the ability of the existing anchor bolts and bolt spacing to prevent shearing during C-17 operations.  Only one drawbar pull test will be performed due to the destructive nature of the test, unless additional FOD covers are obtained or existing damaged FOD covers can be effectively utilized.  In addition, new anchor bolt technologies will be compared to existing bolts by conducting vertical pullout tests on different bolts.  New technologies may provide a better anchoring system in deteriorated AC and PCC pavements than existing technologies.  A diagram of vertical pullout tests is shown in Figure 2.

LABORATORY TESTS ON FOD COVER PANEL CONNECTORS:

Laboratory direct shear and three-point beam tests will be conducted on samples of each FOD cover to ascertain the shear strength of both the fiberglass material and the connectors between panels including bolted connections and elastomer hinges.  These tests will necessitate the use of additional mat sections or damaged sections due to their destructive nature.  These tests will provide shear strength information for predicting the mode of failure of each FOD cover and evaluating the ability of internal panel connectors to withstand the shear forces of a braking C-17 aircraft.  Photos 5 and 6 show the direct shear and three-point beam test being conducted on samples of Multi-Purpose mat.

C-17 FLIGHT TEST CERTIFICATION TESTS:

Once the existing expedient ADR repair kits have been fully evaluated under controlled test conditions, the successful repair techniques will be subjected to actual C-17 aircraft operations for certification.  These tests will require the use of a paved airfield for conducting aircraft operations.  The paved airfield must be capable of sustaining C-17 aircraft operations both structurally and geometrically, and the airfield must permit the establishment of up to four craters in the runway for the repairs.  Currently, one airfield option is being explored: Mackall Army Airfield at Camp Mackall, North Carolina.  Mackall Army Airfield includes an abandoned runway (Runway 16-34) used by the U.S. Army to conduct ADR training.  The runway is currently 150-ft-wide by 5,000-ft-long composed of 650 psi flexural strength 6-in. PCC surface over a SP-SM subgrade.  The 2003 pavement condition index (PCI) for the runway is 16.   Photo 7 shows a picture of Runway 16-34 at Mackall AAF.  Initial discussions with the 18th Airborne Corps regarding the use of Mackall Army Airfield were very positive, and the site possesses the minimum geometric and structural requirements to sustain C-17 aircraft operations.  The 18th Airborne Corps has also agreed to support the exercise with manpower and equipment.  

The actual test will consist of cratering the existing runway with a maximum of 4 craters to a minimum 25-ft-diameter and 8-ft-depth in the primary braking zone of the runway.  Then, each successful repair from the controlled testing completed at WES will be executed either by ERDC personnel or military personnel under ERDC oversight.  The AM2 crater will only be placed in a taxiway or apron area since it will not be a flush repair.  The repair procedures, material density, material strength, repair quality (roughness) and equipment will be evaluated and documented during the repair process.  Once the repairs have been completed, an actual C-17 will be used to traffic the repairs.  The test sequence suggested is shown in Table 3.  The permanent deformation and condition of each repair will be monitored periodically throughout the flight test certification process.

	
	
	
	
	
	

	
	Table 3.  Proposed Minimum C-17 Flight Test Sequence
	

	
	 
	Aircraft
	Main Gear
	Desired
	

	
	Type of
	Weight
	Tire Pressure
	Number of 
	

	
	Operation
	Kips
	psi
	Passes
	

	
	Slow Taxi
	580
	142
	10
	

	
	Rejected Takeoffs
	580
	142
	5
	

	
	Takeoffs
	580
	142
	10
	

	
	Landings
	580
	142
	10
	

	
	Turning Operations
	580
	142
	10
	

	
	Additional aircraft operations will be performed as required.
	

	
	
	
	
	
	


PRODUCTS:

The products of this effort will include certification of existing expedient ADR kits for immediate use in the theater of operations, detailed guidance for kit upgrades with new technologies, and updated airfield damage repair criteria (UFC 3-270-07).  Reports documenting the controlled testing on the WES reservation and the flight tests will be completed for historical reference. 

SCHEDULE:

A proposed schedule of activities is noted in Table 4 below and listed in Figure 3.  It should be noted that many activities can affect the schedule, and that some flexibility will be required to meet all objectives of this project.  Additionally, an initial schedule for the field flight tests is shown, but may vary depending upon aircraft scheduling and availability. As shown in Figure 3, the projected date of expedient ADR kit certification is 13 July 2004, and the projected date for project completion is 28 September 2004.  The “red” tasks in Figure 3 indicate critical path tasks.  Due to the majority of tasks falling on the project’s critical path, there is a very high probability that the project’s completion date will slip due to delays in any of the key project tasks.  This is an aggressive schedule for completing the project.

	
	
	
	
	
	

	
	Table 4.  Projected Project Schedule
	

	
	 
	Projected
	Projected
	Projected
	

	
	 
	Beginning
	End
	Duration
	

	
	Task
	Date
	Date
	Days
	

	
	Procure ADR Kits and Materials
	01-Dec-03
	31-Mar-04
	88
	

	
	WES Site Preparation
	1-Mar-04
	31-Mar-04
	22
	

	
	Crater Repair
	5-Apr-04
	16-Apr-04
	10
	

	
	Rolling-Wheel Traffic
	19-Apr-04
	30-Apr-04
	10
	

	
	Locked-Wheel Traffic
	3-May-04
	7-May-04
	5
	

	
	Drawbar Pull Tests
	10-May-04
	14-May-04
	5
	

	
	Anchor Bolt Pullout Tests
	12-May-04
	18-May-04
	7
	

	
	Mobilization for Field Testing
	17-May-04
	29-May-04
	10
	

	
	Cratering of Field Site
	31-May-04
	4-Jun-04
	5
	

	
	Field Crater Repair
	7-Jun-04
	11-Jun-04
	5
	

	
	Flight Tests 
	14-Jun-04
	18-Jun-04
	5
	

	
	Post-Test Data Collection
	21-Jun-04
	25-Jun-04
	5
	

	
	Permanent Crater Repair
	28-Jun-04
	11-Jul-04
	10
	

	
	Draft Certification Memorandum
	21-Jun-04
	25-Jun-04
	5
	

	
	Update UFC 3-270-07
	28-Jun-04
	16-Jul-04
	15
	

	
	Draft Technical Report
	19-Jul-04
	20-Aug-04
	25
	

	
	
	
	
	
	


COSTS:

The costs for this project include estimates of each major component of the certification program, with the exception of aircraft operation and maintenance costs.  It is assumed that the U.S. Air Force will perform all tasks associated with procurement and scheduling of C-17 aircraft for the flight test phase of this project.  Table 5 provides a list of projected costs for project completion.

OTHER CONCERNS:

Several outstanding concerns can impact the progress of this project.  First, procurement of products either by solicitation or contract can impact the schedule of this project.  Since obtaining military unit participation is extremely desirable, coordination between the proposed test schedule and unit windows of opportunity may impact the schedule of the tests.  The possibility of cratering with explosives may generate additional concerns.  Explosive cratering is not planned for the controlled testing on the WES reservation, but is anticipated for the certification flight testing at Mackall Army Airfield.  The 18th Airborne Corps and Mackall AAF officials have tentatively agreed to perform the task.  The cost estimates for completing this project do not include the costs of operating or staging the aircraft.  It is assumed that the U.S. Air Force will handle all tasks associated with scheduling and operating the C-17 aircraft for the flight test phase of this project.     

	
	
	
	
	

	
	Table 5.  Projected Costs for Project Execution
	

	
	Item
	Description
	Cost, $K
	

	
	Folded-Fiberglass Matting (FFM)
	2 Kits
	Vendor
	

	
	Aluminum AM2 Matting
	1 Kit (54-ft-wide by 77.5-ft-long)
	Vendor
	

	
	Fiberglass-Reinforced Polyester (FRP)
	2 Kits
	  $      72.0 
	

	
	New Multi-Purpose Fiberglass Mat (5-Ply)
	50 Panels (6.67-ft-wide by 6.67-ft-long)
	  $      36.0
	

	
	AC/PCC Anchor Bolts
	Wej-It Anchor Bolts
	  $        3.0 
	

	
	New Anchor Bolts
	New Anchor Bolts
	  $        3.0  
	

	
	Sand Grid
	64 Panels (8 Per Crater)
	 $      25.0 
	

	
	Geotextiles and Geogrids
	Nonwoven Geotextile and BX1200 Geogrid
	 $        4.0  
	

	
	Crushed Limestone & Sand
	450 Tons Crushed Stone/ 2,450 yd3 Sand  
	 $      50.8 
	

	
	C-17 Wheels and Tires
	Replacement for existing tires
	  $       62.0  
	

	
	Miscellaneous Supplies
	Minor equipment requirements
	 $      10.0 
	

	
	Materials Subtotal:  
	 $     265.8 
	

	
	Rolling-Wheel Bearing Capacity Tests
	

	
	Test Site Preparation & Cratering
	Clearing Surface, Site Layout, etc.
	 $     67.2

 
	

	
	Load Cart Preparation
	Mobilization of Multiple-Wheel Load Cart
	  $      30.0  
	

	
	Traffic and Data Collection
	Trafficking Repaired Craters
	 $      59.6 
	

	
	Miscellaneous
	Equipment rental, machine work, Fuel, etc.
	 $      32.0 
	

	
	Rolling-Wheel Subtotal:  
	 $     188.8 
	

	
	Locked-Wheel Tests
	

	
	Load Cart Maintenance
	Mobilization of Single-Wheel Load Cart
	  $      22.5
	

	
	Traffic Testing and Data Collection
	Trafficking Repaired Craters
	 $      33.0 
	

	
	Locked-Wheel Subtotal:  
	 $      55.5 
	

	
	Drawbar Pull and Anchor Bolt Pullout Tests
	

	
	Equipment Modification
	Fabrication of Drawbar and Pullout Rig
	 $      40.3 
	

	
	Shear Testing and Data Collection
	Conducting Shear Testing
	 $      35.4 
	

	
	Miscellaneous
	Equipment rental, machine work, Fuel, etc.
	 $        5.0 
	

	
	Drawbar Pull and Anchor Pullout Subtotal:  
	 $      80.7 
	

	
	C-17 Flight Tests
	

	
	Mobilization
	Shipping ADR Kits and Materials
	 $      28.0 
	

	
	Explosive Cratering
	Labor and Materials
	  $      39.2  
	

	
	ADR Repair
	Crater Repair and Traffic
	 $      22.5 
	

	
	Data Collection
	Repair Quality and Traffic
	 $      55.2 
	

	
	Equipment Rental
	Construction Equipment
	 $      16.0 
	

	
	Travel
	Tickets, Rental Car, Per Diem, etc.
	  $      35.6 
	

	
	Permanent Repair
	Post-Test Repair of AC/PCC
	  $      64.0  
	

	
	Contingency Fund
	Murphy's Law
	  $      20.0 
	

	
	AFCESA/AMC Oversight
	Travel Costs
	  $      40.0 
	

	
	Flight Test Subtotal:  
	 $     320.5 
	

	
	Analysis and Documentation
	

	
	Engineer
	Data Analysis and Interpretation
	  $      43.0
	

	
	Visual Production Support
	Project Execution and Editing
	  $      29.0
	

	
	Documentation Subtotal:  
	 $      72.0 
	

	
	Total: 
	 $     983.3 
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Figure 3.  Projected Project Schedule
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Photo 2.  C-17 wheel geometry on multiple-wheel load cart
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Photo 3.  C-17 Single-wheel load cart for locked-wheel shear tests

[image: image12.jpg]Lo\





Photo 4.  Single C-17 tire geometry
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Photo 5.  Direct shear tests on Multi-Purpose Mat connectors
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Photo 6.  Modified three-point beam test on Multi-Purpose Mat connectors
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Photo 7.  MacKall Army Airfield (MAAF) Runway 16-34
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Figure 2. Anchor Bolt Pullout Testing Concept
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Figure 1. Drawbar Pull Anchor Testing Concept





Profile View





Plan View





FOD Cover





Crater Repair





Anchor Bolts





Load Cell





Drawbar








PAGE  
8

